
Achieved Anticoagulation vs Prosthesis
Selection for Mitral Mechanical Valve
Replacement
A Population-Based Outcome Study

Thierry Le Tourneau, MD; Vanessa Lim, MD; Jocelyn Inamo, MD;
Fletcher A. Miller, MD; Douglas W. Mahoney, MS; Hartzell V. Schaff, MD;
and Maurice Enriquez-Sarano, MD

Background: Thromboembolic events (TEs) are frequent after mechanical mitral valve replace-
ment (MVR), but their association to anticoagulation quality is unclear and has never been
studied in a population-based setting with patients who have a complete anticoagulation record.
Methods: We compiled a complete record of all residents of Olmsted County, MN, who underwent
mechanical MVR between 1981 and 2004, for all TE, bleeding episodes, and international
normalized ratios (INRs) measured from prosthesis implantation.
Results: In the 112 residents (mean [� SD] age, 57 � 16 years; 60% female residents) who
underwent mechanical MVR, 19,647 INR samples were obtained. While INR averaged
3.02 � 0.57, almost 40% of INRs were < 2 or > 4.5. Thirty-four TEs and 28 bleeding episodes
occurred during a mean duration of 8.2 � 6.1 years of follow-up. There was no trend of
association of INR (average, SD, growth variance rate, or intensity-specific incidence of events)
with TE. Previous cardiac surgery (p � 0.014) and ball prosthesis (hazard ratio �HR�, 2.92; 95%
CI, 1.43 to 5.94; p � 0.003) independently determined TE. With MVR using a ball prosthesis,
despite higher anticoagulation intensity (p � 0.002), the 8-year rate of freedom from TE was
considerably lower (50 � 9% vs 81 � 5%, respectively; p < 0.0001). Compared with expected
stroke rates in the population, stroke risk was elevated with non-ball prosthesis MVR (HR 2.6;
95% CI, 1.3 to 5.2; p � 0.007) but was considerable with ball prosthesis MVR (HR 11.7; 95% CI,
7.5 to 18.4; p < 0.0001). INR variability (SD) was higher with a higher mean INR value
(p < 0.0001). INR variability (HR 2.485; 95% CI, 1.11 to 5.55; p � 0.027) and cancer history
(p < 0.0001) independently determined bleeding rates.
Conclusion: This population-based comprehensive study of anticoagulation and TE post-MVR
shows that, in these closely anticoagulated patients, anticoagulation intensity was highly variable
and not associated with TE incidence post-MVR. Higher anticoagulation intensity is linked to
higher variability and, thus, to bleeding. The MVR-ball prosthesis design is associated with higher
TE rates notwithstanding higher anticoagulation intensity, and its use should be retired
worldwide. (CHEST 2009; 136:1503–1513)

Abbreviations: EF � ejection fraction; HR � hazard ratio; INR � international normalized ratio; INR-
average � international normalized ratio mean value; INR-interval � mean interval between consecutive international
normalized ratio tests; LV � left ventricle; MVR � mitral valve replacement; TE � thromboembolic event

M itral valve diseases are frequent,1 and, despite
repair attempts, mitral valve replacement (MVR)

is required in numerous patients.2 Thromboembolic
events (TEs) are frequent after mechanical MVR,3–6

particularly ischemic stroke,6,7 which results in poor
quality of life and excess mortality.7 The ascertain-
ment of TEs in tertiary care after MVR was often
retrospective and of uncertain quality.8 Conversely,

randomized trials4,9–12 enroll highly selected, often
low-risk patients.10 Thus, the TE rates reported may
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not reflect those incurred in the community, and both
those rates and the link to TE anticoagulation quality
have never been analyzed in a population-based study.
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The quality of anticoagulation is generally consid-
ered important in TE prevention after mechanical
valve replacement.13 While high-visibility studies14

suggested that TEs were exceptional with optimal
anticoagulation, TEs remain a major problem after
mechanical MVR,6 and their link to anticoagulation
quality remains controversial.7,10,14–19 Many stud-
ies3,7,9,10,18,20,21 have analyzed convenience samples
of mechanical MVR, but incomplete or sparse anti-
coagulation data have been usual. Furthermore,
anticoagulation regimens were assessed by the inten-
tion to treat and not by actual achieved results.22

