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DABIGATRAN TOXICITY

“The Calumny of Apelles ”, tempera on wood panel, Sandro Botticelli, 1495, Galleria
degli Uffizi, Florence.

Midas said: “‘Here is my wish.
Let whatever | touch become gold.

Yes, gold, the finest, the purest, the brightest.”
Bacchus gazed at the King and sighed gently.
He felt pity-

Yet his curiosity was intrigued
To see how such stupidity would be punished
So he granted the wish, then stood back to watch.



The Phrygian King returned through the
garden

Eager to test the power-- yet
apprehensive

That he had merely dreamed and now
was awake,

Where alchemy never works. He broke a
twig

From a low branch of oak. The leaves
Turned heavy gold as he stared at them
And his mouth went dry.

He felt his brain move strangely, like a
muscle.

He picked up a stone and weighed it in
his hand

As it doubled its weight, then doubled it
again,

And became bright yellow.

He brushed his hand over a clump of
grass,

The blades stayed bent- soft ribbons

Of gold foil. A ripe ear of corn

Was crisp and dry and light when he
plucked it

But a heavy slug of gold, intricately
braided

As he rolled it between his palms

It was then that a cold thought seemed to
whisper.

He had wanted to chew the milky grains-
But none broke chaffily free from their
pockets.

The ear was gold- its grain inedible
Inaccessibly solid with the core.

He frowned. With the frown on his face
He reached for a hanging apple.

With a slight twist he took the sudden
weight

No longer so happily. This was a fruit

He made no attempt to bite, as he
pondered it's colour.

Almost inadvertently he stroked

The door pillars, as he entered the
palace, pausing to watch the brilliant
yellow

Suffuse the dark stone.

He washed his hands under flowing
water, at a fountain.

Already a hope

Told him the gift might wash away,

As waking up will wash out a nightmare.
But the water that touched him

Coiled into the pool below as plumes

Of golden smoke, settling heavily

In a silt of gold atoms.

Suddenly his vision

Of transmuting his whole kingdom to
gold

Made him sweat-

It chilled him as he sat

At the table

And reached for a roasted bird. The
carcase

Toppled from his horrified fingers

Into a dish with a clunk,

As if he had picked up a table ornament.
He reached for bread

But could not break.

The plaque of gold that resembled a
solid puddle

Smelted from ore.

Almost in terror now

He reached for the goblet of wine-
Taking his time, he poured in water,
Swirled the mix in what had been
translucent

Rhinoceros horn

But was already common and commoner
metal.

He set his lips on the cold rim

And others, dumbfounded

By what they had already seen, were
aghast

When they saw the wet gold shine of his
lips,

As he lowered the cup

Saw him mouthing gold, spitting gold
mush-

That has solidified, like gold cinders. He
got up, reeling

From golden chair, poisoned.

Ovid, The Metamorphoses, 8 AD, (verse Translation, Ted Hughes).



In the galleries of the Uffizi in Florence, hangs Sandro Botticelli’s “Calumny of
Apelles”, completed around 1495 - one of the greatest works of the Early Renaissance.
This was a period of intense interest in the ancient classical past. The old sciences,
mythologies and literatures of those times, preserved largely in the Arabic and Persian
worlds, during the so called Dark Ages of Western Europe were being rediscovered in
various Italian City states, most notably in Florence. Painting had reached an
unprecedented technical brilliance, which was now applied not only to the somber
religious themes of the middle ages, but also to the new sciences as well as to scenes of
mythology from the rediscovered classical world. The painters of the Renaissance sought
not only to equal, but to surpass the ancient masters in their art. Botticelli’s works are
crammed full of old Medieval symbolism - none more so than “The Calumny of Apelles”.
It appears that Botticelli drew on the description of a painting by Apelles, a Greek
painter of the Hellenistic Period whose works have not survived, but whom Lucian in the
Second century recorded details of his works, including one entitled “On Calumny ”.

