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Patients:with-chronic Kidney disease areat-increased risk
for both arteriahand venousromboembolism

The riskof AFand'ACS:isdouble i patients welBFR
<66 AL/min/1.73m

Anticoagulants: arelcleared; with lonlya few exceptions, b
kKidneys:and/orlthe liver



Vitamin K Antagonists

VKAs are mostwidely used

Thereiis:andncreased hemorrhagic risk inl CKD iparticularly
withif fhel fifst 3ttdoedayk 1 r st 30 t o 90 de

Most majoribleeding eventsare Gl
The guidelinesfor Ak or VTE:no.dose adjustment int CKD

Sttrtaory to-slbwo wie (g j@cvest lhorme@f hamurlhec t 0
reducewarfarindoses by 10% €GFR 30 3,059 and oy 2@/
if eGFR-<0 30

Thereiis:a relationship-betweemrfarin-vyv:@ls c:dilicairns ¢
and renal functiondecline
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Hepatin

Dose adjustment function of eGEFR (mL/min)

Anticoagulant 39-30 20-15 =15
Unfractionated MNotnecessary Mot Dose reduction by
heparin necessary 33%o: loading dose 60
IUkg, mamntenance
12 IU'kg'h, subseguent
aPTT-adjusted dosing
Encoxaparin Mot necessary (1 mg'kg/'12 hours) 1 mg'kg once daily
WTE 1.5 mg'kgz once daily (The anti-Xa adjusted dosing (Anti-
United States) HXa‘lia ratio 3.97%
Dralteparin ACS (120 I Vkg'1 2 hours) -
WVTE (100 IUkg 12 hours or 200
IUkg once daily 1 month, then 150
IU'kg once daily 5 months, then oral
anticoagulants T IOWED
TinFaparin WVTE (175 Ik once dailsyy anti-*a adjusted dosing to elGEERL
=20 (Anti-3 a3 Tia ratic 2_8)
Fondaparinux WTE: 50%% dose compared to the WTE: not recommended for eGEFR

recommended dose per body weight
ACS 2.5 mg once daily

=230
ACS: not recormmended for eGEE
=2
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DOACs

U Dabigatran FDA approval 2010

U RivaroxabanFDA approvain 2011

U Apixaban FDA approvalin late2012
U EdoxabanFDA approval inearly 2015



~ Potential:advantagesand
disatdvantagesfadDOACS
Potential advantages

Lower rates of intracranial bleed and Higher drug cost; may require prior
hemorrhagic strokes than warfarin insurance approval

Mo need for routine lab monitoring Lack of availability of a reversal agent
Fewer drug or food interactions than Increased risk of gastrointestinal bleeding
warfarin Higher rebound rate of VTE events in

patients with poor adherence

No clear efficacy data in certain patient
populations (e.g., patients with malignancy)



DOACsccont...

Main issue cdefine kidney function

600, % thohiticrts hvier miplaotmbdernctCs8 D rwdivt h
lower doses 0 DOACS; (increastniomboembolic
events).

Checkrenal function ininttiationfof treatment: with
DOACs, after:3:months, andthen-everyyear

Cihce erkin hRIFr; htimits Bldegyh 75 vedrss kK p a
women, patients withhlowdoody:mass; frailcor on
dabigatral : everyrmonths

Check RFimAny conditionworsening: REiinfections,
acuteheart-failure; potentialhephrotoxiaonedication



Evidence for use of anticoagulant class

according to renal function

eGEFR T'rH LAIWHSs Warfarin Direct oral anticoagulants
{mL/min)
=00 Yes Yes Yes Yes
&0-89 Yes Yes Yes Yes
30-59 Yes Yes Yes Fivaroxaban dose
adjustment
15-29 Yes Dose adjustments may be Yes Fivaroxaban and dabigatran
needed; bicaccummulation contraindicated
possible
Enoxaparin use with caution Apixaban use with caution
<15 Yes Use contraindicated outside Yes Fivaroxaban and dabigatran

selected patients with
appropriate monitoring

contraindicated; see text for

dizcussion of apixaban

Yes indicates there 1z evidence for use without dose adjustment.



