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WARFARIN TOXICITY

“Circe offering the cup to Ulysses”, John William Waterhouse, 1891, oil on canvas,
Oldham Art Gallery, Oldham, England.



.1 crossed the enchanted glade and approached
the witches’ palace, before I arrived at the gate,
Hermes came up to meet me, taking the form
of a young man with the first slight traces of hair
on his lips and cheeks, in the loveliest prime of youth.

He walked up briskly and clasped my right hand and said,
“Where are you going, poor fellow, across these hills,
alone, without knowing the country? Your comrades are here
in the house of Circe, penned in the sties as pigs.

And you have come here to save them? It is more likely
that you will get caught yourself. But don’t be worried:
| shall protect you and give you a magic herb
that will make you immune from any witchcraft that Circe
tries to bind you with. She will pour you a drink
with some drugs mixed into it. Still, she will not be able
to change your form; the herb I shall give you prevents that.
Listen to me, and be careful to do exactly
as | instruct you. When Circe picks up her wand
and taps you, then you draw your sword and rush straight at her
as though you were going to kill her. She will be frightened
and then will ask you to go to bed with her. Don’t refuse,
if you want her to free your comrades and treat you well.
But force her to swear, by the solemn oath of the gods,
then she won 't plot any further mischief against you -
or else when she has you naked she will do something
that will destroy your courage along with your manhood”.
With these words he bent down and pulled the herb from the ground
and, having explained its properties, gave it to me.

It had a black root, while the flower was white as milk.
The gods call it moly, and it is a dangerous plant
for mortals to dig up, but gods have the power to do it.
Then Hermes left me and flew off to Olympus,
while I went onwards, pondering many dark thoughts.
When I reached the goddess’s gates, | shouted her name,
And she came out and opened the door and invited me in,
and as | followed her, my heart was in turmoil.

When we were inside, she gave me a silver studded
chair to sit on, and then she made me a drink
in a golden cup, and with evil intention she slipped
the powerful drug in. She gave it to me and I drank it,
and when she could see that there was no transformation,
she tapped me once with her wand, and she said, “Be off pig;
go to the sty and wallow there with the others”.

At these words | drew my sword, and | rushed straight at her
as though I was going to kill her. With a loud shriek
she ran underneath it and, clasping my knees, implored me:
“Who are you? Where do you come from? Who are your parents?
How can it be that my drug has no power to change you?
You weren’t affected at all. Never before
have I known a man who drank it and didn 't succumb.
You must have a mind impervious to enchantment.



I am sure that you are Odysseus, that endlessly cunning
fellow that Hermes has told me about - he always
said you would sail here on your way home from Troy.
Put away your sword now. Come with me to my bed,
and in making love we shall learn to trust each other”.
I answered her, “Circe, how can you ask me to deal
gently with you, when you turned my men into pigs?
And now that you have me here, you are trying to get me
into your bed, so that after you lie with me naked
you can destroy my courage along with my manhood.
Nothing could make me go to bed with you goddess.
Or before I do, | demand that you swear an oath
that you will not plot any further mischief against me”.
She swore to do me no harm, and when she had finished,
I climbed up into the bed of the beautiful goddess.

Homer, “The Odyssey” Bk 10, 268-333 c. Eighth century, B.C

Circe was the most beautiful and most powerful sorceress of the ancient word. She lived
on the island of Aeaea off the coast of Naples. She was greatly renowned and feared
throughout for the power of her potions. Her concoctions had the power for both good
and evil. She could render wild beasts placid and docile, yet she could also turn men into
wild beasts as Odysseus discovered to his horror when she used her charms to lure his
crew into her abode and administer her potions to them, transforming them into wild pigs.
Odysseus himself is only saved from a similar fate as he was forewarned by Hermes and
given a magic herb called moly, which counteracted the effects of Circe’s potion.

The Neoclassicist John William Waterhouse was inspired by Homer’s “Odyssey” to paint
one of his masterpieces, “Circe Offering the Cup to Ulysses”. In an attempt to rescue his
crew, Odysseus went to Circe, who had him drink the potion to turn him into a pig as well.
When it did not work he drew his sword and threatened Circe who in disbelief begged him
to forgive her. We see Circe enthroned like a Queen, cup in one hand, wand in the other.
Violet herbs lies strewn about and a large pig sits placidly be her feet, perhaps one of
Odysseus’s unfortunate men. In the mirror we see Odysseus approaching, tense and With
his “heart in turmoil .

In the 21*" century, warfarin, like one of Circe’s potions has the power of both good and
evil. It may prevent the devastating complications of thromboembolic disease, however on
occasions it may produce equally as devastating hemorrhagic complications. To combat
this later possibility we must, like Odysseus be forewarned of this possibility. The INR, like
Hermes, provides us with this forewarning, whilst our moly antidote comes to us in the
form of powerful counter-potions known as Vitamin K and Prothrombinex.



