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Current Management of Pulmonary Thromboembolism

Yang-Ki Kim

Department of Respiratory Medicine, Thrombosis Clinic, Soonchunhyang University Seoul Hospital, Seoul, Korea

The incidence of venous thromboembolism (VTE) including deep vein thrombosis (DVT) and pulmonary embolism (PE) is in-

creasing in Korea. In addition, awareness of VTE according to the incidence is improving, but how long VTE should be treated and

how effective VTE patients should be managed with warfarin is not well defined. Recently, various new oral anticoagulants

(NOAC:s) were introduced in clinical practice. The duration of anticoagulation, quality control of warfarin, and practical use of

NOAC: in VTE would be reviewed with evidences. (Korean J Med 2013;84:659-669)
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Figure 1. Estimated cumulative risk of recurrent VTE after
stopping anticoagulant therapy. Estimated annualized risk of
recurrence in cancer-associated VTE: 15%.
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Table 1. Summary of recommendations regarding the duration of anticoagulation in patients with VTE (ACCP 9th Edition)

o Risk of bleeding ) Level of
Indication - - Recommendation .
Low Intermediate High evidence
First VTE provoked by surgery 3 months
First VTE provoked by a 3 months
nonsurgical factor
First unprovoked distal or At least 3 months — after 3 months of treatment — 1B
proximal DVT should be evaluated for the risk-benefit ratio of
extended therapy
First unprovoked proximal DVT O (0] Extended therapy over 3 months 2B
(0] 3 months 1B
Second unprovoked VTE (0] 0] Extended therapy over 3 months 1B (low)
2B (moderate)
(0] 3 months 2B
DVT and active cancer o (0] Extended therapy over 3 months 1B
(¢ Extended therapy 2B

Table 2. Risk factors for bleeding with anticoagulant therapy (ACCP 9th Edition)

Age>65y Liver failure Poor anticoagulant control
Age>T75y Thrombocytopenia Comorbidity and reduced functional capacity
Previous bleeding Previous stroke Recent surgery
Cancer Diabetes Frequent falls
Metastatic cancer Anemia Alcohol abuse
Renal failure Antiplatelet therapy
g % 3‘3:_}_1]_ 9] /5'_] 5 E7}' ‘iﬂ 6‘]—93\ = X] _g_ 111_:1 Oﬂ 1 ﬁ 94_ Zzl—ol ;g] 7] y [Anticoagulation 0-3 mo]  [Anticoagulation after first 3 mo].
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L T B T B
] High risk (= 2 risk factors) 4.8 8 128 25 4 6.5
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Figure 2. Estimated absolute risk of major bleeding, %. Bleeding

without anticoagulation (baseline risk), the increase with anti-

coagulation (increased risk), and the sum of these.
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bitor) Q! antithrombin IIIof] Zes1A = whE 4| A|(rapid
inhibitor) 2 d¢hg 02X g3l 282 vrebdth. UFH
A E8F2 uHl7 | (biologic half-life)= 8- 2% 2|(dose-depen-
dent)o]©]A] 25 units/kg, 100 units’kg, 400 units’kg 2 7 WA}
T 247} 304, 60+, 150202 HuE A dubAQl 2=
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Table 3. Dose adjustment nomogram of unfractionated heparin

Initial dose 80 U/kg bolus, then 18 U/kg/hr

aPTT, <35s 80 U/kg bolus, then increase 4 U/kg/hr
aPTT, 35-45s 80 U/kg bolus, then increase 2 U/kg/hr
aPTT, 46-70s No change

aPTT, 71-90s  Decrease infusion rate by 2 U/kg bolus

aPTT, >90s Hold infusion, 1 hr, then decrease infusion rate

by 3 Ulkg/kr

Therapeutic aPTT range of 46-70s corresponded to anti-Xa
activity of 0.3-0.7 units/mL.
aPTT, activated partial thromboplastin time.

vailability), o= 7553t -8-F-HE-3(dose response) &2 KLU E]
Fol Fa glom FAIZEY] ¥IR71E 71 Zlo]|th(Table 4).
Fol§52 3 59 ZrHo).
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1 gakxdo| FQsicl LMWHE] anti-Xa %) 4~EA(clearance
of the anti-Xa)¥} CrCla}= 7323 AAdaA17F QL2R = 0.85,
p < 0.001) [8] enoxaparin Y&l o] 4] x| =-§-=Fat of
Yt ofe] We] Foj7h dagh oA golAke anti-Xa
Aol 39% F7HEE HIAEHTH9,10]. o= F8EE
(major bleeding)S- 28] ©]AKodds ratio [OR] 2.25, 95% CI
1.19-427) S7HAA SEdES= A2A717] HeliM=
ol Zasiel1l].