Hence, clinical guidelines2,13,22–24 acknowledge scant
evidence supporting anticoagulation recommendations
and are remarkably discrepant (European vs American
guidelines) regarding the thrombogenicity of me-
chanical prostheses and the tailoring of the goals of
anticoagulation to patient and prosthesis.2,13,22,23

Therefore, we sought to evaluate the factors asso-
ciated with TEs in patients who have undergone
mechanical MVR in the population (not referral
practice) with a complete record of all TEs and of
the entire anticoagulation profile. We aimed at ana-
lyzing the link between TEs and the anticoagulation
achieved and the prosthesis type.

Materials and Methods

Subjects

This was a population-based study identifying retrospectively
all residents (� 10 years of age) in Olmsted County, MN, who
underwent mechanical MVR from 1980 through 2004. Patients
who underwent MVR elsewhere, four infants with MVR, and
those patients denying research authorization were excluded. The
study was approved by the Institutional Review Boards of the
Mayo Clinic and Olmsted Medical Group. Linkage between
county health-care providers25 allowed the detection of all events
with inpatient and outpatient records and the collection of all
anticoagulation data. Clinical data from 2006 to 2008 noted
before and after surgery by the physicians of these patients were
abstracted without alteration. During the study period, easy access
has consistently been available for anticoagulation assessment
throughout the county akin to that in anticoagulation clinics.

Follow-up and Events

Deaths were noted overall and were classified according to
current guidelines.26 The main end point was TEs, including
cerebral and peripheral embolic events. A secondary end point
was bleeding complications. TEs and bleeding were defined in
accordance with previous reports6,27,28 and current guidelines,26

along with a neurologic consultation to assess strokes. Bleeding
within 48 h of cardiopulmonary bypass was not taken into
account. Endocarditis, prosthesis dysfunction, and mitral valve
reoperation were also assessed.26

Anticoagulation Assessment

Complete data sets of coagulation tests from surgery to the last
follow-up were electronically downloaded or abstracted from all
providers. The achieved anticoagulation was expressed as an
international normalized ratio (INR). Prothrombin times were
converted to INR values using the appropriate international
sensitivity index. The main anticoagulation measures analyzed
were the INR mean value (INR-average), which was reflective of
anticoagulation intensity, the INR SD, which measured variabil-
ity, and the mean interval between consecutive INR tests (INR-
interval), which measured the frequency of testing. We also as-
sessed the variability of anticoagulation using the variance growth
rate methods described by Fihn and colleagues,29,30 the time spent
inside and outside the expanded therapeutic range of 2.0 to 4.5, and
the INR-specific incidence of events.14,31 These variables were
analyzed for the entire follow-up period in all patients, up to the time
of the event for those who had experienced events, or to the last
follow-up for those who had not experienced events.

Statistical Analysis

Group characteristics are summarized as the mean � SD or
percentage, and were compared using the Student t test, Mann-
Whitney U test, or �2 test. Logistic regression assessed early
postoperative (ie, within 30 days after surgery) events. Freedom
from TEs, bleeding, or valve-related complications were esti-
mated using the Kaplan-Meier method and were compared using
the log-rank test. Univariate and multivariate associations of
patient characteristics with end points used the Cox proportional
hazards models. Because of sample size, we restricted explana-
tory variables to the following: patient characteristics (atrial
fibrillation, atherosclerosis, history of cancer for bleeding events,
left ventricle [LV] ejection fraction [EF], and preoperative
embolism); surgical characteristics (previous cardiac surgery,
MVR ball prosthesis or non-ball prosthesis MVR, and aortic valve
replacement); and anticoagulation characteristics. The stroke
rates observed were compared with county-expected rates
(matching for age, sex, and rhythm).32 Candidate predictors with
p � 0.20 were entered into multivariate models adjusted for age
and sex. A p value � 0.05 was considered statistically significant.

