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Learning Objectives 
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 By the end of this 40-min session, the audience should be 
able to: 
 List 7 clinical situations when lab monitoring of non-

vitamin k oral anticoagulants (NOAC) therapy is 
warranted 

 State the ideal and alternative coagulation assays to 
monitor each of the NOACs

 Interpret a NOAC drug level in a given patient scenario   



 Fun
Learning Objectives  
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 By the end of this 40-min session, the audience should be 
able to: 
 Determine if scary movies actually curdle your blood 

 State which acronym is correct: NOAC or DOAC 

 List 3 (or 11) time travel movies worth watching 

 Realize that pharmacokinetics can actually be fun    



BMJ 2015: Fear Factor Crossover Trial
- Bloodcurdling movies and measures of coagulation
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 Background: It’s been postulated, since medieval times, that fear 
induced curdling (congealing) of the blood; prepares body for blood 
loss during life-threatening situations  

 Objective: To assess whether acute fear curdles blood
 Design: Cross-over trial, N=24
 Healthy volunteers (<30y) – students, alumni and faculty of Leiden 

University Medical Center, Netherlands 
 N=14 watched horror movie then educational movie 
 N=10 watched movies in reverse order 

 Primary Outcome: “Fear Factors” - Factor VIII, D-Dimer, thrombin-
antithrombin complexes, prothrombin fragments 1+2

BMJ 2015;351:h6367



BMJ 2015: Fear Factor Crossover Trial
- Results
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 Baseline Characteristics, N=21 (did not reach intende sample size)
 Mean age 26, 70% male
 Favourite genre: 30% action, 20% horror, 20% rom com  

 Visual Analogue Fear Scale  
 Horror (Insidious): 5.4/10 (SD 1.7)

 N=3 saw movie before  
 Educational (A Year in Champagne): 0/10 (SD 0.2)   

BMJ 2015;351:h6367 | A Year in Champagne. Available from: https://www.rottentomatoes.com/m/a_year_in_champagne
[accessed 3 June 2019] | Insidious. Available from: https://www.rottentomatoes.com/m/insidious [accessed 3 June 2019]

https://www.rottentomatoes.com/m/a_year_in_champagne
https://www.rottentomatoes.com/m/insidious


BMJ 2015: Fear Factor Crossover Trial
- Results & Conclusions 

BMJ 2015;351:h63678

 Watching horror movie:
 Change in FVIII: ↑ 11.1 IU/dL (95% CI 1.2-21)

 Every 10 IU/dL ↑ in FVIII ↑ risk of venous thrombosis by 17%
 No change in D-Dimer, thrombin-antithrombin complexes, 

prothrombin fragments 1+2

 Author Conclusions: 
 Exposure of young, healthy adults to horror movies was 

associated with an acute effect on coagulation without actual 
thrombin formation 

 A truly relaxing and merry Christmas, without exposure to 
frightening situations, seems to be advisable to prevent venous 
thrombosis



Outline 
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 Overview of NOACs 
 Nomenclature 
 Pharmacology and Pharmacokinetics 

 Indication for Lab Monitoring of NOACs 

 Coagulation Assays for NOACS

 NOAC Drug Levels 
 Special populations: obesity, drug interactions 



Back to the Future 
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 It is the year 2050
 Your name is Smarty McPhly
 You are a clinical pharmacist in the specialized and prestigious 

NOAC Monitoring Clinic 
 The clinic is composed of: 2 pharmacists
 You
 Doc Brown

 Via teleportation, you have access to: neurologist, cardiologist, 
hematologist, ID physician, clinical chemist etc. 

 Payment model: Fee for performance 
 For every patient who does not stroke or bleed, bonus for both 

achieved at the end of every fiscal year
 For every drug level or coagulation assay within target 

You

Reproduced with permission from Henry Liang. What Pharmacists Do. Available from: 
http://whatpharmacistsdo.org/ [accessed 3 June 2019]

http://whatpharmacistsdo.org/


NOAC vs DOAC? 
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 NOAC: new, novel, non-vitamin K oral anticoagulant 
 Endorsed by AHA, CHEST, ESC, CCS  
 Original acronym, many articles in Pubmed are still indexed under NOAC 

 DOAC: direct oral anticoagulant 
 Endorsed by International Society on Thrombosis and Haemostasis 

(ISTH) in 2015
 Based on a survey of 77 board members on thrombosis, hemostasis, 

anticoagulation, and vascular medicine from North America and Europe 
 Questions re: safety of NOAC being misinterpreted as No OAC  
 28.6% NOAC vs 29.9% DOAC 

 TSOAC: target-specific oral anticoagulant 
 ODI: oral direct inhibitor  
 SODA: specific oral direct anticoagulant  

