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Abstract Background. The optimal intensity of oral an-
ticoagulant therapy for patients with mechanical heart
valves (i.e., the level at which thromboembolic complica-
tions are effectively prevented without excessive bleed-
ing) is not known. We attempted to determine the optimal
intensity by calculating the incidence of both complica-
tions at different levels of anticoagulation.

Methods. Data were collected on all patients with me-
chanical heart valves who have been seen at four region-
al Dutch anticoagulation clinics since 1985. The primary
outcome events were episodes of thromboembolism or
major bleeding. The intensity-specific incidence of each
type of event was calculated as the number of events
that occurred at a certain intensity of anticoagulation (ex-
pressed in terms of the international normalized ratio
[INR]) divided by the number of patient-years during

ATIENTS with mechanical heart-valve prostheses

receive lifelong, high-intensity oral anticoagulant
therapy to prevent thromboembolic complications, but
this treatment is associated with an increased risk of
bleeding.! The risks of thromboembolism and bleeding
depend on the intensity of anticoagulation. The optimal
intensity — that is, the level at which thromboembolic
complications are effectively prevented without exces-
sive bleeding — is not known. A number of trials have
been conducted in which different levels of anticoagu-
lation were compared, some in combination with anti-
platelet therapy.?* These studies, in which only two lev-
els were compared and which did not take into account
discrepancies between achieved levels and target inten-
sities, do not offer comprehensive information about
the optimal intensity of anticoagulation; therefore, a di-
rect relation between the intensity of anticoagulation
and the frequency of adverse events cannot be deter-
mined from their results.

We developed a method to determine the optimal
intensity of anticoagulation,” which extends methods
developed by others for slightly different purposes,®’
and used it to study the dose—effect relation between
the intensity of anticoagulation and the benefits and
risks of the treatment. On the basis of the medical rec-
ords of 1608 patients with mechanical prostheses, we
calculated the incidence of both thromboembolic and
bleeding complications at different achieved levels of
anticoagulation. The optimal intensity was defined as
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which the INR was at this level in the total patient popu-
lation.

Results. A total of 1608 patients were followed during
6475 patient-years. Cerebral embolism occurred in 43 pa-
tients (0.68 per 100 patient-years) and peripheral em-
bolism in 2 (0.03 per 100 patient-years). Intracranial and
spinal bleeding occurred in 36 patients (0.57 per 100 pa-
tient-years) and major extracranial bleeding in 128 (2.1 per
100 patient-years). The optimal intensity of anticoagula-
tion, at which the incidence of both complications was low-
est, was achieved when the INR was between 2.5 and 4.9.

Conclusions. The intensity of anticoagulant therapy
for patients with prosthetic heart valves is optimal when
the INR is between 2.5 and 4.9. To achieve this level of
anticoagulation, a target INR of 3.0 to 4.0 is recommend-
ed. (N Engl J Med 1995;333:11-7.)

the level at which the incidence of both thromboem-
bolism and bleeding was lowest.

METHODS

Oral Anticoagulation

In the Netherlands, treatment with coumarin derivatives (phen-
procoumon or acenocoumarol) is monitored by regional anticoagu-
lation clinics.® All patients with mechanical prosthetic heart valves
receive anticoagulant treatment through these clinics, which they
visit regularly every one to six weeks. At each visit, a short history is
taken and patients are asked about thromboembolic or bleeding
complications, other diseases, and hospital admissions. Samples of
antecubital venous blood are obtained, prothrombin times are meas-
ured, and the results are expressed in terms of the international nor-
malized ratio (INR). The daily dose of the anticoagulant agent for
the upcoming period and the length of this period are determined
by physicians; the target range for the prothrombin time is an INR
of 3.6 to 4.8.

Patients

Four anticoagulation clinics that use the same computer-assisted
system to determine dosage’ participated in this study: those in
Leiden, The Hague, Enschede, and Oost-Gelderland. Beginning on
January 1, 1985, all patients with mechanical prosthetic valves who
were treated in the clinics in Leiden and The Hague, which were us-
ing the system at that time, were included in the study. The antico-
agulation clinics at Enschede and Oost-Gelderland later introduced
computerized registration. Their patients were therefore included
from the date their records were computerized, which varied between
January 1, 1985, and May 1, 1987. Patients who later underwent
heart-valve replacement were included as of the date of discharge (at
least 30 days after surgery). Follow-up ended when a patient died or
moved to a different region, when the anticoagulation was stopped
permanently for any reason, or at the end of the study after six years
of follow-up at each site. Patients who were seen at the anticoagula-
tion clinics for less than one month and who were not residents of the
region were excluded.

