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ARTICLEINFO ABSTRACT

A"t.’.df Type: Introduction: Intravenous (IV) iron which is a potent pro-oxidant may decrease the

Original phagocytic function of neutrophils and subsequently leads to repeated bacterial infections in
patients on chronic regular hemodialysis (HD).

Article History:

Objectives: We aimed to evaluate the effect of IV iron dextran versus iron sucrose on oxidative
burst activity of neutrophils in HD patients.

Patients and Methods: A crossover study was included 20 prevalent HD patients were
randomly divided into two groups; 10 patients each. Each group received a single dose of
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100 mg iron sucrose or iron dextran then shifted to the other type after 4 weeks as a washout

Keywords: period. Patients with evidence of acute infections, diabetes mellitus, chronic liver disease,
Iron therapy active collagen disease or any other acquired immune deficiency diseases were excluded.
Neutrophils Patients on immunosuppressive drugs or with hypersensitivity to iron therapy or evidence of
Hemodialysis iron overload (TSAT > 50% and/or ferritin > 800 ng/mL) were also excluded. Erythropoietin
Flow-cytometry maintenance dose was given to all patients. Urea reduction ratio (URR %), C-reactive protein
End-stage renal disease (CRP) titer, complete blood picture and iron study were conducted. Neutrophil oxidative
Oxidative burst test burst test was performed by flow-cytometry with an estimation of stimulation index before
Reactive oxygen species and after IV iron dosage.

Chronic kidney disease Results: Twenty patients (9 males, 11 females; mean age 49.40 + 9.02 years) on chronic HD

for a mean time of 10 + 7.32 years. After 100 mg of IV iron infusion in HD patients, a highly
significant difference in oxidative burst test of neutrophil cells before and after administration
of iron regardless of its type was detected (P<0.01). This change over time is not significantly
different between two types of iron (P>0.05). However, a significant increase in CRP titer
after administration of iron dextran was seen (P=0.016).

Conclusion: Maintenance dosage of either IV iron sucrose or iron dextran (100 mg) had a
hazardous effect on the neutrophilic phagocytosis demonstrated by the significant rise in the
oxidative burst index in HD patients.

Implication for health policy/practice/research/medical education:

In a clinical study on a group of regular hemodialysis patients we found, both commercial types of IV iron (dextran or sucrose)
significantly increased the neutrophil cells oxidative burst stimulation index after 48 hours. Chronic renal failure is becomingly
increasing in incidence and there is a world-wide administration of iron preparations in these patients. Better understanding and
cautious use of these preparations are needed to get the most benefit from it while reducing the risks.
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Introduction

Intravenous (IV) iron preparations are widely used in the
treatment of anemia in end-stage renal disease (ESRD)
patients on regular hemodialysis (HD). Some concerns are
related to using IV iron in ESRD patients. These include
infections, hypersensitivity reactions, oxidative injury,
iron overload, inflammation and immune dysregulation.

There are numerous studies regarding the association
between iron and infection. One study found a significantly
higher rate of bacteremia with iron sucrose compared to
ferric gluconate (1). Another study reported a significant
association between iron sucrose and catheter-related
sepsis but not with iron dextran (2). Other studies opposed
the association between iron and infection (3,4). Recent
studies focusing on serum ferritin and its association with
infection (5-8).

Neutrophils are the most abundant type of granulocytes
and the most abundant (40% to 75%) type of white blood
cells in most mammals. They form an essential part of
the innate immune system and considered as the first-
line nonspecific immune defense ingesting the invading
microorganisms by process of phagocytosis. Neutrophils
kill microorganisms with toxic oxygen radicals and
proteolytic enzymes produced during the oxidative
burst. Disturbances of any of those essential neutrophils
functions may be associated with an increased risk for
bacterial infections (9).

Each phagocytic event resulting in the formation of
a phagosome with reactive oxygen species (ROS) and
secretion of hydrolytic enzymes. The consumption of
oxygen during the generation of ROS has been termed the
“respiratory burst”, although unrelated to respiration or
energy production (10).