J Thromb Haemost 2015;13(6):1154-6. | Thromb Haemost 2014; 111(5): 781-2



NOACs in Canada
- Dabigatran, Rivaroxaban, Apixaban, Edoxaban

https://img.medscapestatic.com/article/808/338/808338-fig1.jpg | 2019 Dabigatran PM https://pdf.hres.ca/dpd_pm/00049564.PDF | 2018 Rivaroxaban PM: 
https://pdf.hres.ca/dpd_pm/00047458.PDF, 2019 Apixaban PM: https://pdf.hres.ca/dpd_pm/00050173.PDF | 2017 Edoxaban PM: 

https://pdf.hres.ca/dpd_pm/00040392.PDF
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Approved Indications
 Stroke prevention in AF 
 VTE tx & px

Other
 ACS 
 ACS with PCI and AF 
 Peri-cardioversion
 Stable CAD 
 Cancer-associated VTE 
 LV thrombus 
 Valvular heart disease  
 ESRD  
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https://img.medscapestatic.com/article/808/338/808338-fig1.jpg
https://pdf.hres.ca/dpd_pm/00049564.PDF
https://pdf.hres.ca/dpd_pm/00047458.PDF
https://pdf.hres.ca/dpd_pm/00050173.PDF
https://pdf.hres.ca/dpd_pm/00040392.PDF


Comparison of NOACs

2019 Dabigatran PM https://pdf.hres.ca/dpd_pm/00049564.PDF | 2018 Rivaroxaban PM: https://pdf.hres.ca/dpd_pm/00047458.PDF, 2019 
Apixaban PM: https://pdf.hres.ca/dpd_pm/00050173.PDF | 2017 Edoxaban PM: https://pdf.hres.ca/dpd_pm/00040392.PDF
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Dabigatran Rivaroxaban Apixaban Edoxaban

Bioavailability 3-7%
(pH dependent)

80-100%
(with food)

50% 62%

Onset 1h 
(2h if with food) 

2-4h 3-4h 1-2h 

Half-life 12-17h 
(up to 28h)  

5-9h 
(up to 13h in elderly) 

8-15h 10-14h 

Renal 
Clearance

80% 66% 27% 50% 

Metabolism Esterases & PGP Cyp 3A4 & PGP Cyp 3A4, 
PGP

PGP
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https://pdf.hres.ca/dpd_pm/00049564.PDF
https://pdf.hres.ca/dpd_pm/00047458.PDF
https://pdf.hres.ca/dpd_pm/00050173.PDF
https://pdf.hres.ca/dpd_pm/00040392.PDF


Health Canada-Approved Dosage Adjustments 
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Standard Dose Adjusted Dose Criteria

Dabigatran
150mg PO BID
(AF)

110mg PO BID 
- Age ≥ 80 
- Age > 75 with ≥ 1 risk factor 
for bleeding

Rivaroxaban
20mg PO daily 
(AF)  

15mg PO daily CrCL 30-49 

Apixaban
5mg PO BID 2.5mg PO BID 2 of: > 80y, < 60kg, SCr > 133

Edoxaban
60mg PO daily  30mg PO daily 

- <60kg (VTE)
- CrCL 15-50

2019 Dabigatran PM https://pdf.hres.ca/dpd_pm/00049564.PDF | 2018 Rivaroxaban PM: https://pdf.hres.ca/dpd_pm/00047458.PDF, 2019 
Apixaban PM: https://pdf.hres.ca/dpd_pm/00050173.PDF | 2017 Edoxaban PM: https://pdf.hres.ca/dpd_pm/00040392.PDF

https://pdf.hres.ca/dpd_pm/00049564.PDF
https://pdf.hres.ca/dpd_pm/00047458.PDF
https://pdf.hres.ca/dpd_pm/00050173.PDF
https://pdf.hres.ca/dpd_pm/00040392.PDF


Hot Tub Time! 
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 It’s a sunny day in September and you are relaxing in your 
hot tub after a productive day at work, reminiscing about 
your glorious career to-date. 

 Your friend recently went to Russia and brought you back 
a famous energy drink from there

 You go to open it and clumsily dump the whole thing over 
your hot tub console, and everything goes black.  

 Suddenly, you find yourself in a big conference hall with 
hundreds of people…  



Hot Tub Time… Machine?
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 You look down at your wrist and is 
horrified that you are no longer 
wearing your Smart watch, but this 
weird round thing with 3 sticks, one of 
which is constantly moving 

 You panic further and reach into your 
pocket instinctively and find an odd-
looking black gadget. 

 “What is this?” You think to yourself 
as you poke at the screen but nothing 
is happening… 

 “Hello Siri? Alexa? Google?”
 … No response.   

