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Iron poisoning is a well-respected historically sig-
nificant toxicologic problem. In the pediatric pop-
ulation, iron has been regarded as the most fatal of
all toxic exposures [1]. Fortunately because of
regulations on packaging in the USA and other
countries, serious poisonings have declined
[2]. Visible warning labels and dispensing of tab-
lets and capsules in blister packages have limited
the dose a child might consume. For example, iron
poisoning fatalities in children less than 6 years of
age in the USA decreased from 29 in 10 years
before the packaging regulation to one death in the
5 years after [3]. Total reported exposures in chil-
dren younger than 6 years old have declined from
3026 in 1995 to 2139 in 2013 in the USA [4, 5].
The other patient population at risk is suicidal
patients, most notably women of childbearing
age with access to iron products. In 2013, 28%
of iron exposures in the USA occurred in patients
who were teenagers or older [5]. Despite the sig-
nificant toxic potential of iron, death and serious
sequelae are uncommon because most exposures
are unintentional and involve negligible amounts.

Biochemistry and Pharmacokinetics
of Iron

The primary functions of iron include participa-
tion in oxygen delivery as a constituent of hemo-
globin and myoglobin and production of
adenosine triphosphate via oxidative phosphory-
lation. It is a highly reactive ion and functions in
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many enzymatic biochemical processes. Iron is a
transition metal (number 26 on the periodic table)
with an atomic weight of 55.8. It is the second
most prevalent metal and the fourth most abun-
dant element in the Earth’s crust.

Iron has interesting and unique properties related
to its absorption, distribution, and elimination.
Intestinal iron absorption is a complex and active
process that occurs mostly in the proximal small
intestine [6]. Most dietary inorganic iron is in the
ferric (Fe3+) form. Iron in the gut lumen may form
complexeswith other constituents, forming insoluble
nonbioavailable products. Mucin, at the cell surface
of the enterocyte, binds iron, preparing it for integrin-
mediated systemic absorption. Mobilferrin binds the
iron within the enterocyte cytoplasm. Iron eventually
is transferred to paraferritin and ferritin before enter-
ing the bloodstream complexed to transferrin.
Because the proportion of iron absorbed decreases
with increasing dose [7], an overdosed patient
absorbs disproportionately less of the dose ingested
than the amount absorbed when iron is given thera-
peutically. In healthy adults, 2–10% of dietary iron
eventually is absorbed. A canine model showed that
only 14% of a fatal oral dose of ferrous sulfate was
absorbed [8]. In contrast, people with iron deficiency
may absorb 80–90% of an oral dose [9].

After oral ingestion, iron either remains in the
gut mucosa and eventually is excreted in the stool
or is transported in the blood by transferrin pri-
marily to the bone marrow for hemoglobin syn-
thesis. The liver differs from the rest of the body,
including the placenta, in that its capacity for iron
uptake is unlimited [10, 11]. This first-pass effect
is chiefly responsible for the decrease in plasma
iron concentration after ingestion. These concepts
support early iron concentration determination –
4–6 h after ingestion – as being useful after over-
dose, followed by the use of clinical parameters to
predict prognosis after 8–12 h.

Pharmacokinetics of Iron
Volume of distribution: preparation dependent
Protein binding: 99%
Mechanisms of clearance: renal, fecal, skin
desquamation
Active metabolites: none
Method to enhance clearance: deferoxamine

Total iron body stores are approximately 3–4 g
in adults, with 70% distributed in hemoglobin in
the ferrous (Fe2+) state. It is also present in ferritin
and hemosiderin, which are stored in the liver,
spleen, and bone marrow. About 1–2 mg of iron
is eliminated daily through urinary and fecal
excretion and skin desquamation. The usually
recommended daily allowance of iron is 10 mg
in men, 18 mg in women, and 30–60 mg in
women during pregnancy and lactation.

The amount of elemental iron ingested is the
key factor in predicting the severity of toxicity.
Common preparations contain various percent-
ages of elemental iron (Table 1). Although
20 mg/kg of elemental iron or less may result in
gastric upset, potentially severe toxicity may fol-
low ingestions of 40–60 mg/kg, and potentially
lethal doses range from 200–250 mg/kg [12]. In
toddlers, doses of 1.0 g of elemental iron have
been reported to be fatal [13, 14].

