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症例　80歳女性

【既往歴】 
　50歳代　AVR(原疾患不明)　　機械弁を留置 
【現病歴】 
　来院数日前より心窩部痛を自覚していたが 
　自宅で様子をみていた。 
　来院当日1時間前にコップ1杯程度の黒色物を 
　嘔吐したため、当院へ救急搬送となった。 
【内服薬】ワーファリン2.5mg、降圧薬2剤



【アレルギー歴】なし 
【喫煙歴・飲酒歴】なし 
【身体所見】 
　バイタル:BP 100/54 mmHg、P 110/min、 
　BT 36.6℃、RR 22/min、SAT 96%(room air) 
　眼瞼結膜:貧血あり、眼球結膜:黄染なし 
　胸部所見:呼吸音清、心雑音なし 
　腹部所見:平坦かつ軟、 
　　　　　 心窩部圧痛あり、反張痛なし　



【血液検査】 
　WBC 10,000/μl、Hb 7.5 g/dl、Plt 16×104/μl 
　PT-INR 2.5 
　肝胆道系酵素異常なし 
　BUN 32 mg/dl、Cre 1.4 mg/dl 
　電解質異常なし 
【心電図】異常なし 
【胸部レントゲン】 
　大動脈弁置換後　その他特記すべき所見なし　



【入院後経過】 
　入院日当日、上部消化管内視鏡検査を施行。 
　胃体小弯側φ:20mm大 消化性潰瘍(Stage: A1、  
　Forrest: Ⅰa)が指摘された。 
　内視鏡的止血術が施行され内科入院となった。 

　病棟より、内服継続の有無についてコールあり。



　抗凝固薬の継続をどうするか？ 

　消化管出血をしているので中止せざるをえないが、 
　 
　果たして中止することで、 
　塞栓症のリスクはどの程度増えるのだろうか？



Clinical Question
　AVR(機械弁)後の患者において 

⒈　PT-INRの目標値は？ 

⒉　抗凝固薬中止で塞栓症のリスクは 
　　どの程度増えるのだろうか？ 

⒊　大動脈弁置換術と僧帽弁置換術で 
　　塞栓症のリスクは違うのか？
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10.5). An examination of the valve with transesophageal
echocardiography should be performed to determine the
mechanism of the MR. If there is a structural abnormality such
as prolapse or flail, the valve should be repaired or replaced.
Ischemic MR due to LV remodeling and apical tenting of the
leaflets can be very dynamic and may respond to acute
hemodynamic management in the operating room by increas-
ing or decreasing in severity according to changes in afterload
and LV size. Patients with severe ischemic MR should
undergo MV repair or MV replacement (see Sections 3.6.5 and
7.3.1.3). Controversy exists as to whether patients having
CABG surgery with moderate or mild MR should undergo
MV repair as well. However, the hemodynamic effects of drugs
received during surgery often lessen the severity of the MR,
and mild intraoperative MR may increase postoperatively.
Hence, it is reasonable to perform MV repair when there is
moderate and, in many cases, mild MR detected on intraop-
erative transesophageal echocardiography.

9. MANAGEMENT OF PATIENTS WITH PROSTHETIC
HEART VALVES

The results of valve surgery with regard to survival, func-
tional class, valve function, and complications are dependent
on patient related factors, cardiac function, type of surgery,
type of prosthesis, and medical comorbidities (857).

9.1. Antibiotic Prophylaxis

9.1.1. Infective Endocarditis

All patients with prosthetic valves need appropriate antibi-
otics for prophylaxis against infective endocarditis (see
Section 2.3.1).

9.1.2. Recurrence of Rheumatic Carditis

Patients with rheumatic heart disease continue to need
antibiotics as prophylaxis against recurrence of rheumatic
carditis (see Section 2.3.2).

9.2. Antithrombotic Therapy

Class I

1. After AVR with bileaflet mechanical or Medtronic
Hall prostheses, in patients with no risk factors,*
warfarin is indicated to achieve an INR of 2.0 to
3.0. If the patient has risk factors, warfarin is
indicated to achieve an INR of 2.5 to 3.5. (Level of
Evidence: B)

2. After AVR with Starr-Edwards valves or mechanical
disc valves (other than Medtronic Hall prostheses),
in patients with no risk factors,* warfarin is indicated
to achieve an INR of 2.5 to 3.5. (Level of Evidence: B)

3. After MV replacement with any mechanical valve,
warfarin is indicated to achieve an INR of 2.5 to 3.5.
(Level of Evidence: C)

4. After AVR or MV replacement with a bioprosthesis
and no risk factors,* aspirin is indicated at 75 to 100
mg per day. (Level of Evidence: C)

5. After AVR with a bioprosthesis and risk factors,*
warfarin is indicated to achieve an INR of 2.0 to 3.0.
(Level of Evidence: C)

