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⚫ For patients with DVT and/or PE, the ASH guideline panel 
suggests using DOACs over VKAs

⚫ DOAC < VKA                 
✓ Renal insufficiency (CrCl < 30 mL/min)
✓ Moderate to severe liver disease 
✓ Antiphospholipid syndrome
✓ Inhibitors/inducers of P-glycoprotein, 

or strong inhibitors/inducers of cytochrome P450 3A4
✓ Bariatric surgery (gastrectomy?) and short gut
✓ Cost of DOACs and patient preference

ASH guideline 2020

DOAC vs VKA



⚫ F 67

⚫ CKD due to diabetic nephropathy → HD (요양병원)
hypertension, ICA occlusion, peripheral arterial occlusive 
disease

21.11.25. left total knee replacement → bedridden status
22.2.14. right leg swelling → DVT suspected 

XX.X.XX. anticoagulation (rivaroxaban 10 mg bid)
22.2.21. KNUH 혈관외과 visit → ER    

⚫ Anticoagulation: Yes or No ?     

Case 1

In patients with a high clinical suspicion of acute VTE, 
we suggest treatment with parenteral anticoagulants 
compared with no treatment while awaiting the results
of diagnostic tests (ACCP 9th guidelines, 2012)



CT scan (22.2.21.)

Case 1 (II)



⚫ CBC: 8980/4.0/12.2/278000
⚫ LFT: albumin 2.3, otherwise normal range
⚫ BUN/Cr: 84/3.17 (CKD-EPI eGFR 14)
⚫ Troponin I 9.51 pg/mL (<34)
⚫ NT-proBNP 3182 pg/mL (<533)
⚫ UGI endoscopy: no active bleeding focus
⚫ Colonoscopy: limited study due to blood clot

⚫ Medication

Case 1 (III)

Nortriptyline 11.4 mg qd
Gemigliptin 68.9 mg qd
Gliclazide 60 mg qd
Furosemide 40 mg bid
Acetaminophen + tramadol

Famotidine 20 mg qd
Chlorpheniramine 2 mg bid
레날민정 (multivitamin) qd
Trimebutine 100 mg bid
Ferrous sulfate 256 mg qd



⚫ 22.2.21. IVC filter insertion
22.2.27. Enoxaparin 1 mg/kg qd + warfarin 5 mg started
22.3.04. IVC filter removed
22.3.10. Transferred to 요양병원 (warfarin 4 mg)

⚫ DOACs vs VKA?    

Case 1 (IV)



Kumar et al. Clin J Am Soc Nephrol 2012;7:1584

Normal kidney
function

CKD ESRD

PE admission
/100,000 persons

66 204 527

Severe PE 3951 (2.8) 429 (4.3) 89 (5.5)

Mortality 4523 (3.2) 666 (6.7) 106 (6.7)

Length of stay 5 (3-7) 6 (4-8) 7 (4-10)

PE in patients with CKD and ESRD

⚫ Healthcare Cost and Utilization Project’s Nationwide Inpatient 
Sample

Severe PE: use of mechanical ventilation, vasopressor, or thrombolytic 
agents on the day of admission or the second hospital day.



CKD and PE

Rivera-Bebron et al. Thromb Res 2021;204:101

⚫ Renal insufficiency: 
a predictor of recurrent PE, 30 d-mortality, major bleeding 

⚫ Increased risk of VTE 
- Activation of coagulation cascade 

(factor VII, VIII, IX, X, XI, XII, VWF)
- Decreased AT and PC
- Elevated homocysteine level
- Increased PAI, D-dimer, CRP, fibrinogen
- Coagulation and platelet activation within HD machine

⚫ Bleeding risk: 
- Uremic platelet dysfunction, platelet-vessel wall 

interaction
- 2-fold increase (eGFR <30 mL/min/1.73 m2)

Lamarche et al. Curr Opin Pulm Med 2021;27:311

Cheung et al. Ann Pharmacother 2021;55:711



Effect on VTE
incidence

Effect on VTE
outcomes

Therapeutic consideration

Renal
disease

Increased 
VTE risk

Worse outcomes;
Increased bleeding
complications

VKA is preferred anticoagulant.
LMWH may increase bleeding.
DOACs not indicated in CrCl
< 30 mL/min or dialysis.

