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ABSTRACT

Introduction: Patients with mechanical heart valve prosthe-
ses are obligated to receive lifelong oral anticoagulant therapy 
to prevent thromboembolic complications; however, this treat-
ment is associated with an increased risk of bleeding. The aim of 
this study was to evaluate the frequency of major hemorrhagic 
and thromboembolic complications in patients with mechani-
cal heart valves who received oral anticoagulant therapy.

Materials and Methods: The analysis involved 225 
patients who underwent successful surgery in 2000; the mean 
(±SD) follow-up period was 43.3 ± 9.2 months. Aortic, mitral, 
and double valve replacement was performed in 128 (56.7%), 
70 (31.1%), and 27 (12.1%) of the patients, respectively. There 
were 128 men (57.3%), and the mean patient age was 57.9 ± 
18.8 years. The following data were assessed: rate of major 
hemorrhagic and thromboembolic complications, frequency 
of international normalized ratio (INR) rate measurements, 
and percentage of results within the therapeutic range.

Results: Major hemorrhagic and thromboembolic com-
plications occurred in 25 patients (11.1%). Seventeen patients 
(7.5%) survived, and 8 (3.6%) died of the complications. 
Major hemorrhagic and thromboembolic complications 
occurred in 17 patients (7.6%) and 8 patients (3.6%), respec-
tively. The mean time between sequential measurements was 
4.3 ± 3.0 weeks, and of all the INR values collected, 42.4% 
were within, 31.3% were below, and 26.3% were above the 
target ranges.

Conclusions: Patients with a mechanical heart valve pros-
thesis receiving acenocoumarol are susceptible to major hem-
orrhagic and thromboembolic complications, some of which 
lead to death. Despite the danger related to these complica-
tions, patients receiving anticoagulant therapy still have dif-
fi culty achieving INR values within the therapeutic range.

INTRODUCTION

Many of the problems associated with heart valve 
replacement have been eliminated through 4 decades of 

incremental improvements in the materials, design, and 
manufacture of prostheses, in surgical techniques, and in 
postoperative management. Patients with mechanical heart 
valve prostheses are obligated to receive lifelong oral anti-
coagulant therapy to prevent thromboembolic complica-
tions, but this treatment is associated with an increased risk 
of bleeding [Cannegieter 1995]. Despite advances in tech-
nology and perioperative care, thromboembolic and hem-
orrhagic complications are still associated with a signifi cant 
rate of postoperative mortality and morbidity and remain 
an unresolved problem [Horskotte 1993a]. Although oral 
anticoagulation with coumarin derivatives has been used 
therapeutically for 60 years [Link 1959] and for 40 years 
in patients with prosthetic heart valves, there are still only 
a limited number of publications concerning the problem 
of thromboembolic and hemorrhagic complications after 
heart valve replacement. Whereas studies on the design 
of drug therapy are published regularly, publications con-
cerning the fi eld of related heart valve diseases and the 
most common dangers have been extremely rare thus far 
[VA 1985]. In many areas of patient management after 
valve surgery, randomized trials and meta-analyses do not 
exist. The few randomized trials that do exist are narrowly 
focused with small numbers, have limited general applica-
bility, and do not lend themselves to meta-analysis because 
of widely divergent methodologies and patient character-
istics [Butchart 2005]. The defi nition, classifi cation, and 
occurrence of thromboembolic and hemorrhagic complica-
tions in patients with artifi cial heart valve prostheses are 
different in many studies.

The scope of the problem and the number of mechani-
cal heart valves implanted in Poland are inestimable. The 
fi rst prosthetic valve implanted in Poland was in 1964 
[Dziatkowiak 2006]. Despite the growing number of patients 
with mechanical heart valve prostheses, thromboembo-
lic and hemorrhagic complications are largely ignored. 
According to data from the Registry of the Club of Polish 
Cardiac Surgeons, 3365 heart valve replacements and 1619 
heart valve replacements concomitant with coronary artery 
bypass grafting (CABG) were performed in Poland in 2005 
[Raport 2006].