Results

Population Characteristics

Baseline characteristics of 112 residents of Olm-
sted County who underwent mechanical MVR dur-
ing the study period are shown Table 1. Etiology was
rheumatic in 69 patients (62%), prolapse in 15 patients,
endocarditis in 8 patients, functional regurgitation in 10
patients, and prosthesis dysfunction in 10 patients.
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MVR used a ball prosthesis (Starr-Edwards) in 37
patients and a non-ball prosthesis in 75 patients
(single-disk in 6 patients; bileaflet in 69 patients).
The mean MVR prosthesis size was 29.6 � 2.6 mm
(range, 23 to 34 mm). Associated mechanical aortic
valve replacement was performed in 41 patients
(37%), and coronary bypass was performed in 23
patients (21%). The mean prosthetic gradient was
4.8 � 1.9 mm Hg.

Mortality

Six patients died during the first 30 days after
surgery (5.4%). The duration of follow-up averaged
8.2 � 6.1 years (up to 26 years) for 109 patients
surviving the operative day. Overall, 61 deaths oc-
curred during follow-up, with a mean 8-year survival
rate of 60 � 5%. Death was cardiac related in 38
patients (62%) and MVR related in 19 patients (TEs,
5 patients; bleeding, 6 patients; and miscellaneous, 8
patients). The mean 8-year rate for freedom form
MVR-related death was 85.3 � 3.6%. The linearized
rate of MVR-related death was 2.1% (range, 1.3% to
3.3%) per 100 patient-years overall, and 1.5% (range,
0.8% to 2.6%) per 100 patient-years after 30 days.

Anticoagulation Quality

After surgery, 19,647 INRs were measured in 109
patients (180 � 129 measurements per patient;
range, 6 to 534 measurements). Analyzing all INRs
in categories demonstrated that only 61.5% of mea-

surements were inside an extended therapeutic
range of 2.0 to 4.5 (based on the interpretation of
Cannegieter et al14), and variability (INR SD) was
considerable (Fig 1). Anticoagulation is summarized
Table 2. Patients with higher INR-average values
displayed higher variability (INR SD, 1.18 � 0.27 vs
1.65 � 0.41, respectively [for INR-average � 3.5
and � 3.5, respectively]; p � 0.0001). INR-average
was similar with and without postoperative atrial
fibrillation (p � 0.39), LV EF � 50% (p � 0.84), or
associated aortic valve replacement (p � 0.33).
Twenty-six patients received aspirin (with antico-
agulation) with INRs identical to those not receiv-
ing aspirin (p � 0.77). Patients with MVR with a
ball prosthesis had a higher mean INR-average than
those with MVR with a non-ball prosthesis
(3.22 � 0.66 vs 2.85 � 0.53, respectively; p � 0.002)
and a higher mean INR SD (1.42 � 0.48 vs
1.21 � 0.33, respectively; p � 0.01), but the mean
INR-interval was similar (21.3 � 20.4 days vs
17.5 � 17.9 days, respectively; p � 0.34).

TEs After Mechanical MVR

Thirty-four patients (31%) had experienced TEs,
and the first event was ischemic stroke in 27 patients,
coronary embolism in 4 patients, MVR thrombosis in
2 patients, and mesenteric embolism in 1 patient. TE
number and INR-specific incidence rates are de-
picted in Figure 2 (left) according to each INR
category. Linearized TE rates are stratified by post-
operative period (Table 3). Compared with the rates

Table 1—Characteristics of the Entire Patient Population (n � 112) and After Stratification According to the
Occurrence of a TE During Follow-up in the 109 Patients Who Survived Surgery

Variables
All Patients
(n � 112)

Patients Without TE
(n � 75)

Patients With TE
(n � 34) p Value

Clinical characteristics
Age, yr 57 � 16 57 � 17 57 � 15 0.99
Female gender 67 (60) 48 (62) 19 (60) 0.58
Atrial fibrillation 45 (40) 32 (41) 13 (38) 0.78
NYHA class 3–4 78 (70) 53 (68) 25 (74) 0.56
BMI, kg/m² 27 � 6 27.1 � 6.4 26.5 � 4.7 0.62
Hypertension 66 (59) 45 (58) 21 (62) 0.69
Diabetes mellitus 26 (23) 18 (23) 8 (24) 0.99
Coronary artery disease 57 (51) 39 (50) 18 (53) 0.78
Atherosclerosis lesions 69 (62) 46 (59) 23 (68) 0.41