The relation between increased ROS and decreased
phagocytic function of neutrophils may be related to the
decrease in a number of these phagocytic cells due to the
process of apoptosis, a finding that was demonstrated by
several studies (11, 12).

Objectives

IV iron is believed to disturb the phagocytic function of
the neutrophils and is known to be a potent pro-oxidant
(13). Its harmful impacts of increased neutrophil oxygen
burst activity may attribute to repeated bacterial infections
in chronic, regular HD patients. We aimed to answer the
question whether, there is a difference between the effect
of 100 mg IV iron sucrose versus iron dextran on the
neutrophil oxidative burst activity by flow-cytometry and
C-reactive protein (CRP) titer among ESRD individuals
on regular HD.

Patients and Methods

Study population

A crossover research was conducted on 20 end-stage renal
disease individuals on chronic regular HD. They were
divided randomly into two equal groups of 10 patients,

each group received 100 mg single dose of one of common
commercially used IV iron preparation iron sucrose or
iron hydroxide dextran complex . After a washout period
of 4 weeks, each group was shifted to the other type. Full
history and clinical examination were conducted. Patients
with evidence of acute infection diabetes mellitus, chronic
liver disease, active collagen disease or any other acquired
immune deficiency diseases were excluded. Patients on
immunosuppressive drugs or with hypersensitivity to iron
therapy or evidence of iron overload (TSAT > 50% and/or
ferritin > 800 ng/mL) were also excluded.

All patients were maintained on erythropoietin
maintenance dose with no blood transfusion nor iron
therapy for one month before the study. Fresh fasting
serum and plasma samples were taken before midweek
HD session for assessment of blood urea, blood urea
nitrogen (BUN), calcium (Ca), inorganic phosphate,
albumin, creatinine (were conducted by Synchron CX-9
autoanalyzer; Beckman instruments division, Fullerton,
CA92634, 3100, USA). Additionally, serum ferritin, iron,
total iron binding capacity (TIBC), transferrin saturation
(TSAT; serum iron/total iron binding capacity) and intact
parathyroid hormone (iPTH) by (Cobas e411: Roche
diagnostics Gmbh, sandhoferstrassel16, D—68305
Mannheim) were measured. Accordingly, CRP titer was
measured by latex immunoassay (plasmatic, Dhanmondi,
Dhaka-Bangladesh). Urea reduction ratio (URR) was
calculated (13) by URR = (Upre - Upost)/ U pre x 100.
Where Upre is the pre-dialysis urea level and Upost is the
post-dialysis urea level.

Around, 2 mL peripheral blood samples were obtained
from all enrolled subjects on ethylenediamine tetra-acetic
acid, dipotassium salt (K2-EDTA) in vacutainer tubes
(final concentration of 1.5 mg/mL) for;

