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ABSTRACT

Aim: In this study we aimed to analyze the demographic prop-
erties, clinical variables, treatment, complications of patients pre-
senting to emergency department (ED) with iron toxicity.

Material and Method: This is a retrospective study. It enrolled
patients presenting to the ED of a tertiary training hospital for
treatment of iron toxicity. Patients with missing medical data,
pregnancy, and toxicity secondary to non-iron medications were
excluded. The patients were divided into 2 groups by the amount
of iron. A p value of less than 0.05 was considered statistically
significant.

Results: Sixty-one patients were enrolled in the study. 73.8%
patients were women, and the study population had a median
age of 32 (24-37) years. The mean amount of elementary iron
intake was 1000 (710-1950) mg, with a fourth-hour iron level be-
ing 246 mg/dl (median, IQR 25-76:119-327). There was a signifi-
cant positive correlation between the amount of iron intake and
blood iron level (p=0.02). Laboratory test monitoring showed a
decrease in hemoglobin, platelet, and creatinine levels and an
increase in INR level (for all parameters, p<0.05). No significant
difference was found between the toxic and non-toxic groups
with respect to any of the monitored blood parameters (for all
parameters, p>0.05).

Conclusion: Iron toxicity may be encountered in clinical practice
at ED. Although our results showed that about half of our patients
took a toxic iron dose; the severity of toxicity was mild in a majority
of them. We found a decrease in hemoglobin, platelet, and cre-
atinine levels at laboratory but we don’t believe that this finding is
clinically meaningful. We detected an increase in INR level, which
we believe may indicate tissue affection at cellular level without a
clinical affection.
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OzET

Amagc: Bu calismada, acil klinigine demir intoksikasyonu nedeniyle
basvuran hastalarin; demografik, klinik degiskenleri, tedavileri ve
komplikasyonlarini degerlendirmeyi amacladik.

Materyal ve Metot: Bu calisma retrospektif bir calismadir. Ugtincii
basamak egitim hastanesinin acil kliniginde demir intoksikasyonu ta-
nisi alan ve takip edilen hastalar calismaya dahil edildi. Verileri eksik
olanlar, gebeler, demir disi ilaclarla zehirlenen hastalar calisma disi
birakildl. Hastalar demir miktarina gére iki gruba ayrildl. P<0,05 ista-
tistiksel olarak anlamii kabul edildi.

Bulgular: Altmis bir hasta calismaya déhil edildi. Hastalarin 45’
(%73,8) kadin olup yas ortancasi 32 (24-37) idi. Hastalarin aldiklari
elementer demir miktar ortalama 1000 (710-1950) mg olup ve dér-
dlincii saat demir diizeyleri 246 mg/dl (medyan, IQR 25-75:119-
327) olarak bulundu. Hastalarin aldiklari demir miktarlar ile kan de-
mir dlizeyi arasinda istatistiksel olarak anlamli ayni yénl(i korelasyon
saptandi (p=0,02). Hastalarin laboratuvar takiplerinde hemoglobin,
platelet ve creatinin degerlerinde azalma, INR degerlerinde artma
bulundu (tim degerler icin p<0,05). Toksik ve nontoksik gruplar
arasinda takip kan parametreleri agisindan fark saptanmadi (tim
degerler icin p>0,05).

Sonug: Demir zehirlenmesi acil serviste klinik pratikte gértlebilen
zehirlenmelerdir. Calisma bulgularimiza gére hastalarimizin yaklasik
yarnisi toksik doz demir almis olsa da bliylk bir kisminda zehirlenme
siddetinin hafif oldugu gérilmUstir. Hastalarin laboratuvar takiple-
rinde hemoglobin, platelet ve creatinin degerlerinde azalma sapta-
dik ancak klinikte anlamli oldugunu ddstinmiyoruz. Calismamizda
INR degerlerinde artma saptadik, bu durumun klinik etkilenme
olmadan hicresel diizeyde doku etkilenmesini gdsterebilecegini
dlstintiyoruz.
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Introduction

