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From the Frontispiece of Thomas Brian’s “The Pisse-Prophet”, 1637.

The ancient art of uroscopy, as depicted in Gerrit Dou’s “The Dropsical Woman”,
involved the visual examination of a patient’s urine contained in a specially designed
glass flask called a matula where each region of the flask corresponded to a particular
part of the body. The urine was assessed for such qualities as viscosity, sediment, foam,
and color. A vast array of medieval manuscripts contained elaborate uroscopy charts,
indicating degrees of these parameters and their significance. Charlatans and quacks
who claimed to predict a patient’s }?rognosis based on uroscopy proliferated throughout
the middle ages. By the early 17" century, however the ancient art of uroscopy had
become largely discredited most notably by Thomas Brian, in his 1637 pamphlet, The
Pisse-Prophet or Certain Pisse-Pot Lectures.

In the 21% Century we need to recall Dr Brian’s lecture series and not place too much
judgment on the art of uroscopy when we are tempted to make predictions about the
efficacy of our treatment of iron overdose with desferrioxamine. Color change is not
reliable indicator of successful chelation, as has been claimed in the past!



IRON POISONING

Introduction

Iron overdose is a potentially life threatening event.

It is characterized by:

° Local gastrointestinal upset.

° Dose-related systemic toxicity, which can be delayed.

Aggressive initial treatment guided by the clinical risk assessment, is potentially
lifesaving.

In large overdoses systemic toxicity can be prevented by early GIT decontamination
and/or the administration of desferrioxamine.

Patients who present with established systemic iron toxicity will have a poor prognosis
and may not respond to treatment.

See also separate document for Desferrioxamine (in Drugs folder).

Pathophysiology

Free iron has a direct corrosive effect on the gastrointestinal mucosa.

Free iron exists in the serum once the total iron level exceeds the binding capacity of
transferrin.

This free iron is distributed intracellularly, where it localizes in the mitochondria and acts
as a direct cellular toxin.

The net effect is an uncoupling of oxidative phosphorylation and the production of a
lactic acidosis.

Risk Assessment

In iron overdose a clinical risk assessment can be made according to:

° The estimated ingested dose of elemental iron

° The evolving clinical features, (see clinical features section below)
And to a lesser degree by:

° Confirmation of the ingestion by AXR

° Iron levels at 4-6 hours post ingestion.

Beware however of patients who present late, their iron levels may be only
minimally elevated yet they may have significant systemic toxicity.



Estimation of Ingested Elemental lron:

The toxicity of an iron compound depends on the amount of elemental iron it
contains.

The amount of elemental iron in a ferrous (+2) or ferric (+3) salt may be estimated as
follows: *

Iron containing compound Divide the compound dose by this, to obtain
an estimate of the amount of elemental iron

Ferrous sulfate (dried) 3.3

Ferrous sulfate (heptahydrate) | 5

Ferrous gluconate 9
Ferrous fumarate 3
Ferric chloride 3.5
Ferrous chloride 4

The estimated elemental iron dose can then be related to the likely clinical effect, as
follows:

Elemental Iron Dose Anticipated Clinical Effect
<20 mg/ kg Asymptomatic

20-60 mg/ kg Gastrointestinal upset
60-120 mg/ kg Systemic toxicity anticipated.
> 120 mg/ kg Potentially lethal

Note that ingestions in children are usually trivial. Large ingestions (> 60 mg/ kg) in
children are unusual.



Systemic toxicity is likely for ingestions greater than 60 mg/kg of elemental iron.
Children should be assessed and observed in hospital for ingestions greater than 40
mg/kg of elemental iron. >

Patients who present with established systemic iron toxicity will have a poor
prognosis and may not respond to treatment.

Clinical Features

Five stages of iron toxicity are classically described; however this is an
oversimplification as not all patients will experience all stages.

The duration of each “stage” is imprecise and considerable overlap exists.

It is more useful to envisage 2 main stages, the first of which merges with time into the
second. The 2 stages are pathophysiologically based on initial GIT corrosion, followed by
systemic toxicity.

Time frames can in general terms be summarized thus:

0-6 Hours

Here there is a direct GIT corrosive effect, which may result in:

° Vomiting, (often this will be the initial symptom)
° Diarrhoea

° Abdominal pain.

° Occasionally GIT haemorrhage may occur.