Data Collection and Definitions of Events

The following information was extracted from the computerized
files of the anticoagulation clinics: date of birth, sex, date of valve re-
placement, position and type of valves, all prothrombin-time meas-
urements (expressed in terms of the INR) and their dates, data on
all hospital admissions, and date of death for patients who died.
Additional information about hospital admissions (such as discharge
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letters and autopsy reports) were collected from the hospitals or from
general practitioners’ archives.

The chief outcome variable was all thromboembolic and bleeding
events — that is, cerebral infarction, peripheral embolism, valve
thrombosis, intracranial and spinal bleeding, and major extracranial
bleeding. Cerebral infarction was defined as neurologic deficit of sud-
den onset documented by a computed tomographic (CT) scan indi-
cating the presence of infarction or the absence of hemorrhage or at
autopsy. Peripheral embolic events were included in the category of
acute peripheral ischemia, demonstrated by angiography, at opera-
tion, or at autopsy. Valve thrombosis was defined as impairment of
the valve by the deposition of thrombus, demonstrated at operation
or at autopsy. Intracranial and spinal bleeding was defined as a neu-
rologic deficit of sudden or subacute onset, confirmed by CT scan-
ning, surgery, or autopsy. Major extracranial bleeding was defined as
an acute bleeding event that led to death or to admission to the hos-
pital for treatment of the bleeding; bleeding that led to hospital ad-
mission for diagnostic procedures only was not considered major.
Bleeding caused by trauma was also included. All strokes that could
not be categorized as hemorrhagic or ischemic were designated “un-
classified” strokes.

Since the aim of this study was to assess the optimal level of anti-
coagulation in otherwise healthy outpatients, we excluded all events
that occurred during a period of endocarditis. We also excluded all
complications that occurred during hospitalization for a different rea-
son, since other diseases, interventions, and diagnostic procedures
may affect the risk of complications far more than the intensity of the
anticoagulant therapy. For the same reason, bleeding that occurred
after surgery or after any other invasive procedure was also excluded
from our analysis.

All complications were reviewed by an expert panel, whose mem-
bers classified events according to these definitions. They also classi-
fied the outcome of the intracranial and spinal events as death, if the
patient died as a direct consequence of the event, or as survival with
or without neurologic deficit (as judged three weeks after the event);
neurologic deficits were categorized according to whether patients
were dependent or independent in performing activities of daily liv-
ing. The panel was blinded to the intensity of anticoagulation at the
time of the event.

When the outcome of interest was “all adverse events,” follow-up
ended at the first event. In the analysis of a particular event, follow-
up ended at the time that the event of interest occurred; for example,
if joint bleeding occurred, follow-up for cerebral embolism continued
if this was the event of interest. As a result, the number of patient-
years, used as the denominator in determining the different incidence
rates, varied depending on the outcome of interest.

Assessment of the Intensity of Anticoagulant Therapy

The incidence rates of adverse events for specific levels of intensity
of anticoagulation were calculated as the ratio of the number of
events that took place when the prothrombin time was in a particular
INR range to the number of patient-years during which the INR was
at this level in the patient population. This method has been de-
scribed in detail previously.® Ninety-five percent confidence intervals
for the incidence rates were calculated with the assumption of a Pois-
son distribution for the number of cases."

Assessment of the Numerator

After an outcome event had been reviewed and classified by the ex-
pert panel, the INR at the time of the hospital admission was ob-
tained from the hospital records. When the prothrombin time had
not been measured or could not be retrieved, we used the most recent
measurement at the anticoagulation clinic before the event, but only
when the test had been performed less than eight days before the
event. If this information was not available, the event was not includ-
ed in this analysis.