Toxicity, a condition that kills an organism after the
entry of toxic materials into the body, is the emergence
of certain signs and symptoms after the intake of the
culprit substance at an amount sufficient to harm the
body. Being responsible for an important proportion
of emergency department (ED) admissions, toxicity
occurs by intake of medications or other substances
via oral route, inhalation, or injection, either inadver-
tently or for suicidal aim'. Depending on the route of
intake, a multidisciplinary approach may be required.
Acute iron toxicity most commonly occurs by acciden-
tal intake among children younger than S years. In the
United States approximately 11.000 cases of iron toxic-
ity are reported annually among children younger than
6 years of age®. The total number of exposures in this
age group has dropped in recent years. Additionally,
the incidence of serious complications and death
among children has now improved compared to 1990
s and 2000 s. However, death due to both inadvertent
and deliberate iron intake still occurs®. Iron prepara-
tions are combined with many other minerals and vi-
tamins, which increases the incidence of iron toxicity®.
It may occur by suicidal purpose or by overdose of vi-
tamins containing iron. An excessive amount of iron
taken via oral route affects the gastrointestinal barrier
by its direct caustic effect on the gastrointestinal sys-
tem mucosa, which leads to massive iron absorption.
Iron toxicity mainly affects liver, but the heart, kid-
neys, lungs, and the hematological system are also af-
fected**. Severity of toxicity depends on the amount
of iron. The risk of toxicity is lower below a dose of 20
mg/kg, and decontamination and monitoring for at
least 6 hours are recommended for such cases. There
is a moderate risk of toxicity at doses of 20-40 mg/kg,
where decontamination should be performed and che-
lation should be considered. Doses above 60 mg/kg are
high-risk, where chelation therapy should be started in
addition to decontamination’. Excess iron intake may
progress from acute liver necrosis to multi organ failure
syndrome and is potentially fatal®°.

In the present study we aimed to evaluate the demo-
graphic, clinical, and laboratory features, treatment
modalities, and complications of patients presenting to
our ED with iron toxicity.

Materials and Method

This study is a retrospective study. It enrolled pa-
tients aged 18 years or older seen at the emergency
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department of Kecioren Health Training and
Research Center Hospital between 01.01.2013 and
31.05.2019, who had been recorded with the ICD
code of X60 (Intentional self-poisoning by and ex-
posure to nonopioid analgesics, antipyretics, and anti
rheumatics) and diagnosed with iron toxicity on the
basis of information obtained from hospital system
and medical records. Patients with missing medical
data, pregnancy, or toxicity with a non-iron medica-
tion were excluded. We recorded the demographic
information, vital signs, amount of iron, intake of any
other additional medication, blood iron level, hospi-
tal outcome, and the results of full blood count and
serum biochemistry tests obtained at admission and
during hospital stay. The patients were divided into
2 groups by the amount of iron. In the case of acute
iron intake, doses below 20 mg/kg were considered as
non-toxic while those above 21 mg/kg were consid-
ered toxic. In our clinic deferoxamine is administered
via intravenous route for iron toxicity as per iron tox-
icity protocols.

Statistical Analysis

The statistical analyses of the study data were performed
with IBM SPSS 20.0 software package. The normal-
ity of distribution of discrete and continuous numeric
variables was tested with Kolmogorov Smirnov test.
The descriptive statistics included median (minimum-
maximum) for discrete and continuous variables and
the number of observations and percentage (%) for
categorical variables. Categorical variables were com-
pared using Chi-square test and continuous variables
using Man Whitney U and Wilcoxon test. Any corre-
lation between the amount of iron intake and blood
iron level was tested using Spearman’s correlation test.
A p value of less than 0.05 was considered statistically
significant.

Results

The medical records of a total of 753 patients were
reviewed. Sixty-five patients were found to present
with iron intoxication. Four patients were exclud-
ed due to missing medical information, and a final
number of 61 patients were included in the statistical
analyses.

Forty-five (73.8%) patients were female, and the me-
dian age of the study population was 32 (24-37) years.
About half of the patients had taken an additional

medication other than iron, with the most common



group being analgesics (all drug was NSAID). The
mean amount of elementary iron taken was 1000
(710-1950) mg, and the fourth-hour iron level was
246 mg/dl (median, IQR 25-75:119-327). None of
the patients died. The demographic information of the
study population was given on Table 1.

There was a weak but statistically significant positive
correlation between the amount of iron intake and

blood iron level (r=0.388 and p=0.02) (Table 2).

A comparison of the blood parameters at admission
and during follow-up showed a significant decrease
in hemoglobin, platelet, WBC, and creatinine levels
(p<0.001, p=0.005, p=0.001, respectively). There oc-
curred a significant increase in the INR level during
follow-up compared to admission level (p=0.014)
(Table 3). No significant difference was seen in other
blood parameters.