In our study, we have observed the occurrence of major 
hemorrhagic and thromboembolic complications in patients 
after mechanical heart valve replacement. In the following 
sections, we assess the frequency of international normalized 
ratio (INR) measurements and the adequacy of anticoagula-
tion therapy within the therapeutic range.
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MATERIALS AND METHODS

Study Population
The study population consisted of 225 patients who under-

went at least one successful mechanical valve replacement at 
the Department of Cardiac Surgery and Transplantology 
in the Silesian Center for Heart Disease, Zabrze, Poland, 
between January and December 2000.

Aortic, mitral, and double valve (aortic plus mitral) replace-
ments were performed in 128 (56.9%), 70 (31.1%), and 

27 (12%) of the patients, respectively. Associated procedures 
were performed in 56 patients (24.9%), including CABG in 
46 patients (20.4%) and tricuspid annuloplasties in 10 patients 
(4.4%). The mean age (±SD) of the 225 patients at the time 
of their procedure was 53.7 ± 18.8 years, and 128 (57.3%) of 
them were men. Other baseline characteristics of the patients 
are summarized in Table 1.

Intensity of Oral Anticoagulation
All 225 patients with mechanical prosthetic heart valves 

received oral anticoagulant therapy with acenocoumarol. 
Treatment was usually initiated on the second postoperative 
day after chest tube removal. Anticoagulation intensity was 
measured by the INR. Patients with aortic valve replacement 
(AVR) without atrial fi brillation were generally advised to 
maintain an INR between 2.0 and 3.0. Patients with mitral 
valve replacement (MVR) and atrial fi brillation were gener-
ally prescribed to maintain an INR within the range of 2.5 to 
3.5. Patients after an additional CABG procedure received 
an oral anticoagulant and aspirin, usually at a dosage of 
75 or 150 mg/d. After patient discharge from the hospital, 
oral anticoagulation was administered by general practitio-
ners, internists, or, less frequently, cardiologists or cardiac 
surgeons.

Follow-up
The mean follow-up period was 43.3 ± 9.2 months 

(range, 1-52 months). Follow-up data were gathered from 
medical and hospital records, physician and cardiologist/
cardiac surgeon records, and direct telephone interviews 
with patients and relatives. Patients without telephones 
were asked to complete a questionnaire and return it 
by mail. All patients were requested to send copies of 
additional information about hospital admission (such 
as discharge letters) and the results of the last 10 INR 
measurements.

Figure 1. Incidence of major hemorrhagic and thromboembolic complications in 225 patients after mechanical valve replacement.

Table 1. Baseline Clinical Characteristics of the Patients*

Characteristic

NYHA class 2.6 ± 0.8

Duration of symptoms, mo 53.4 ± 64

LVEF 44% ± 8.9%

Atrial fi brillation, n 45 (20%)

Previous stroke, n 9 (4%)

Previous myocardial infarction, n 17 (7.6%)

Diabetes mellitus, n 19 (8.4%)

Hypertension, n 85 (37.8%)

Cigarette smoking, n 70 (31.1%)

Mean BMI, kg/m2 28.4

Hypercholesterolemia, n 21 (9.3%)

*Data for New York Heart Association (NYHA) class, duration of 
symptoms, and left ventricular ejection fraction (LVEF) are presented as the 
mean ± SD. BMI indicates body mass index; diabetes mellitus, fasting glucose 
>126 mg% or normal on hypoglycemic therapy; hypertension, blood pres-
sure >140/90 mm Hg or controlled with hypotensive therapy; cigarette 
smoking, current or stopped for <1 year; hypercholesterolemia, cholesterol 
level >200 mg%.
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Defi nitions of Major Hemorrhagic and Thromboembolic 
Complications

The main outcome variables were hemorrhagic and 
thromboembolic complications during the follow-up period. 
Major hemorrhagic complications comprised the following: 
(1) cerebral bleeding as determined by computed tomogra-
phy (CT) scan or postmortem examination; (2) overt gas-
trointestinal bleeding; (3) occult gastrointestinal bleeding 
if endoscopic studies were performed; (4) retroperitoneal 
bleeding documented by CT scan; (5) ocular bleeding with 
blindness; and (6) bleeding that reduced the hemoglobin 
concentration by 2 g/dL or that required the transfusion of 
≥2 units of blood.