The central figure of Botticelli’s King appears to be based on the story of King Midas, an
ancient story - possibly Assyrian in its earliest origins. Lucian wrote, “On the right of it
sits a man with very large ears, as those of Midas”. Midas, when granted a wish by the
god Bacchus, foolishly begged that his touch would transmute any object into gold.
Bacchus to teach him a lesson, granted his wish, but took pity on him by the time he had
virtually starved to death and had, by some later accounts of the myth, inadvertently
turned even his beloved daughter into gold. The king shown by Botticelli is powerful as
shown by his magnificent palace but is also foolish and easily swayed. He sits in
judgment of an innocent man, with the allegorical figures of suspicion and ignorance
who maliciously whisper into his ears. The innocent man is being dragged by the hair, by
the figure of Calumny (or slander), whom Lucian described as, “a woman beautiful
beyond measure, but full of malignant passion and excitemen:”. She carries a blazing
torch symbolizing her ungoverned fury. Envy leads Calumny by the hand to the king.
Behind Calumny stand Treachery and Deceit, two maidservants who fuss over Calumny
adjusting her hair and her dress. To the left stands an old woman - remorse - perhaps the
young man’s initial accuser. Her old age symbolizes the fact that she has done things in
the past she now regrets but cannot change. To the extreme left stands the tearful and
beautiful figure of “naked truth” - her youth symbolizing innocence and purity. The old
woman mournfully looks back on her lost youth. The image of Midas becomes more
apparent on closer inspection of the king - he has enormous ass’s ears, a punishment he
was well known to have received for offending the powerful god Apollo.

When new wonder drugs come onto the modern market - we need sit in judgment of their
acclaimed benefits. We are seduced by conflicting and confusing advice whispered into
our ears. Unlike king Midas we must not be too hasty, in our judgments. Despite the
allure of seemingly unlimited riches, there constantly lurks the possibility of
unanticipated disappointments, when the ‘“naked truth” eventually makes itself seen.
Dabigatran, promised many benefits over traditional coumarin based medications, but
following its hasty introduction it soon became apparent to Emergency Physicians that
like Midas’s touch — the results could not be reversed, with disastrous consequences for
some. Fortunately this astonishing oversight has now been corrected with the recent
introduction of Idarucizumab. Nonetheless the lesson of the NOACs reminds us to be
cautious in the face of the seductive promises of “Big Pharma” — all that glitters is not
necessarily gold!



DABIGATRAN TOXICITY

Introduction

Dabigatran is a drug from a novel class of non-coumarin anticoagulants, (loosely known
as the NOACs or “New Oral Anticoagulants”) which is an orally active direct
competitive thrombin inhibitor.

The major adverse effect of dabigatran is, as with all anticoagulant agents, bleeding.
Bleeding complications can be classified according to severity, and treatment will largely
be determined by this.

Most NOAC related bleeding occurs in the context of therapeutic administration, often as
a result of drug interactions, renal failure or significant underlying pathology
predisposing to bleeding complications.

Clinical experience with deliberate self-poisoning with NOACS is limited.

Assessment and management is further complicated by the poor correlation of
anticoagulant activity with classic coagulation tests and the lack of reliable strategies to
reverse anticoagulation.

The specific reversal antidote agent for dabigatran is Idarucizumab.

There should always be close consultation with a clinical Haematologist for any
patient that has significant bleeding on dabigatran.

See also separate documents on:

° Idarucizumab (in Drugs folder).
° Dabigatran (in Drugs folder).
Preparations

Dabigatran etexilate as:

Tablets: 2

) 75 mg

° 110 mg

° 150 mg

Toxicology

Dabigatran is a direct competitive thrombin inhibitor.



Since thrombin (serine protease) enables the conversion of fibrinogen into fibrin (see
appendix 1 below) during the coagulation cascade, its inhibition prevents the
development of thrombus.

Dabigatran also inhibits free thrombin as well as fibrin-bound thrombin.
This action is in contrast to warfarin, which inhibits normal vitamin K metabolism,
which is a co-factor that is required for the synthesis of the vitamin K dependent

coagulation factors, 11, VII, IX and X, (as well as proteins C and S).

It is also in contrast to the heparins which are direct Antithrombin 111 activators, (which
inhibit thrombin).

Pharmacokinetics

Absorption:

° Dabigatran etexilate is actually a non-active small molecule prodrug.

After oral administration it is rapidly absorbed then rapidly and completely
converted to dabigatran by esterase-catalysed hydrolysis in plasma and in the

liver.
) Peak plasma concentrations are on average attained within 2 hours
) The absolute bioavailability of dabigatran following oral administration of

dabigatran etexilate is approximately 6.5%.
Distribution:

° The Vd of dabigatran is approximately 60 - 70 L thus exceeding the volume of
total body water and so indicating a moderate tissue distribution.

° It is not highly protein bound, (around 35%).

Metabolism and excretion:

) Dabigatran is predominantly excreted by the kidneys, unchanged.
The NOAC:s in general are renally excreted which requires that patients have their
renal function checked prior to initiation of therapy and repeated periodically
to avoid inadvertent overdose due to impaired clearance in renal dysfunction.