Analog Watch. Wikipedia. Available from: https://en.wikipedia.org/wiki/Analog_watch#/media/File:Analog_watch_2.jpg [accessed 3 June 2019] 
| Nokia N900. Wikipedia. https://en.wikipedia.org/wiki/Nokia_N900#/media/File:Nokia_N900.JPG [accessed 3 June 2019]

https://en.wikipedia.org/wiki/Analog_watch#/media/File:Analog_watch_2.jpg
https://en.wikipedia.org/wiki/Nokia_N900#/media/File:Nokia_N900.JPG


clot
Hot Tub Time… Machine? The plot thickens 
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 You look up and see the following: 

 It dawns on you that you are at the European Society of Cardiology 
Congress in 2009, where the results of RE-LY were first announced. 

 You are ecstatic. You’ve only read about this in the historic electronic 
articles before. 

https://slideplayer.com/slide/4166050/ [accessed 3 June 2019]
http://www.barcelona-on-line.es/marketing/esc-congress/esc.gif [accessed 3 June 2019]

https://slideplayer.com/slide/4166050/
http://www.barcelona-on-line.es/marketing/esc-congress/esc.gif


NOAC Monitoring 
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Pharmacodynamic / Clinical Monitoring 

• Efficacy (stroke, systemic embolism)
• Toxicity (bleeding)

Pharmacokinetic / Lab Monitoring 

• Coagulation Assays
• NOAC drug levels



Lab Monitoring of Anticoagulants 
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 Historically, we have always been very precise about anticoagulant dosing 
 Weight-based dosing 
 Lab monitoring

 aPTT – heparin, argatroban
 INR – warfarin
 Anti-Xa – heparin, LMWH

 Pharmacogenomics – warfarin 

 Adverse outcomes have occurred due to over or under-dosing 
 Reduced IV heparin dosing in ACS 
 Dose-capping for enoxaparin in ACS
 Which LMWH and what dose to use in renal impairment  
 No dose-capping in VTE tx
 Debates about INR targets 



Clinical / Pharmacodynamic Monitoring 
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 Majority of patients on NOACs do not need lab monitoring 
 RCT, fixed-dosing, clinical outcomes 

 Be proactive in choosing and appropriately dosing the best NOAC for 
your patient based on: 
 Drug (NOAC) characteristics 

 Pharmacokinetic parameters 
 Efficacy  vs. safety 

 Patient factors
 Indication 
 Age, Weight  
 Thrombosis vs bleeding risk 
 Renal function, drug interactions
 Compliance, Cost  



Lab Monitoring of NOACs
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 ACC.com Poll – 52% indicated they would use assay if available
 Familiarity with INR monitoring
 Seriousness of treatment failure or adverse effects 

 Ideal coagulation assay 
 High degree of agreement with drug levels, across a broad 

range of drug concentrations
 Sufficiently sensitive to detect the lowest clinically relevant 

concentration 
 Readily available 24/7 
 Short turnaround time 

Coagulation Assays and the New Oral Anticoagulants. https://www.acc.org/latest-in-
cardiology/articles/2015/06/22/12/06/coagulation-assays-and-the-new-oral-anticoagulants 



Indication for Lab Monitoring of NOAC

J Am Coll Cardiol 2014;64:1128-39 | J Thromb Thrombolysis 2016;41:241-722

 Unpredictable pharmacokinetics 
 A: malabsorption (e.g. small bowel resection) 
 D: extremes of body weight
 M: reduced liver function, drug interactions 
 E: reduced renal function

 Verify compliance 
 Treatment failure 
 Active bleeding 
 Peri-procedural 
 Prior to using fibrinolytic  
 Overdose



Coagulation Assays for NOAC Monitoring 
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 Because NOAC drug levels are not routinely available, 
calibration curves of various coagulation assays were 
generated using linear regression 

 Choice of assay and timing of sample depends on indication 
for testing, test availability and turnaround time 
 All labs have: aPTT, PT 
 Some have: Anti-Xa for heparin/LMWH, thrombin time (TT)
 Few have: dTT, Anti-Xa for FXa inhibitor, NOAC drug level

 Each hospital / lab have different reference ranges depending 
on the reagents and calibration curves  

Circ 2005;112:e53-60 | Europace 2015;17:1467–1507 | Thromb Haemost 2010;103:1116-27 | Thromb Haemost
2012;107:838-47 | J Thromb Thrombolysis 2015;39:288-94 | Thromb Res 2015;135:1186-90



Coagulation Assays for NOAC Monitoring 
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Cl
ot

-B
as

ed

PT
- Prothrombin Time

Measures extrinsic and common clotting pathway
Reference Range: 10-14s
↑ with warfarin, Vit K deficiency, liver disease 

aPTT
- Activated Partial 
Thromboplastin
Time 

Measures intrinsic and common clotting pathway 
Activator is added to PTT to speed up clotting time
- PTT range: ~50-70s, aPTT range: ~20-40s  
- All labs should be using aPTT now, even it says “PTT”
↑ with heparin, liver disease, Vit K deficiency, DIC   
Reference range for anticoag = 1.5x control value
- E.g. Normal = 20s, Anticoagulated = 30s

TT 
- Thrombin Time 

Assesses fibrin formation from fibrinogen 
Reference Range: 10-20s 

Anti-Xa
- Chromogenic Anti-Xa, 
Anti-Factor Xa, Heparin 
level

Peak level to monitor
- Heparin in lupus anticoagulant 
- Heparin/LMWH if pregnant, ↓ renal fx, obesity  
Therapeutic range varies: drug, dosing interval, peak/trough 

Pagana, KD Pagana, TJ (1998). Mosby's manual of diagnostic and lab tests. St. Louis: Mosby. 