Major thromboembolic complications included the follow-
ing: (1) cerebral embolism, defi ned as an unexpected neurologic 
or visual defi cit, either transient (transient ischemic attack, ie, 
totally reversible in <24 hours; or reversible ischemic neuro-
logic defi cit, ie, totally reversible within 3 weeks) or permanent 
(complete stroke), with cerebral hemorrhage excluded by CT 
scan; (2) peripheral embolism, defi ned as the occurrence of an 
acute ischemia caused by arterial embolism, as determined by 
angiography or surgery; (3) visceral embolism, defi ned as an 
acute occlusion of a visceral artery as determined by angiog-
raphy or postmortem exam; (4) coronary embolism, defi ned 
by an acute myocardial infarction (typical electrocardiographic 
changes and elevated cardiac enzymes) in patients with normal 
arteries, as previously determined by angiography; and (5) valve 
thrombosis, as determined by 2-dimensional cardiac ultrasound 
or surgery in a patient with a previously normal echocardio-
gram. All complications that occurred during hospitalization 
that were due to a different therapeutic or diagnostic procedure 
were excluded.

Frequency of INR Measurements and Adequacy of Antico-
agulation Treatment

The information regarding the frequency of INR mea-
surement was obtained from telephone interviews and mail-in 

questionnaires. The adequacy of anticoagulation treatment 
was evaluated from medical records and the results of the last 
10 INR measurements sent in by the patients.

Statistical Analysis
Values were expressed as mean ± SD unless otherwise 

indicated.

RESULTS

Of the 225 study participants, 23 (10.2%), including 
10 women, died during the mean follow-up period of 43 ± 
9.2 months: 14 with MVR, 8 with AVR, and 1 with double 
valve replacement (DVR). Eight of the dead patients had 
undergone concomitant CABG and were taking an oral anti-
coagulant and aspirin after surgery. Causes of death are pre-
sented in Table 2.

Among the 225 patients, major hemorrhagic 
and thromboembolic complications occurred in 25 
patients (11.1%), including 11 women. Seventeen 
(7.5%) of these patients survived, and 8 (3.6%) died 
from these complications (Figure 1). Major hemor-
rhagic and thromboembolic complications occurred in 
17 patients (7.6%), and 8 patients (3.6%), respectively.

The types of hemorrhagic and thromboembolic complica-
tions, for both the living and dead patients, are shown in Table 3.

The frequency of INR measurements and the adequacy of 
anticoagulant treatment were assessed only for the surviving 
patients. The mean time between 2 measurements was 4.3 
± 3.0 weeks. Of all the INR values collected, 42.4% were 
within, 31.3% were below, and 26.3% were above target 
ranges. The distribution of INR value ranges is shown in 
Figure 2.

Oral anticoagulation was administered mainly by general 
practitioners and internists; on rare occasions they were admin-
istered by cardiologists and cardiac surgeons. The mean time 
between 2 visits to the cardiologist was 5.7 ± 5.2 months.

Table 2. Cause of Death in 23 Patients*

Cause of Death MVR (n = 14), n AVR (n = 8), n DVR (n = 1), n Total (N = 23), n

Cerebral bleeding 3 3 (1) — 6

Dysfunction of prosthetic valve 3 — — 3

Sudden cardiac death 2 (1) — 1 3

Infective endocarditis 2 (1) — — 2

Pulmonary embolism 1 1 (1) — 2

Congestive heart failure — 2 (1) — 2

Neoplasm — 2 (1) — 2

Trauma 1 — — 1

Peritonitis 1 (1) — — 1

Unknown 1 (1) — — 1

*Parentheses indicate number of patients treated with oral anticoagulant and aspirin. MVR indicates mitral valve replacement; AVR, aortic valve replacement; 
DVR, double valve replacement.