WARFARIN OVERDOSE

Introduction

Warfarin and other coumarin anticoagulants act by inhibiting the synthesis of functional
vitamin K dependent factors, 11, VII, IX and X.

They have no direct effect on an established thrombus. However once thrombus has
occurred, anticoagulation therapy aims to prevent further clot progression and prevent
secondary thromboembolic complications.

For most warfarin indications, the target maintenance international normalised ratio (INR)
IS 2 - 4, depending on the condition that is being treated.

There is a close relationship between the INR and the risk of bleeding.

The specific antidote is Vitamin K; however in acute life threatening situations where

immediate reversal of the effects of warfarin will be required, urgent blood product

treatment will be necessary.

The management of warfarin overdose or toxicity will be influenced by:

° Whether or not warfarin treatment is required by the patient, (i.e. inadvertent
toxicity in patients who are taking warfarin versus acute intentional overdose in
those who are not, or are, taking warfarin for a therapeutic indication).

° The actual INR level

° The presence or not of serious / life threatening bleeding.

Warfarin toxicity may be encountered in the ED in 3 principle ways, including:

1. Acute single ingestion overdose
2. The patient with a life threatening hemorrhage, whilst on warfarin
3. Toxic INR levels, in an otherwise well patient

Pharmacokinetics

Absorption:

° Warfarin is rapidly and completely absorbed after oral administration, with peak
concentrations occurring at about 4 hours.

Distribution:
° It has a small VVd at 0.2 L/kg

° It has high protein binding, (99%)



Metabolism and excretion:

° Warfarin is almost entirely metabolized in the liver, by cytochrome P450.
) The effective half-life ranges from 20-60 hours, with a mean of about 35 hours.
° Because the effect of warfarin on the INR is dependent on the clearance of

preformed coagulation factors, the maximum effect of a dose occurs up to 48
hours after administration and the effects then last up to 5 days.

Pathophysiology

Warfarin directly inhibits vitamin K metabolism.

It is a vital co-factor required for the synthesis of factors Il, VII, IX, X, which are
produced in the liver.

It is also a co-factor for the synthesis of proteins S and C.
The observed 8-12 hour delay before the onset of clinical anticoagulation occurs as a

result of the times of the half- lives of the already existing coagulation factors, (6 hours for
factor VII, 24 hours for factor IX, 40 hours for factor 10, and 60 hours for factor II).

Management

There are 3 principle scenarios of warfarin toxicity:

1. Acute single ingestion overdose

2. Patient on warfarin with a life threatening bleed

3. A toxic INR level in the patient on therapeutic warfarin



ACUTE SINGLE INGESTION OVERDOSE

Introduction

Deliberate self poisoning with warfarin may occur in those who do not require it
therapeutically or in those who are already taking it for a therapeutic indication.

The approach to therapy therefore will depend on:
° The magnitude of the overdose
° The requirement and exact indication for anticoagulation

Risk Assessment

The risk of bleeding increases directly with the level of the INR, over a value of 5.
Active bleeding constitutes an immediate emergency, requiring urgent treatment.
In those who overdose, and are not taking warfarin for a therapeutic indication:

° An acute ingestion of < 0.5 mg/kg is unlikely to cause a clinically significant
increase in the INR

° An acute ingestion of > 2.0 mg/kg may result in significant increases in the INR
within 72 hours.

Clinical Features

Most patients who present acutely following an acute single ingestion overdose of
warfarin will be asymptomatic.

Symptoms may not become apparent until 72 hours.

Within and beyond this time frame, any traumatic injury will be potentially far more
dangerous.

Severe systemic coagulopathy may manifest as petichiae, ecchymosis, gingival bleeding,
epistaxis or haematuria.

Investigations

As for any deliberate overdose there is the possibility of co-ingestion and BSL, ECG and
blood alcohol should be considered.

The key investigation will be the INR:

° In patients who are not already anticoagulated, the INR will remain normal for the
first 6 hours following accidental or deliberate overdose.

° A normal INR at 48 hours will exclude a significant overdose.



° In those patients who have a therapeutic requirement for warfarin, the INR should
be measured at:

v Presentation
And then:
v At 6 hourly intervals thereafter, with Vitamin K given as required, to

Management

balance required anticoagulation with excessive anticoagulation.

1. Charcoal:

Following deliberate self poisoning in cooperative patients on
therapeutic anticoagulation, give 50 grams of oral activated charcoal if
presentation has occurred within one hour of ingestion.