6. After MV replacement with a bioprosthesis and risk
factors,* warfarin is indicated to achieve an INR of
2.5 to 3.5. (Level of Evidence: C)

7. For those patients who are unable to take warfarin
after MV replacement or AVR, aspirin is indicated in
a dose of 75 to 325 mg per day. (Level of Evidence: B)

8. The addition of aspirin 75 to 100 mg once daily to
therapeutic warfarin is recommended for all patients
with mechanical heart valves and those patients with
biological valves who have risk factors.* (Level of
Evidence: B)

Class IIa

1. During the first 3 months after AVR with a mechan-
ical prosthesis, it is reasonable to give warfarin to
achieve an INR of 2.5 to 3.5. (Level of Evidence: C)

2. During the first 3 months after AVR or MV replace-
ment with a bioprosthesis, in patients with no risk
factors,* it is reasonable to give warfarin to achieve an
INR of 2.0 to 3.0. (Level of Evidence: C)

Class IIb

In high-risk patients with prosthetic heart valves in
whom aspirin cannot be used, it may be reasonable to
give clopidogrel (75 mg per day) or warfarin to
achieve an INR of 3.5 to 4.5. (Level of Evidence: C)

*Risk factors include atrial fibrillation, previous thromboem-
bolism, LV dysfunction, and hypercoagulable condition.

All patients with mechanical valves require warfarin therapy,
as indicated in Table 37 (934). Aspirin is recommended for all
patients with prosthetic heart valves: aspirin alone in patients
with bioprostheses and no risk factors, and aspirin combined
with warfarin in patients with mechanical heart valves and
high-risk patients with bioprostheses. In high-risk patients
who cannot take aspirin, the addition of clopidogrel to warfarin
therapy should be considered. Even with the use of warfarin,
risk of thromboemboli is 1% to 2% per year (171,172,174,
214,852,935), but the risk is considerably higher without
treatment with warfarin (936). The risk of a clinical thrombo-
embolism is on average 0.7% per year in patients with biolog-
ical valves in sinus rhythm; this figure is derived from several
studies in which the majority of patients were not undergoing
therapy with warfarin (171,172, 74,214,937). Almost all stud-
ies have shown that the risk of embolism is greater with a valve
in the mitral position (mechanical or biological) than with one
in the aortic position (172,178,852,936,938). With either type
of prosthesis or valve location, the risk of emboli is probably
higher in the first few days and months after valve insertion
(937), before the valve is fully endothelialized (804).
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The substitution of vitamin K antagonists by direct oral inhibitors
of factor IIa or Xa is not recommended in patients with a mechan-
ical prosthesis, because specific clinical trials in such patients are
not available at this time.

When postoperative anticoagulant therapy is indicated, oral
anticoagulation should be started during the first postoperative
days. Intravenous unfractionated heparin (UFH), monitored to an
activated partial thromboplastin time (aPTT) of 1.5–2.0 times
control value, enables rapid anticoagulation to be obtained
before the INR rises. Low molecular weight heparin (LMWH)
seems to offer effective and stable anticoagulation and has been
used in small observational series.216 This is off-label use. The limit-
ing factors for the use of LMWH early after mechanical valve

replacement are the lack of randomized controlled trials, concerns
about pharmacokinetics in obese patients and target anti-Xa activ-
ity, contraindication in the presence of severe renal dysfunction,
and our inability to neutralize it. If LMWH is used, anti-Xa monitor-
ing is recommended.

The first postoperative month is a high-risk period for thrombo-
embolism and anticoagulation should not be lower than the target
value during this time, particularly in patients with mechanical
mitral prostheses.217,218 In addition, during this period, anticoagula-
tion is subject to increased variability and should be monitored
more frequently.

Despite the lack of evidence, a combination of low-dose aspirin
and a thienopyridine is used early after TAVI and percutaneous
edge-to-edge repair, followed by aspirin or a thienopyridine
alone. In patients in AF, a combination of vitamin K antagonist
and aspirin or thienopyridine is generally used, but should be
weighed against increased risk of bleeding.

11.2.2.2 Target INR
In choosing an optimum target INR, one should consider patient
risk factors and the thrombogenicity of the prosthesis, as deter-
mined by reported valve thrombosis rates for that prosthesis in re-
lation to specific INR levels (Table 20).203,219 Currently available
randomized trials comparing different INR values cannot be used
to determine target INR in all situations and varied methodologies
make them unsuitable for meta-analysis.220– 222

Certain caveats apply in selecting the optimum INR:

† Prostheses cannot be conveniently categorized by basic design
(e.g. bileaflet, tilting disc, etc.) or date of introduction for the
purpose of determining thrombogenicity.