Sample Collection for Coagulation Testing 
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 “Light Blue Top” 
 If a patient had coags (INR/aPTT) 

drawn earlier in the day, other 
coag tests can be added to this 
 Cannot add to chemistry/CBC

 3.2% buffered sodium citrate 

 Venipuncture, or draw from 
arterial or central line

 Collection volume is key 

Clinical and lab Standards Institute. Collection, Transport, and Processing of Blood Specimens for Testing Plasma-Based Coagulation Assays; 
Approved Guideline—Fifth Edition. Wayne, Pa: CLSI; 2008 | https://www.rmlonline.com/website_sections/images/BD-coag-tubes.gif.



Coagulation Assays for NOACs 

Europace 2015;17:1467–1507 | Thromb Haemost 2010;103:1116-27 | Thromb Haemost
2012;107:838-47 | J Thromb Thrombolysis 2015;39:288-94 | Thromb Res 2015;135:1186-90
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Dabigatran Rivaroxaban Apixaban Edoxaban

Best Assay Dilute thrombin time
Anti-Xa Level 

for Rivaroxaban 
Anti-Xa Level 
for Apixaban

Anti-Xa Level 
for Edoxaban

O
th

er
s 

aPTT Sensitive - - -

PT* - Sensitive -^ Sensitive

Thrombin 
Time

Very sensitive

Anti-Xa
Level 

Sensitive Sensitive Sensitive

- insensitive test
* If thromboplastin reagent used 
^Apixaban has slower binding to Anti-Xa compared to rivaroxaban or edoxaban
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Horizontal bars 
= approximate 
detectable range

Vertical hatching
= range of linearity

/ Edoxaban

J Am Coll Cardiol 2014;64:1128-39.



28 Clinical Chemistry 2008;54(4):765-9.

= Vitamin K Dependent 
Clotting Factors 

TT

Anti-Xa



Case
- Wrong Test 
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 59F hx AF, on dabigatran 150mg PO BID, normal renal fx. 
 Last dose dabigatran 8 hours ago 
 Dabigatran t1/2 12-17h 

 Admitted with CP and dx STEMI. Needs urgent cardiac angiogram. 
 Thrombin time ordered
 Why is this test not ideal? 
 TT is excessively sensitive to dabigatran
 Dabigatran level <25 will cause TT to exceed limit of detection 

 What test should have been ordered instead? 

J Am Coll Cardiol 2014;64:1128-39.



Case
- Overdose  
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 79M from north of Pemberton
 Hx AF on apixaban 5mg PO BID
 Had chest pain overnight. Took 4 tabs of apixaban 5mg and 2 tabs of 

ASA 500mg then went to Pemberton ED in the morning 
 What do you think the bloodwork will show? 
 Day +1, SPH INR 2.5 and aPTT 40 (normal <38)
 Angiogram showed triple vessel disease 

 When can we start IV heparin? When can the patient go for 
surgery? 



J Am Coll Cardiol 2014;64:1128-39.

Day 1 Day 2 Day 3 
INR 2.5 1.7 1.3
PTT 40 - -



INR and NOACs
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 International Normalized Ratio (INR) 
 Introduced by WHO 1983
 To standardize the lab monitoring of warfarin 
 Uses International Sensitivity Index (ISI) to standardize the 

PT results from different labs 
 Each lab uses different reagents 
 Reference ranges differ 

 INR = (pt PT/mean PT)ISI

 INR does not correlate with NOAC drug levels 
 Ask lab to report the PT 

J Thromb Thrombolysis 2016;41:241-7 | Eur J Clin Pharmacol 2013;69:1875-81
Pagana, KD Pagana, TJ (1998). Mosby's manual of diagnostic and lab tests. St. Louis: Mosby. 



Case 
- Exam time… 
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 91 F, 68kg, hx CKD (SCr 78, CrCL 48)   
 On Rivaroxaban 15mg PO daily for AF 
 AM bloodwork: INR 2, aPTT 53 (Normal <38) 

 What further information do you need to assess this? 
 Assess the indication and dose based on drug and patient characteristics
 Who ordered the coags and why did they need to order this? 

 Bleeding? Renal fx unstable? 
 When is the last dose of rivaroxaban?  
 Is the blood work drawn at random, trough, peak in relation to 

rivaroxaban dose?  
 What is the PT? 

J Am Coll Cardiol 2014;64:1128-39.