Pathophysiology

Iron, an essential element for bodily functions,
must come from exogenous sources. It functions
as a catalyst for the Haber–Weiss reaction
resulting in the generation of a highly reactive
hydroxyl radical:

O�
2 superoxideð Þ þ H2O2 hydrogen peroxideð Þ
! OH� þ OH� hydroxyl radicalð Þ þ O2

Iron-induced lipid peroxidation, resulting from
the production of these free radicals, is the pri-
mary mechanism of iron poisoning [15, 16].
These free radicals induce local injury, most nota-
bly in locations of high iron concentrations, such

Table 1 Iron content of common preparations

Preparation Elemental iron (%)

Ferrous gluconate 12

Ferrous sulfatea 20

Ferric chloridea 20

Ferrous chloride 28

Ferrous fumarate 33
aHydrated
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as the intestine and liver. The primary intracellular
target of toxicity is the mitochondria, resulting in
destruction of cristae and loss of respiratory
enzyme activity in a manner that is consistent
with suppression of cellular respiration, without
uncoupling oxidative phosphorylation [17, 18].
Iron primarily affects the gastrointestinal
(GI) tract, liver, cardiovascular system, and
acid–base status of the poisoned patient. Because
of the high metabolic activity of the heart, the
myocardial mitochondria are particularly vulner-
able to the toxic effects of iron poisoning.

Gastrointestinal

The initial GI symptoms after iron overdose are
due to a direct local irritant effect. With large
ingestions, free radical-induced lipid peroxidation
causes secondary injury to the GI tract. There is a
significant risk of hemorrhage and ulcerative dam-
age from segmental gut infarction in children and
adults [19]. Because of this damage, there is a
concern for emerging GI bleeding during the
first 48–72 h after ingestion. Delayed effects, clas-
sically stricture formation, may occur weeks after
exposure. Gastric outlet obstruction occurring 2–4
weeks post exposure is a consequence of healing
and scarring of the gut. A high index of suspicion
for gastric outlet obstruction exists in patients who
have continual vomiting 2–3 weeks after the
exposure incident or an onset of emesis after a
symptom-free period [20]. Although pyloric
injury is most common, lesions may occur at any
location in the gut [19].

Hepatic

Characteristic hemorrhagic hepatic periportal
necrosis has been described in autopsy reports of
patients who died from iron poisoning and in
experimental animal models [21]. Other reports
indicate similar damage in patients and animal
models [22]. After absorption, iron is transported
to the liver via the portal vein, where
carrier-mediated uptake into zone 1 acinar cells
eventually becomes overwhelmed. Microscopic

observations indicate that hepatic mitochondrial
injury within zone 1 is the primary location and
mechanism of toxicity [23]. Because liver cell
regeneration is a zone 1 function, injury to this
region is of particular significance. After this
injury, acute hepatic failure with elevated hepatic
transaminases and serum ammonia concentra-
tions, jaundice, steatosis, and hepatic coma may
occur [24].

Coagulopathy

Coagulopathy resulting from severe iron poison-
ing is characteristically biphasic [25]. A dose-
related reversible coagulopathy has been demon-
strated in a canine model and in humans [25]. This
condition results from a transient, early, dose-
dependent depression of coagulation factors V,
VII, IX, and X, causing a prolongation of the
partial thromboplastin time [25]. An in vitro
study revealed that free iron may inhibit the for-
mation of thrombin and subsequently thrombin’s
ability to form fibrin from fibrinogen [26]. This
early coagulopathy may subside as iron levels
decrease; however, severe poisoning may result
in a second phase (2–7 days postingestion) of
progressive dysfunction of coagulation secondary
to hepatotoxicity.

Cardiovascular

Circulatory shock is the most common cause of
death after severe iron poisoning. In addition to
hypovolemia resulting from GI volume loss and
hemorrhage, an early distributive shock has been
shown in animal models [27, 28]. The myocar-
dium has high metabolic activity, and acute iron-
induced cardiotoxicity may be mediated by free
radical generation [29]. In addition to interference
with mitochondrial adenosine triphosphate pro-
duction, membrane lipid peroxidation may inter-
fere directly with slow-channel calcium exchange
or the activity of the sarcoplasmic reticulum
[30]. Diminished myocardial contractility is an
important component of the pathogenesis of
iron-induced shock [31]. Cardiac failure may
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occur 1 to several days after a major iron overdose
[32]. The pathophysiology of shock resulting
from iron overdose is therefore multifactorial.