† For many currently available prostheses—particularly newly
introduced designs—there is insufficient data on valve throm-
bosis rates at different levels of INR, which would otherwise
allow for categorisation. Until further data become available,
they should be placed in the ‘medium thrombogenicity’
category.

Table 19 Indications for antithrombotic therapy after
valvular surgery

Class a Level b Ref C

Oral anticoagulation is
recommended lifelong for all
patients with a mechanical
prosthesis.

I B 213

Oral anticoagulation is
recommended lifelong for
patients with bioprostheses
who have other indications for
anticoagulation.d

I C

The addition of low-dose
aspirin should be considered
in patients with a mechanical
prosthesis and concomitant
atherosclerotic disease.

IIa C

The addition of low-dose
aspirin should be considered
in patients with a mechanical
prosthesis after
thromboembolism despite
adequate INR.

IIa C

Oral anticoagulation should be
considered for the first three
months after implantation
of a mitral- or tricuspid
bioprosthesis.

IIa C

Oral anticoagulation should be
considered for the first three
months after mitral valve repair.

IIa C

Low-dose aspirin should be
considered for the first three
months after implantation of
an aortic bioprosthesis.

IIa C

Oral anticoagulation may be
considered for the first three
months after implantation of
an aortic bioprosthesis.

IIb C

INR ¼ international normalized ratio.
aClass of recommendation.
bLevel of evidence.
cReference(s) supporting class I (A + B) and IIa + IIb (A + B) recommendations.
dAtrial fibrillation, venous thromboembolism, hypercoagulable state, or with a
lesser degree of evidence, severely impaired left ventricular dysfunction (ejection
fraction ,35%). Table 20 Target international normalized ratio (INR)

for mechanical prostheses

Prosthesis 
thrombogenicity a

Patient-related risk factorsb

No risk factor Risk factor ≥1

Low 2.5 3.0

Medium 3.0 3.5

High 3.5 4.0

aProsthesis thrombogenicity: Low ¼ Carbomedics, Medtronic Hall, St Jude
Medical, ON-X; Medium ¼ other bileaflet valves; High ¼ Lillehei-Kaster,
Omniscience, Starr-Edwards, Bjork-Shiley and other tilting-disc valves.
bPatient-related risk factors: mitral or tricuspid valve replacement; previous
thromboembolism; atrial fibrillation; mitral stenosis of any degree; left ventricular
ejection fraction ,35%.
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AVR後　抗凝固について

（塞栓症のリスクがない場合） 
　ACC/AHA guidelines：PT-INR 2.0-3.0    
　ESC guidelines：PT-INR 2.5-3.5 

　を目標にVKA(ワーファリン®)の内服が必要である。



AVR後　出血リスク

PT-INR 3.5から徐々に 
出血リスク(頭蓋内出血のリスク)は増加していく。

and only 1 category for INR values above 3.5 (ie, INR !3.6).
Figure 1B plots the odds ratios of TE and of ICH relative to
INR 2.0 to 2.5 as a function of this set of 6 INR categories for
the entire set of cases and controls. As is evident, the main
features of the INR/outcomes relationships are preserved.

For patients with and without a history of prior ischemic
stroke, we again observed a significant increase in odds of TE
at INR levels below 2.0 (Figure 2). Compared with INR 2.0
to 2.5, the odds of TE were more than doubled in the INR 1.5
to 1.9 range for those with (OR, 2.34; 95% CI, 1.17 to 4.66)
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Figure 1. A, ORs for TE (396 cases, 1581 controls) and ICH (164 cases, 656 controls) by INR level in adults with nonvalvular AF, with 8
INR categories using INR 2.0 to 2.5 as the referent. Vertical bars indicate 95% CIs. The numbers of cases and controls for each INR
category are given below the figure. B, ORs for TE (396 cases, 1581 controls) and ICH (164 cases, 656 controls) by INR level in adults
with nonvalvular AF, with 6 INR categories using INR 2.0 to 2.5 as the referent. Vertical bars indicate 95% CIs. The numbers of cases
and controls for each INR category are given below the figure.
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Thromboembolic and Bleeding Complications
in Patients With Mechanical

Heart Valve Prostheses
S.C. Cannegieter, MD; F.R. Rosendaal, MD; E. Briet, MD

Background Patients with mechanical heart valve prosthe-
ses may experience valve thrombosis and subsequent systemic
embolism for which they are treated with oral anticoagulant
therapy. It is essential to know reliable estimates of the risks
and benefits of this therapy in order to answer a number of
clinical questions rationally. We sought to obtain more precise
estimates of the risks and benefits by combining the data from
individual studies by using meta-analysis.
Methods and Results We searched for studies in which the

incidences were reported of embolic or bleeding complications
in patients with mechanical heart valve prostheses. They were
collected from the Medline and Current Contents database
and by cross-references between 1970 and 1992. Since most
studies vary greatly in many respects, we used a number of
inclusion criteria, thus selecting comparable studies of accept-
able quality only. The influence of antithrombotic therapy,
valve position, and valve type was analyzed by univariate and
by multivariate analysis with Poisson regression techniques.
Forty-six studies were found, including 13 088 patients studied

I n March 1960, the first successful replacement of an
aortic valve was performed by Harken.1 In the
following years, many modifications have been

made and new designs introduced to address specific
deficiencies in these early devices. Most modern pros-
theses now offer good durability and hemodynamic
characteristics. The main problem still remaining is the
thromboembolic potential of these valves.