Coagulation Assays for NOACs
- Summary 
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 Coagulation assay most correlated to NOAC drug level: 

 Dabigatran: dilute thrombin time 
 aPTT > TT (too sensitive) > PT (not useful) 

 Rivaroxaban/Apixaban/Edoxaban: Anti-Xa level calibrated 
for each individual drug 
 Anti-Xa level for heparin/LMWH > PT > aPTT (not useful) 

 In overdose/accumulation, all coagulation assays ↑
 Do not order, look at, or attempt to interpret INR when on 

NOAC - Always ask lab to report PT 
J Thromb Thrombolysis 2016;41:241-7



Back to the Future II 
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 You run out of the conference 
hall and find yourself in a busy 
intersection

 A car pulls up and you are 
surprised to see Doc Brown

 “Hey Doc!” You say. 

 “Smarty! What in the name of 
Sir Isaac H Newton happened 
here? Quick, get in. We need to 
get back to 2050.” He says. 

 You: “Wait a minute, Doc. Ah... 
Are you telling me that you built 
a time machine... out of a 
DeLorean?”

Reproduced with permission from Henry Liang. https://whatpharmacistsdo.org/ [accessed 3 June 2019]
https://secure.i.telegraph.co.uk/multimedia/archive/03478/Doc_Brown__Back_To_3478430b.jpg [accessed 3 June 2019]

https://whatpharmacistsdo.org/
https://secure.i.telegraph.co.uk/multimedia/archive/03478/Doc_Brown__Back_To_3478430b.jpg


Back to the Future III 
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 Doc Brown: “The way I see it, if you're gonna build a time machine 
into a car, why not do it with some style?”

 You: “But 2050, we have everything. Why did you want to go back 
in time?” 

 Doc Brown: “Yes. You are right. We have all the technology, all the 
blood tests, all the information, but I just don’t know if this all 
means better patient care.”  

 “… Some days I just want things to go back to the way they were, 
you know? Back to those days when clinical pharmacokinetics 
actually meant something. When we actually talked to the 
patients, like in the flesh, rather than just staring at our computers 
and virtual team.”      



St. Paul’s Hospital (SPH) Lab  
- Coagulation Assays and NOAC Drug Levels 
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 Drug level: Dabigatran, Rivaroxaban, Apixaban
 Anti-Xa level: Rivaroxaban, Apixaban, Heparin, LMWH 
 dTT, TT, aPTT, PT

 Edoxaban drug level or Anti-Xa not available 

 SPH Special Coagulation 
 Tech coordinator: Steven Wong , Tel: (604) 806-8212
 Available M-F 0700-1500h with hematopathologist approval 
 Will process samples from other hospitals 



Decision-Making Algorithm for Clinical 
Pharmacokinetic Monitoring 
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 Is the patient on the best drug for his/her specific subpopulations (disease state) and 
specific indication? 

 Can the drug be readily measured in the desired biological matrix? 
 Has a good relationship between drug concentration and pharmacological response 

been reported in pharmacokinetic studies conducted in humans? 
 Is the drug’s pharmacological response not readily assessable? 
 Does the relationship between concentration and pharmacologic response still apply to 

the patient’s specific subpopulation (disease state) and specific indication? 
 Does the drug have a narrow therapeutic range for the specific subpopulation (disease 

state) and specific indication? 
 Are the pharmacokinetic parameters unpredictable due to either to intrinsic variability 

or the presence of confounding factors? 
 Is the duration of drug therapy of sufficient length for the patient to benefit from clinical 

pharmacokinetic monitoring? 
 Will the results of the drug assay make a significant difference in the clinical decision-

making process (ie. Provide more information than sound clinical judgement alone)? 

Clin Pharmacokinet 1998;34(4):265-79



NOAC Drug Levels 
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 NOAC drug levels are not indicated in most patients
 NOAC levels have large intra and inter-patient variability
 Significant overlap exists between peak and trough levels 

 No “therapeutic level” exists 
 Use individual drug monograph to look for “on-therapy” levels 

depending on indication, dose and timing (peak or trough)
 Timing of level depends on indication 

 Drug levels correlate with toxicity (ie. bleeding)
 Drug level > 200ng/mL associated with ↑ bleeding 

 Drug levels do not correlate with efficacy
 Drug level < 30ng/mL indicates minimal drug on board 
 Dabigatran: dTT > 65s, aPTT > 1.5x control 

 Can use coagulation assays in conjunction with NOAC drug level  
Thrombosis Canada. http://thrombosiscanada.ca/wp-content/uploads/2016/02/22_NOACs-Management-Bleeding_2016Jan12-FINAL.pdf | 

| J Am Coll Cardiol 2014;64:1128-39 | J Thromb Thrombolysis 2016;41:241:7
Thromb

Haemost 2010;103:1116-27| Thromb Haemost 2012;107:838-47 

http://thrombosiscanada.ca/wp-content/uploads/2016/02/22_NOACs-Management-Bleeding_2016Jan12-FINAL.pdf