Preoperative echocardiography
LV end-diastolic diameter, mm 52 � 9 52 � 9 53 � 9 0.80
LV EF, % 58 � 12 59 � 12 56 � 11 0.28
LV EF � 50% 28 (25) 16 (21) 12 (35) 0.10
Left atrial diameter, mm 54 � 10 54 � 10 54 � 10 0.72
Surgery
Previous cardiac surgery 41 (37) 23 (30) 18 (53) 0.021
Mitral ball prosthesis 37 (33) 16 (21) 21 (62) � 0.0001
Aortic valve replacement 41 (37) 29 (37) 12 (35) 0.99
Coronary artery bypass grafting 23 (21) 17 (22) 6 (18) 0.62

Values are given as the mean � SD or No. (%), unless otherwise indicated. NYHA � New York Heart Association.
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of stroke expected in the general county population,
patients with mechanical MVR displayed excess risk
with an observed ischemic stroke/expected ischemic
stroke hazard ratio (HR) of 5.7 (range, 3.9 to 8.4);
p � 0.0001).

Determinants of TE After MVR

Table 1 shows baseline characteristics between
patients with and without TEs, and most were
identical. Among the variables selected as candi-
date predictors, few patient characteristics showed
trends toward univariate Cox-proportional hazard
association to TE (LV EF � 50%, p � 0.029;
atherosclerosis lesion, p � 0.11). Among operative
characteristics, previous cardiac surgery (p �
0.003) and ball-valve prosthesis (p � 0.002) were
associated with TEs. Atrial fibrillation (p � 0.5) and
aortic valve replacement were not associated with
TEs (p � 0.26).

Individual values of INR-average and INR SD
(Fig 3) show considerable overlap between those

patients with and without TEs. A comparison of INR
characteristics up to the time of the TEs or to the last
follow-up (Fig 4) shows no difference between those
patients with and without TEs. Aspirin therapy was
not different between those with and without TEs
(p � 0.42). Anticoagulation characteristics stratified
by TE occurrence are summarized in Table 2. There
was also no difference in any anticoagulation char-
acteristics up to the time of an event, particularly the
INR variance-growth rates and the percentage of
time spent within the 2 to 4.5 range between patients
with and without TEs. There was also no difference
between patients with and without TEs, even when
the last year or the last INR before TEs were
considered. The mean INR on the day of TEs was
3.23 � 1.90, which was not different from the re-
mainder of INRs (p � 0.83).

Independent predictors of TEs (Table 4) were
atherosclerosis (p � 0.055), previous cardiac surgery
(p � 0.014), and MVR ball prosthesis (HR, 2.92;
95% CI, 1.43 to 5.94; p � 0.003). Adjusting for age,
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Figure 1. Anticoagulation variability in the entire patient population. A: distribution of all of INRs
during long-term follow-up after mechanical MVR surgery. Note that almost 40% of INRs were outside
of the extended therapeutic range. B: distribution of INR SD showing that most patients displayed a
high variability of INR, reflecting a high variability of anticoagulation intensity.
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sex, previous cardiac surgery (HR, 2.49; 95% CI,
1.22 to 5.08; p � 0.012), and MVR ball prosthesis
(HR, 2.96; 95% CI, 1.45 to 6.06; p � 0.003) inde-
pendently predicted TEs. TE rates stratified by
MVR with ball prosthesis and non-ball prosthesis
are shown in Table 5. MVR ball prosthesis was also
independently predictive of late (ie, � 30-day)
TEs or ischemic stroke (Table 4). A comparison of
observed ischemic stroke rates vs expected isch-
emic stroke rates in the Olmsted County popula-
tion showed moderate excess risk for MVR without
ball prosthesis (HR, 2.6; 95% CI, 1.3 to 5.2;
p � 0.007) but considerable excess risk for MVR
with ball prosthesis (HR, 11.7; 95% CI, 7.5 to 18.4;
p � 0.0001).