) The half-life (and duration of action) is approximately 12 -17 hours.

° This half-life will be prolonged in patients with significant renal impairment/
failure.



Risk assessment

The NOACs as a group are potent anticoagulant agents and overdose with any amount
could result in clinically significant bleeding.

Classic coagulation tests correlate poorly with the anticoagulant effect of these agents
and have a limited role in refining the risk assessment.

There are no published reports of NOAC overdose in children but accidental ingestion of
just 1 or 2 tablets will produce significant anticoagulation and an undefined risk of
bleeding.

Specific risk factors for adverse events with dabigatran include:

° Age older than 75 years

° Low body weight (less than 50kg)

° Moderate or severe renal impairment (Creatinine Clearance < 50mL/min).

Clinical assessment

Overdose of the NOACs does not cause clinical manifestations in themselves, unless
complicated by bleeding episodes.

In the absence of co-ingestants, the presence of altered mental status or seizures should
be considered to be due to intracranial bleeding until proven otherwise.

Important points of history:

1. Note the dose of the last dabigatran tablet
2. Note the time of the last dabigatran tablet.
4. Note the indication for treatment with dabigatran.

Classification of bleeding severity:

Bleeding complications may be classified (somewhat arbitrarily) as:

Mild:

° Local soft tissue hematomas

° Bleeding from minor wounds to non-life threatening regions.
° Bruising

° Gingival bleeding



° Epistaxis

° Haematuria.

Moderate to severe:

° Reduction in Hb of 20gm/L

° Transfusion of 2 units of RBCs

° Bleeding into critical regions:

These may include:

v

v

v

v

Intraocular
Intracranial
Intrapulmonary
Pericardial space
GIT
Retroperitoneum
Peri or Intraspinal

Major muscle group with resulting compartment syndrome.

Life-threatening:

This is really a matter of extent, with uncontrolled progression of any of the above
scenarios of moderate to severe bleeding, that results in worsening symptoms:

Note that the above classification is a generalization only and other factors such as
co-morbidities will also come into consideration in any particular individual patient.

Investigations

In the patient with significant bleeding:

1. FBE:

Hb / Platelets in particular.

2. Coagulation profile: ©



Parameter Dabigatran effect Factor Xa Inhibitors
(Thrombin inhibitor) (Rivaroxaban/ Apixaban)
INR Mildly prolonged Variable
aPTT Prolonged but with poor correlation with | Variable
drug concentrations.
aPTT > 90 seconds suggests a high drug
level.
Normal aPTT suggests minimal drug is
present.
Thrombin Very sensitive Not useful
Clotting Time
(TT, TCT) Normal values exclude the presence of
drug.
Exceeds measurement times of
coagulometer at high concentrations.
Haemoclot Useful to derive levels Not useful
assay (dilute
thrombin time)
Factor lla (i.e. | Best correlation with bleeding risk. Not useful
thrombin)
assay
Factor Xa Not useful Good correlation with
assay levels.
Notes:
° For dabigatran:

v

A combination of INR > 2 and aPTT > 90 seconds suggests high

plasma levels of dabigatran.




5.

6.

v Normal INR and normal aPTT suggest low plasma levels of

dabigatran.
° For factor Xa inhibitors:
v A combination of normal PT and aPTT suggests low plasma levels

of apixaban and rivaroxaban.

Factor Ila, Xa and Haemoclot assays are only currently available in a few
hospitals and can take more than 24 hours to perform.

Thromboelastography is effective at measuring anticoagulant activity of NOACs
but specific assays have not yet been developed

Specific dabigatran levels:

° These can be done, but the ability to do them is not currently widely
available.

) A dilute thrombin clotting time assay such as the HEMOCLOT Thrombin
Inhibitor assay is the recommended assay to determine dabigatran drug
levels.

U&Es/ glucose

Calcium level

Blood group and hold or Cross match as clinically indicated.

Management

Clinical experience in the setting of acute overdose as well as bleeding whilst on
normal therapy is limited and so there should be close consultation with a Clinical
Toxicologists and/ or Haematologist.

Acute deliberate overdose with dabigatran:

1.

Oral charcoal:

) This may be given in cooperative patients and without airway concerns,
within 4 hours of ingestion.

Procoagulant blood products may be considered (see below)
Idarucizumab:

° The specific antidote to dabigatran is idarucizumab.



The standard reversal dose is 5 grams - however in the setting of acute
deliberate overdose higher doses may be required.