It should be noted however that oral charcoal will negate any effect of
orally administered vitamin K. If oral charcoal is given, then 1V vitamin K
will be required.

Activated charcoal is not required in other patients.

2. Vitamin K:

Disposition

Vitamin K is given prophylactically to those who have taken a potentially
significant dose, but have no therapeutic requirement for anticoagulation.

v This will negate the requirement of repeated INR testing, as well as
covering the possibility of loss to follow-up or the misfortune of
concomitant trauma.

v 10 mg of oral or IV vitamin K is given for 2 days.

v A follow-up INR should be done at 48 hours.

In those with a therapeutic requirement for warfarin, there will need to be

careful titration of vitamin K to maintain an optimal INR level, (see

below).

Children who ingest > 0.5 mg/kg are given 10 mg oral vitamin K and can
be discharged without the need for follow-up INR level

The need for hospital admission will depend on such factors as:

° The INR level that is very high (delayed presentation for example)



The presence of any bleeding
The patient has a therapeutic requirement for anticoagulation
Coingestants and co-morbidities

Patient reliability to follow-up factors



THE PATIENT ON WARFARIN WITH A LIFE THREATENING BLEED

Introduction

Patients with uncontrolled potentially threatening bleeding require urgent combination
reversal therapy.

The risk of potentially life threatening bleeding such as intracranial bleeding or frank
gastrointestinal bleeding generally outweighs any perceived thrombotic risk in the short
term.

Clinical assessment

Life threatening bleeds include both degree and nature of the bleeding, examples include:

1. Those with clinical compromise from blood loss.
2. Those bleeding with potentially life threatening conditions, such as:
° Hematemasis and melena
° Intracranial bleeds.
° Ruptured abdominal aortic aneurysm.
° Aortic dissection
° Significant hemoptysis
° Retroperitoneal hemorrhaging

Investigations

Management in these cases should never be delayed by waiting for INR or other
blood test results.

Management

Note that the full effect of vitamin K in reducing the INR takes up to 24 hours to develop,
even when given in larger doses with the intention of complete reversal.

For immediate reversal of clinically significant bleeding, the combination of
Prothrombinex and FFP should be used and will cover the period before vitamin K has
reached its full effect. Vitamin K will nonetheless be essential for sustaining the reversal
achieved by the blood products.

1. Give Prothrombinex:

° This should be commenced urgently and should not await coagulation
test results.



Prothrombinex

Each vial of Prothrombinex contains factor 1X 500 IU, factors Il and X
approximately 500 U each, antithrombin I11 25 1U and heparin sodium 192
IU.

The dosage of Prothrombinex-VF varies from 20-30 1U/kg for minor
haemorrhage up to 50 1U/kg for moderate to severe or life threatening
haemorrhage.

As a guide for life threatening bleeds;

Dose is 50 1U/kg, i.e. 10 vials (500 U / vial) for a 100kg patient.

INR reductions will occur 10 - 15 minutes after administration.

See also local hospital protocols for further dosing and administration
details.

Give full dose vitamin K, (5-10 mg 1V). The larger dose may be given if it is
decided that the patient will not be re-warfarinized.

IM / SC administration of Vitamin K is not recommended due to
unpredictable absorption.

IV administration will have a quicker effect than oral dosing, though
there is a small risk of allergic type reactions when given 1V.

Although IV Vitamin K can act rapidly in about 6-12 hours, the full effect
of Vitamin K can take up to 24 hours. Administration of Vitamin K is
important to prevent “rebound” of warfarin effect due to the short half-
lives of the coagulation proteins contained in Prothrombinex-VF and/or
FFP.

Also give Group specific FFP:

The benefit is less certain for this.

Give 1 Unit (300 mis)

If Prothrombinex is not available, give FFP with advice from Hematologist.

Once results are back, more Prothrombinex and / or FFP may be given as
necessary.

A dose of 15 mL/kg i.e. a usual dose is 900-1200 mL (3-4 bags of 300 mL)
can be used for this purpose.

Check Hb and X-match blood as clinically indicated.

Urgent attention to underlying cause.



7. Following initial treatment, continuously assess the patient until INR is < 1.5
and bleeding has ceased.



THE TOXIC INR LEVEL IN THE OTHERWISE WELL PATIENT

Introduction

Factors to consider here include:

1. Whether the patient requires warfarin for treatment of a hypercoaguable condition.
2. The actual INR level.

3. Clinical risk factors for bleeding.

Clinical assessment

In addition to taking an INR level an assessment should be made of the level of risk for
bleeding.

Certain groups are at increased risk of bleeding from elevated INR levels.

High risk groups are listed in Appendix 1 below.

Investigation

The INR value establishes the extent of biochemical toxicity.