Assessment of the Denominator

The total number of patient-years for all patients combined was
subdivided according to INR intervals of 0.5. The number of patient-
years in each INR category was estimated as follows. For each pa-
tient, the actual INR fluctuated between and around the target values
and was measured at regular intervals. By assuming that the INR
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changed in a linear fashion between measurements, it was possible
to allocate a specific INR to each day. All days were then grouped ac-
cording to INR ranges (in intervals of 0.5) and summed for all pa-
tients.> With this approach, individual patients contributed person-
time to periods of anticoagulation at different intensities, and the
risks were estimated for the INR levels achieved, regardless of the
target levels. When the length of time between two measurements ex-
ceeded eight weeks, no INR was allocated, since we felt we could not
assume a linear change between two visits so far apart.

The influence of sex and age and position and type of valves was
studied by further stratification of the INR-days. For each INR-day,
the corresponding age was calculated. The patients were grouped in
three age categories (younger than 50 years, 50 to 69 years, and 70
years or older). Intensity-specific incidence rates were calculated for
these subgroups. For this analysis, the INR values for the days were
grouped according to intervals of 1.0. To control for the effects of
age, we performed a multivariate analysis with Poisson regression
techniques.

RESULTS
Patients

At the start of the study, 795 patients who had al-
ready undergone valve replacement were enrolled. An
additional 813 patients later entered the study: 767 who
had a valve replacement after the study began and 46
who moved into the region. These 1608 patients were
followed for a total of 6475 person-years (mean per pa-
tient, 4 years). Follow-up ended before the termination
of the study for 254 patients who died and for 91 pa-
tients who moved to a different geographic region. An-
ticoagulant therapy was discontinued in 11 patients for
various reasons, such as noncompliance. In three pa-
tients the mechanical prosthesis was replaced by a bio-
prosthesis, so follow-up ended at the time of the valve
replacement.

Of the 1608 patients, 879 were admitted to the hos-
pital at least once during the follow-up period (a total
of 2394 hospital admissions). Sufficient clinical infor-
mation was available for 98 percent of these admis-
sions.

The general characteristics of the 1608 patients in-
cluded in the study are shown in Table 1.

Control of Anticoagulation

For all 1608 patients, 123,254 measurements of the
prothrombin time were obtained during the follow-up
period. The average time between two measurements
was 2.7 weeks. With the method described above, we
were able to estimate the number of patient-days per
INR category. No INR value could be allocated to 139
patient-years of follow-up (2.1 percent of the total ob-
servation time), since the length of time between two
consecutive measurements exceeded eight weeks. The
distribution of the patient-time over the INR categories
is summarized in Figure 1. The INR was within the tar-
get range of 3.6 to 4.8 for 61 percent of the total pa-
tient-time; for 31 percent of the time the INR was be-
low 3.6; and for 8 percent the INR was above 4.8.

Outcome Events

The incidence rates of all adverse events are summa-
rized in Table 2. Forty-five patients had a thromboem-
bolic event (0.71 per 100 patient-years), all of which
were cerebral (incidence, 0.68 per 100 patient-years)
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Table 1. Characteristics of the Patients at
the Beginning of Follow-up.

CHARACTERISTIC No. (%)
No. of patients 1608
No. of patient-years of follow-up 6475
Age (yr)
<50 343 (21.3)
50-69 995 (61.9)
=70 270 (16.8)
Sex
Male 879 (54.7)
Female 729 (45.3)
Valve position
Aortic 961 (59.8)
Mitral 485 (30.2)
Both 158 (9.8)
Unknown 4(0.2)
Valve model*
Caged ball or diskf 53 (3.0)
Tilting disk 1354 (76.7)
Bileaflet§ 347 (19.6)
Unknown 12 (0.7)

*A total of 158 patients had two valve prostheses.
fStarr—Edwards in 46 and Cooley—Cutter in 7.

$Bjork—Shiley in 1052, Sorin in 164, Medtronic—Hall in 137,
and Lillehei—Kaster in 1.

§St. Jude in 242, DuroMedics in 56, and CarboMedics in 49.

except for two cases of peripheral embolism (one in the
kidney and one retinal; incidence, 0.03 per 100 patient-
years). There were no cases of valve thrombosis that
met our criteria. In 36 patients, central nervous system
hemorrhage occurred (34 had intracranial hemorrhage,
and 2 spinal; incidence, 0.57 per 100 patient-years).
Major extracranial bleeding occurred in 128 patients
(2.11 per 100 patient-years). These events were gastro-
intestinal (in 47 cases), genitourinary (12), or retroperi-
toneal (1); involved bleeding in the skin or muscles (33)
or joints (9); were characterized by epistaxis (17); or
were classified as “other” (13).