Nguyen et al. Clin Chest Med 2018;39:515

VTE characteristics in renal disease



VKA in ESRD patients with AF

⚫ Minimal renal excretion
Unaffected by dialysis

⚫ The role of warfarin in patients with CKD-5 or ESRD and AF
is not well established.
A lack of net clinical benefit
 a lack of efficacy and increased risk of bleeding

⚫ A risk of calciphylaxis (calcific uremic arteriolopathy)
: inhibition of the matrix Gla protein,

which can lead to an increased risk of ischemic stroke

⚫ Warfarin metabolism is affected by uremia through p450 
system → difficult to control INR

⚫ Significant interpatient variability in response to warfarin

Starr et al. Ann Pharmacother 2022;56:691



Rivera-Bebron et al. Thromb Res 2021;204:101

RCTs of DOACs 
for VTE Tx

<25 <30 <30Exclusion
CrCl, mL/min 

<30<30



Bavalia et al. Thromb Haemost 2020;120:899

Rates of recurrent VTE with DOAC vs VKA



Bavalia et al. Thromb Haemost 2020;120:899

Rates of bleeding with DOAC vs VKA



VKA Dabigatran Rivaroxaban Apixaban Edoxaban

Bioavailability 100% 3-7% 80-100% 
(10 mg dose),
66% or more 
(20 mg dose)

50% 62%

Renal elimination of
unchanged drug

0% 80% 36% 27% 50%

Dialyzable Not 50-60% Not Not Not

Protein binding 98-99% 35% 92-95% 87% 55%

Klil-Drori et al. Semin Thromb Hemost 2018;44:353

Pharmacology of DOACs



PK study for apixaban in subjects
with ESRD on HD

⚫ Single dose study
Increased overall exposure in patients with ESRD of 36%
4-hour HD → reduced exposure by 14%, 

closer to that of the healthy volunteers
5 mg bid dose of apixaban
- Safe
- Equal efficacy in patients with ESRD vs those without it

⚫ Serial dosing of apixaban over 8 days     
5 mg dose → unacceptable supratherapeutic drug levels
2.5 mg dose → acceptable AUC and trough levels

Mavrakanas et al. J Am Soc Nephrol 2017;28:2241

Weber et al. Eur J Haematol 2019;102:312

Wang et al. J Clin Pharmacol 2016;56:628



Cohen et al. Thromb Haemost 2022;122:926

Apixaban vs warfarin in VTE patients with CKD
⚫ Using 5 US insurance claims databases



Cohen et al. Thromb Haemost 2022;122:926

Stage I/II: 8.2%
Stage III: 49.4%
Stage IV: 12.8%
Stage V:12.0%
Stage unspecified: 
17.6%

√

√

√



Wetmore JB et al. CJASN 2022;17:693

Apixaban vs warfarin for treatment of VTE in 
patients receiving long-term dialysis

⚫ n=12206
⚫ Retrospective cohort study of Medicare fee-for-service 

receiving dialysis using US Renal Data System data 
from 2013 to 2018

Warfarin
n=9086

Apixaban
n=3130

Standardized difference*

Modality
HD catheter
HD AVG
HD AVF
PD

4399 (48)
1392 (15)
2756 (30)

530 (6)

1520 (49)
473 (15)
957 (31)
180 (6)

-0.3
0.5
-0.3
0.4

VTE type
DVT only
PE +/- DVT

6711 (74)
2376 (26)

2304 (74)
827 (26)

0.6
-0.6

*Difference of >10% is considered to suggest meaningful imbalance.