Fondaparinux

Antithrombin®]] 17 %1 3}2](high-affinity) & X 0] anti-Xa

7]
1

pentasaccharide€l fondaparinux= 315 3t ¥ T|3lFAIZ &
o) mUEo] T Qick NI 1747k 2 W]
7F 4A12EQ] LMWH ] vjsf 2oz Aot 228372 A
Zoll wek 22t 50 kg vkl 79 5 mg, 50-100 kgl 3%

Table 5. Usual dosage and target ranges for VTE treatment of
LMWH

Agents Dot (i el
Dalteparin 200 IU/kg once daily 1.05
(Fragmin®)
Enoxaparin 1 mg/kg twice daily 0.6-1.0
(Clexane®)
Nadroparin 85.5 TU/kg twice daily 0.5-1.1
(F raxiparin®)
Tinzaparin 175 IU/kg once daily 0.85
(Innohep®)

*Measured 4h after LMWH administration.

Table 4. Biologic consequences of reduced binding of LMWH to plasma proteins and cells

Binding target Biologic effects Clinicl consequence

Thrombin Reduced anti-Ila activity relative to anti-Xa activity Unknown

Proteins More predictable anticoagulant response Coagulation monitoring unnecessary

Macrophages Cleared through renal mechanism Longer plasma half-life permits once daily administration
Platelets and PF4 Reduced formation of HIT antibodies Reduced incidence of HIT

Osteoblasts Reduced activation of osteoclasts Lower risk of osteopenia

HIT, heparin-induced thrombocytopenia; PF4, platelet factor 4.
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Table 6. Properties of an ideal anticoagulant versus currently available agents

Oral No singiﬁcant. food/drug Predictable response No routine. coa.lgulation Fixed dosing  No risk of HIT
interactions monitoring

IDEAL v v v v v v
LMWH v v v (%4
UFH v
Fondaparinux 4 v v v v
VKAs v v
Rivaroxaban v v v v 4 v
Dabigatran 4 4 v v v v
Apixaban v v v v v v
Edoxaban v v v v v v
Table 7. Comparison of the pharmacologic properties of the new oral anticoagulants
Property Dabigatran Rivaroxaban Apixaban Edoxaban
Target Thrombin Factor Xa Factor Xa Factor Xa
Molecular weight 628 436 460 548
Bioavailability, % 6 80 50 50
Dose frequency od/bid od/bid bid od
Tmax, h 2 3 3 1-2
Half-life, h 12-17 7-11 9-14 9-11
Protein binding, % 35 95 87 54
CYP metabolism, % None 32 15 <4
P-gp transport Yes Yes Yes Yes
Renal excretion, % 80 66 25 35
Extra-renal excretion, % 20 34 75 65

CYP, cytochrome P450; od, once daily; P-gp, p-glycoprotein efflux transporter; Tmax, time to maximum concentration.

ZF2-71 A (mode of action) I THA}

Z|Zofl ZHrE tiaEAQl g FSAAE factor Xa
inhibitor?} DTI (direct thrombin inhibitor) 2 ZH-8-7]4-2 13 3
I} Ze20]. QRS tiAIE 4 Qs ofAlE o] Hglom

oFAIRt 54dS & 73 Ai21].

A2z

7ol e H4 ANERT SAE o= ARgh 7
29 A oA 2R B8 FeaAlES A& adf
S Aol E2 A= utele AEs) &% =dsI9)
< W(TTR, 55-65%)%} v]usto] A5oHA] dQta< Halsh
ATH22-24]. A SHALS A S & g Rivaroxaban A
o] Z©(EINSTEIN-PE) INR 2 U & o] D a3t olulal x| &
off vlsf 50%2] F8 &9 At WEENee Haskitt

(Tables 8 and 9).
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Table 8. Phase III studies for VTE treatment

Trial name Design Initial treatment \fvith Treatment duration Long-te@ treatment Active
LMWH/fondaparinux (mon) regimen comparator

Rivaroxaban

EINSTEIN DVT Open label No 3,60r12 od LMWH/VKA

EINSTEIN PE Open label No 3,60r12 od LMWH/VKA

EINSTEIN EXT Double blind No 6orl12 od Placebo

Dabigatran

RE-COVER Double blind Yes bid Warfarin

RE-COVER II Double blind Yes 6 bid Warfarin

RE-MEDY Double blind No 18 bid Warfarin

RE-SONATE Double blind No 6 bid Placebo

Apixaban

AMPLIFY Double blind No 6 bid LMWH/warfarin

AMPLIFY-EXT Double blind No 12 bid Placebo

Edoxaban

Hokusai-VTE Double blind Yes 12 od Heparin/warfarin

VTE, venous thromboembolism; PE, pulmonary embolism; DVT, deep vein thrombosis; EXT, extention; LMWH, low-molecular weight
heparin; VKA, vitamin K antagonist.