Seventy-two percent of all patients with a stroke died
or had persistent neurologic impairment. The outcome
of the hemorrhagic strokes was more severe than that of
the ischemic strokes: 44 percent of the patients with an
episode of intracranial bleeding died, whereas only
5 percent of the ischemic strokes were fatal. Also, 79
percent of the patients with ischemic strokes recovered
without deficits or with a deficit allowing them to func-
tion independently, as compared with only 33 percent
of the patients with hemorrhagic strokes.

The extracranial events were less severe than the
other events; 124 of the 128 patients with extracranial
bleeding recovered, and 4 died (incidence, 0.07 per 100
patient-years). Three of these four patients died of pro-
fuse gastrointestinal bleeding (one had colon cancer; in
the other two there was no known underlying disease),
and one died of bleeding from an ovarian tumor.

INR-Specific Incidence

Of the 79 patients with ischemic or hemorrhagic
stroke, the prothrombin time was measured at the time
of the event in 62. In seven additional cases, it had
been measured at the anticoagulation clinic within eight
days before the event. Thus, INR-specific incidence rates
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could be calculated on the basis of data on 87 percent
of the patients with stroke. In 111 of the 128 cases of
extracranial bleeding, the INR was measured at the
time of the event, and in 12 additional cases it had been
measured less than eight days before at the anticoagu-
lation clinic. Therefore, 96 percent of these events
could be used for further analysis. The INR-specific in-
cidence rates that were calculated from these data are
presented in Figures 2 and 3.

The optimal intensity of oral anticoagulant therapy
is that at which the incidence of both thromboembolic
and bleeding complications is lowest. In Figures 2 and
3, this level can be found at INR values between 2.5
and 4.9. At these INR levels, the incidence of all ad-
verse events (all episodes of bleeding and embolism
and unclassified strokes) was only about 2 per 100 pa-
tient-years (95 percent confidence interval, 1.0 to 3.8).
The incidence rose sharply when the INR fell below
2.5, ranging from 7.5 per 100 patient-years (95 per-
cent confidence interval, 3.6 to 12.6) for an INR of 2.0
to 2.4 to 27 per 100 patient-years (95 percent confi-
dence interval, 3.3 to 99) when the INR was in the
very low range of 1.0 to 1.4 (a 13.5-fold increase from
the lowest incidence). Once the INR rose to 5.0 or
above, the incidence of adverse events again increased
steeply: 4.8 per 100 patient-years (95 percent confi-
dence interval, 2.6 to 7.7) for an INR of 5.0 to 5.5 and
75 per 100 patient-years (95 percent confidence inter-
val, 54 to 101) when the INR was 6.5 or above (a 37.5-
fold increase).

In 77 of the 164 bleeding events (47 percent), either
trauma or some underlying disease was a contributing
cause of the bleeding. This percentage did not differ
substantially for the different INR categories. Thus, at
higher INRs, the same percentage of bleeding episodes
occurred without an apparent contributory cause as at
lower INRs.

When the analysis was repeated for the events with
the most unfavorable outcomes only (death or handicap
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Figure 1. Distribution of Patient-Years of Follow-up among the
INR Categories.
Follow-up totaled 6475 patient-years. A target INR of 3.6 to 4.8
was used. For 139 patient-years of follow-up, no INR value could
be allocated, since the time between two consecutive measure-
ments exceeded eight weeks.
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resulting in dependency), the optimal intensity of anti-
coagulation remained the same — an INR of 2.5 to 4.9.

Differences among Subgroups
Overall Incidence
Women had a slightly higher risk of both throm-

boembolism and bleeding than men. The incidence of
thromboembolism was 0.8 per 100 patient-years for
women and 0.6 per 100 patient-years for men; the risk
of bleeding was 3.1 per 100 patient-years for women
and 2.4 per 100 patient-years for men.