Fluid losses may be significant and may result in hypovolemic shock.
6-12 Hours

This is often termed a latent period, where symptoms seem to settle, and thus a false
sense of security may occur.

During this phase there is a progressive absorption of iron from the GIT.
12-48 Hours

Here the patient deteriorates clinically and biochemical disorders become apparent.

° Circulatory shock from vasodilation and third space losses
° Progressive increased anion gap metabolic acidosis.
° Hepatic impairment

° Renal failure



2-5 Days

° Acute fulminant hepatic failure.
° This phase is rare, but if occurs has high mortality.
2-6 Weeks

This is the stage of delayed sequelae in those who survive. The following may occur:

GIT scarring with stricture formation.

Cirrhosis of the liver

Investigations

Blood tests
1. FBE:

° An elevated WCC may be seen but does not correlate with toxicity.
2. U&Es/ glucose:

° Hyperglycemia may be seen but does not correlate with toxicity.
LFTs

Coagulation profile, (depending on the stage of toxicity the patient is in)

ABGs/ VBGs:
° An elevated anion gap metabolic acidosis is a useful marker of toxicity.
° In particular low serum bicarbonate is a good surrogate marker of

systemic iron poisoning when serum iron levels are not readily available.
Type and cross-match blood, if clinically indicted.

Co-ingestants

° Consider blood alcohol, paracetomol levels.
Iron levels:
° Iron levels will peak at 4-6 hours following ingestion. Following this

there will be a rapid intra-cellular migration of iron

° A clear correlation of iron levels and toxicity has not been established,
however peak levels of > 90 micro-mols/ L are considered to be
predictive of systemic toxicity. *



° It is important to note that patients who present late may have only
minimal elevation of serum iron levels, in the presence of significant
toxicity.

ECG

Routine in most situations of drug overdose.

AXR

° An AXR is useful in confirming the overdose as iron tablets are radiopaque,
however a negative radiograph does not rule out the presence of iron in the Gl
tract as completely dissolved iron compounds may not be seen.

° It may also be useful in planning and monitoring decontamination procedures.

B

Multiple iron tablets in the stomach of a young female who had overdosed, (Life in the

Fast Lane Website).
Management
1. IV fluids
° Initial management consists of fluid therapy to replace GIT and third

space losses.

2. Charcoal



° Iron is not adsorbed by charcoal hence charcoal is not indicated for iron
overdose.

° It would only be considered for other co-ingestants and only if no other
contra-indication existed for its use.

Whole bowel irrigation:

Whole bowel irrigation is the decontamination method of choice for iron
overdose.

It is recommended for:

° Ingestions of > 60 mg/ kg of elemental iron.

And:

° Presence of iron tablets is confirmed on x-ray.

Method:

° Colon-Lytely. This is a polyethylene glycol electrolyte lavage solution.
° Administered through a nasogastric tube.

° The usual rate of Colon-Lytely administration is 30 ml/kg/hr

Fluid administration is continued for 5 hours until:

° The rectal effluent appears the same as the infusate, (ie clear)
° There is no radiographic evidence of persistent pill fragments.
Endoscopic removal:

° This should be considered when a potentially lethal ingestion has occurred
and where whole bowel irrigation has failed or is impractical. *

Desferrioxamine chelation therapy:

Desferrioxamine is the specific antidote to iron poisoning.
It is indicated when:

° The serum iron level is > 90 micro-mols/ L

Desferrioxamine is ideally administered before iron moves
intracellularly to cause systemic toxicity.

And/ or

° There is clinical evidence of systemic toxicity.



Clinical evidence of systemic toxicity may include:

° Altered conscious state/ confusion
° Metabolic acidosis

° Cardiovascular collapse.

° Severe GIT upset.

See separate document for desferrioxamine (in Drugs folder).

All patients being considered for desferrioxamine treatment should be discussed
with a specialist toxicologist for guidance on dosing regimes.

Disposition

All patients who are unwell and/ or require desferioxamine should be admitted to
HDU/ICU.

Adults who have ingested less than 60 mg/kg of elemental iron and remain
asymptomatic at 6 hours may be medically cleared. *



Appendix 1

Physical Properties of iron:

Iron (from Life Science Library, “Matter”, 1963.)

Elemental symbol: Fe
Atomic number 26
Atomic weight: 55.845
Melting point: 1538 °C
Boiling point: 2861 °C
Classification: Metal.

Physical Appearance: Lustrous, metallic, greyish tinge
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