Wetmore JB et al. CJASN 2022;17:693



Knueppel P, et al. Thromb Res 2022;220:91

Standard vs reduced dose apixaban for the treatment 
of VTE in patients with severe renal disease

⚫ Multicenter retrospective
cohort

⚫ Severe or 
end stage renal disease



Knueppel P, et al. Thromb Res 2022;220:91

Clinically relevant bleeding VTE recurrence rate



Lamarche et al. Curr Opin Pulm Med 2021;27:311



Unanswered questions

⚫ Use of apixaban from day 1 implies a higher dosage of 10 mg
twice daily for 1 week or LMWH, switching to apixaban?

⚫ Optimal maintenance dose: 5 mg bid vs 2.5 mg bid?
⚫ Drug monitoring: anti-Xa assay?
⚫ Unprovoked VTE: indefinite anticoagulation?
⚫ High risk of recurrence: active malignancy, recurrent VTE?
⚫ Use of antiplatelet therapy?

Mavrakanas TA. Clin J Am Soc Nephrol 2022;17:623

Initiation
phase

Treatment phase Extended phase

7 d 3 m Indefinite

2021 ACCP guideline



Case 2

⚫ M 59
⚫ C.C: dyspnea for 1 d
⚫ Comorbidity: Parkinson’s disease, alcoholic liver cirrhosis 

(Child 6, class A), hypertension

⚫ d-Dimer 1410 pg/mL
⚫ PT 24, INR 2.1
⚫ Bilirubin 0.4 mg/dL
⚫ Albumin  4.5 g/dL
⚫ BUN 12.4 mg/dL
⚫ Cr 0.75 mg/dL



Case 2 (II)

⚫ Anticoagulation ?
1) Enoxaparin + warfarin
2) Rivaroxaban
3) Apixaban
4) Edoxaban
5) Dabigatran



⚫ Patients with cirrhosis are “autoanticoagulated”: misconception
⚫ Elevated INR due to coagulopathy

At higher risk for bleeding and thrombosis
⚫ A 2-fold increase in the incidence of unprovoked DVT/PE

⚫ 50% of VTE cases occurred in cirrhotic patients with INR > 1.6
The risk of VTE existed in patients with INR > 2.2

⚫ Decreased factors II, V, VII, IX, X, XI → bleeding
Decreased AT, PC, PS, increased factor VIII, vWF → thrombosis

Coagulation in patients with cirrhosis

Ha et a. Ann Pharmacol 2016; 50:402

Sogaard et al. Am J Gastroenterol 2009;104:96

Dabbagh et al. Chest 2010;137:1145



Monroe et al. Clin Liver Dis 2009;13:1

⚫ Hemostatic balance:
higher buffer zone 
in noncirrhotic patients

⚫ Hemostatic instability:
smaller buffer zone 
in cirrhotic patients



Effects of cirrhosis on coagulation tests

Ha et a. Ann Pharmacol 2016; 50:402

INR aPTT Anti-Xa

Effect of cirrhosis ↑ ↑ ↓

⚫ INR should not be used as an indicator of efficacy in cirrhotic
⚫ The aPTT test has not been assessed in cirrhotic:

targeted aPTT range is unclear.
→ UFH dosing guidelines & nomogram should differ.

⚫ Increasing severity of cirrhosis was correlated with decreased 
AT levels → correlated with decreased anti-Xa levels



Effect on VTE
incidence

Effect on VTE
outcomes

Therapeutic consideration

Cirrhosis Increased VTE
risk

Increased LOS and 
hospitalization cost

LMWH is preferred over VKA

Nguyen et al. Clin Chest Med 2018;39:515

VTE characteristics in liver disease



Study Treatment groups Recurrent VTE  in
patients with VTE

VTE clot progression
in patients with VTE

Major bleeding
in all patients

De Gottardi et al
2016

DOAC (n=36) 1/36 (3)

Kunk et al.
2016

DOAC (n=69) 3/47 (6) 8/69 (12)

Intagliata et al.
2016

DOAC (n=20)
LMWH/VKA
(n=19)