The risk of thromboembolism was very low among
patients younger than 50: only one patient in this age
group had a thromboembolic event (incidence, 0.1 per
100 patient-years; 95 percent confidence interval, 0.0 to
0.5). Patients who were 30 or older had a much higher
risk of thromboembolism than younger patients; the in-
cidence of this complication was 0.8 per 100 patient-
years (95 percent confidence interval, 0.5 to 1.1) among
patients between 50 and 69 years of age and 1.1 per
100 patient-years (95 percent confidence interval, 0.6
to 1.8) among those 70 or older. The risk of bleeding
did not vary much with age for those younger than 70
(under 50 years, 2.5 per 100 patient-years; 50 to 69
years, 2.8 per 100 patient-years). For patients 70 or old-
er, the risk of bleeding was twice as high (5.6 per 100
patient-years).

The overall risk of thromboembolism was also influ-
enced by the position of the valve. The incidence was
0.5 per 100 patient-years among patients with an aortic
valve, 0.9 per 100 patient-years among patients with
a mitral valve, and 1.2 per 100 patient-years among
those with both an aortic and a mitral valve. As expect-
ed, the risk of bleeding did not depend on the position
of the valve.

The overall incidence of thromboembolism was 0.5
per 100 patient-years for the bileaflet valves, 0.7 per
100 patient-years for the tilting-disk valves, and 2.5
per 100 patient-years for the caged-ball and caged-disk
valves. The type of valve did not affect the risk of
bleeding substantially.

To assess whether the differences among the sub-
groups were independent findings that could not be ex-

Table 2. Adverse Events.

INCIDENCE (PER 100

EVENT No. PATIENT-YEARS)*

Thromboembolism

Cerebral infarction 43 0.68
Peripheral embolism 2 0.03
Valve thrombosis 0 0
Any thromboembolism 45 0.71
Fatal thromboembolism 2 0.03
Bleeding episode
Intracranial and spinal bleeding 36 0.57
Extracranial bleeding 128 2.11
Any bleeding 164 2.68
Fatal bleeding 20 0.30
Unclassified stroke 14 0.23
First events 210 3.50

*Since follow-up ended when the event of interest occurred, the denom-
inators differ for the various end points.
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Figure 2. Incidence of Ischemic and Hemorrhagic Stroke Accord-
ing to INR Category.
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Figure 3. INR-Specific Incidence of All Adverse Events (All Epi-
sodes of Thromboembolism, All Major Bleeding Episodes, and
Unclassified Stroke).

The dotted lines indicate the 95 percent confidence interval.

plained by a different age distribution for the various
types and positions of valves, we performed a multi-
variate analysis with Poisson regression techniques.
Since the rate ratios we found were equal in a univari-
ate and a multivariate model, we concluded that the ef-
fects of age, the position of the valve, and the type of
valve were independent.

Optimal Intensity of Anticoagulation

To study the possibility that the optimal intensity of
anticoagulation varied among these subgroups, we cal-
culated the incidence of complications according to sex,
age, the position of the valve, and the type of valve for
INR values between 2.0 and 4.9. The optimal intensity
was the same in both sexes. In the other three sub-
groups, a remarkably similar pattern was found: the
lower the risk of a thromboembolic or bleeding episode
was for a certain subgroup, the broader the optimal
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range for the INR (Fig. 4). For patients with a higher
risk of thromboembolism (mitral valve position and
older valve types), the optimal level was narrowed on
the left side of the curve; in other words, the patients
with these characteristics had a higher incidence of
thromboembolism at lower intensities of anticoagula-
tion. For patients with both an increased risk of throm-
boembolism and a higher risk of bleeding (those 70 or
older), the optimal level was narrowed on both sides of
the curve. However, confidence intervals for these in-
tensity-specific incidence rates for particular subgroups
overlapped considerably.

DISCUSSION

Although the need for oral anticoagulant therapy in
patients with mechanical heart-valve prostheses is not
in dispute, the optimal intensity of anticoagulation has
been a matter of debate. The intensity of anticoagula-
tion at which thromboembolism is effectively prevented
without excessive bleeding is not known, even though
anticoagulant agents are given as a lifelong therapy to
a very large number of patients. It was not even possi-
ble to express the intensity in a standardized way until
1985, when the INR system was introduced.'

The only studies in which an attempt has been made
to determine the optimal intensity are randomized clin-
ical trials in which two target levels have been com-
pared.** Recently, we developed a method that permits
the direct assessment of the relation between the meas-
ured intensities of the anticoagulant therapy and its
benefits and risks.”> With this method, the incidence of
both thromboembolism and bleeding can be calculated
at every level of anticoagulation. Application of this
method to the records of more than 1600 patients with
a total follow-up of more than 6000 patient-years
showed that the optimal intensity is that which produc-
es an INR between 2.5 and 4.9. In this range, the inci-
dence of all adverse events was about 2 per 100 patient-
years. This rate rose sharply both below and above this
range — up to an incidence of 75 per 100 patient-years
(95 percent confidence interval, 53 to 101) when the
INR was 6.5 or above.