Pharmacokinetic properties of oral anticoagulants (adapted from Jain et alld and Lutz et alH}

Pharmacokinetic properties
Oral Dose
anticoagulant Mechanism of action Prodrug Mletabolism Dialyzable adjustment
Warfarin Witamin K antagonist No Predominantly via cyvtochrome P430 type 2C0 No No
(CYP2CO)
Diabigatran Direct inhibitor of free thrombin and fibrin-bound Yes Renal excretion 80% Yes Yes
thrombin
Bivaroxaban  Free and clot-bound Xa factor inhibitor, No Renal excretion 66%, 36% as unchanged dmg No b=
prothrombinase activity inhibitor
Apixaban Free and clot-bound Xa factor inhibitor No Metabolized in liver via CYP3A4, renal excretion 27%  Partial No
and in feces
Edoxaban Free Xa factor and tissue factor inhibitor No 10% hyvdrolvzed by carboxylesterase 1, 30% unchanged No Yes

upon renal excretion




CrCl (mL/min) estimated using the Cockroft-Gault equation

End-stage
renal disease

Recommended =0 30—49 1529 =15 on dialysis

oral Warfarin/DOACs (with

anticoagulant DMOACs DOACs WarfarinDOACs caution)

Warfarin Preferable to adjust the dose function of time in therapeutic range, optimal =70%

Diabigatran 150 mg twice daily Idem The United States (based only No
110 mg twice daily =80 vears, or associated with P-glycoprotein on FDA approval) - 73 mg
inhibitors, or high risk of hemorrhage twice daily

Europe - NO

Rivaroxaban 20 mg once daily 15 mg once daily (dose used by No

landmark trials recommended by small
pharmacokinetic studies)

Apixaban 5 mg twice daily Idem 2.5 mg twice daily The United  The United
2.5 mg twice daily if any =2 of the following: age = 80 vears, body States— 2.5 States (FDA) -
weight <60 kg and creatinine =1.5 mg/dL mg fwice 5 mg twice

daily daily
Euorope - NO  Europe - NO
Edoxaban &0 mgz once daily 30 myg once daily No

30 mg once daily when =2 of the following criteria are met: body
weight <60 kg, CrC1 30-30 mL/min and therapy with Verapamil,
Dronedarone or Quinidine is associated
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SAAMET2R, Scar

Sex
Age
Medical history

Treatment

Tobacco
Race

Maximum points

Female gender

Age <60 years old

Two or more co-morbidities:

« Hypertension

- Diabetes

- Coronary disease

- Peripheral artery disease
- Heart failure

- Prior stroke

- Pulmonary disease

- Renal disease

- Liver disease

Treatment with amiodarone

1

Tobacco use in 2
the past 2 years

Non-Caucasian 2

race < :

/, :.\l ‘__\\w.«
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NS carry cclinicallyssignificantirisk (of.rarteriahand:venous
thromboembolievents-especially in;patientswith
membranousnephropathy.

Anticoagulationsshouldbe considered lin theisetting of
hypoealbuminemia

MusisHd baldaced whhatle aitineie endc owleetlith:e. t h e

It shouldthe commenced as soonias it is safe-as:thel risk
thrombosis is:highest inthe first 6omonthsiof-diagnosis.



Etiology of NS
Senum/Albuminllevel
Risk of bleeding

Other VTEriskifactors:nimmobility, lobesity,:malignancy,
recentssurgery;pregnancy; medications, centralvenous
catheters, or genetic




Anticoagulationiisinot beneficial for: patients with: high
bleedingrisksscares; regardiess; ofiserum:albumin.

the HASBLED scoring rmay:notdbe accurate;particularly
In severehypodlbuminemia



Clinical characteristics comprising the HAS-BLED bleeding risk score

Letter Clinical characteristic* Points

H Hypertension (ie, uncontrolled blood pressure) 1

A Abnormal renal and liver function (1 point each) 1lor2

S Stroke 1

B Bleeding tendency or predisposition 1

L Labile INRs (for patients taking warfarin) 1

E Elderly {age greater than 65 years) 1

D Drugs (concomitant aspirin or NSAIDs) or excess alcohol lor2

use (1 point each)