Implantation of an artificial device places a large
foreign surface in contact with the bloodstream. Throm-
bus formation on the valve may be influenced - accord-
ing to Virchow's triad -by surface characteristics of the
prosthesis (material and design), blood flow (cardiac
output, turbulence, and stagnation), and characteristics
of the blood constituents of the patient (hypercoagula-
bility). Clinically, this may result in significant disrup-
tion of valve function, a life-threatening event. Likewise,
parts of the thrombus may embolize to peripheral
arterial sites. These emboli usually involve the central
nervous system, resulting in a spectrum of effects rang-
ing from transient to sometimes fatal events. To prevent
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for 53 647 patient-years. We found an incidence of major
embolism in the absence of antithrombotic therapy of 4 per
100 patient-years. With antiplatelet therapy this risk was 2.2
per 100 patient-years, and with cumarin therapy it was reduced
to 1 per 100 patient-years. This risk varied with the type and
the site of the prosthesis. A prosthesis in mitral position
increased the risk almost twice as compared with the aortic
position. Tilting disc valves and bileaflet valves showed a lower
incidence of major embolism than caged ball valves. An
incidence of major bleeding was found in patients treated with
cumarin derivatives of 1.4 per 100 patient-years. The incidence
of bleeding became significantly higher with the addition of
antiplatelet therapy, although this did not decrease the risk of
thromboembolism any further.

Conclusions These data provide a reference for future
studies and give adequate risk estimates for clinical decision
making. (Circulation. 1994;89:635-641.)
Key Words * meta-analysis * anticoagulants * aspirin a

thrombosis * embolism

these complications, life-long oral anticoagulation ther-
apy is recommended in all patients.2 However, this
treatment introduces a risk of severe or fatal bleeding.3

In the past 20 years, many reports have been pub-
lished on the risks of thromboembolic and bleeding
complications. Unfortunately, the reported results vary
greatly because of differences in patient selection, def-
initions of end points, methods of follow-up and statis-
tical analysis, and type, intensity, and efficacy of anti-
coagulation therapy.4 Besides, the quality of the reports
is often inadequate. McGoons examined 51 reports on
this subject and concluded that none of these gave
complete information. Consequently, from the informa-
tion of the individual studies, it is hardly possible to
establish the risks of thromboembolism and bleeding
with any reliability. Assessing the influence of factors
such as position and model of the valve is even more
difficult.
Many clinical questions cannot be answered ratio-

nally without reliable estimates of the risks and benefits
of oral anticoagulation: what is the optimal intensity of
anticoagulation for various groups of patients; what is
the risk of temporarily interrupting anticoagulation in
patients who have recurrent bleeding complications or
in patients who require surgery; which patients should
receive bioprostheses instead of mechanical prostheses,
etc. In addition, it is important to know the extent of
these risks in the design of clinical trials in which the
optimal therapy is investigated.
We have set out to obtain reliable estimates of the

risks of thromboembolic and bleeding complications in
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TABLE 2. Incidence Rates of Valve Thrombosis and Major and Total Embolisms: Effect of
Antithrombotic Treatment

Incidence Rates per 100 Patient-Years (95% Confidence Intervals)

Anticoagulataon Valve Thrombosis Major Embolism Total Embollsm*
None 1.8 (0.9-3.0) 4.0 (2.9-5.2) 8.6 (7.0-10.4)
Antiplatelet 1.6 (1.0-2.5) 2.2 (1.4-3.1) 8.2 (6.6-10.0)

Dipyridamole 4.1 (1.9-7.2) 5.4 (2.8-8.8) 11.2 (7.3-15.9)
Aspirint 1.0 (0.4-1.7) 1.4 (0.8-2.3) 7.5 (5.9-9.4)

Cumarin 0.2 (0.2-0.2) 1.0 (1.0-1.1) 1.8 (1.7-1.9)
Cumarin and antiplatelet 0.1 (0.0-0.3) 1.7 (1.1-2.3) 3.2 (2.4-4.1)

*This category includes all reported incidences (valve thrombosis, major embolism, and minor embolism).
tAspirin alone or in combination with dipyridamole or pentoxifylline.

that sometimes differed 10 to 20 years in age, we wanted to
eliminate a possible effect of the period of publication. We
therefore performed this analysis first for all studies and
subsequently only for the studies that were published after
1980.