Complications in Patients with Mechanical Heart Valves Receiving Oral Anticoagulant Th erapy—Trzeciak et al

E83© 2010 Forum Multimedia Publishing, LLC

DISCUSSION

Hemorrhagic and thromboembolic complications are one of the 
main causes of morbidity and mortality in patients after mechani-
cal valve replacement [Cortelazzo 1993; Horskotte 1993a, 1993b; 
Cannegieter 1995; Acar 1996; Aris 1996; Fiore 1998; Massel 2001; 
Butchart 2002; Ansell 2004; Levine 2004]. The number of clini-
cal studies that assessed bleeding and thromboembolic compli-
cation rates in patients with a mechanical heart valve prosthesis 
is limited [VA 1985; Cortelazzo 1993; Horskotte 1993a, 1993b; 
Cannegieter 1995; Acar 1996; Aris 1996; Fiore 1998; Massel 2001; 
Butchart 2002; Ansell 2004; Levine 2004]. The intensity of the 
target anticoagulation level is different for many of these studies, 
and the defi nitions of major hemorrhagic and thromboembolic 
complications are inconsistent [VA 1985; Saour 1990; Cortelazzo 
1993; Horskotte 1993a, 1993b; Turpie 1993; Acar 1996; Altman 
1996; Aris 1996; Meschengieser 1997; Pengo 1997; Fiore 1998; 
Massel 2001; Butchart 2002; Van Nooten 2003; Ansell 2004; 
Levine 2004]. The reader must be aware of these discrepancies 
when interpreting the results from these clinical studies.

Saour et al [1990] randomized patients to receive either 
warfarin therapy at a target INR of 2.65 or very high–
intensity warfarin therapy (target INR, 9.0). The rate of major 
bleeding during a 3.5-year follow-up period in the former treat-
ment group was 3.3%, compared with 7.2% in the latter group 
(P = .27). In the trial conducted by Acar et al [1996], 380 patients 
were randomized for treatment with acenocoumarol at a target 
INR range of either 2.0 to 3.0 or 3.0 to 4.5. The rate of major 
bleeding over 2.2 years in the lower-intensity group was 9.0%, 
compared with 12.0% in the higher-intensity group (P = .29). 
Thromboembolic events occurred in 5.3% of the patients in 
the group with an INR of 2.0 to 3.0 and in 4.7% of the patients 
in the group with an INR of 3.0 to 4.5 (P = .78). In a trial con-
ducted by Pengo et al [1997], 205 patients were randomized 
to receive treatment with either warfarin or acenocoumarol at 
a target INR of 2.5 to 3.5 or 3.5 to 4.5, with a mean follow-
up period of 3 years. The rate of major bleeding was 3.8% in 
the former group, compared with 11% in the latter group (P = 

.019); the rate of thromboembolism episodes was 5.8% in the 
former group and 5.9% in the latter (P = not signifi cant [NS]). 
In our analysis, major hemorrhagic and thromboembolic com-
plications during a 3.6-year follow-up period occurred in 7.6% 
and 3.6% of the patients, respectively. It is worth noting that 
20.4% of the patients in our analysis were taking oral antico-
agulants in addition to aspirin. Because of nonoptimal control 
of anticoagulation and the high risk of hemorrhagic and throm-
boembolic complications, we signifi cantly reduced the number 
of mechanical heart valve prosthesis implantations in lieu of 
biological valves in the last years.