No anticoagulation measure, including the variance-
growth rate,29,30 independently predicted TEs, TEs
at � 30 days, or ischemic stroke even after stratifi-
cation by whether a ball prosthesis and non-ball
prosthesis was used in MVR (all p � 0.30). Further-
more, there was no statistical interaction MVR type
and anticoagulation characteristics for TE rates (all
p � 0.29) TE INR-specific incidence rates (ratio of
events to time spent within 0.5 INR increments)
showed no significant differences in TEs according
to anticoagulation intensity (p � 0.18) [Fig 2, left].
TE rates according to INR SD, INR-average, and
patient-prosthetic characteristics (previous cardiac
surgery and MVR ball prosthesis) are shown in
Figure 5.

Bleeding and Other Events

Bleeding occurred in 28 patients (26%) [Table 3]
during follow-up, only 1 bleeding event (0.9%) oc-
curring before the 30-day follow-up. Bleeding num-
ber and rates are depicted in Figure 2 according to
each INR category. Bleeding rates overall and
stratified by postoperative period are shown Table
3. Up to the time of the event or at the last
follow-up, there was no difference between pa-
tients with and without bleeding regarding mean
INR-average (3.16 � 0.69 vs 2.95 � 0.62, respec-
tively; p � 0.16), but there was increased variabil-
ity (INR SD) [1.49 � 0.41 vs 1.26 � 0.42, respec-
tively; p � 0.025]. In multivariate analysis (Table
4), INR SD (p � 0.027) and a history of cancer
(p � 0.0001) independently predicted bleeding,
even after adjustment for age and sex. In Figure 4B
and D, the INR-average and INR SD values are
shown according to the occurrence of bleeding.
Bleeding INR-specific incidence rates (ie, the ratio
of events to time spent within the 0.5 INR incre-
ments) showed no significant differences according
to anticoagulation intensity (p � 0.48) [Fig 2, right].

Other MVR complications included eight patients
with periprosthetic leaks, four patients with endocardi-
tis, and seven reoperations. Overall, 56 patients expe-
rienced at least one MVR-related complication, with a
mean 8-year freedom from MVR-related complication
of 44 � 6%. When these events were stratified accord-

Table 2—Anticoagulation in the Entire Population and After Stratification According to Occurrence of TEs

Variables All Patients Patients Without TE Patients With TE p Value

Entire follow-up
INR-average 3.02 � 0.57 2.96 � 0.61 3.16 � 0.57 0.11
INR SD 1.32 � 0.41 1.25 � 0.36 1.46 � 0.48 0.016
INR-interval, d 19.3 � 17.6 18.7 � 17.4 20.6 � 18.4 0.62

First 30 d
INR-average 2.57 � 0.82 2.50 � 0.87 2.71 � 0.57 0.24
INR SD 1.23 � 0.56 1.17 � 0.49 1.36 � 0.67 0.12
INR-interval, d 2.11 � 0.83 2.08 � 0.87 2.19 � 0.76 0.49

Up to TE or last follow-up*
INR-average 2.98 � 0.59 2.96 � 0.61 3.06 � 0.69 0.36
INR SD 1.28 � 0.39 1.25 � 0.36 1.36 � 0.53 0.16
INR-interval, d 18.7 � 18.7 18.7 � 17.4 18.7 � 21.3 0.99
Variance-growth rate 129 0.21 � 0.11 0.20 � 0.08 0.22 � 0.16 0.39
Variance-growth rate 230 0.69 � 0.72 0.65 � 0.36 0.78 � 1.13 0.37
Percent INR within 2–4.5 61 � 14 62 � 11 58 � 20 0.18