Results
Data
We found 160 reports published between 1985 and

1992. Twenty reports were published between 1970 and
1985 that dealt with patients who received no anticoag-
ulation or antiplatelet therapy only. Of these 180, only
46 studies satisfied all our inclusion criteria. Most
reports (39) were excluded because a distinction be-
tween major and minor complications could not be
made. Twenty-nine reports studied a selected patient
group and were therefore excluded. Thirty-seven stud-
ies were excluded according to one of the other criteria,
and 29 reports were excluded because of missing infor-
mation about two or more items.
Of the 46 reports that could be used, cumarin treat-

ment only was given in 31.10-40 In four studies, antiplate-
let treatment was given additionally to cumarin deriva-
tives.41-44 Seven studies were found in which no
antithrombotic treatment was administered.40,45-50 In 10
reports, only antiplatelet treatment was given (aspirin,
dipyridamole, or both; in one study, aspirin plus pen-
toxifylline).11,16,46,47,49,51-55 Therefore, in 6 reports, more
than one regimen was described.
The studies included 13 088 patients in total, studied

for 53 647 patient-years. Table 1 shows the number of
patients and patient-years for the different regimens,
valve positions, and valve models.

Thromboembolism: Antithrombotic Therapy
The incidence rates of thrombosis on the valve and

major and total embolism are shown in Table 2. These
are expressed as number of events per 100 patient-years
(this corresponds to percent occurrence annually).
With cumarin therapy, the incidence of valve throm-

bosis was 0.2 per 100 patient-years (95% CI, 0.2 to 0.2).
The incidence of major embolism was 1.0 (95% CI, 1.0
to 1.1) (Figure), and that of total embolism was 1.8
(95% CI, 1.7 to 1.9). In the "no treatment" category,
these incidences were at least four times higher. They
were not effectively reduced with antiplatelet therapy
(Table 2).

In the antiplatelet category, dipyridamole alone was
given in one study (123 patients, 241 patient-years).51 In
this study, incidence rates were found that were as high
as those without antithrombotic treatment. These fig-
ures affect the average results of the antiplatelet cate-
gory, so we reported separately the results of aspirin
(either alone or in combination with dipyridamole) and
those of dipyridamole alone (Table 2). The incidence of
total embolism in patients treated with aspirin alone did
not differ from that when aspirin in combination with
dipyridamole was given.

Multivariate Analysis
The results in Table 2 were obtained by calculating

averages of the results of the individual studies,
weighted by study size. With multivariate analysis, we
found similar results (Table 3). These are expressed as
rate ratios, which show the ratio of the incidence rates
for each particular factor, whereas the other variables
are adjusted for. For example, a rate ratio of 3.7 when
no anticoagulation is compared with cumarin therapy
reflects a 3.7-fold increase of the risk of embolism
without anticoagulation. This corresponds with the in-
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Graph shows incidence rates of major embolism reported in all
studies in which cumarin therapy was given. These are ex-
pressed in incidences per 100 patient-years (pt-yrs) with 95%
confidence intervals (Cl) and ordered by width of the 95% Cl. If
an article contained information on more than one series of
patients with different valve positions or valve types, these series
were analyzed as separate studies. SR indicates summary
result, obtained by calculating the average of the results of the
individual series weighted by study size.

塞栓症リスク：抗凝固薬なし→4.0%/100人年 
　　　　　　　ワーファリン→1.0％/100人年



AVR後　塞栓症について
　塞栓症　合併率 
　　無治療群: 4.0%、ワーファリン群: 1.0% 

　ARR（絶対リスク減少率）：0.04-0.01=0.03 
　RR（相対リスク）：0.01/0.04=0.25 
　NNT：1/ARR=33.3≒34 
　RRR（相対リスク減少）：1-0.25=0.75 

　34人ワーファリン治療すると1人の塞栓症を予防する。 
　治療することで、塞栓症が75%減少する。



AVR後　塞栓症について

　AVR後の塞栓症合併率は、弁置換術後早期に多い。
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High Risk of Thromboemboli Early After Bioprosthetic Cardiac 
Valve Replacement 
M A G D A  H E R A S ,  M D , * t  J A M E S  H. C H E S E B R O ,  MD,  FACC,$  
V A L E N T I N  F U S T E R ,  MD,  PHD, FACC,~: W I L L I A M  J. P E NNY,§  MD,  D I A N E  E. G R I L L ,  MS, t  
K E N T  R. B A I L E Y ,  PHD, t  G O R D O N  K. D A N I E L S O N ,  M D , t  T H O M A S  A. O R S Z U L A K ,  M D , t  
J A M E S  R. P L U T H ,  M D , t  F R A N C I S C O  J. P U G A ,  M D , t  H A R T Z E L L  V. S C H A F F ,  MD,]" 
J E F F R E Y  J. L A R S O N K E L L E R ,  BS~" 

Rochester, Minnesota; New York, New York; and Cardiff, Wales, United Kingdom 

Objectives. We studied the rate of thromboembolism in patients 
undergoing bioprosthetic replacement of the aortic or mitral 
valve, or both, at serial intervals after operation and the effects of 
anticoagulant or antiplatelet treatment and risk factors. 

