
Warfarin impairs synthesis of        
Factors II, VII, IX and X

Monitored by INR

Basic Clotting - The Thrombin Burst
activation of Factors VII and V by a small 
amount of thrombin results in the 
explosive generation of large amounts 
more thrombin - a positive feedback 
loop

X           Xa

II               IIaIX             IXa

VIII and V 
activation

VIIIa
Va

VII VIIa
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Warfarin dose
(mg/day)

INR

15-Aug-98 10 1.3
18-Aug-98 10 1.3
20-Aug-98 12 1.3
22-Aug-98 14 1.3
26-Aug-98 15 1.3
29-Aug-98 15 1.2
1-Sep-98 20 1.1

15-Sep-98 30 1.1
22-Sep-98 40 1.2
29-Sep-98 40 1.5

6-Oct-98 40 1.3

Genetics an extreme example



Time vs Plasma Warfarin Content
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Total Warfarin Plasma Content R-Warfarin Plasma Content

levels were within the therapeutic range (i.e. between 0.6 8.7 g/mL) 

Enaniomers were normal (cytochrome P450 allelic variation may cause relative resistance)

ie; patient is absorbing and metabolising the warfarin relatively normally

Plasma warfarin levels were 
performed by Dr Allan 
Rettie at The Washington 
Institute, Washington, 
America. The method 
employed was a 
modification of a High 
Pressure Liquid 
Chromatography (HPLC) 
method of Banfield and 
Rowland (1984) (Naidong
W, Lee JW 1993; Henne
KR, Gaedigk A, Gupta G, 
Leeder JS, Rettie AE 1998)



Graph to show Factor II, VII, IX and X vs time (hrs)
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Performed by Mrs Price with the help of the Haemophilia Centre, Oxford

(INRs taken over this period and Protein C and Protein S also remained normal,

PIVKAII probably a small increase by d4 but technically unsatisfactory)

No effect on Gla domain clotting factors







Action:
Increased: erythromycin, 
clarithromycin, 
metronidazole, 
sulphonamides, cimetidine, 
thyroxine, amiodarone, 
citalopram, omeprazole, 
simvastatin

Reduced: carbamazepine, 
barbiturates, griseofulvin, 
rifampicin

Remember: clinical state, platelet function!



http://hypericum.myspecies.info/



* Linear interpolation method not used.   Overall effect = 0.55.
1. Baker WL, et al. J Manag Care Pharm 2009;15:244-252. 2. Samsa GP, et al. Arch Intern Med 2000;160:967-973.  
3. McCormick D, et al. Arch Intern Med 2001;161:2458-2463. 4. Matchar DB. Card Electrophysiol Rev 2003;7:379-381.
5. Go AS, et al. JAMA 2003;290:2685-2692. 6. Shen AY, et al. J Am Coll Cardiol 2007;50:309-315.  
7. Nichol MB, et al. Ann Pharmacother 2008;42:62-70.
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INR control vs social 
deprivation score all 
AFpatients between 
2008 and end 2009 
(overall TTR in postal 
group is 68% and 
NPT group is 72%)



6Fuster V et al. Circulation 2006;114:e257 e354
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Routine coagulation
monitoring

Slow onset/
offset of action Warfarin resistance

Numerous drug drug
interactions

Numerous food drug
interactions

Narrow therapeutic
window (INR range 2.0 3.0)

INR = International normalized ratio; VKA = vitamin K antagonist.
Ansell J, et al. Chest 2008;133;160S-198S. Umer Ushman MH, et al. J Interv Card Electrophysiol 2008;22:129-137.
Nutescu EA, et al. Cardiol Clin 2008;26:169-187.

VKA therapy has 
several limitations 

that make it difficult 
to use in practice

Frequent dose
adjustments

Unpredictable
response



Mechanism: similar to 
UFH but more inhibition 
of Xa
Advantages over UFH

Dose is dependent on the 
patient s weight so no 
need to monitor

(except with renal failure
or pregnancy)
APTT is not helpful ask 
your haematologist!

Daily S/C dosage
Much less HITT and 
osteoporosis



NET inhibition in VTE



Watchman device in 
AF
Cost of device + 
insertion £7-10k
Ablations etc





Mechanism of action of the oral direct thrombin inhibitor ximelagatran.
Mattsson C, Sarich TC, Carlsson SC.AstraZeneca, Mölndal, Sweden.

Ximelagatran is the first oral agent in the new class of direct thrombin inhibitors and is 
rapidly absorbed and bioconverted to the active moiety, melagatran, which inhibits fluid-
phase and clot-bound thrombin with similar high potency. Binding to the active site of 
thrombin is direct and competitive and does not require the presence of co-factors. Inhibition 
of thrombin generation and platelet activation has been demonstrated in vitro with 
melagatran as well as ex vivo after oral administration of ximelagatran to healthy human 
volunteers. Oral ximelagatran dose dependently reduced the total thrombus area in an ex 
vivo flow chamber model of arterial thrombosis, reflecting the cumulative effect of 
inhibition of thrombin activity, thrombin generation, and platelet activation. Melagatran has 
also been shown to reduce thrombin-mediated inflammation in vitro.