Before TE†
Last INR before TE 3.16 � 1.18 2.96 � 0.61 3.13 � 1.51 0.86
INR-average within 12 mo before TE‡ 3.09 � 0.63 3.02 � 0.55 3.29 � 0.79 0.074
INR-SD within 12 mo before TE‡ 1.19 � 0.39 1.17 � 0.35 1.29 � 0.52 0.19
INR-interval within 12 mo before TE, d‡ 25.0 � 27.2 24.1 � 24.3 27.8 � 34.8 0.56

Values are given as the mean � SD, unless otherwise indicated.
*Calculation is up to the TE event (patients with TE) or for the entire follow-up (patients without TE).
†Averages of all INR for patients without TE.
‡Applies to patients with at least 12 mo of follow-up.
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ing to the type of valve (Table 5), patients who had
undergone MVR with a ball prosthesis showed mostly
a higher risk of TEs (p � 0.0001), resulting in a signif-
icantly higher MVR-related complication rate.

Discussion

The present study is, to our knowledge, the first to
report TE risk after MVR in a population-based

setting with a complete anticoagulation record. Our
results emphasize a notable TE frequency after
mechanical MVR, particularly strokes, despite an
INR-average conforming to US guidelines.2 This
on-target INR-average should not conceal the high
variability of anticoagulation, often out of therapeu-
tic range, despite frequent monitoring and easy
access to INR assessment facilities. While no single
anticoagulation characteristic determines TE risk,
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Figure 2. The distribution of events (TE, left; bleeding, right) and of rates of events calculated as the
ratio of events to time spent within 0.5 INR increments according to the Rosendaal method.31 Note that
for an INR � 4.5, TE rates tend to be higher than for INRs within the 2 to 4.5 range; however, there
are no significant differences among all ranges (p � 0.18). Note also that for an INR � 2, bleeding rates
tend to be higher than INRs within the range of 2 to 4.5; however, there are no significant differences
among all ranges (p � 0.48).

Table 3—Mitral Valve-Related Complications Stratified by Postoperative Period (< 30 Days or > 30 Days)

Variables Overall

Postoperative Period

� 30 d � 30 d

Thromboembolism
Events, No. 34 6 28
Linearized rate, %* 4.9 (3.4–6.8) 68.6 (25.2–149.3) 4.0 (2.7–5.8)
Freedom from event, % 8 yr: 69.8 � 5.0 30 d: 94.3 � 2.3 8 yr: 73.9 � 5.0

Ischemic stroke
Events, No. 27 6 21
Linearized rate, %* 3.7 (2.4–5.4) 68.6 (25.2–149.3) 2.9 (1.8–4.4)
Freedom from event, % 8 yr: 75.8 � 4.6 30 d: 94.3 � 2.3 8 yr: 80.4 � 4.5

Bleeding
Events, No. 28 1 27
Linearized rate, %* 3.7 (2.4–5.3) 11.2 (0.3–62.6) 3.6 (2.3–5.7)
Freedom from event, % 8 yr: 76 � 5 30 d: 99 � 1 8 yr: 77 � 5

Values are given as the rate (95% CI) or mean � SD.
*Expressed per 100 patient-years.
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the variability (not intensity) of anticoagulation is
strongly linked to bleeding events. The major
implication is that large variations in anticoagula-
tion should be carefully avoided. While previous
cardiac surgery or low LV EF are TE risk factors,
the concept of higher anticoagulation intensity
compensating for higher risk is not supported by
our data. Finally, while any mechanical prosthesis
is associated with excess TE risk, MVR with a ball
prosthesis is an important TE risk factor. This
prosthetic design, which is a source of excess
morbidity despite intense anticoagulation, should,
in our opinion, be retired worldwide. For guide-
lines, our confirmation of part of the European
guidelines that MVR mechanical prostheses vary
in thrombogenicity is balanced by support of the
American guidelines in aiming at relatively low-
intensity, low-variability anticoagulation, as high-
intensity anticoagulation is not associated with
fewer TEs after mechanical MVR.