1. CBC which was conducted by Beckman coulter
(HMX hematology analyzer, Coulter Corporation,
Miami, FI33116-9015).

2. Flow cytometric assay of an oxidative burst using the
dihydrorhodaminel23 (DHR 123) (14): Peripheral
blood samples were processed on the same day
of sample collection. The reagents in this test are
(DHR123) and phorbol 12-myristate 13-acetate
(PMA) (both supplied from Sigma-Aldrich, St Louis,
MO, USA). In making stock solutions, DHR (10
mg ) was dissolved in 5 mL of dimethyl sulfoxide
(DMSO) ;aliquots of 50 pL were then placed into
Eppendorf tubes and frozen at -80°C. PMA:1990
uL hanks balanced salt solution (HBSS) were added
to 10 uL PMA (1 ug/uL) the first tube. Then 9 mL
HBSS was added to 1 mL from the first tube to reach
the final dilution 2000 ng/mL (freshly prepared).
These stocks are then aliquoted and stored at -800°C
until use. 500 pL of patient blood was added to 10
mL ammonium chloride-based erythrocyte lysing
solution (NH4CL) in the patient tube in the dark
(Pharm Lyse, Becton Dickinson, Mountain view, CA,
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USA). The tube incubated for 10 minutes at room
temperature. Two tubes are set up for each patient
stimulated and unstimulated: (a) Blood + DHR123
(unstimulated resting tube); (b) Blood + DHR123 +
PMA (stimulated tube). Around 100 pL of HBSS was
added to unstimulated tubes. Then, 100 pL of working
dilution PMA was added to stimulated tubes. The
tubes were placed into a 37°C water bath to preheat.
Following 10 minutes lysis the tubes were centrifuged
at 1500 rpm for 5 minutes, then the supernatant was
removed. The cell pellets were resuspended in 10 mL
of HBSS. The tubes were centrifuged again at 1500
rpm for 5 minutes then the supernatant was removed
as above. The cell pellets were resuspended in 2
mL of HBSS. One milliliter of this suspension was
removed. Then 5 pL stock DHR was added, mixed
and incubated in the 37°C water bath for 30 minutes.
Stimulated neutrophils undergo the oxidative burst,
thereby oxidizing the DHRI123 to its resonance
form (rhodamine) which is highly green fluorescent
when exposed to the 488 nm laser. The immediate
flow cytometric analysis was done (guava easycyte
HT, MILLIPORE) using DHR123, 10 mg, D632, lot
1226863 and Invitrogen by life technologies).

Mean green fluorescence of stimulated and
unstimulated cell was calculated and then stimulation
index was performed as follow; stimulation index (ratio)
= mean green fluorescence of stimulated/ mean green
fluorescence of unstimulated.

Taking into considerations, the half-life of 100 mg iron
dextran 30 to 60 hours and cleared from the body after 7
days. Regarding iron sucrose, half- life is 1-8 hours and
cleared 24-48 hours in chronic kidney disease patients
(15,16). Flow-cytometric evaluation of neutrophilic
oxidative burst with calculation of stimulation index and
CRP titer were conducted before and after 48 hours of IV
iron.

Taking into consideration that, the test is conducted
before the upcoming HD session, to eliminate the possible
direct effect of HD technique on the neutrophil cells, to
study the short-term effect of IV iron dextran versus
iron sucrose on one of the phagocytic functions tests of
neutrophils.

Ethical considerations

This study was approved through the local ethics committee
of Ain-Shams University hospital. The study has been
performed in accordance with the ethical standards laid
down in the 1964 Declaration of Helsinki. All the enrolled
patients provided informed written consents.

Statistical analysis

Quantitative data like age, were presented as a minimum,
maximum, mean and standard deviation. Qualitative
data like gender, were presented as count and percentage.
As some of the studied variables were not normally
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distributed, Wilcoxon signed ranks test was applied
to compare paired observations for different groups.
Spearman’s correlation test was applied to compare the
correlation between different continuous variables.
Mann-Whitney U test was used to compare quantitative
data between two independent groups and Kruskal-
Wallis test was used when more than two groups were
to be compared. Student t-test was applied to compare
quantitative data between two independent groups when
the variables are normally distributed. Chi-square test
was used to compare qualitative data between different
groups. Two way ANOVA test was used to measure
the independent effect of two factors on a continuous
outcome. Additionally, P value < 0.05 was considered
statistically significant.

Results

Twenty HD patients (9 males and 11 females), with
mean age of 49.40 + 9.02 years and mean duration of
HD of 10 £ 7.32 years were included in this study. The
causes of renal failure were hypertension in 5 patients
(25%), chronic glomerulonephritis in 4(20%), obstructive
uropathy in 3 (15%), chronic pyelonephritis in 3 (15%),
analgesic nephropathy in 2 (10%) and unknown etiology
in 3 (15%) of total patients. The majority of the studied
patients (85%) were with arteriovenous fistula (AVF) as
vascular access. The mean of dry weight was 66.45+17.47
kg and body mass index (BMI) mean was 20.36+4.84
kg/m?®. Average erythropoietin dose of 4000 IU/week.
Demographic and laboratory data of group I and group II
are shown in (Tables 1 and 2). Around 17 (85.0%) of total
patients were non-smokers.