28 January 2005 FDA/CDER-AASLD-PhRMA 
HepTox Steering Group

13

ALT > 3X in Long Term Trials 
Cumulative Risk Over Time



Ximelagatran withdrawn due to liver 
safety concerns 
The oral anticoagulant ximelagatran (Exanta), a direct thrombin inhibitor, 
has been withdrawn from the market and its development has been 
terminated, AstraZeneca announced last week.

Ximelagatran is not marketed in the UK but its launch had been expected 
for some time (PJ, 7 January, p23 PDF (110K)). In several European and 
South American countries it is licensed and marketed for 11 days’ use for 
the prevention of venous thromboembolism for patients undergoing
elective hip or knee replacement surgery.

Its withdrawal is the result of patient safety data from the EXTEND trial, 
which examines the prophylactic use of ximelagatran for up to 35 days 
after orthopaedic surgery.

In a statement, AstraZeneca said: “The new patient report indicates a 
potential risk of severe liver injury, with an observation of rapid onset of 
signs and symptoms in the weeks following the end of the 35 days’
treatment.” Supplies will continue for a short time to allow patients to be
changed to alternatives.

The Pharmaceutical Journal
Vol 276 No 7389 p222
25 February 2006







Dear Jonathan,
Pradaxa® (dabigatran etexilate): New stroke prevention 
treatment for eligible patients with atrial fibrillation1,2
In the UK, the Atrial Fibrillation Association estimates that 
approximately 1.2 million people have atrial fibrillation, making it the 
most common of all the cardiac arrhythmias. Patients with atrial
fibrillation (AF) have been shown to be at an increased risk of stroke 
compared with those without.
NICE guidelines recommend patients diagnosed with AF are risk 
assessed and prescribed treatment with

Warfarin for patients at moderate or high risk 
Aspirin for patients at low or moderate risk or for whom warfarin is 
contraindicated or not suitable 

However, NICE estimates that 46% of patients that should be on 
warfarin are not receiving it.6



Warfarin
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RR 0.90
(95% CI: 0.74 1.10)
P<0.001 (NI)
P=0.30 (Sup)

RR 0.65
(95% CI: 0.52 0.81)
P<0.001 (NI)
P<0.001 (Sup)

RR = relative risk; RRR = relative risk reduction; SSE = systemic embolism.
Dabigatran etexilate is not approved for clinical use in stroke prevention in atrial fibrillation outside the US and Canada.
Connolly SJ, et al. N Engl J Med 2010;363:1875-1876.

Dabigatran 150 mg BID Dabigatran 110 mg BID

3.0



Dabigatran etexilate is not approved for clinical use in stroke prevention in atrial fibrillation outside the US and Canada.
Wallentin L, et al. Lancet 2010;376:975-983.

TTR = time in therapeutic range.
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Dabigatran 110 mg and 150 mg are associated with fewer deaths compared with warfarin at sites with poor INR 
control and comparable rates at sites with good INR control

TTR = time in therapeutic range; cTTR = centre mean TTR; HR = hazard ratio; CI = confidence interval.
Interaction P value evaluated by a multivariate approach with centre-based TTR as a continuous variable.
Dabigatran etexilate is not approved for clinical use in stroke prevention in atrial fibrillation outside the US and Canada.
Wallentin L, et al. Lancet 2010;376:975-983.

Dabigatra
n 110 mg

Dabigatra
n

150 mg
Warfarin

Dabigatran 110 mg
vs. warfarin

Dabigatran 150 mg
vs. warfarin

cTTR

Rate per
100-

person 
yrs

Rate per
100-

person 
yrs

Rate per
100-

person 
yrs

HR
(95% CI)

P value
(interactio

n)

HR 
(95% CI)

P value
(interactio

n)

<57.1% 4.17 3.85 5.72
0.73

(0.58
0.92)

-
0.67

(0.53
0.85)

-

57.1
65.5%

3.97 3.75 4.09
0.97

(0.75
1.24)

-
0.92

(0.71
1.18)

-

65.5
72.6%

3.19 3.64 3.70
0.86

(0.65
1.13)

-
0.98

(0.75
1.28)

-

>72.6% 3.60 3.30 3.04
1.18

(0.89
1.57)

0.066
1.08

(0.81
1.44)

0.052



TTR = time in therapeutic range; cTTR = centre mean TTR; HR = hazard ratio; CI = confidence interval.
Interaction P value evaluated by a multivariate approach with centre-based TTR as a continuous variable.
Dabigatran etexilate is not approved for clinical use in stroke prevention in atrial fibrillation outside the US and Canada.
Wallentin L, et al. Lancet 2010;376:975-983.