No significant difference was found between the toxic
and non-toxic groups with respect to blood param-
eters obtained at follow-up (for all parameters p>0.05)

(Table 4).
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Discussion

In the present study we studied the demographic in-
formation, treatment modalities, and complications of
the patients presenting to the ED with iron toxicity,
and we reached two findings. Firstly, although about
half of our patients had taken a toxic dose of iron, there
was a weak correlation between the amount of iron
intake and blood iron level. Secondly, we detected a
decrease in hemoglobin, white blood cell, platelet, and

Table 2. Correlation between the amount of iron intake and blood iron
level

Amount of iron intake r p
0.388 0.002

Blood iron level

Table 3. Comparison of laboratory levels at admission and during follow-
up

Table 1. Demographic information of the study population

Median IQR (25-75) Admission level Follow-up level p
Hemoglobin 13.6 (12.4-15.3)  12.1(10.8-13.3)  <0.001
WBC 9.6 (8.9-10.3) 8.9(6.99-10.3) 0.014
Platelet 267 (206-318.5) 261 (214-287)  0.005
Glucose 128 (130-157) 122 (118-134)  0.067
Creatinine 0.73(0.67-0.80)  0.68 (0.6-0.77)  0.001
Bicarbonate 24.6 (22.8-26.4)  23.5(22.2-26)  0.084
Lactate 1.6 (1.02-2) 1.4 (1-2.1) 0.695
AST 20 (17-25) 16 (14-20) 0.102
ALT 14 (10-20) 11.5(10-15.7)  0.071
INR 1.09 (1.02-1.16)  1.24 (1.20-1.25)  0.014

ALT, alanine amino transferase; AST, aspartate transaminase; INR, international normalized ratio;

IQR, inter quartile range.

Table 4. Comparison of laboratory parameters between toxic iron dose
and non-toxic iron dose groups

Sexn (%)

Female 45 (73.8%)
Age median (IQR 25-75) 32 (24-37.5)
Intake of additional medication, n (%) 30 (49.2%)
Additional medications taken, n (%)

Analgesics 13 (43.3%)

Antibiotics 3 (10%)

Acetyl salicylic acid 3 (10%)

Other 11 (36.7%)
Gastric lavage administered, n (%) 21 (34.4%)
Activated charcoal administered, n (%) 30 (49.2%)
Amount of iron gr median (IQR 25-75) 1000 (710-1950)
Number of patients taking a non-toxic dose, n (%) 28 (45.9%)
Number of patients taking a toxic dose, n (%) 33 (55.1%)

4. hour iron level median pg/dl (IQR 25-75)

246 (119-327.5)

Vital signs median (IQR 25-75)

Systolic blood pressure mm/Hg 113 (107-124)

Diastolic blood pressure mm/Hg 70 (64-75.5)

Pulse rate/minute 84 (79-97)
Antidote administered, n (%) 7 (11%)
Patient outcome, n (%)

Discharge 54 (88.5%)

Admission to regular ward 5(8.2%)

Admission to intensive care unit 2 (3.3%)

Median IQR (25-75) Non-toxic group Toxic group p

Hemoglobin 11.9(11-13.8)  12.4(10.2-13.4)  0.867
WBC 9.03 (6.76-10.75) 8.8 (7.1-10.25)  0.841
Platelet 287 (240-314.5) 226 (198-278)  0.057
Glucose 121 (127-148) 125 (112-137) 0.566
Creatinine 0.68 (0.65-0.80)  0.66 (0.59-0.75)  0.445
Bicarbonate 24.5 (23.3-26) 22.7(21.8-25.8) 0.163
Lactate 1.26 (0.9-1.6) 1.6 (1-2.7) 0.695
AST 15 (17-25) 16 (14-20) 0.977
ALT 14 (13-33) 16 (14-20) 0.537
INR 124 (1.21-1.25)  1.24(1.20-1.25)  0.606

IQR, inter quartile range.

ALT, alanine amino transferase; AST, aspartate transaminase; INR, international normalized ratio;

IQR, inter quartile range.
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creatinine levels and an increase in INR level. We did
not find any difference in renal and hepatic function
tests at follow-up in the toxic or non-toxic groups.