NOAC Drug Levels and Bleeding  

39 J Am Coll Cardiol 2014;63:321-8



How to Interpret Level
- E.g. Dabigatran

40 2019 Dabigatran Product Monograph Health Canada: https://pdf.hres.ca/dpd_pm/00049564.PDF

Dose and Regimen C2h,ss (ng/mL) Cpre,ss (ng/mL)
110mg BID 133 (52-275) 66 (28-155)
150mg BID 184 (74-383) 93 (40-215)

“on-therapy” 
level varies 
with dosage 

regimen

Comes from 
RE-LY 

(no data from 
VTE studies)

Peak
2h post-dose

Trough
10-16h post-

dose

Median
(10th-90th

percentile)

Dabigatran Levels
Peak: 52-383 
Trough: 28-215 …?



How to Interpret Level
- E.g. Edoxaban

41 2017 Edoxaban Product Monograph: https://pdf.hres.ca/dpd_pm/00040392.PDF



Clinical Objective for NOAC Drug Levels 
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Below on-therapy
levels suspected 

(<5-10th percentile) 

• Malabsorption 
• Treatment failure 
• Obesity 
• Drug interaction 

Above on-therapy 
levels suspected

(>90-95th percentile) 

• Advanced age 
• Renal failure 
• Low body weight  
• Bleeding
• Overdose 
• Drug interaction 

Other • Trauma
• Surgery
• Thrombolysis 

J Thromb Thrombolysis 2016;41:241-7



Timing of Levels 

43 2019 Dabigatran PM https://pdf.hres.ca/dpd_pm/00049564.PDF | 2018 Rivaroxaban PM: https://pdf.hres.ca/dpd_pm/00047458.PDF, 2019 
Apixaban PM: https://pdf.hres.ca/dpd_pm/00050173.PDF | 2017 Edoxaban PM: https://pdf.hres.ca/dpd_pm/00040392.PDF

 Timing of levels vary between NOACS 

 Peak: Check for absorption, extremes of weight, drug intx with inducers 
 Trough: treatment failure, extremes of weight, bleeding, renal failure
 Random: peri-procedural, prior to using fibrinolytic, trauma

Onset Peak* Trough* t1/2

Dabigatran 1-2h 2h 10-16h 12-17h
Rivaroxaban Daily 

2-4h 
1-4h 8-32h

5-9h
BID 2-4h 8-16h

Apixaban 3-4h - - 8-15h
Edoxaban 1-2h - - 10-14h
*time indicated in monographs 

https://pdf.hres.ca/dpd_pm/00049564.PDF
https://pdf.hres.ca/dpd_pm/00047458.PDF
https://pdf.hres.ca/dpd_pm/00050173.PDF
https://pdf.hres.ca/dpd_pm/00040392.PDF


Case
- Absorption  

44

 80 F, 50kg, multiple small bowel surgeries for Crohn’s Disease, 
hx falls 

 Hx AF on Dabigatran 110mg PO BID 
 Pharmacist concerned about absorption of dabigatran 

 Trough dabigatran level = 40ng/mL
 How do you interpret this level? 

Dabigatran C2h,ss (ng/mL) Cpre,ss (ng/mL)
110mg BID 133 (52-275) 66 (28-155)
150mg BID 184 (74-383) 93 (40-215)



Case
- Urgent Surgery 

45

 70M, 55kg, hx ischemic cardiomyopathy  
 Admitted for ADHF, AKI (Scr 283 from 170) 
 Hx AF on apixaban 2.5mg PO BID, last dose in AM 
 INR 5, aPTT 43 (normal <38) 

 Next day, INR 4, aPTT 49, needs urgent open heart 
surgery for LVAD/HTx

 Surgeon asks you: when can this patient go for surgery? 
 What lab tests should we order? 

J Am Coll Cardiol 2014;64:1128-39.



How to Interpret a Level 
- E.g. Apixaban

46 Apixaban Product Monograph Health Canada: https://pdf.hres.ca/dpd_pm/00050173.PDF



Case
- Urgent Surgery 

47

 INR 4, aPTT 49
 Apixaban level 131ng/mL 
 Is there apixaban in his system? 
 Can he go for surgery? 

 2 days later…
 Apixaban level 37ng/mL 
 Can he go for surgery now? 