Dabigatran 110 mg and 150 mg reduce the risk of intracranial bleeding compared with warfarin, irrespective of 
centre-based INR control

Dabigatra
n 110 mg

Dabigatra
n

150 mg
Warfarin

Dabigatran 110 mg
vs. warfarin

Dabigatran 150 mg
vs. warfarin

cTTR

Rate per
100-

person 
yrs

Rate per
100-

person 
yrs

Rate per
100-

person 
yrs

HR
(95% CI)

P value
(interactio

n)

HR 
(95% CI)

P value
(interactio

n)

<57.1% 0.28 0.34 0.64
0.43

(0.19
1.00)

-
0.53 

(0.25
1.15)

-

57.1
65.5%

0.30 0.42 0.93
0.31

(0.15
0.66)

-
0.45

(0.24
0.88)

-

65.5
72.6%

0.13 0.24 0.67
0.20

(0.07
0.58)

-
0.35

(0.15
0.82)

-

>72.6% 0.21 0.30 0.77
0.27

(0.11
0.66)

0.71
0.39

(0.18
0.84)

0.89



>70% TTR on warfarin
Warfarin no worse , or may be better

60-70% TTR
Dabigatran may be  better  

<60% TTR
Dunno

Dabigatran if medically complex and compliant ? 
110mg dose
? What for non-compliant patients



About 1/3 of patients we 
attempted to anticoagulate  
might have been better off 
on aspirin! (in range <60%)

About 1/4 of patients 
we attempted to 
anticoagulate  were in 
range >80% and  1/2 
>70%



1. Ezekowitz MD et al. Am Heart J 2009;157:805 10; 2. Connolly SJ et al. N Engl J Med 2009;361:1139 51; 3. 
Connolly SJ et al. N Engl J Med 2010;363:1875 1876; 4. Rocket Investigators. Am Heart J 2010;159:340-347; 5.
Patel MR et al. NEJM 2011;365:883 91; 6. Lopes et al. Am Heart J 2010;159:331-9; 7. Granger et al. N Eng J 
Med 2011;365:981-92. PROBE = prospective randomised open blinded end-point; 

Dabigatran1-3 Rivaroxaban4,5 Apixaban6,7

Study RE-LY ROCKET-AF ARISTOTLE

Design PROBE Double Blind Double Blind

Follow up 2 yrs 1.5 yrs 1.5 yrs

Population size >18,000 >14,000 >18,000

Inclusion
Nonvalvular AF + 1 risk 

factor

Nonvalvular AF + 2 risk 
factors (i.e. moderate to 
high risk)

Nonvalvular AF + 1 risk 
factor

Inclusion (CHADS) 2.1 3.5 2.1

Primary Endpoint
Stroke and systemic 

embolism 
Stroke and systemic 
embolism 

Stroke and systemic 
embolism 

Warfarin comparator 
INR control (mean 
TTR)

64% 55% 62%



1. Ezekowitz MD et al. Am Heart J 2009;157:805 10; 2. Connolly SJ et al. N Engl J Med 2009;361:1139 51; 
3. Connolly SJ et al. N Engl J Med 2010;363:1875 1876; 4. Rocket Investigators. Am Heart J 2010;159:340-
347; 5. Patel MR et al. NEJM 2011;365:883 91; 6. Lopes et al. Am Heart J 2010;159:331-9; 7. Granger et 
al. N Eng J Med 2011;365:981-92.

Dabigatran1-3 Rivaroxaban4,5 Apixaban6,7

Half life 12-14 hrs 7-11 hrs 12 hrs

(atrial fibrillation) B.D. O.D. B.D.

Metabolism
Esterase catalysed 
hydrolysis

CYP P450 dependant 
and independent 
mechanisms

CYP P450

Excretion 80% Renal
1/3 Renal
2/3 Hepatic

1/4 Renal
3/4 Non Renal

Form Capsule Tablet Tablet

Dose

150 mg
110 mg (>80 yrs, 
verapamil or increased 
bleeding risk)

20 mg
15 mg (CrCL 30-49 
ml/min)

5 mg
2.5 mg (2 or more:
>80yr; weight <60 kg;
Cr >1.5 mg/dL)





















Phase 1: orthopaedics 
THR and TKR, 2010-11



Dabigatran prescriptions post THR/ TKR
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Phase 2: AF



The dreaded
Bucks
Formulary 
Management
Group!



So we got one of these..

Satinder 

-set up a NOAC clinic
-wrote guidelines/forms
-all new AFs counselled
-1st month prescribed
-phone call at 2/52
-GP continued prescription
-PCT/CCGs prepared to pay
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Phase 2a 2013: All new AFs counselled in NOAC clinic

-About 60% of new AFs choose a NOAC
-About 10% of these subsequently switch to another NOAC or warfarin



Phase 2b 2014: switch over poorly controlled AF patients, 
starting with the worst clinic and patients in range <60%
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Poor TTR good, reasonable compliance, good GFR 
dabigatran
Poor TTR good, reasonable compliance, poorer GFR 
rivaroxaban
Poor TTR good, reasonable compliance, very poor GFR 

warfarin or stop
Poor compliance address this!
GIT problems ? apixaban

The right anticoagulant?