The addition of aspirin to vitamin K antagonists in antico-
agulation therapy after mechanical valve replacement has been 
investigated in a number of studies. In a blinded trial, Turpie 
et al [1993] compared warfarin (INR, 3.0 to 4.5) with warfarin 
combined with 100 mg of aspirin. The rate of major bleeding 
after 2.5 years of follow-up was 10.3% in the warfarin-alone 
group, compared with 12.9% in the warfarin-plus-aspirin group 
(P = .43). Major embolic complications occurred in 7.1% of the 
patients from the warfarin-alone group, compared with 2.7% 
of the patients in the warfarin-plus-aspirin group. Altman et al 
[1996] compared 2 different dosages of aspirin (100 mg/d versus 
650 mg/d) in patients receiving acenocoumarol at an INR of 
2.0 to 3.0 and followed the patients up for a mean of 24.1 and 
21.7 months, respectively. The rate of major bleeding in the 
lower-dose aspirin group was 7.2%, compared with 9.4% in the 
higher-dose group (P = .4). The incidences of systemic embo-
lism in the low- and high-dose aspirin treatments were 0.9% 
and 1.9%, respectively (P = NS). Meschengieser et al [1997] 
compared acenocoumarol alone (INR, 3.5 to 4.5) with a combi-
nation of acenocoumarol at a lower intensity (INR, 2.5 to 3.5) 
and 100 mg of aspirin. The rate of major bleeding after a median 
follow-up period of 23 months was 4.5% in the monotherapy 
group, compared with 2.3% in the combined-therapy group 
(P = .27). The incidence of embolism was 2.7% in the former 
group and 2.8% in the latter. Laffort et al [2000] compared treat-
ment with vitamin K antagonist alone (INR, 2.5 to 3.5) with a 
combination of a vitamin K antagonist and aspirin (200 mg/d) 

Table 3. Major Hemorrhagic and Thromboembolic Complications Occurring during the Follow-up Period*

Nonfatal, n Fatal, n Nonfatal + Fatal, n

Major Complications MVR AVR DVR Total, n MVR AVR DVR Total, n MVR AVR DVR All, n

Hemorrhagic

Cerebral bleeding — 3 (2) — 3 (2) 3 3 (1) — 6 3 6 (3) — 9 (3)

Gastrointestinal bleeding 1 6 (1) — 7 (1) — — — 1 6 (1) — 7 (1)

Bleeding requiring transfusion — 1 (1) — 1 (1) — — — — 1 (1) — 1 (1)

Thromboembolic

Cerebral embolism 2 (1) 3 1 6 (1) — — — 2 (1) 3 1 6 (1)

Valve thrombosis — — — — 2 — — 2 — — —

Peripheral embolism — — — — 1 1 (1) — 2 (1) 1 1 (1) — 2 (1)

Total 3 (1) 13 (4) 1 17 (5) 6 4 (2) — 10 (1) 7 (1) 17 (6) 1 25 (7)

*Parentheses indicate number of patients taking oral anticoagulant and aspirin. MVR indicates mitral valve replacement; AVR, aortic valve replacement; DVR, 
double valve replacement.
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for 1 year. The rate of major bleeding was 8.3% in the mono-
therapy group and 19.2% in the combined group (P = .02).

The most signifi cant factor infl uencing the frequency of 
hemorrhagic complications, the frequency of thromboembolic 
complications, and survival after prosthetic valve replacement 
is the adequacy of anticoagulant therapy. Butchart et al [2002] 
showed that high anticoagulation variability was the most impor-
tant independent predictor of reduced survival after mechanical 
valve replacement. Altman et al [1996] showed that anticoagu-
lant therapy was adequate in 70% of patients treated with an oral 
anticoagulant (with a target INR range of 2.0 to 3.0) and aspirin 
(at a daily dose of 100 mg). In these adequately treated patients, 
17% of the INR values were lower than the target range, and 
13% were higher. Meschengieser et al [1997] noticed that the 
adequacy of anticoagulant therapy (target INR, 3.5 to 4.5) in the 
third year of follow-up was only 37%, whereas 38% of the INR 
values were lower than the target range and 25% were higher 
[Meschengieser 1997]. In the Butchart et al study [2002], 75.5% 
of the INR values were within the target range. Of the 24.5% of 
the INR values that were outside the range, 12% were below and 
12.5% were above the therapeutic level [Butchart 2002]. In the 
study of Hering et al [2005], 90.2% of the total number of INR 
measurements made during the follow-up period were within 

the therapeutic INR range of 2.0 to 4.5, which is the lowest 
erratic INR ever published. In our retrospective study of all the 
INR values collected, 42.4% were within, 31.3% were below, 
and 26.3% were above the target range. It is worth noting that 
patients from these cited studies generally had their systematic 
INR controlled in clinical centers. The majority of our patients 
lived far away from the clinical center, and many of them could 
not receive frequent INR measurements. Poor INR control can 
explain why cerebral bleeding was the most common cause of 
death in our population.