Thromboembolic Risk

Mechanical MVR causes TEs,2,22,23 with a life-
long excess stroke risk compared with the general
population, while risk is only transient for the use
of bioprostheses and valve repair.6 However, with-
out a complete anticoagulation record, it was not
possible to ascertain a relationship to anticoagulation
or to mechanical MVR. Our complete population-
based data, including data on anticoagulation and
TEs (which can be underestimated in observational
series8), indicate a high TE risk after mechanical
MVR despite average on-target anticoagulation.15

While TE rates differ notably between series,3,10,21

comprehensive metaanalyses concur with our es-

timate.5 However, the indispensable anticoagula-
tion has inherent substantial bleeding risk.6,22

High TE and bleeding risks suggest that mechan-
ical MVR is the least desirable mitral procedure
and should be selected in young patients only
when mitral valve repair is not feasible.

Anticoagulation Effect

Our population-based study allowed complete
collection of INRs with higher documentation
than most attentive observational studies14,33 and
comparable to prospective clinical trials.3,10,21

Moreover, anticoagulation is analyzed not as in-
tention to treat but as achieved INRs. The influ-
ence of anticoagulation on TE risk has been
debated. Although intermittent or inadequate an-
ticoagulation leads to a high TE risk,7,15,16,21 ran-
domized studies3,10,21 have not observed lower TE
rates with higher INR goals. However, clinical
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trials often enroll low-risk patients, which is not
reflective of community practice, emphasizing the
importance of our population-based study. While
anticoagulation is indispensable with mechanical
MVR, the lack of association between TE rates
and achieved anticoagulation reemphasizes the
fact that aiming for higher INR goals to better
prevent TEs is not appropriate.16

Our results extend observations about aortic
replacement,10 that low-intensity anticoagulation
is as effective as high-intensity anticoagulation in
preventing TEs and should lead to recommending
active but low-intensity anticoagulation after
MVR.2,13,22,23 Lower INRs may decrease bleed-
ing,10,16,17,19,34 while unstable anticoagulation pre-
dicts valve-related events.33,35,36 In the present
study, INR variability (ie, INR SD) tended to
univariately predict TE risk and independently
predict bleeding.35,36 Thus, reducing INR variabil-
ity is a stronger objective than INR level after
MVR. Because high-intensity anticoagulation is
associated with high variability, lower INR goals
(possibly 2 to 3) would reduce variability. Also,

higher testing frequency improves the length of
time spent in the target range33,37–39 and is an
incentive for anticoagulation clinics or INR self-
management21,27,38 as tools to improve anticoagu-
lation effectiveness.

Effect of Prosthesis Type

LV EF13,18,40,41 and MVR3,20,34 are recognized
risk factors for TE after valve replacement that
were also observed in our study. Atrial fibrillation
precipitates TEs13,18,41 with tissue MVR but not
mechanical MVR,6 which is similar to the results
of the present study. Prosthesis type as a TE
predictor is controversial.4,7,12,34,42,43 These uncer-
tainties stem mostly from differences in TE defi-
nition between centers,5 and uniform TE defini-
tion may be an advantage of single-center studies.
Recent prostheses are considered less thrombo-
genic than first-generation prostheses.2,13,23 How-
ever, proof of definite differences in TE rates
between various types of prostheses is scant34 and
disputable.5 The concept of a higher thromboge-
nicity for ball valves13,34 has led to the European
guidelines23 recommendation of higher INRs as a
presumed compensation for higher thrombogenic-
ity. This recommendation should be reconsidered,
as more intense anticoagulation in patients receiv-
ing MVR with ball prostheses did not compensate
for higher thrombogenicity. Furthermore, higher
intensity anticoagulation never reduced TEs, com-
plicating the use of mechanical prostheses.10,16,17

The occurrence of excess TEs, particularly stroke,
with use of a ball valve in MVR concurs with the
results of small single-center studies12,44 and is
quite considerable (8.5 vs 3.1 per 100 patient-year,
respectively; p � 0.0001), leading to excess MVR-
related events. An MVR ball prosthesis, the first
successful prosthetic valve,45 was a life saver in its
time and has economic advantages for developing
countries,46 but it carries with it an unacceptable
TE rate and should be retired from use worldwide.
Safer valve substitutes should be available with

Table 5—Mitral Mechanical Valve-Related Complications According to the Type of Prosthesis