Maximum 9
points

HAS-BLED Bleeds per 100 patient-years
score
(total points)

8] 1.13

1 1.02

2 1.88

3 3.74

4 8.70

S5to9g Insufficient data

The HAS-BLEDL pieeaing nsk score nas only DEen vanaated In patuents witn atnal noniacon
receiving warfarin. Refer to UpToDate topics on anticoagulation in patients with atrial fibrillation



Histological subtype of nephrotic

syndrome
’ 3
Primary MGN Other histology, .8.,
MCD, FSGS, MPGN

\

\

1

| ! ! v :
HAS-BLED 1 HAS-BLED f HAS-BLED f HAS-BLED T HAS-BLED * HAS-BLED t
(0-1) (2] (3¢+) (0-1) {2) (3¢)
Y Y Y v 4 Y Y
$4<30 g/L SA230g/L SAC2S g/L SA25-30g/L SA230 g/L SA<25 /L SA225 g/l SA20 g/l I S5A 2025 g/L
andz1 risk
factor(s) ¢
Y
4 1 Y v " SAEES gJ'L
" Prophylactic o
Prophylactic || neanhylactic } & y | o (: Yl.‘ntilon h prophylactic Prophylactic
anticoagulation § anticoagulation o No anticoagul anticoagulation | | anticoagulation § n Y
e »I prophylactic No
anticoagulation § anticoagulation prophylactic

anticoagulation J '



Choiceof:agent due to: patientiand, clinical factors: ease
use:and access; patient preference,land-feasibility of
monitoring requirements.

DOACs: notifirstline for prophylaxis:and treatment of
ATE/VTE in NS

DOACSs: reasonable alternativeswarfarin and ILMWH
in failure oriintolerabilitycofithem

Aspirin: higher:albumindevels; highisrisk off ATE/NTE
with high bleeding risk; Othern(non MN) higisk GNs



Duration of Threatment

» Optimal duration of treatment is)poorly established.

» The KDIGO guidelines suggest:continuation of
prophylaxis\while the patient remainsphrotic(serum
albumin<30 g/l)
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Antlcoagulatlon in

AN
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The risk ofhleeding exceeds:thekriskcoftclotting in:
Severe thrombocytopenial (platelet.count 0of <20,000°4.10

Evidence of.active bleeding fromthesgastrointestinal tract,
intra-abdominalbleeding; extensive bleeding .from:surgical
wounds,or ccatheters at-the timelof dialysis

Major surgeryiinithe prior 72chours
Active intracraniaboextradurahemaorrhage
Use of systemicanticoagulants
Uremic pericarditis
FactorVIl er Vil deficiency
Use afantiplatelet agents:alone isinot bleeding irisk-factor



Stantdaderisk patients

UFH: 1000to 2000units atHeeginningithen infusion of
500 units per-hour; turned o0, if clotting develops30
minutesibeforeltheend

Enoxaparin 20 mg for afourhour dialysis:session.

I clotting detected:increasedthe URH lorILMWHI bolus or
UFH infusion:andevaluate the dialysis-access

Bleeding frommeed|e sites)longer thaminutes:sstop
infusion earlier, lower'thebolus dose for the following
dialysis ssession; evaluation of HD-access
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High sk forrbleeding patients
* No-heparinimethod

» Heparinizecsolution rinse

» Heparinbonded dialyzer



N

Reourrentfilteniihsombasis
» Standardbleédingdiisk:

Vv Dose:adjustmentiof UFHrorn\LMWH
» High bleedingrisk:

V Increaselthe lblood flow: rate and the mneedle gauge,

v Convertingto:short daily HDE with la high velume of
predilutional infusate

v More frequent saline flushes
v Citratedialysate
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Pre @pesation

Warfarin

% Stopping ‘5ldaysdbeforeaplanned; ori utilizing a reversal
agent (FFR, orPCCs)