Table 9. Results with the new oral anticoagulants in comparison with vitamin K antagonists for initial treatment of VTE

Recurrent VTE, %

Major bleeding, %

Major or CRNMB, %

Inter- Warfarin Risk estimate Inter- Warfarin Risk estimate Inter- Warfarin Risk estimate
vention (95% CI) vention (95% CI) vention (95% CI)
Rivaroxaban 21 18 HR 1.12 L1 22 HR 0.49 103 114 HR 0.90
(EINSTEIN-PE) (0.75-1.68) (0.31-0.79) (0.76-1.07)
Rivaroxaban HR 0.68 HR 0.65 HR 0.97
2.1 3.0 0.8 1.2 8.1 8.1
(EINSTEIN-DVT) (0.44-1.04) (0.33-1.30) (0.76-1.22)
Dabigatran HR 1.10 HR 0.82 HR 0.63
2.4 2.1 1.6 1.9 5.6 8.8
(RECOVER) (0.65-1.84) (0.45-1.48) (0.47-0.84)

CRNMB, clinically relevant non-major bleeding; HR, hazard ratio; VTE, venous thromboembolism; PE, pulmonary embolism; DVT,
deep vein thrombosis; CI, confidence interval.

Table 10. Results with the new oral anticoagulants in comparison with vitamin K antagonists or placebo for extended treatment of VTE

Recurrent VTE, % Major or CRNMB, %

Intervention Placebo Risk estimate (95% CI) Intervention Placebo Risk estimate (95% CI)

Rivaroxaban (EINSTEIN-EXT) 1.3 7.1 HR 0.18 (0.09-0.39) 6.0 1.2 HR 5.19 (2.3-11.7)
Dabigatran (RESONATE) 0.4 5.6 HR 0.08 (0.02-0.25) 5.3 1.8 HR 2.92 (1.52-5.60)
Apixaban 2.5 mg (AMPLIFY-EXT) 1.7 8.8 RR 0.19 (0.11-0.33) 3.2 2.7 RR 1.20 (0.69-2.10)
Apixaban 5 mg (AMPLIFY-EXT) 1.7 8.8 RR 0.20 (0.11-0.34) 43 2.7 RR 1.62 (0.96-2.73)
Intervention Warfarin Risk estimate (95% CI) Intervention Warfarin Risk estimate (95% CI)
Dabigatran (REMEDY) 1.8 1.3 HR 1.44 (0.78-2.64) 5.6 10.2 HR 0.54 (0.41-0.71)

VTE, venous thromboembolism; CRNMB, clinically relevant non-major bleeding; EXT, extention; HR, hazard ratio; RR, relative risk.
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Table 11. Timing of interruption of dabigatran or rivaroxaban before surgery or invasive procedures

Calculated creatinine clearance, mL/min Half-life, hours

Timing of last dose before surgery

Standard risk of bleeding" High risk of bleedingb

Dabigatran

>80 13 (11-22) 24h 2d

50 < <80 15 (12-34) 24h 2d

30< <50 18 (13-23) 2d 4d

<30 27 (22-35) 4d 6d
Rivaroxaban

>30 12 (11-13) 24h 2d

<30 Unknown 2d 4d

*Examples are cardiac catheterization, ablation therpy, colonoscopy without removal of large polyps, and uncomplicated laparoscopic

procedures, such as cholecystectomy.

bExamples are major cardiac surgery, insertion of pacemaker or defibrillators (resulting from the risk for pocket hematoma), neuro-

surgery, large hernia surgery, and major cancer/urologic/vascular surgery.

Table 12. Suggested strategy for conversion from dabigatran or rivaroxaban to warfarin

Calculated creatinine clearance, mL/min

Dabigatran: start day with warfarin®

Rivaroxaban: start day with warfarin®

>50
31-50
15-30

Day-3 Day-4
Day-2 Day-3
Day-1 Day-2

*Dabigatran/Rivaroxaban is stopped on day 0. The longer overlap with rivaroxaban is justified by its half-life being shorter than that of

dabigatran and by the concern about thromboembolic events shortly after transitioning from rivaroxaban to warfarin.
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Table 13. Drug interactions with at least 50% change in the exposure to dabigatran or rivaroxaban

Mechanism ‘ Dabigatran . Rivaroxaban
Interacting drug A Exposure, % Interacting drug A Exposure, %
P-gp inhibition Ketoconazole® 150 Ketoconazole® 160
Quinidine 53
Amiodarone 60
Verapamil ~50°
P-gp induction Rifampicin -67 Rifampicin -50
St John.s wort ND St John.s wort ND
CYP3A4 inhibition Ketoconazole® 160
Clarithromycin 50
Ritonavir 50
CYP3A4 induction Rifampicin -50
St John.s wort ND

P-gp, P-glycoprotein; ND, indicates not determined.
*Contraindicated.
®Variable depending on the formulation of verapamil.

Table 14. Summary of anticoagulation reversal agents

Reversal agents Monitoring
Rivaroxaban rFVIla, PCC, aPCC PT, TT, anti-factor Xa
Dabigatran rFVIla ECT, aPTT, TT

aPCC, activated prothrombin complex concentrate; aPTT, activated partial thromboplastin time; ECT, ecarin clotting time; PT, pro-
thrombin time; rFVIIa, recombinant factor VII; TT, thrombin time.
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Figure 3. Coagulation enzyme targets for the new oral anticoa-

Z = gulants. TF, tissue factor; DTI, direct thrombin inhibitor.
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