Apixaban Cmax (ng/mL) Cmin (ng/mL)
2.5mg BID 123 (69-221) 79 (34-162)

Apixaban Product Monograph Health Canada: https://pdf.hres.ca/dpd_pm/00050173.PDF



Case
- Obesity 

48

 57 M from Penticton
 165kg, BMI 50kg/m2, hx AF, aortic stenosis, gout
 On Rivaroxaban 20mg PO daily  



Special Populations
- Obesity 

49

 Majority of patients with ↑ weight do not need lab monitoring of 
NOACs 
 ↑ Weight = ↑Vd but also ↑Cl = same t½ (t½ = 0.693 × Vd / CL) 

J am Coll Cardiol 2014;63:321-8 | Br J Clin Pharmacol 2013; 76:908-16 | Eur J Clin Pharmacol 2014;70:1339-51 | 
J Clin Pharmacol 2007;47:218-26 | Clin Pharmacokinet 2011;50:675-86

Table: Pharmacokinetic Studies in Obesity 
Vd Definition Effect of Obesity

Dabigatran 
- Subgroup of RE-LY 

50-70L >100kg vs 
50-100kg

↓Cmin 21%

Rivaroxaban 
- 2 studies

50L >120kg  vs 
70-80kg

↑Vd, Similar Cmax, AUC, t1/2 

Apixaban
- Healthy volunteers

21L >120kg vs 
65-85kg 

↓Cmax 31%, ↑ Vd 24% , 
↓AUC 23% , ↓t1/2 3h (9 vs 12h) 

Edoxaban
- Pooled data from RCTs

107L Mean 82kg 
(31-165kg)  

Weight ↑non-renal clearance



Special Populations
- Obesity 
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 Proportion of obese patients vary in RCTs based on definition 
 E.g. Edoxaban
 15% >100kg Hokusai-VTE
 40% BMI>30 ENGAGE AF-TIMI 48 

 No trials report % with BMI>40

Guidelines Recommend: 
 Lab monitoring may be warranted in those with extreme 

obesity (>120kg or BMI>40)
 Thrombosis Canada and ISTH 

N Engl J Med 2013; 369:1406-1415 | N Engl J Med 2013; 369:2093-2104 | J Thromb Haemost 2016;14(6):1308-13
Thrombosis Canada: http://thrombosiscanada.ca/wp-content/uploads/2018/04/DOACs-in-Obesity-2018Jan31.pdf

Max Wt in RCTs 
Dabigatran 222kg 
Rivaroxaban 150kg 
Apixaban 205kg 
Edoxaban 165kg 

http://thrombosiscanada.ca/wp-content/uploads/2018/04/DOACs-in-Obesity-2018Jan31.pdf


NOACs
- Drug Interactions 
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 Be mindful of inhibitors and inducers: Cyp 3A4, P-GP, both 
 3A4: Fluconazole, Carbamazepine, Phenobarbital  
 PGP: Amiodarone, digoxin, posaconazole
 Both: Clarithromycin, Cyclosporine, Diltiazem, Dronedarone, 

Verapamil, Rifampin, Protease Inhibitors, 
Itra/Keto/Voriconazole, St. John’s Wort, Phenytoin     

 Generally, switching interacting drug or OAC will resolve the 
issue and no lab monitoring is required 

2019 Dabigatran PM https://pdf.hres.ca/dpd_pm/00049564.PDF | 2018 Rivaroxaban PM: https://pdf.hres.ca/dpd_pm/00047458.PDF, 2019 
Apixaban PM: https://pdf.hres.ca/dpd_pm/00050173.PDF | 2017 Edoxaban PM: https://pdf.hres.ca/dpd_pm/00040392.PDF

Dabigatran Rivaroxaban Apixaban Edoxaban
3A4 Metabolism - 18% 25% <4%

PGP Substrate Yes Yes Yes Yes 

https://pdf.hres.ca/dpd_pm/00049564.PDF
https://pdf.hres.ca/dpd_pm/00047458.PDF
https://pdf.hres.ca/dpd_pm/00050173.PDF
https://pdf.hres.ca/dpd_pm/00040392.PDF


Case
- Drug Interaction 
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 49 F, opioid use disorder on morphine long-acting, tricuspid valve 
infective endocarditis and device infection (cardiac resyncronization
therapy and defibrillator 2009 for primary prevention)

 Recent PE 4 months ago, on rivaroxaban    
 On vancomycin for S. saprophyticus, laser lead extraction partially 

successful. Rifampin added

Dabigatran Rivaroxaban Apixaban Edoxaban
3A4 Metabolism - 18% 25% <4%

PGP Substrate Yes Yes Yes Yes 
Rifampin Effect 
on NOAC AUC

↓66%  ↓50%  ↓54%  ↓34%

Interaction 
Category 

X X X C

2019 Dabigatran PM https://pdf.hres.ca/dpd_pm/00049564.PDF | 2018 Rivaroxaban PM: https://pdf.hres.ca/dpd_pm/00047458.PDF, 2019 
Apixaban PM: https://pdf.hres.ca/dpd_pm/00050173.PDF | 2017 Edoxaban PM: https://pdf.hres.ca/dpd_pm/00040392.PDF

https://pdf.hres.ca/dpd_pm/00049564.PDF
https://pdf.hres.ca/dpd_pm/00047458.PDF
https://pdf.hres.ca/dpd_pm/00050173.PDF
https://pdf.hres.ca/dpd_pm/00040392.PDF