Adequacy of anticoagulation therapy is strongly correlated 
with the frequency of INR measurements. Horskotte et al 
[1993a] specifi cally addressed this issue in a study of 200 patients 
with mechanical valves, in which the percentage of INRs within 
the target range varied from 48%, when monitoring occurred at 
a mean interval of 24 days, to 89%, when monitoring occurred 
at a mean interval of every 4 days. In our study, the mean time 
between sequential measurements was 3.4 ± 5.9 weeks.

To improve the management of patients taking oral anticoag-
ulants, some countries offer anticoagulation clinics [Landefeld 
1989; Cortelazzo 1993; Bussey 1996; Chiquette 1998]. 
Cortelazzo et al [1993] assessed the incidence of thromboem-
bolic events and major hemorrhagic complications in patients 

Figure 2. Distribution of values for the international normalized ratio (INR) based on the last 10 INR measurements.
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with a mechanical heart valve prosthesis before and after 
enrollment at an anticoagulation clinic. The incidence of 
major hemostatic complications was signifi cantly lower when 
patients attended the clinic: 1.0% versus 4.9% per patient-
year for hemorrhage and 0.6% versus 6.6% per patient-year 
for thrombosis. These differences were due to 3 main factors: 
better regulation of the oral anticoagulant dosage, continuous 
patient education, and early identifi cation of clinical risk fac-
tors for thrombosis and hemorrhage. More than 70% of the 
patients were maintained in the therapeutic range of antico-
agulation [Cortelazzo 1993].

In summary, patients with mechanical heart valve prostheses 
treated with acenocoumarol are susceptible to major hemorrhagic 
and thromboembolic complications, some of which lead to death. 
Despite the risk of complications, patients still have diffi culty 
achieving INR values within the therapeutic range. To reduce 
the incidence of hemorrhagic and thromboembolic events, we 
hypothesize that patients may require more frequent INR con-
trol; however, our assertion requires further investigation.

]REFERENCES

Acar J, Jung B, Boissel JP, et al. 1996. AREVA: multicenter randomized 
comparison of low-dose versus standard-dose anticoagulation in patients 
with mechanical prosthetic heart valves. Circulation 94:2107-12.

Altman R, Rouvier J, Gurfi nkel E, Scazziota A, Turpie AG. 1996. Com-
parison of high-dose with low-dose aspirin in patients with mechanical 
heart valve replacement treated with oral anticoagulant. Circulation 
94:2113-6.

Ansell J, Hirsh J, Poller L, Bussey H, Jacobson A, Hylek E. 2004. The 
pharmacology and management of the vitamin K antagonists. The sev-
enth ACCP conference on antithrombotic and thrombolytic therapy. 
Chest 126:204S-33S.

Aris A, Igual A, Padro JM, et al. 1996. The Spanish Monostrut Study 
Group: a ten year experience with 8,599 implants. Ann Thorac Surg 
62:40-7.

Bussey HL, Chiquette E, Amato M. 1996. Anticoagulation clinic care 
versus routine medical care: a review and interim report. J Thromb 
Thrombolysis 2:315-9.

Butchart EG, Gohlke-Barwolf C, Antunes MJ, et al. 2005. Recommen-
dations for the management of patients after heart valve surgery. Eur 
Heart J 26:2463-71.

Butchart EG, Payne N, Li HH, Buchan K, Mandana K, Grunkemeier 
GL. 2002. Better anticoagulation control improves survival after valve 
replacement. J Thorac Cardiovasc Surg 123:715-23.

Cannegieter SC, Rosendal FR, Wintzen AR, van der Meer FJM, Vanden-
broucke JP, Briet E. 1995. Optimal oral anticoagulant therapy in patients 
with mechanical heart valves. N Engl J Med 335:11-7.

Chiquette E, Amato MG, Bussey HI. 1998. Comparison of an anticoagu-
lation clinic with usual medical care. Arch Intern Med 158:1644-7.