Background. Thromboembolism appears to occur early after 
operation, but the incidence, timing and risk factors for throm- 
boembolism and the role, timing, adequacy, effectiveness, dura- 
tion and risk of anticoagulation and antiplatelet agents are 
uncertain. 

Methods. The rate of thromboembolism was studied at three 
time intervals after operation (1 to 10, 11 to 90 and >90 days) in 
816 patients who underwent bioprosthetic replacement of the aortic 
or mitral valve, or both, at the Mayo Clinic from January 1975 to 
December 1982. The effect of antithrombotic therapy (warfarin, 
aspirin or dipyridamole, alone or in combination) was evaluated. 

Results. Median follow-up of surviving patients was 8.6 years. 
The rate of thromboembolism (%/year) decreased significantly 
(p < 0.01) at each time interval after operation (1 to 10, 11 to 90 
and >90 days) for mitral valve replacement (55%, 10% and 
2.4%/year, respectively) and over the first time interval for aortic 
valve replacement (41%, 3.6% and 1.9%/year, respectively). During 

the first 10 days, 52% to 70% of prothrombin time ratios were low 
(<1.5 × control). Patients with mitral valve replacement who 
received anticoagulation had a lower rate of thromboembolism for 
the entire follow-up period (2.5%/year with vs. 3.9%/year without 
anticoagulation, p = 0.05). Of 112 patients with a first thrombo- 
embolic episode, permanent disability occurred in 38% and death 
in 4%. Risk factors for emboli were lack of anticoagulation, mitral 
valve location, history of thromboembolism and increasing age. 
Only 10% of aortic, 44% of mitral and 17% of double valve 
recipients had anticoagulation at the time of an event. Patients 
with bleeding episodes (2.3%/year) were older and usually under- 
went anticoagulation. Blood transfusions were required in 60 of 
111 patients (1.2%/year), and 13 patients (0.3%/year) died. 

Conclusions. Thromboembolic risk was especially high for 
aortic and mitral valve replacement for 90 days after operation, 
and overall was increased with lack of anticoagulation, mitral 
valve location, previous thromboembolism and increasing age. 
Anticoagulation reduced thromboemboli and appears to be indi- 
cated in all patients as early as possible for 3 months and 
thereafter in those with risk factors, but needs prospective testing. 

(J Am Coll Cardio11995;25:1111-9) 

Prophylaxis for thromboembolism should be based on patho- 
genesis and risk. The peak incidence occurs during the first 3 
months after valve surgery, probably reflecting the lack of 
endothelialization of the newly implanted prosthetic and bio- 
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logic materials (1-3). Although bioprosthetic valves are less 
thrombogenic than mechanical prostheses, the rate of throm- 
boembolic episodes also varies depending on anticoagulation 
status and position of the valve (2). Thromboembolic events 
are less frequent after aortic than mitral valve replacement (4). 
Unresolved issues include the timing and incidence of throm- 
boembolism, timing and targeting of anticoagulation, the role 
of antiplatelet agents and the effectiveness and optimal dura- 
tion of antithrombotic therapy after bioprosthetic valve re- 
placement (3,5). 

We studied the rate of thromboembolism in patients who 
had bioprosthetic replacement of the aortic or mitral valve, or 
both. This rate was divided into three time intervals after 
operation: 1 to 10, 11 to 90 and >90 days. The effect of 
anticoagulant or antiplatelet treatment and risk factors for 
thromboembolism and major bleeding were also studied. 

©1995 by the American Collcgc of Cardiolo~ 0735-1097/95/$9.50 
0735-1097(94)00563-6 
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Table 3. Site, Outcome and Therapy at Time of First and Second Thromboembolic Events 
Valve Replacement 

Aortic 

First Second 

Mitral Aortic and Mitral 

First Second First Second 

No. of events (%/yr) 51 (2.2) 10 (4.6) 
Total linearized rate (%/yr) 2.2 4.6 
Site (% of total events) 

Cerebral 96% 100% 
Coronary 0 0 
Peripheral 4% 0 

Outcome of cerebral events 
Full recovery 47% 50% 
Permanent defect 53% 40% 
Death 0 10% 

Therapy at event (% of total) 
Warfarin 8% 30% 
Aspirin 25% 20% 
Dipyridamole 25% 40% 
None 41% 10% 

55 (3.1) 13 (5.8) 6 (1.7) 1 (3.7) 
3.1 5.8 1.7 3.7 

89% 85% 6/6* 1/1' 
0 15% 0 0 

11% 0 0 0 

69% 54% 3/6* 0 
24% 38% 2/6* 1/1' 
7% 8% 1/6' 0 

44% 62% 1/6 0 
13% 15% 0 0 
13% 23% 0 1/1' 
30% 0 5/6* 0 

*Expressed as fraction of total patients. 