Conditions

Ball Valve (n � 37) Disk or Bileaflet Valve (n � 75)

p ValueNo.
Linearized Rate

(95% CI) 8-Yr Freedom, %* No.
Linearized Rate

(95% CI) 8-Yr Freedom, %*

TE 21 8.5 (5.3–13.0) 50 � 9 13 3.1 (1.7–5.3) 81 � 5 � 0.0001
Bleeding 10 3.1 (1.4–5.3) 80 � 7.5 18 6.3 (4.1–9.2) 75 � 6 0.35
Endocarditis 1 0.3 (0.0–1.7) 97 � 3 3 0.6 (0.1–1.8) 95 � 4 0.49
Periprosthetic regurgitation 4 1.2 (0.3–3.1) 90 � 6 4 0.8 (0.2–2.0) 94 � 4 0.67
Mitral valve reoperation 3 0.8 (0.2–2.3) 94 � 4 4 0.8 (0.2–2.0) 90 � 5 0.99
Any mitral valve complication 27 12.3 (8.1–17.9) 33 � 8 29 8.8 (5.9–12.6) 50 � 8 0.03

Values are given as the mean � SD.

Table 4—Predictors of Overall or Late TE, Ischemic
Stroke, and Bleeding Event Using a Stepwise

Multivariate Cox Model

Conditions HR 95% CI p Value

TE (n � 34)
Atherosclerosis 2.11 0.98–4.53 0.055
Previous cardiac surgery 2.40 1.19–4.84 0.014
Ball valve 2.92 1.43–5.94 0.003

Late TE � 30 d (n � 28)
LV EF � 50% 2.48 1.13–5.44 0.024
Previous cardiac surgery 3.30 1.51–7.20 0.003
Ball valve 3.03 1.38–6.67 0.006

Ischemic stroke (n � 27)
LV EF � 50% 2.66 1.21–5.86 0.015
Ball valve 4.53 1.96–10.48 � 0.0001

Bleeding (n � 28)
History of cancer 4.01 1.89–8.52 � 0.0001
INR-SD 2.48 1.11–5.55 0.027

HR � hazard ratio.
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similar cost-effectiveness. The management of the
MVR ball valve in place is more conjectural.
Whether target anticoagulation intensity should be
an INR of 2.5 to 3.5,2,13,22–24 or whether an INR of
2 to 3 is also acceptable cannot be ascertained
from our data. The absence of a link to the
INR-average TE rate in our study may be an
incentive for recommending an INR of 2 to 3. A
lower goal would reduce variability and minimize
bleeding. Finally, the recommendation of using
low-dose aspirin in combination with anticoagula-
tion is not affected by our study,2,23 and there is no
rationale to alter this guideline.

Limitations

In analyzing TE rates after cardiac surgery, one
has to balance sample size with data completeness.
Our series is small, and careful analysis selected a
limited number of a priori variables potentially
linked to TEs to limit the possibility of statistical
bias. Fortunately, our entire experience post-
mitral surgery has already provided critical points
in term of the superiority of tissue substitutes
(repair or bioprostheses) and the lack of associa-
tion of atrial fibrillation to TE post-mechanical

MVR.6 Thus, the main issue to resolve focuses on
anticoagulation quality, for which our series pro-
vides unique information. Furthermore, in com-
paring valve substitutes multicenter studies with
their extreme variability in TE rate estimates5 are
seriously limited, and our findings of excess TE
rates in patients who have undergone MVR with
ball prostheses concur with those of more uniform,
small, single-center studies.12,44 Thus, despite its
relatively small size, our population-based series
with complete data contains sound statistical con-
clusions and novel information.

Conclusions

This first population-based study of TE post-MVR
with a complete embolism and anticoagulation
record shows that anticoagulation intensity post-
MVR, although on target as an average, is highly
variable and fails to be associated with TE preven-
tion. Higher anticoagulation intensity is linked to
higher variability and, thus, to bleeding. Despite
higher INRs, the ball valve design for MVR is
associated with higher TE rates, and the design
should be retired worldwide.
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