Metabolic

Metabolic acidosis is a prominent feature of iron
poisoning. As discussed earlier, circulatory shock
is one pathophysiologic mechanism responsible
for this metabolic acidosis. Acidosis also may
occur, however, in the absence of cardiovascular
instability [33]. As described previously, iron poi-
soning suppresses cellular respiration. A principal
mechanism by which iron causes a metabolic
acidosis occurs, however, after absorption of a
quantity of iron that exceeds the binding capacity
of transferrin. When unbound iron is present, its
hydrolysis liberates three unbuffered protons from
each ferric ion [34]:

3H2O þ Fe3þ ! Fe OHð Þ3 þ 3Hþ

Other Pathophysiologic Effects

Altered mental status may occur after large inges-
tions and is presumably multifactorial and related
to the factors described earlier. Although no major
direct toxicity is clinically apparent and relevant
to the central nervous system, kidney, lung, and
spleen, autopsy studies have revealed elevated
iron concentrations in these organ systems and in
the stomach, liver, and small intestine [35].

Clinical Presentation
and Life-Threatening Complications

Classically, iron poisoning is described as occur-
ring in five clinical stages (Table 2). Not all
patients manifest this “textbook” presentation
after overdose, however, and there is the potential
for considerable temporal variability and overlap
among these stages. The severity and stage of a
particular patient’s poisoning should be deter-
mined by his or her individual clinical evaluation,
not simply by the number of hours postingestion.

Stage I (the GI stage) of poisoning is encoun-
tered almost universally in all patients after sig-
nificant iron ingestion. Epigastric pain, nausea,
vomiting, and diarrhea typically occur immedi-
ately after ingestion in cases of overdose [36].
Hypotension, pallor, and lethargy often occur,
resulting from vasodilation, intravascular volume
loss, gastroenteritis, hematemesis, melena, or
hematochezia secondary to the local effects of
iron on the gut mucosa. Metabolic acidosis may
occur at this stage. If acidosis is significant, blood
volume loss occurs, resulting in circulatory shock,
and the patient may progress directly into
stage III.

Stage II is the time period associated with iron
poisoning that is described as the latent or quies-
cent phase. During this interval, which may begin
several hours postingestion, the patient is in tran-
sition between the resolution of direct GI signs
and symptoms and the appearance of overt sys-
temic toxicity. This often-described quiescent
phase may reflect failure to recognize ongoing
clinical toxicity. The patient may have fewer
overt GI manifestations during this time, lulling
the clinician into an underestimation of the true
seriousness of the ingestion [12]. During this
apparently clinically benign period, however,
patients may have a worsening metabolic acidosis
if volume resuscitation is not sufficient to restore
adequate tissue perfusion. Patients who progress
through stage I with resolution of clinical mani-
festations and without development of a meta-
bolic acidosis are unlikely to develop more
serious systemic iron toxicity.

Stage III, the shock stage of iron toxicity, is
defined by evidence of insufficient tissue perfu-
sion and shock and typically becomes manifest at
least several hours after ingestion. Most deaths
due to iron poisoning occur in this stage. Multiple

Table 2 Stages of iron poisoning

Stage Typical

I – Gastrointestinal 30 min–6 h

II – Quiescent 2–8 h

III – Shock 2–48 h

IV – Hepatotoxicity 12–24 h

V – Gut obstruction 1–7 weeks

1316 S.M. Bryant and J.B. Leikin



organ dysfunction as a result of cellular toxicity
and inadequate perfusion may result in hypoten-
sion, tachycardia, altered mental status, seizures,
coma, worsening metabolic acidosis, renal failure,
hepatic dysfunction, coagulopathy, myocardial
depression, pulmonary edema, and mesenteric
ischemia [37]. Hepatotoxicity often is evident
during stage III; however, this may also occur
without concomitant shock.