1/20 (5)
2/19 (11)

Hum et al.
2017

DOAC (n=27)
LMWH/VKA
(n=18)

0/12 (0)
0/8 (0)

1/12 (8)
1/8 (13)

1/27 (4)
5/18 (28)

Nagaoki et al.
2017

DOAC (n=20)
LMWH/VKA
(n=30)

3/20 (15)
2/30 (7)

DOACs in patients with cirrhosis: systemic review 

Hoolwerf et al. Thromb Res 2018;170:102

⚫ Major bleeding: 3-15% in DOAC vs 7-28% in LMWH/VKA
- In phase III DOAC trials: MB, 1.1% in DOAC vs 1.8% in VKA



⚫ The AUC, coagulation parameters, renal clearance, and 
half-life of a single dose of 150 mg dabigatran etexilate
were comparable between patient with Child-Pugh 
class B and healthy controls, suggesting that 
dabigatran may be given at a similar dose in patients 
with cirrhosis compared to those without cirrhosis.
 Clearance by hepatobiliary pathways represent 20% 

of total clearance.

⚫ The AUC after a single dose of 5 mg apixaban has been 
slightly elevated in patients with cirrhosis (Child-Pugh 
A and B) compared with healthy controls.

For apixaban, hepatobiliary clearance represents 73% 
of total clearance, but only approximately 25% of 
apixaban is metabolized by various CYP450 enzymes 
into multiple metabolites.     

Mendell et al. J Clin Pharmacol 2015;55:1395

Hoolwerf, et al. Thromb Res 2018;170:102

Anticoagulation in cirrhosis with DOAC



⚫ Moderate (but not mild) hepatic impairment reduced 
total body clearance of rivaroxaban after a single 10 
mg dose, leading to increased rivaroxaban exposure 
and pharmacodynamic effects.  
 33% of total dose is excreted renally as unchanged 

drug; 60% is metabolized to active and inactive 
metabolites

⚫ Once absorbed, approximately 50% of edoxaban is 
cleared by renal elimination, and 50% is cleared by 
hepatobiliary pathways with minimal metabolism 
(<4%) by CYP450 enzymes. 

The use of edoxaban in patients with moderate or 
severe hepatic impairment (Child-Pugh B and C) is not 
recommended as these patients may have intrinsic 
coagulation abnormalities.

Anticoagulation in cirrhosis with DOAC (II)

Hoolwerf, et al. Thromb Res 2018;170:102

Mendell et al. J Clin Pharmacol 2015;55:1395



Lamarche et al. Curr Opin Pulm Med 2021;27:311



Oldham et al. Ann Pharmacother 2022;56:782

Safety and efficacy of DOACs in patients with 
moderate to severe liver cirrhosis



Oldham et al. Ann Pharmacother 2022;56:782



Rates of bleeding and discontinuation of DOACs 
in patients with decompensated cirrhosis

Mort et al. Clin Gastroenterol Hepatol 2021;19:1436

Anticoagulation duration: mean 427 d



⚫ F 81

⚫ C.C.: chest discomfort

⚫ Comorbidity: 
gastrectomy (2016, gastric cancer)
primary CNS lymphoma 
2021.1.6-5.4. R-MVP CTx #5

⚫ 2022.5.13. ER visit

Case 3



⚫ Anticoagulation?

22.5.13. enoxaparin
22.5.16. DOAC vs VKA?

Case 3 (II)



DOAC Absorption location Note

Apixaban 55% in distal SB and 
some proximal colon;
some gastric and proximal SB

pH independent absorption

Dabigatran Lower stomach and
duodenum

Prodrug requires acidic environment 
for absorption (formulated with tartaric acid).
20% reduction was seen when given with 
antacids: thought to be clinically insignificant. 