Cortelazzo S, Finazzi G, Viero P, Remuzzi A, Parenzan L, Barbui T. 1993. 
Thrombotic and hemorrhagic complications in patients with mechanical 
heart valve prosthesis attending an anticoagulation clinic. Thromb Hae-
most 69:316-20.

Dziatkowiak AJ. 2006. Outlined history of the development of the world 
and Polish cardiac surgery. J Physiol Pharmacol 57(suppl 1):43-105.

Fiore AC, Barner HB, Swartz MT, et al. 1998. Mitral valve replacement: 
randomized trial of St. Jude and Medtronic Hall prostheses. Ann Thorac 
Surg 66:707-13.

Hering D, Piper C, Bergemann R, et al. 2005. Thromboembolic and 
bleeding complications following St. Jude Medical Valve replacement: 
results of the German experience with low-intensity anticoagulation 
study. Chest 127:53-9.

Horskotte D, Bergemann R, Althaus U, et al. 1993. German experience 
with low intensity anticoagulation (GELIA): protocol of a multi-center 
randomized, prospective study with the St. Jude Medical valve. J Heart 
Valve Dis 2:411-9.

Horskotte D, Schulte H, Bircks W, Strauer B. 1993. Unexpected fi ndings 
concerning thromboembolic complications and anticoagulation after 
complete 10 year follow up of patients with St. Jude prostheses. J Heart 
Valve Dis 2:291-301.

Laffort P, Roudaist R, Rogues X, et al. 2000. Early and long-term (one-
year) effects of the association of aspirin and oral anticoagulant on 
thrombi and morbidity after replacement of the mitral valve with the 
St. Jude medical prosthesis: a clinical and transesophageal echocardio-
graphic study. J Am Coll Cardiol 35:739-46.

Landefeld S. 1989. Major bleeding in outpatients treated with warfarin: 
incidence and prediction by factors known at the start of outpatient ther-
apy. Am J Med 87:144-52.

Levine MN, Raskob G, Beyth RJ, Kearon C, Schulman S. 2004. Hem-
orrhagic complication of anticoagulant treatment. The Seventh ACCP 
Conference on Antithrombotic and Thrombolytic Therapy. Chest 
126(suppl):287S-310S.

Link KP. 1959. The discovery of dicumarol and its sequels. Circulation 
19:97-107.

Massel D, Little S. 2001. Risks and benefi ts of adding anti-platelet 
therapy to warfarin among patients with prosthetic heart valves: a meta-
analysis. J Am Coll Cardiol 37:569-78.

Meschengieser SS, Fondevilla CG, Frontroth J, Santarelli MT, Laz-
zari MA. 1997. Low-intensity oral anticoagulation plus low-dose aspirin 
versus high-intensity oral anticoagulation alone: a randomized trial in 
patients with mechanical prosthetic heart valves. J Thorac Cardiovasc 
Surg 113:910-6.

Pengo V, Barbero F, Banzato A, et al. 1997. A comparison of a moder-
ate with moderate-high intensity oral anticoagulant treatment in patients 
with mechanical heart valve prostheses. Thromb Haemost 77:839-49.

[Raport]Raport Klubu Kardiochirurgów Polskich. 2006. Kardiochir i 
Torakochir Pol 3:108-9.

Saour JN, Sieck JO, Mamo LAR, Gallus AS. 1990. Trial of different 
intensities of anticoagulation in patients with prosthetic heart valves. N 
Engl J Med 322:428-32.

Turpie AG, Gent M, Laupacis A, et al. 1993. A comparison of aspirin 
with placebo in patients treated with warfarin after heart-valve replace-
ment. N Engl J Med 329:524-9.

[VA]VA Cooperative Study Group on Valvular Heart Diseases. 1985. 
Prognosis in valvular heart disease. I. Description of purpose, organiza-
tion, data collection techniques, estimates of statistical power and criteria 
for termination of patient entry. Control Clin Trials 6:51-74.

Van Nooten GJ, Van Belleghem Y, Caes F, et al. 2003. Lower-intensity 
anticoagulation for mechanical heart valves: a new concept with the ATS 
bileafl et aortic valve. J Heart Valve Dis 12:495-502.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