Stage IV (hepatotoxicity) is not a universal
finding in iron-poisoned patients [38]. The onset
of this stage typically occurs 12–24 h post-
ingestion but may occur 2–3 days after overdose
[24]. Hepatic dysfunction is a poor prognostic
sign when present [25], with hemorrhage second-
ary to coagulopathy often contributing to patient
demise [25].

The hallmark of stage V is gastric outlet
obstruction; however, fortunately this stage rarely
occurs [12]. Local mucosal injury may lead to
development of stricture formation several
weeks postingestion [19]. Although the classic
site of obstruction is the pylorus, segmental injury
may occur along the length of the gut [19]. The
diagnosis of gastric outlet obstruction should be
considered in patients with persistent vomiting,
achlorhydria, abdominal pain, and distention
more than 1 week postingestion.

Iron poisoning may present in any of the
abovementioned discrete stages, may skip specific
stages, or may reflect overlap between or among
different stages. The stages of toxicity are used as
a guide to the conceptualization of the natural
course of iron poisoning rather than as a consis-
tently predictable sequence of events.

Diagnosis

The diagnosis of iron toxicity may be evident
based on a history of ingestion and cor-
responding signs of iron toxicity. Any pediatric
ingestion over 40 mg/kg (or 6.5 ml syrup/kg)
should be assessed for iron toxicity. GI symp-
toms are present within 1 hr of ingestion in vir-
tually all patients with significant iron ingestions
[39]. Tachycardia may also be an early sign of
iron toxicity. If no history of iron ingestion is

offered, however, the differential diagnosis
includes other medical and surgical reasons for
the varied manifestations of iron poisoning.
Other poisonings to consider include those
involving mercuric chloride, salicylates, pesti-
cides, arsenic, and colchicine.

All patients with known or suspected iron
overdose should receive an X-ray of the abdomen
to evaluate for radiopaque tablets [40, 41]. Large
overdoses of tablets can be visualized in the GI
tract, helping to verify historical features and
guide management with GI decontamination. If
the patient ingested a liquid preparation, the
abdominal film typically is unrevealing [41]. Pedi-
atric multivitamins containing iron have such a
low iron content that X-rays after ingestion of
these also typically are negative [42]. Clinically
significant poisoning after ingestion of iron-
containing multivitamins is virtually nonexistent
[43]. Negative abdominal plain films after iron
ingestion also may be explained by dissolution
of an ingested solid formulation; this is especially
true in patients who present late after ingestion.

We recommend that a serum iron concentra-
tion be obtained on presentation and then every
1–2 h to monitor the symptomatic patient fur-
ther. When a clear downward trend of serum
iron concentrations is established, it is no longer
necessary to follow this parameter. Iron concen-
trations less than 500 μg/dL (<90 μmol/L) at
4–6 h postingestion typically are not associated
with significant systemic toxicity [44, 45]. Sys-
temic toxicity often is seen with iron concentra-
tions of 500–1000 μg/dL (90–180 μmol/L), with
levels greater than 1000 μg/dL (>180 μmol/L)
being associated with severe life-threatening
illness.

A high anion gap metabolic acidosis accompa-
nying an elevated lactate concentration should be
assumed to be an indication of serious toxicity
from iron ingestion [37] and the need for chelation
therapy. Because of the possibility of hemorrhage
and multiple-organ toxicity, a complete blood
count, hepatic and renal function tests, electro-
lytes, and coagulation profile should be obtained.
The presence of hemorrhage or anemia should
prompt preparation for possible blood product
replacement.
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Historically, other laboratory findings, such
as leukocytosis (white blood cell count
>15,000/mm3) and hyperglycemia (serum glu-
cose >150 mg/dL [8.25 mmol/L]), were used
as indices of severity of iron poisoning [46].
These parameters have not been shown to be
sensitive predictors of toxicity, however
[44, 47]. Likewise, a serum iron concentration
greater than the total iron-binding capacity, pre-
viously considered an indication for chelation
therapy, has not been found to be a reliable
index of toxicity and no longer is recommended
[44, 48, 49].