DOAC:Ss:
%+ Discontinuation fontwaldrug:halives

% Utilize with cautioncof 1in-patients.awaiting deceased
donor transplantation



Elimination half-life baszsed on renal function

Renal insufficiency Half-life (h)
Dabigatran——=-=
CLcr >80 mL/min 13.8
CLcr 5079 mL/min 16.6
CLcr 3049 mL/min 18.7
CLecr <30 mL/min 27.5
Hemodialvsis 34.1
Eivmhanﬁ’ﬁﬂﬂ
CLcr >80 mL/min 8.3
CLcr 5079 mL/min 8.7
CLcr 3049 mL/min 9.0
CLecr <30 mL/min Q.5
Hemodialvsis 12—13

Apixaban3-33-3472
CLor >80 mLimin ~ 15.1
CLer 50-79 mL/min  14.6
CLcr 3049 mL/min  17.6
Clor 30 mL/min ~ 17.3
Hemodialysis 12.5/12.72
Edoxaban” =5
CLor >80 mLimin 8.6
CLer 50-79 mL/min =~ 8.6
CLer 3049 mL/min =~ 0.4
Cler <30 mL/min ~ 16.9
Hemodialysis 10-142




Original article

Safety and efficacy of direct-acting oral anticoagulants
versus warfarin in kidney transplant recipients: a
retrospective single-center cohort study

Alexandra L. Bixby &%, Suhail A Shaikh, Abhijit 5. Naik, Laura Cotiguala, Katie McMurry,
Milagros D. Samaniego-Picota, Vincent D. Marshall, Jeong M. Park

First published: 27 February 2020 | https://doi.org/10.1111/tri.13599

Direct oral anticoagulant considerations in solid organ
transplantation: A review

David M. Salerno,! Demetra Tsapepas, 12 Apostolos Papachristos,? Jae-Hyung_ Chang,*
Spencer Martin,? Mark A Hardy.? and Jaclyn McKeen®

~ Author information = Copyright and License information Disclaimer
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After Transplanition

DOACs should beistarted whbamostasiseffectively
achieved,with:approvalfof.the transplant-:surgeon.

Avoid the use of DOACs Imthelimmediate:pasinsplant
period until-asstable-renallallograftfunction, especially in
deceasedonorkidney transplants:andlin-high
iImmunologicalrisk-kidney
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DOACSs in IRenal Transplant

Metabolismofithe DOACS; iscdependention the’CYP 450
enzymessystemranddp efflux pump

Dabigatrans a substrateof-gp efflux pump. Withimo
contribution from(CYP!450

The choice ofacrolimusfor immunosuppressiomay e
favorablec.compared tGsA

50% doseldecreasewhemadministereavith drugs:that

are strong!dualnhibitors includingketoconazole
itraconazoleritonavir, or clarithromycin



Drug Interactions with Direct Oral Anticoagulants

Dabigatran Rivaroxaban Apixaban FEdoxaban
Increased Strong p-gp inhibitors:  Strong CYP3 A4  Strong Strong p-gp
concentration ketoconazole, and p-gp CYP3A4 and mhibitors:
ciclosporin, tacrolimms,  inhibitors: p-gp inhubitors:  reduce dose
ritonavir, dronedarone  ketoconazole, ketoconazole, with
Caution with: ritonasvir, ritonavir, ketoconazole,
amiodarone, verapamil, dronedarone dronedarone ciclosporin,
clarithromvein, Caution with: dronedarone
quinidine, ticagrelor ciclosporin, Caution with:
tacrolimus ritonavir
Reduced Strong p-gp inducers: Strong CYP3A4 Strong Strong p-gp
concentration rifampicin, St John's and p-zp CYP3A4 and inducers:
wort, carbamazepine, mducers: p-gp inducers: rnfampicin, 5t

phenvtoin, barbiturates,

dexamethasone

rifampicin, 5t
John's wort,
carhamazepine,
phenvtoin,
barbiturates

rifampicin, St
John's wort,

carbamazepine,

phenvtoin,
barbiturates

John's wort,
carbamazepine,
phenytoimn,
barbiturates,
dexamethasone
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Assesslthecseverity of bleéeding
Minor bleeding
Major bleeding

ﬁs andthe:degree:of anticoagulation: drug dose, las