The risk of bleeding increases directly with the level of the INR, over a value of 5. 2

Management

The approach to the patient with a supratherapeutic level of INR is summarized in
the following table: *

Management of Warfarin Over Anticoagulation

Setting INR Warfarin | Vitamin K PTX & FFP Check INR | Comments

Major Any Hold 5-10mg IV | 50 U/kg 30 minutes | Consider

Bleeding Prothrombinex | following alternative
dose. anticoagulation.

And

1 x 300mL unit

of FFP




No >10.0 Hold 3-5mg IV 15 - 30 U/kg, 6-12 hours Recommence
Bleeding (usually 3-6 reduced dose
Or vials) & Warfarin (in 24-
consider 48 hr) when INR
3-5mg Prothrombin X <b).
orally if very high risk,
(see Appendix
1)
No 4.5-10 Hold None if no No Following Recommence
Bleeding high risk morning, reduced dose
factors (within 24 Warfarin (in 24-
hours). 48 hr) when INR
If high risk <b).
factors give
0.5-1.0mg
v
Or
1.0-2.0mg
orally
No Above Hold for | No No 1-2 days Recommence
Bleeding therapeutic | 1-2 days. later. Warfarin at same
but<4.5 or slightly
reduced dose

Note that in the event that the INR falls to a sub therapeutic level, the patient can be

maintained on heparin therapy until a therapeutic INR has been re-established.

Disposition

Keep patients who have levels > 9.0 under observation in the ED, or admit to SSU at
least until the INR has been normalized to a safe level.

Consider keeping high risk patients with INR levels of 5 - 9.




Appendix 1

Table 1 %4

Risk Factors for Bleeding Complications of anticoagulation therapy:

Note that the relative degree of risk for the factors listed below is not well defined.

In general terms however, risk factors can be additive. Patients with two or three
risk factors have a much higher incidence of warfarin-associated bleeding than those
with none or one.

Recognized risk factors include:

1. Age > 65.
2. Uncontrolled hypertension.
3. Recent major bleed (within previous 4 weeks)
3. GIT:
° History of recent gastrointestinal hemorrhage
° Active peptic ulcer
° Known liver disease / hepatic insufficiency
4. Hematological / oncologic:

° Thrombocytopenia (platelet count, <50 x 10%L), platelet dysfunction,
coagulation defect, underlying malignancy

5. Neurological:
° History of stroke, cognitive or psychological impairment.
6. Renal insufficiency
7. Recent major surgery, (within 2 weeks).
8. Excessive alcohol intake.
9. Medications:
° Aspirin

° Clopidogrel or similar



NSAIDS; COX-I-specific non-steroidal anti-inflammatory drugs, (COX-II
inhibitors do not impair platelet function, but can influence warfarin

effect).

Certain “natural remedies” that interfere with haemostasis.



Appendix 2

Table 2

Characteristics of Prothrombinex-VF and Fresh Frozen plasma (FFP)

PCC = Prothrombin Complex Concentrate

PCCs are formulated with three factors (11, IX and X) or four factors (I, VII, IX and X).

Prothrombinex-VF, a three-factor PCC, is the only product currently in routine use in
Australia and New Zealand for warfarin reversal, (it has only low levels of factor VI1I).

CHARACTERISTIC

PROTHROMBINEX

FFP

Factors

I, IX, X, (low levels of VI only)

Contains all clotting factors
including: 11, IX, X, VII

Preparation

Sterile freeze dried powder.

Vials of 500 1U, reconstituted in 20
mls

Stored frozen, may be kept for 5
days at 2-6 © C if thawed

300 ml bags

Grouping

ABO grouping not required,
(therefore quickly available)

Requires ABO grouping
(therefore delays in availability)

Complications

Minimal infection risk, (probably
less than FFP)

Less risk of transfusion related
acute lung injury (TRALI)

Small infection risk, volume
overload, allergic reaction,
TRALI

Source Prepared from plasma, collected Plasma from volunteer donors
from volunteer donors.

Volumes Small volumes can used Larger volumes are required

Infusion time Can be given quickly (20-30 mins) | Takes longer to give.




Appendix 3

Table 3 °

5 Prognostic factors for ischaemic stroke and systemic
embolism in patients with non-valvular atrial fibrillation

Less validated or
weaker-risk
High-risk factors ~ Moderate-risk factors factors

= Previous = Age =75 years = Female
stroke, * Hypertension * Age 65-74
T:rarl::gler@ * Haart failure years
ischaamic _ _
attack or = Diabetes mellitus * Coronary
ambolizm = Left ventricular 3'_1”:"’
- . is@ase
, , gjecticn fraction
= Mitral stenosis o « Thyrataxicosis
= Prosthetic
heart valva
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