Figure 2 shows the rates of thromboembolic episodes, with 
and without anticoagulant agents, at the three different inter- 
vals for each valve location. The rate of thromboembolic 
episodes in aortic valve recipients during the first 10 days after 
operation was extremely high in those patients without antico- 
agulation and was significantly higher than that rate at 11 to 90 
days (3.6%/year) and >90 days (1.9%/year) (p < 0.001). In 
mitral valve recipients, the rate during the first 10 days 
(55%~year) was significantly higher than that at 11 to 90 days 
(10%/year) (p < 0.007), and the latter was significantly higher 
than the rate after 90 days (2.4%/year) (p = 0.006). By 
multivariate Cox model analysis, the risk of thromboembolism 
increased with mitral valve location, lack of anticoagulation, 
age and history of thromboembolism (Table 4). Aspirin and 
dipyridamole were also evaluated in this model, and neither 
was associated with a reduced risk of thromboembolism. Valve 
type did not significantly change the risk of thromboembolism. 
Factors not significant in these patients but associated with 
thromboembolism in other studies include atrial fibrillation, 
year of operation, atrial size, presence of coronary artery 
disease and functional class. 

Figure 3 shows the Kaplan-Meier curves for the incidence 
of thromboembolism for each valve location. The probability 
of freedom from a thromboembolic event at 5 years was 89% 
for patients with aortic, 85% for mitral and 95% for double 
valve replacement. 

Bleeding events. One hundred eleven patients (2.3%/year) 
had a bleeding event. Risk factors associated with a bleeding 
event were anticoagulation and increased age (Table 4). The 
linearized rates of bleeding (%/year) for patients with (with- 
out) anticoagulation were 6.2 (1.6), 2.7 (1.1) and 4.5 (1.9) per 
patient-year for aortic, mitral and double valve replacement, 
respectively. Bleeding sites, complications and treatment at the 
time of the event are presented in Table 5. Fifty-one percent of 
these bleeding events were gastrointestinal. Blood transfusions 

were required in 54% of patients. Of 32 patients with a first 
bleeding event, 13 died as a result of cerebral bleeding, and 
fatal or nonfatal cerebral bleeding occurred in 19. Four 
patients died as a result of a second bleeding event. Kaplan- 
Meier curves for bleeding by valve location were similar (data 
not shown). At 5 years, the probabilities of freedom from a 
bleeding complication were 89%, 89% and 86% for patients 
with aortic, mitral and double valve replacement, respectively. 

Antieoagulation. Table 1 shows the proportion of patients 
treated with anticoagulant agents at each of the three intervals 
before any thromboembolic event (at least 1 day). During the 
first 10 days after operation, 52% to 70% of prothrombin times 
were < 1.5 × control. Patients who had aortic and mitral valve 
replacement and who were treated with anticoagulant agents 
had a similar prevalence of atrial fibrillation, previous throm- 
boembolism and left atrial dimensions to those without anti- 
coagulation. However, mitral valve recipients with anticoagu- 
lation for up to 90 days had a higher prevalence of atrial 

Figure 2. Linearized rates of thromboembolic events by anticoagula- 
tion (AC) status and days after operation. 
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TABLE 3. Multivariate Analysis With Poisson Regression Techniques
Major Embolism Total Embolism

Rate Ratiot 95% Clt Rate Ratiot 95% Cl*
No anticoagulation 3.7 2.5-5.6 5.6 4.2-7.5
Antiplatelet treatment 1.9 1.3-2.9 4.8 3.8-6.0
Cumarin+antiplatelet 1.3 0.9-2.0 1.4 1.0-1.8
Cumarin 1.0* ... 1.0* ...

Mitral position 1.8 1.4-2.2 2.4 2.0-2.8
Aortic and mitral positions 1.9 1.3-2.7 1.9 1.4-2.5
Aortic position 1.0* ... 1.0*
Tilting disk valves 0.7 0.5-1.0 0.7 0.5-0.9
Bileaflet valves 0.6 0.4-0.9 0.5 0.4-0.7

Caged ball valves 1.0* ... 1.0* ...