In order to achieve this INR in actual measurement
of the prothrombin time, a target INR needs to be de-
fined, and to do this the severity of both types of events
must be taken into account. Since the outcome of the
bleeding events in these patients was more severe than
the outcome of the thromboembolic events, it might be
argued that the optimal target level should be on the
lower side of the optimal INR range, in order to avoid

Figure 4. Incidence of All Adverse Events at INRs within the INR
Range of 2.0 to 4.9, According to Age, Valve Position,
and Valve Type.
The top panel shows the incidence rates for three age groups:
younger than 50 years, 50 to 69 years, and 70 years or older.
The middle panel shows incidence according to valve position:
aortic, mitral, or both aortic and mitral. The bottom panel shows
the incidence according to valve type: bileaflet, tilting disk, or
caged ball or disk.
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bleeding. On the other hand, the risk of embolism rises
sharply below an INR of 2.5 (Fig. 2). Furthermore, the
actual INR achieved tends to be somewhat lower than
the target level (Fig. 1); this implies that the lower limit
of the target INR range should be well above 2.5.
Therefore, we favor a target INR range of 3.0 to 4.0 for
the total patient group.

We identified three characteristics in the patients
that appeared to be associated with a lower risk of
thromboembolism: an age younger than 50, a prosthet-
ic valve in the aortic position, and a bileaflet valve. Pa-
tients who were 70 or older had an increased risk of
bleeding. To study the possibility of modifying the op-
timal intensity according to these characteristics, we
calculated the INR-specific incidence of events for each
subgroup. As Figure 4 shows, a higher risk of throm-
boembolism narrows the optimal level on the left side
of the curve, whereas a higher risk of bleeding narrows
the optimal level on the right side of the curve. Since
these findings are statistically not very stable because
of the limited numbers of observations, they should be
interpreted with caution.

In 1990, the British Society of Haematology recom-
mended a target range of 3.0 to 4.5 for the INR, and in
1992 the American College of Chest Physicians recom-
mended that the target range be 2.5 to 3.5.12% There
seems to be a tendency to lower these recommended
values, however, on the basis of the results of recent
studies in which lower target ranges were used.>!*!
Most of these studies were carried out in patients with
valves in the aortic position and with bileaflet valves.'*®
Although such patients may have a lower risk of throm-
boembolism, our data do not support lowering the tar-
get INR range below 2.5 for these groups. On the con-
trary, they indicate that a target of 3.0 for the INR
should be the minimum, especially for patients with a
mitral valve or an older-model valve.

With regard to bleeding, three recently published
studies also showed a clear relation between the inten-
sity of anticoagulation and the frequency of hemor-
rhage.!’™ In two of these studies, only prothrombin-
time ratios were reported, a fact that prevents the
assessment of the INR at which the risk of bleeding be-
comes unacceptable.

In other recent studies combination therapy with
coumarin derivatives and antiplatelet agents has been
studied.* Turpie et al. reported a beneficial effect of
adding aspirin to warfarin, with a target INR of 3.0 to
4.5 for the prothrombin time.* However, the patients
who received both drugs still had an incidence of major
embolism that was more than twice as high as that in
our patients (1.6 vs. 0.7 per 100 patient-years). The in-
cidence of bleeding was also higher: 8.5 per 100 pa-
tient-years, as compared with 2.7 per 100 patient-years
in our study. In our opinion, well-monitored anticoagu-
lant treatment is preferable to combined therapy. When
well-monitored anticoagulant treatment is not feasible,
the addition of aspirin might be considered.

In conclusion, we found a clear relation between the
intensity of oral anticoagulation with coumarin deriva-
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tives in patients with mechanical heart-valve prosthe-
ses and the incidence of thromboembolism, on the one
hand, and of bleeding, on the other. The optimal inten-
sity of anticoagulation, producing the fewest events of
both types, lies between measured INR values of 2.5
and 4.9. As a target range, we recommend an INR of
3.0 to 4.0.
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