Group I had a basal oxidative burst stimulation index
of 6.15 (median), IQR =1.70, that significantly increased
after administration of iron sucrose dose (P =0.01). Group
I had also an increase in CRP titer that was not statistically
significant (P = 0.06) (Table 3, Figure 1). There was a
highly statistically significant increase in the oxidative
burst index in group I after iron dextran dose (P = 0.002)
and CRP titer (P = 0.03) (Table 4, Figure 2).

We had comparable results in group II (Tables 5 and 6;

Table 1. Demographic parameters of the studied groups of hemodialysis
patients

Group 1 Group 2
Age (years) 46.70£8.91 52.10+8.74
Duration of dialysis (y) 11.20+8.68 8.80%5.9
Dry weight (kg) 62.40+13.26 70.50+20.8
Height (cm) 158.90+7.88 165.90+8.72
BMI (kg/m?) 19.59+3.6 21.13+5.94
SBP (mm Hg) 120.00+21.08 132.00+22.51
DBP (mm Hg) 77.00+13.37 80.00+14.91
Sex( M/F) 3/7 6/4
Vascular access (AVF/catheter)  9/1 8/2

BMI: body mass index; SBP: systolic blood pressure: DBP: diastolic
blood pressure; M/F: male/female; AVF: arteriovenous fistula
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Table 2. Basal laboratories results of the studied groups of patients

Basal laboratory data Group 1 Group 2
Hemoglobin (g/L) 105.4+11.4 103.0+12.2
TLC (10°/L) 6.36+1.24 5.51+0.92

Iron (umol/L) 10.60+2.37 11.69+1.95
Ferritin (pg/L) 262.50£+209.93  188.90+238.54
TIBC (umol/L) 30.245.89 42.78+10.26
Creatinine (umol/L) 619.68+52.41 661.23+104.31
URR (%) 74.1045.1 71.00+4.97
Serum calcium (mmol/L) 1.85+0.18 1.92+0.2
Serum phosphorus (mmol/L)  1.89+0.45 1.77+0.55
Albumin (g/L) 4245 40.6+4.8

iPTH (ng/L) 765.30+540.58 576.10+439.01

TLC: total leucocytic count; TIBC: total iron binding capacity; URR: urea
reduction ratio; iPTH: intact parathyroid hormone.

Table 3. Comparison between neutrophil oxidative burst index and CRP
titer before and after introduction of iron sucrose in (group I)

Median IQR zZ* P value
i(:;::ij::;?:rst index before 6.15 1.70
Oxidative burst index after 220 001
iron sucrose 7.20 3.60
CRP before(nmol/L) 4.762 19.048 5.04 0.06
CRP after(nmol/L) 47.62 142.86

*Wilcoxon signed ranks test.

Table 4. Comparison between neutrophil oxidative burst index and CRP
titer before and after introduction of iron dextran in group |

Median IQR Z* P value
Omdahye burst index 795 250 280 0.002
before iron dextran
OX|d§hve burst index 18.00 14.60
after iron dextran
CRP before (nmol/L) 9.524 19.048 2.21 0.03

CRP after (nmol/L) 119.05 190.48
*Wilcoxon signed ranks test.

Table 5. Comparison between neutrophil oxidative burst index and CRP
titer before and after introduction of iron dextran in group Il

Median  1QR z* P value
Oxidative burstindex g 55 720 230 0.009
before iron dextran
OX|da.t|ve burst index 10.20 240
after iron dextran
CRP before (nmol/L) 9.524 19.048 2.21 0.016
CRP after (nmol/L) 119.05 238.1

*Wilcoxon signed ranks test.