Iron is an essential element for normal cellular me-
tabolism. However, when taken in large amounts, it
may affect almost all organs, and it may be cytotoxic
or even fatal*. Clinical outcomes vary by the amount
of absorbed iron and the delay in treatment. The ma-
jor causes of iron toxicity in adults are suicide attempts
and excess iron intake during pregnancy'’. A review
of our patients’ medical records indicated that ap-
proximately half of them had taken toxic doses of iron.
However, there was a weak correlation between the
amount of iron intake and the fourth-hour iron level.
This may be due totally of our patients having taken
iron for suicidal purpose and, given the psychological-
ly problematic process they had been through, medi-
cal history obtained from them may have lost its reli-
ability. Iron sulphate is the most commonly used oral
iron preparation and contains 20% elementary iron.
High-dose iron may cause multi-organ failure and he-
patic necrosis*. The clinical effects of acute iron tox-
icity can be examined in five stages. The first stage is
characterized by gastrointestinal toxicity that emerges
within the first 6 hours of intake. The symptoms in-
clude abdominal pain, vomiting, diarrhea, and gastro-
intestinal bleeding. These symptoms occur as a result
of fluid translocation into the gastrointestinal system
lumen induced by an elevated serum iron level as well
as direct mucosal injury brought about by iron bind-
ing to the mucosa. The second stage is the stabilization
stage that occurs between the 12* and 24" hours of
intake. A transient and misleading recovery is seen in
this stage. Hypotension may develop due to metabolic
acidosis and increased capillary permeability. The third
stage is the mitochondrial toxicity stage that develops
between the 24™ and 48" hours after iron intake. It is
characterized by signs of shock, acidosis, coagulopathy,
hyperglycemia, and acute tubular necrosis. The fourth
stage is the hepatotoxicity stage and occurs by 48 hours
after intake. The fifth stage is the gastric scarring stage
which may occur as a late complication 2—4 weeks after
intake®. Metabolic acidosis and acute renal or hepatic
failure may develop in severe iron toxicity. The amount
of iron intake and blood iron level may not correlate.
There is a number of studies in the literature that have
examined the relationship between laboratories tests
taken at admission and severity of toxicity among pa-
tients presenting to emergency department with iron
toxicity'>*. They have suggested that a high anion gap
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metabolic acidosis is an important but nonspecific pre-
dictor of iron toxicity. Several studies have shown that
leukocytosis (white blood cell count >15.000 cells/mi-
croL) and hyperglycemia (>150 mg/dL) are correlated
with serum iron levels above 300 mcg/dL".

Unlike literature data, we found a decrease in hemo-
globin, white blood cell, platelet, and creatinine levels
during patients’ stay in the ED. We believe that this
may have occurred due to hydration of the patients at
the ED. On the other hand, we detected an increased
INR level. When serum iron level exceeds the body’s
binding capacity, free radicals are formed and cell lysis
occurs as a result of lipid peroxidation®. We believe
that this may indicate tissue affection at cellular lev-
el without necessarily clinical hepatic affection. We
formed the toxic group of patients according to the
amount of iron intake which was learned from the pa-
tient history. However, the majority of patients in the
toxic group did not develop any serious clinical sign or
symptom during their follow-up. Only seven patients
were administered chelation treatment in the form of
deferoxamine. None of our patients developed hepa-
totoxicity, metabolic acidosis, or acute renal failure.
Moreover, we did not detect any significant difference
between the toxic and non-toxic groups with regard
to follow-up renal or hepatic tests. There are an in-
sufficient number of publications on iron toxicity in
adults.

In conclusion, we are of the opinion that the absence
of leukocytosis, hyperglycemia, or an increase in any
other parameter cannot be used to rule out iron toxic-
ity. There is a need for further studies in this field.

Limitations

First of all, our study was a retrospective one in which
our patients’ data were accessed via their medical re-
cords. Another limitation is the lack of determination
of time from iron intake to hospital admission.

Conclusion

Iron toxicity is encountered in clinical practice at Ed.
According to our study results, although about half of
our patients had taken a toxic dose of iron, toxicity was
mild in a majority of them. We showed a decrease in
hemoglobin, platelet, and creatinine levels at labora-
tory follow-up but we do not consider it a clinically
meaningful finding. We also found an increase in INR
level, which we believe may indicate tissue affection at
cellular level without any clinical affection.
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