Edoxaban Upper GIT (proximal SB) pH dependent solubility
Highly soluble in an acidic pH
Food intake causes a modest but clinically 
insignificant effect

Rivaroxaban Primarily stomach with 
reduced absorption in 
the proximal SB

Lipophilicity and limited aqueous solubility: 
20 mg/15 mg tablets must be taken with
a sufficient caloric intake

DOAC absorption locations

Hakeam et al. J Thromb Thrombolysis 2017;43:343



⚫ All DOACs, substrates of P-gp
Apixaban & rivaroxaban, substrates of CYP3A4. 

⚫ P-gp concentration is lowest in the duodenum and highest in 
the distal ileum and colon. 
Bypassing the proximal portions of the GIT could lead to 
decreased drug absorption due to increased efflux of DOAC 
back into the gut lumen.

⚫ CYP3A4 is located along the entire small intestine with slightly 
increased expression from the duodenum to the middle section 
of the jejunum with gradually reduced expression in the distal 
jejunum and ileum. 
Bypassing the proximal segments of the GIT could result in a 
significant increase in oral bioavailability of substrates due to 
decreased metabolism.

Transporter consideration

Rapid Resource, 2021 Anticoagulation forum



Total
gastrectomy

Partial 
gastrectomy

RYGB Distal 
resection/

SBS

Colectomy

Rivaroxaban Reduced 
up to 56%

Possibly
reduced

Possibly
reduced

Unlikely 
affected

Unlikely 
affected

Dabigatran Possibly
reduced

Possibly
reduced

Possibly
reduced

Possibly
reduced

Unlikely 
affected

Apixaban Unlikely 
affected

Unlikely 
affected

Possibly
reduced

Possibly
reduced

Possibly
reduced

Edoxaban Possibly
reduced

Possibly
reduced

Possibly
reduced

Unlikely 
affected

Unlikely 
affected

Impact of surgical intervention 
on DOACs bioavailability

Modified from Hakeam et al. J Thromb Thrombolysis 2017;43:343

SBS, short bowel syndrome



Puhr et al. Pharmaceutics 2022;14:662

Absorption of DOACs in cancer patients
after gastrectomy



Dabigatran etexilate coat

Tartaric acid core

Capsule
Sealant coating

Pellet

Dabigatran etexilate capsule structure



Beyer-Westendorf J. Hamostseologie 2021;41:35

Kim SA, et al. JKMS 2019;34:e52

NG tube feeding: DOACs

⚫ Dabigatran: is not applied as a tablet (that can be crushed) but 
as a capsule which contains pellets of the prodrug. The oral 
bioavailability of dabigatran etexilate increases by 75% when 
the pellets are taken without the capsule shell.

⚫ Rivaroxaban: administration of a 20 mg tablet administered 
orally as a crushed tablet mixed in applesauce or suspended in 
water and administered via a NG tube followed by a liquid meal 
resulted in AUC comparable to the AUC after standard 
application.



Dabigatran Rivaroxaban Apixaban Edoxaban

Given via
nasogatric tube

No Yes Yes Yes

⚫ Apixaban: oral administration of 10 mg of apixaban as two 
crushed 5 mg tablets suspended in water or mixed with 
applesauce resulted in an AUC reduction of only 16%. 
Suspension of a crushed 5 mg table in tube nutrition 
resulted in a drug exposure similar to that seen other clinical 
trials involving healthy volunteers receiving a single oral 5 
mg tablet dose

⚫ Edoxaban: administration of a crushed 60 mg tablet, either 
mixed into applesauce or suspended in water and given 
through a NG tube resulted in an AUC comparable to the AUC 
after standard application

NG tube feeding: DOACs (II)

Beyer-Westendorf J. Hamostseologie 2021;41:35

Kim SA, et al. JKMS 2019;34:e52



DOACs vs VKA in therapeutic anticoagulation for PE

⚫ ESRD:
Apixaban

⚫ Liver cirrhosis:
Child-Pugh A → All 4 DOACs
Child-Pugh B → dabigatran and apixaban

⚫Gastrectomy: apixaban

⚫NG tube feeding: rivaroxaban, apixaban, and 
edoxaban, except dabigatran

Summary