Case
- Drug Interaction 
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 75M, hx CKD (SCr 140, CrCL 40)
 Hx CML on imatinib 400mg PO daily (3A4 substrate) 
 Admitted with AKI (SCr↑200s) and new dx AF in hospital, 

started on apixaban 5mg PO BID 

 Options: Rivaroxaban 15mg PO daily, Apixaban 2.5mg PO BID, 
Edoxaban 30mg PO daily, Dabigatran 110mg PO BID 

Dabigatran Rivaroxaban Apixaban Edoxaban
3A4 Metabolism - 18% 25% <4%

Intx Category - B C -
Renal Clearance 80% 66% 25% 50% 
BC PharmaCare

Coverage
Yes Yes Yes No

2019 Dabigatran PM https://pdf.hres.ca/dpd_pm/00049564.PDF | 2018 Rivaroxaban PM: https://pdf.hres.ca/dpd_pm/00047458.PDF, 2019 
Apixaban PM: https://pdf.hres.ca/dpd_pm/00050173.PDF | 2017 Edoxaban PM: https://pdf.hres.ca/dpd_pm/00040392.PDF

https://pdf.hres.ca/dpd_pm/00049564.PDF
https://pdf.hres.ca/dpd_pm/00047458.PDF
https://pdf.hres.ca/dpd_pm/00050173.PDF
https://pdf.hres.ca/dpd_pm/00040392.PDF


Approach Lab Monitoring of NOACs
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 Before you order a drug level / coagulation assay 
 Re-evaluate the therapeutic alternatives
 Identify reason for ordering a drug level / coagulation assay 

 Clinically-relevant anticoagulant effect
 Drug is present or in in excess 

 Think about how this lab value will change your clinical decision 
 Determine the acceptable turnaround time 

 Once you have a drug level / coagulation assay 
 Look at the indication and dose of NOAC 
 Determine timing of the lab value (peak or trough or random) 
 Go to the product monograph to look for the expected range for that 

drug, indication, dose 
 Compare the 2 values  



Unanswered Questions in 2019
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 Call I call this therapeutic drug monitoring (TDM)? 
 Traditional TDM involves adjusting drug dose to achieve a 

“therapeutic level” 

 Does being on lower or higher end of the on-target range 
mean anything? 
 Does a dabigatran drug level of 28 (range 28-155) mean the 

patient is at higher risk of stroke than if the level was a little 
higher? 

 Do I feel comfortable recommending a non-studied dose?
 E.g. Apixaban 1.25mg PO BID, Edoxaban 45mg, Rivaroxaban 

30mg PO daily  



The Terminator 
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 You open your eyes and is relieved to back at the NOAC 
Monitoring Clinic 

 You look through your smart glasses and the year is 
indeed 2050 

 “I’m back!” You exclaim. Thrilled. 

 You see an old-fashioned hand-written note on your desk, 
with your writing, but with the date August 2009. 

 You open it up and it reads…   
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 Dear Smarty,

 If you are reading this, then it is sometime in the future 
when you have way more technology and resources than I 
can even fathom. It must be very exciting.  

 Despite all this, do not forget your roots and the humble 
beginnings of clinical pharmacy that flourished from a solid 
foundation of understanding pharmacokinetics and 
therapeutic drug monitoring. 

 Signed, Smarty McPhly, Aug 2009 

 P.S. Stop staring at screens and spend more time with 
actual humans 



Lab Monitoring of NOACs
- Take Home Points  
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 Lab monitoring of NOACs is not required for most patients
 If you proactively choose and dose NOAC appropriately based on 

indication, drug and patient characteristics 
 Lab monitoring may be indicated if patient has unpredictable PK, 

treatment failure, active bleeding, needs lytic, overdose. May also be 
used to verify compliance, peri-procedurally  

 Choice of coagulation assay and timing of sample depends on 
indication for test, test availability and turnaround time
 Dabigatran: dilute thrombin time, aPTT
 Rivaroxaban/Apixaban/Edoxaban: Anti-Xa level for each drug , Anti-

Xa for heparin/LMWH, PT 
 NOAC drug levels can be ordered and interpreted based on “on therapy 

levels” noted in the monograph depending on indication, dose and 
timing of the level  



Nothing in life is to be feared, it is only to be 
understood. Now is the time to understand more, 
so that we may fear less. 

Marie Curie, 1867-1934 

59 Benarde MA. Our precarious habitat. 2nd ed. Norton, 1973.



Questions?
ewang@providencehealth.bc.ca

Special thanks to: 
Henry Liang, creator of whatpharmacistsdo.org
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Visual References 
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 Slide 1: Painting: Edvard Munch. Emoji: Apple iOS. Kelly 
Richman-Abdou. Available from: 
https://mymodernmet.com/edvard-munch-the-scream-
painting/ [accessed 5 June 2019]

https://mymodernmet.com/edvard-munch-the-scream-painting/
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