Treatment

Patients with significant iron ingestions or severe
systemic toxicity warrant monitoring in the inten-
sive care unit. Secure intravenous access, fluid
volume replacement, oxygen supplementation,
cardiac monitoring, and airway and ventilatory
support are essential to the initial management of
the critically iron-poisoned patient. Bedside ultra-
sound of the heart and inferior vena cava or even a
Swan–Ganz catheter may be indicated for moni-
toring of hemodynamic parameters during treat-
ment and to differentiate between cardiogenic and
distributive shock.

Limiting the absorption of ingested iron
should be considered during initial management.
Gastric lavage is an alternative form of gastric
emptying. This procedure also has serious risks,
has not proved to change outcome after iron
ingestion, and should be considered only in life-
threatening ingestions presenting within 1 h [50,
52]. Even in these circumstances, the efficacy of
gastric lavage is questionable. Activated char-
coal has not been shown to be effective in
adsorbing iron [53]. Consideration of activated
charcoal is appropriate when coingestion of
noniron products has occurred. However, acti-
vated charcoal has not been shown to alter
the outcome in poisoned patients. It may
decrease drug absorption if given within 1 hr of
ingestion.

Indications for ICU Admission in Iron Poisoning
Significant acidemia (arterial pH < 7.3)
Shock/neurodynamic compromise
Altered mental status
Gastrointestinal hemorrhage
Serum iron concentration >500 μg/dL
(90 μmol/L)
Radiologic evidence of a significant gastroin-
testinal burden of iron (>50 mg of elemental
iron/kg)
Deferoxamine administration
Significant hepatic dysfunction

The mainstay of GI decontamination for iron
poisoning generally is considered to be whole-
bowel irrigation [54, 55] (Grade III evidence).
This procedure has not been shown, however, to
alter the clinical course or outcome of iron-
poisoned patients [54]. Whole-bowel irrigation
theoretically is important only in patients with
abdominal radiographs revealing substantial num-
bers of radiopaque iron tablets. Whole-bowel
irrigation is reviewed in ▶Chap. 3, “Therapeutic
Approach to the Critically Poisoned Patient.”
Although whole-bowel irrigation usually is lim-
ited to several hours of administration, one case
report of multiple iron tablet persistence in the gut
described a 5-day course of whole-bowel irriga-
tion [56]. This case also may be taken as evidence,
however, of the lack of efficacy of this technique.
Subsequent abdominal X-rays can help guide the
clearance of iron from the gut.

Gastroenterologic or surgical consultation may
be warrented if a concretion or bezoar is shown or
suspected; this is unusual, however. Concretions
may be present when iron levels continue to rise.
Usually there is a downward trend toward clearing
by 6–24 h postingestion. Several authors reported
successful gastrotomy and removal of massive
amounts of iron tablets not amenable to removal
by less invasive measures [57–61]. Clinical evi-
dence of bowel obstruction may indicate intestinal
necrosis. Lifesaving small-bowel resection was
performed 24 h after presentation in a patient with
a distended abdomen and signs of peritonitis [62].
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Other attempts at reducing iron absorption
from the gut have been undertaken without suc-
cess. Oral bicarbonate, phosphate, and magne-
sium hydroxide have been used with the idea
that if they formed insoluble complexes with
iron, this would decrease absorption. Except for
one canine study, data from in vitro and in vivo
studies do not support bicarbonate or phosphate
use, and these treatments may result in severe
electrolyte imbalances [63–66]. Animal and
human volunteer studies revealed a reduction in
iron absorption after the administration of magne-
sium hydroxide; however, it does not affect
absorption in humans after large overdoses of
iron [67–69]. At present, there are insufficient
data to support routine use of these modalities in
human iron poisoning. Oral deferoxamine was
shown in one prospective human study to reduce
GI absorption of ferrous sulfate when mixed as a
slurry with activated charcoal. Ferrioxamine, the
deferoxamine–iron complex, has been shown to
be lethal in animals after it is absorbed, but
ferrioxamine absorption is reduced when acti-
vated charcoal is coadministered with
deferoxamine [70, 71]. Because of the concerns
about the toxicity of ferrioxamine, oral
deferoxamine is not recommended.

Iron-induced hepatotoxicity should be
regarded as a marker of severe toxicity. Because
the periportal area is most affected, iron-induced
hepatotoxicity portends a much poorer overall
prognosis than similar insults caused by other
toxicants [22]. In light of this, hepatic monitoring
and treatment of organ failure or coagulopathy are
indicated. Profound liver dysfunction warrants
surgical consultation for possible transplantation.
Correction of electrolyte and glucose abnormali-
ties also may be crucial to patient outcome.