Figures 3 and 4). A highly statistically significant increase
in the neutrophilic oxidative burst index (P < 0.001) was
found 48 hours after administration of both types of IV
iron. Two-way ANOVA test showed that 100 mg of IV
iron in HD patients caused a highly significant difference
in oxidative burst test of neutrophil cells before and after
administration of iron regardless of its type (P < 0.01). This

group: group |
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Figure 1. Comparison between neutrophil oxidative burst test before
and after the introduction of iron sucrose in group | (P value: 0.01).
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Figure 2. Comparison between phagocytic function by oxidative burst
test before and after introduction of iron dextran in group | (P value 0.002).
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Figure 3. Comparison between phagocytic function by oxidative burst
test before and after introduction of type dextran in group Il (P value
0.009).

change over time is not significantly different between two
types of iron (P > 0.05) (Table 7, Figure 5).

Neutrophil oxidative burst index and URR % were found
to be negatively correlated (r = -0.59, P < 0.01) as shown
in (Figure 6). No statistically significant correlation was
observed between neutrophil oxidative index and other
studied parameters (P > 0.05; Table 8).
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Table 6. Comparison between neutrophil oxidative burst index and CRP
titer before and after introduction of iron sucrose in group Il

Median IQR z* P value

LGRS0 10.15 1210  2.80 0.002
before iron dextran

Oxidative burst index
after iron dextran

CRP before (nmol/L) 4.762 19.048 2.02 0.06
CRP after (nmol/L) 71.43 238.1
*Wilcoxon signed ranks test.

25.65 11.80

Table 7. Comparison between the two types of iron regarding their effects
on neutrophil oxidative burst index in all patients’ groups

95% CI
Type of iron Time MeantSD Lower Upper
Bound Bound
Iron sucrose Before 8.97+2.1 4.70 13.23
After 16.94+2.77 11.32 22.56
Iron Before 12.28+2.1 8.01 16.54
dextran After 18.26+2.77 12.64 23.88
Two-way ANOVA test
Effect F P value
Iron 0.54 0.47
Time 21.38 <0.001
Time * Iron 0.435 0.51

group: group Il
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Figure 4. Comparison between phagocytic function by oxidative burst
test before and after introduction of iron Sucrose in group Il (P value
0.002).

Discussion

Bacterial infections are the second most common cause
of death in patients with ESRD (17). Although iron is an
essential nutrient being necessary for the formation of
hemoglobin, iron therapy may affect cytokine production
and leukocyte functions, promote oxidative stress
enhancing also bacterial growth. It was demonstrated
that, high-dose parenteral iron sucrose therapy decreases
the killing capacity of polymorphonuclear cell isolated
from CKD patients (2). Kidney Disease Improving
Global Outcomes (KDIGO) in 2012 and other recent
international CKD anemia guidelines advised caution
with using IV iron in the setting of infection (18).

Iron sucrose versus iron dextran in hemodialysis

d Marginal Means of phagocytic function
type of iron

— iron sucrose
—iron dextran

20,00

18.00-
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Figure 5. Neutrophil Oxidative burst index as a test of phagocytic function
as regard to type and time of introduction of IV iron.
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Figure 6. Correlation between URR (%) and basal neutrophil oxidative
burst index.

Table 8. Correlation between lab investigations and basal neutrophil
oxidative burst index in all 20 patients

r P value
Hemoglobin(g/L) 0.02 0.94
TLC (109/L) -0.19 0.42
Platelets (10°/L) -0.21 0.38
Iron (umol/L) -0.14 0.57
Ferritin (ug/L) 0.08 0.75
TIBC (umol/L) 0.13 0.58
Creatinine (umol /L) -0.05 0.83
Urea PRE (mmol/L) 0.09 0.72
Urea POST (mmol/L) 0.51 0.02
URR (%) -0.59 0.01
Serum calcium(mmol/L) 0.07 0.76
Serum phosphorus(mmol/L) -0.14 0.55
Serum albumin(g/L) -0.06 0.80
iPTH(ng/L) -0.21 0.38
Basal CRP (nmol/L) 0.15 0.52

However, this recommendation was not graded as limited
data from observational studies and conflicting results
in HD patients. Some studies reviewed that ESRD may
develop a decrease in phagocytic capacity and an increase
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in apoptosis of polymorphonuclear neutrophils (PMNs)
(19, 20). While HD may transiently intensify these
abnormalities from the roller pump, exposure to dialyzer
membrane, and influx of impurities from the dialysate
compartment (20). PMNs recognize pathogens via toll-
like receptors triggering phagocytosis (21). Oxidative
burst is one of the most important functions that enable
the neutrophils to effectively eliminate the pathogen
during phagocytosis. Changes of neutrophil respiratory
burst may reflect an increased susceptibility to infection
(22).