*Reference category.
tincidence rate ratios for major and total embolisms are shown for different treatment regimens, valve positions,

and valve types. The rate ratio may be interpreted as the risk relative to the reference category, with its
corresponding 95% confidence interval (Cl).
*A 95% Cl that does not include unity denotes statistical significance at the .05 level.

cidence of major embolism of 1.0 (95% CI, 1.0 to 1.1)
per 100 patient-years with cumarin therapy compared
with the incidence of 4.0 (95% CI, 2.9 to 5.2) without, as
was found with univariate analysis (Table 2).

Antiplatelet therapy was associated with a twofold
higher risk of major embolism than cumarin therapy, as
we also found in univariate analysis. Cumarin deriva-
tives combined with antiplatelet therapy did not appear
to be superior to cumarin therapy alone (the 95% CI
includes 1, the rate ratio of the reference group).

Position of the Valve
Unfortunately, in the studies in which no antithrom-

botic treatment or antiplatelet treatment only was given,
it was not possible to analyze separately for the aortic
and mitral positions with univariate analysis because in
most studies, either an aortic valve was used or the
position of the valve was not stated at all. However, in
the studies in which the patients were treated with
cumarin derivatives, the position of the valve was stated
often enough to calculate incidence rates for the differ-
ent valve positions (Table 4). The incidence rate of the
mitral valve compared with that of the aortic valve was
five times as high for valve thrombosis and about 1.5
times as high for embolism. With multivariate analysis,
the effect of the position of the valve was similar as with
univariate analysis (Table 3), ie, a higher risk for the
mitral position.

Valve Model
We defined three broad categories of valve models:

the caged ball types (Starr-Edwards and Smeloff-Cut-
ter), the tilting disc valves (Bjork-Shiley, Medtronic-
Hall, Lillehei-Kaster, Omniscience, Omnicarbon, and
Bicer), and bileaflet valves (St Jude and Duromedics).

In the studies in which no anticoagulation was given,
the most commonly used valve type was the Starr-
Edwards ball valve. No difference in the incidence of
either thrombosis or embolism was found between the
Starr-Edwards and other valve models (all in aortic
position). The same applied for the antiplatelet group.
In the cumarin treatment group, no differences between
the different valve types could be demonstrated.
However, using multivariate analysis to adjust for

other variables, we found a higher risk for the caged ball
valves compared with the tilting disk and bileaflet valves
(Table 3). In this analysis, we also included the studies
in which the position or the model of the valve was not
stated or in which a mixture was used. Since the
outcome of the analysis has no meaning for these
groups, these results are not reported. They had to be
included in the analysis, however, in order to use all
information on the other variables optimally.
We performed a subgroup analysis within the caged

ball valve studies to examine a possible difference
between cloth-covered and non-cloth-covered valves.
With multivariate analysis, we found a rate ratio of

TABLE 4. Incidence Rates of Valve Thrombosis and Major and Total Embolisms With
Cumarin Therapy: Effect of Valve Position

Incidence Rates per 100 Patient-Years (95% Confidence Intervals)

Valve Position Valve Thrombosis Major Embolism Total Embolism*
Aortic 0.1 (0.1-0.2) 0.8 (0.7-0.9) 1.1 (1.0-1.3)
Mitral 0.5 (0.3-0.7) 1.3 (1.1-1.5) 2.7 (2.3-3.0)
Both 0.4 (0.2-0.7) 1.4 (1.0-1.9) 2.1 (1.6-2.7)

*This category includes all reported incidences (valve thrombosis, major embolism, and minor
embolism). S.C. Cannegieter; Thromboembolic and Bleeding Complications in Patients  

With Mechanical Heart Valve Protheses. Circulation 1994; 89(2):635-641

ワーファリン治療後、塞栓症のリスク 
　大動脈弁置換術後：0.8％/100人年 
　僧帽弁置換術後：1.3%/100人年
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　-　ワーファリン治療することにより、 
　　  75%塞栓症のリスクを減少させることができる。 

　-　抗凝固薬内服しなかった場合、塞栓症リスク4.0%。 
　-　塞栓症リスクは、置換術直後が高い。 
　-　大動脈弁置換術後は僧帽弁置換術後と比較し、 
　　  塞栓症のリスクは低い。　　　　



Clinical Question
⒈　PT-INRの目標値は？ 
　→ACC/AHA:2.0-3.0,  ESC:2.5-3.5(リスクなしの場合) 

⒉　抗凝固薬なしで塞栓症のリスクは 
　　どの程度増えるのだろうか？ 
　→3.0%/100人年分増える。 

⒊　大動脈弁置換術と僧帽弁置換術で 
　　塞栓症のリスクは違うのか？ 
　→大動脈弁置換術後の方がリスクが少ない。



患者への適応

　本症例は、PT-INR 2.5であり、内視鏡での止血も 
　成功したため、薬剤でのリバースは行わず 
　経過観察とした。 

　その後2nd lookを行い、 
　止血されていることを確認した上で 
　ワーファリンを再開した。 
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