Hemodialysis should be used on a supportive
basis for acute renal failure, usually developing in
response to circulatory shock. Iron is not amena-
ble to hemodialysis, even though the
iron–deferoxamine complex can be cleared in
this manner [72, 73].

Deferoxamine, derived from Streptomyces
pilosus, is the specific chelator of choice for iron

poisoning. After complexing with free iron (iron
not found in hemoglobin, myoglobin, ferritin, or
transferrin), it forms ferrioxamine, which is
excreted in the urine [3]. Deferoxamine also has
been shown to promote clearance of intracellular
iron effectively. Ferrioxamine produces a reddish-
brown or “vin rose” appearance to the urine
[74]. Deferoxamine challenge tests have been
used in the past as a marker of iron excretion, as
indicated by this urine color change. This test no
longer is recommended; however, it is one may
observe a urine sample before treatment and fol-
low the course of color change during chelation. A
total of 100mg of deferoxamine mesylate chelates
only approximately 8.5 mg of ferric iron.
Although the use of deferoxamine in severe iron
poisoning is considered the standard of care, there
are no published controlled studies that show a
change in outcome with this treatment [75, 76]
(Grade III evidence).

Deferoxamine treatment should be administered
as early as possible after poisoning. Although not
formally validated, the data reviewed earlier in this
chapter that suggest logical indications for
deferoxamine treatment are indications of moderate-
to-severe systemic toxicity, such as shock, GI bleed-
ing, lethargy, and central nervous system depression.
Metabolic acidosis is a reliable marker of cellular
iron toxicity [37] and therefore should be considered
to be an indication for initiating treatment. There is
no rationale for withholding chelation while waiting
for a serum iron concentration in significantly poi-
soned patients. An iron level 4–6 h postingestion of
equal to or greater than 500 μg/dL (�90 μmol/L)
also is considered to be an indication for treatment
[44, 45] (Grade III recommendation). After 12 h, the
serum iron concentration is of no practical signifi-
cance because the systemic burden has been distrib-
uted from the vascular compartment into tissues.

Recommendations for deferoxamine dosing
are based primarily on case reports and have
been established arbitrarily [76]. The intravenous
route of administration is preferred. Intramuscular
administration was used previously for less severe
poisoning, but it is not reliable. Titration of the
intravenous infusion up to a rate of 15 mg/kg/h
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should be initiated while the patient is carefully
monitored for adverse effects, including rate-
related hypotension [77, 78]. Histamine release
may underlie the hypotension and the flushing
and urticaria that may be observed during
deferoxamine infusion [78]. Administration of
deferoxamine at even higher rates has been
shown to be safe in ill patients and in patients on
long-term hemodialysis [79]. There have been rec-
ommendations to administer less than 6–8 g/day
even though 16 g/day has been given without
concomitant side effects [80]. It is vital tomaintain
adequate intravenous fluid volume replacement
during deferoxamine therapy to protect against
the development of acute renal failure [81].
Finally, continuous infusions for greater than
24 h have been reported to be associated with
adult respiratory distress syndrome; however,
this interpretation is confounded by the presence
of adult respiratory distress syndrome in severe
iron poisoning, even in untreated cases [82–84].
A reasonable end point of therapy is cessation of
anion gap metabolic acidosis and resolution of
systemic toxicity. Because the deferoxamine–iron
complex acts as a siderophore for the growth of
Yersinia enterocolitica, sepsis after chelation
therapy is a risk, and appropriate antimicrobial
therapy should be initiated if high-grade fever, diar-
rhea, or signs of peritonitis develop. Appropriate
antibiotics include aminoglycosides, trimetho-
prim–sulfamethoxazole, third-generation cephalo-
sporins, doxycycline, or fluoroquinolones. If
abscesses occur, theywill require surgical drainage.
Chelation therapy should not be suspended during
antibiotic therapy [85–87]. It is important to deter-
mine serum iron concentrations by atomic absorp-
tion spectroscopy in deferoxamine-treated patients
because deferoxamine interferes with most other
routine assays.