4. Hemodialysis:
° Dabigatran is effectively removed by hemodialysis, (see below)

Significant bleeding whilst taking therapeutic dabigatran:

In severe or life threatening bleeds the specific antidote / reversal agents is
Idarucizumab.

As a general guide:
For Mild Bleeding:
° Stop dabigatran therapy:

Anticoagulant should be ceased at least temporarily in all patients presenting with
significant bleeding.

The timing of recommencement will be influenced by:
v The severity of the bleeding event

v The presence of ongoing risk factors for bleeding (e.g. anatomical lesions,
persisting renal dysfunction)

v The initial indication for anticoagulant therapy.

° Hydration:

v Adequate hydration should be maintained to enhance renal clearance of
dabigatran
° Local compression measures where relevant
° Close observation/ monitoring

For Moderate to Severe Bleeding or Life- threatening bleeding:
Above measures plus:
° Oral charcoal:

v May be given, if the last dose of dabigatran was < 2 hours and there are no
concerns about the airway.

° IV fluid resuscitation:



v Apart from volume resuscitation a good urine output is also useful as
dabigatran is renally excreted.

RBC:s as clinically required.

Consider platelet transfusion:

v If levels are less than 50 x 10% L or the patient is on an anti-platelet agent.
Idarucizumab

v The usual reversal dose is 5 grams

See also separate document on Idarucizumab (in the Drugs folder).

Non-availability of Idarucizumab:

In this situation consider the use of the following haemostatic agents if bleeding
continues and becomes life-threatening:

Or

Or

Anti-fibrinolytic agent:
v IV bolus; Tranexamic acid 15-30mg/kg
Then consider:

v Continuous infusion Tranexamic acid at 1 mg/kg/hour.

Prothrombinex-VF (efficacy uncertain):
v Give 50 U/kg 1V, (or 8 x 500 unit vials for an average 80kg patient).

v This may be repeated following consultation with Haematology

FEIBA:

FEIBA is an Anti-Inhibitor Coagulant Complex usually indicated for use in
hemophilia A and B patients with inhibitors.

It contains Factors Il, IX, and X, mainly non-activated, and Factor VII mainly in
the activated form. The product contains approximately equal unitages of Factor
VIl inhibitor bypassing activity and Prothrombin Complex Factors. In addition,
1- 6 units of Factor VIII coagulant antigen (FV1II C:Ag) per mL are present. *



v Give 50 1U/kg
If above measure are unsuccessful consider:
° Haemodialysis:
Dabigatran is effectively removed by hemodialysis.

This intervention should be considered early in:

v Acute dabigatran overdose
Or
v Dabigatran related haemorrhage, especially in the presence of impaired

renal function.
° Charcoal haemoperfusion:

This may more aggressively remove dabigatran from the circulation, compared to
haemodialysis however, the important point is more the timely removal of
dabigatran by whatever means is available according to local, expertise, resources
and established practice!

Note however, that neither pro-haemostatic agents or dialysis is likely to improve
outcome in patients taking dabigatran with a normal APTT or a drug level of <50 ng/mL.

Additionally correct the underlying cause of bleeding , where possible.
Note that there is no evidence that administration of coagulation factors in the
absence of bleeding has any beneficial effect. Indeed the administration of

coagulation factors in the absence of significant bleeding is associated with a risk of
thromboembolic events.

Disposition:

All patients who overdose on NOACs must be admitted to hospital for observation and
serial coagulation studies until these are normalised.

All patients with NOAC related bleeding are admitted to hospital for active treatment as
above.

Dabigatran overdose must be managed in a hospital with capacity to give idarucizumab
and/ or to perform haemodialysis.

Following dabigatran overdose, patients are medically cleared if the INR and aPTT
remain normal at 12 hours post ingestion.



Following factor Xa inhibitor overdose, patients are medically cleared if the PT and aPTT
remain normal at 12 hours post ingestion.



Appendix 1

The coaqulation cascade and fibrinolytic system:

Extrinsic clotting pathway Intrinsic clotting pathway, (F12)
(F3, tissue thromboplastin)

F7 F8, 9 Anti-thrombin 111
(Inhibits)

(Inhibits)

X — 5 Xa F5

N

Prothrombin (F2) —————— Thrombin

l

Plasminogen Fibrinogen (F1) ——————— Fibrin
(Stable clot)

tPA >
(from

endothelium)

v
Plasmin

v

v
FDPs

(including
D-Dimers)



“The Calumny of Apelles”, (Detail) tempera on wood panel, Sandro Botticelli, 1495,
Galleria degli Uffizi, Florence.
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