In the present cross over study, we included 20 ESRD
patients on regular HD randomly selected. We studied
the effect of two commonly used IV iron products (iron
sucrose, iron dextran) on both inflammatory marker titer
(CRP) and neutrophil oxidative burst as one of phagocytic
function tests of neutrophils assessed by flow cytometry.
There was a statistically significant increase of oxidative
burst stimulation index after administration of 100 mg IV
iron regardless of its type (iron sucrose or iron dextran)
after 48 hours from the dose with no significant difference
between two types of iron. The increase in CRP titer after
administration of both types of IV iron was observed with
a statistically significant increase after iron dextran. In the
absence of iron overload or infection, single dose of 100
mg of IV iron (iron sucrose or iron dextran) in chronic HD
patients may change the neutrophil oxidative respiratory
burst and may alter the phagocytic function of neutrophils
which may lead to increase susceptibility to infection in
HD patients. The relationship between increased ROS
and decrease phagocytic function of neutrophils may be
related to the decrease of number of these phagocytic
cells due to process of apoptosis (23), which occur as
follow; when ROS generation increases intracellularly,
this leads to increased intracellular oxidative stress that
may predispose PMN cells to membrane destabilization
(lysosomal and mitochondrial), oxidative modification
of cellular macromolecules, inhibit protein function and
finally promoting cell death.

Only a couple of studies have examined differences
among formulations of iron. Some studies reviewed the
association with incidence of sepsis and bacteremia
mainly with iron sucrose in HD patients (1, 2). The study
by Ichii et al, on the in vitro effect of iron sucrose with
different concentrations, showed that incubation of PMNs
caused significant concentration dependent suppression
of phagocytic function against both Staphylococcus aureus
and Escherichia coli and also a significantly concentration
dependent increase in apoptotic PMNs (17) . In contrast,
Deicher et al conducted a study which included 20 ESRD
on regular peritoneal dialysis. Around, 10 patients received
300 mg IV iron sucrose while, the other 10 patients were
placebo received normal saline. They found that the iron
treatment group had a lower overall percentage of killed
E. coli. However, the basal and stimulated oxidative burst

by flow cytometry were comparable between groups and
stable over time within subjects (24).

Patruta et al assessed neutrophil impairment associated
with iron therapy. They found more significant neutrophil
impairment in HD patients with functional iron
deficiency (ferritin > 650 pg/L and transferrin saturation
< 20%). They also found a significant inhibition of PMNs
intracellular killing of bacteria and PMNs oxidative burst
which was significantly increased after administration of
IV iron-saccharate in their patient (25). Similarly, Pai et al,
observed that both iv iron dextran and sucrose produced
similar ROS generation and cytokine activation that was
more pronounced among ESRD patients (26).

In the present study both commercial types of IV iron
(dextran or sucrose) significantly increased the neutrophil
cells oxidative burst stimulation index after 48 hours, that
may lead to apoptosis of cells and impair the phagocytic
function of the neutrophil cells as the main cells of innate
immunity in HD patients.

Conclusion

In this study we found the administration of 100 mg
dose of either IV iron dextran or iron sucrose had a
hazardous effect on the neutrophilic phagocytic function
in HD patients. The oxidative burst index estimated by
flow cytometry significantly increased in the absence of
infection or iron overload, with no significant difference
between both types of iron. However, further studies are
warranted to determine the proper dose of IV iron and the
best type of iron therapy with the least harmful effect on
neutrophil phagocytic functions among ESRD patients.

Limitations of the study

The small sample size (20 patients) in our study is
considered a limitation and that was because the study did
not receive any funds to help increasing its size.
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