Criteria for ICU Discharge in Iron Poisoning
Absence of acidemia or other systemic disor-
ders (e.g., coagulopathy)
Hemodynamic stability
Clear sensorium
Declining serum iron concentrations

Special Populations

Pregnant Patients

Iron overdose has occurred with relative fre-
quency in pregnant patients [88]. There is no
proven teratogenic risk of deferoxamine therapy
during pregnancy, and fetal loss may occur as a
result of severe maternal iron toxicity. Similar to
trauma and many other diseases of pregnant
women, the goals are to stabilize and treat the
mother, which stabilizes and treats the fetus. The
approach to a pregnant patient is no different from
that for any other patient; other than that if the
fetus is potentially viable, it should be monitored
for distress. Although spontaneous abortion, pre-
term delivery, and malformations are potential
sequelae of treatment in severe iron poisoning,
several cases reported successful use of
deferoxamine in pregnancy [89–92]. Whole-
bowel irrigation has been used successfully in
the first trimester to treat an iron overdose
[93]. One report described a postnatal fatality in
a 30-year-old woman who was treated with
deferoxamine 1 day after ingestion and success-
fully delivered a healthy infant 2 weeks before
experiencing lethal multiple organ dysfunction
[94]. The placenta serves as the fetus’s barrier to
systemic iron overload and associated toxicity.
This concept is supported in an ovine model
[11]. Deferoxamine may cross the placenta when
the mother is treated for toxicity [89]. Harm to the
fetus from deferoxamine use in pregnancy is
referenced [11, 91] yet not supported by the actual
evidence. Cases describe first-trimester use of
deferoxamine in women with chronic overload
without subsequent fetal abnormalities [95, 96].
Based on this deferoxamine therapy should not be
withheld out of concern for the fetus. Appropri-
ately treating the mother is tantamount to treating
the fetus.

Parenteral Iron Infusions

Intravenous iron therapy is indicated in patients
who (1) are hemodialysis dependent with iron
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deficiency anemia, (2) have gastrointestinal mal-
adies such as Crohn’s disease or a history of
gastric resection or bypass, or (3) are losing iron
from blood sources at higher rates than oral iron
can be tolerated. While isolated parenteral iron
toxicity requiring deferoxamine therapy is not
reported, iron infusions can result in infusion
reactions. Infusion reactions are considered
hypersensitivity reactions and patients at risk
include previous reactions, rapid infusion
rates, multiple drug reactions, severe atopy, and
possibly severe inflammatory diseases [97].
There exists controversy whether or not
these reactions are always true IgE mediated in
all cases. Iron dextran has historically thought to
be linked to anaphylactoid reactions compared
to iron gluconate and sucrose [98]. Complement
activation-related pseudo-allergy triggered
by iron nanoparticles is probably a more frequent
pathogenetic mechanism in acute reactions
to current formulations of intravenous iron
than is an immunological IgE-mediated
response [97].

Management of these reactions is therefore
recognition and discontinuation of the infusion.
Current consensus would still recommend intra-
venous fluids and corticosteroids for moderate
reactions and potentially supplemental oxygen,
epinephrine, and a nebulized beta-2 agonist for
more severe reactions [99].

Common Errors in Iron Poisoning
Withholding deferoxamine in an ill
patient while waiting for a serum iron
concentration

Withholding deferoxamine in a pregnant
patient who meets criteria for treatment

Assessing a patient in stage II of toxicity as
improved or fully recovered

Relying on leukocytosis and hyperglyce-
mia to predict prognosis or guide therapy

Using total iron-binding capacity or a chela-
tion challenge test to indicate need for
deferoxamine

Administering deferoxamine to patients
who exhibit only direct gastrointestinal toxicity

Key Points in Iron Poisoning
1. Estimate total iron ingested based on the

elemental dose and not the weight of
the salt.

2. Serum iron concentrations beyond 12 h
after ingestion are of no benefit.

3. The end point of deferoxamine therapy is
guided best by clinical stability of the
patient and cessation of acidemia.

4. Fluid hydration is crucial during
deferoxamine administration to help pre-
vent acute renal failure.

5. Pregnant patients are approached in the
same way and aggressively as nonpregnant
patients.
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