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BACKGROUND: The optimum international normalized
ratio (INR) monitoring frequency for hospitalized patients
receiving warfarin is unknown.

OBJECTIVE: Assess relationship between daily versus less
frequent INR monitoring and overanticoagulation and warfarin-
related adverse events.

DESIGN: Retrospective cohort study using Medicare Patient
Safety Monitoring System data.

SETTING: Randomly selected acute care hospitals across
the United States.

PATIENTS: Patients hospitalized from 2009 to 2013 for
pneumonia, acute cardiac disease, or surgery who received
warfarin.

INTERVENTIONS: None.

MEASUREMENTS: (1) Association between frequency of
INR monitoring and an INR >6.0 or warfarin-related adverse
event. (2) Association between the rate of change of the INR
and a subsequent INR >5.0 and >6.0.

RESULTS: Among 8529 patients who received warfarin for
>3 days, for 1549 (18.2%) the INR was not measured on
2 or more days. These patients had higher propensity-
adjusted odds ratios (ORs) of having a warfarin-associated
adverse event (OR: 1.48, 95% confidence interval [Cl]:
1.02-2.17) for cardiac patients and surgical patients (OR:
1.73, 95% CI: 1.20-2.48), with no significant association for
pneumonia patients. Cardiac and pneumonia patients with
1 day or more without an INR measurement had higher
propensity-adjusted ORs of having an INR >6.0 (OR: 1.61,
95% Cl: 1.07-2.41 and OR: 1.92, 95% CI: 1.36-2.71,
respectively). A 1-day increase in the INR of >0.9 occurred
in 621 patients (12.5%) and predicted a subsequent INR of
>6.0 (positive likelihood ratio of 4.2).

CONCLUSION: Daily INR measurement and recognition of
a rapidly rising INR might decrease the frequency of
warfarin-associated adverse events in hospitalized patients.
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Warfarin is 1 of the most common causes of adverse
drug events, with hospitalized patients being particu-
larly at risk compared to outpatients." Despite the
availability of new oral anticoagulants (NOACs),
physicians commonly prescribe warfarin to hospitalized
patients,” likely in part due to the greater difficulty in
reversing NOACs compared to warfarin. Furthermore,
uptake of the NOAGC:s is likely to be slow in resource-
poor countries due to the lower cost of warfarin.?
However, the narrow therapeutic index, frequent drug-
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drug interactions, and patient variability in metabolism
of warfarin makes management challenging.* Thus,
warfarin remains a significant cause of adverse events
in hospitalized patients, occurring in approximately
3% to 8% of exposed patients, depending on underly-
ing condition.*’

An elevated international normalized ratio (INR) is a
strong predictor of drug-associated adverse events
(patient harm). In a study employing 21 different elec-
tronic triggers to identify potential adverse events, an ele-
vated INR had the highest yield for events associated
with harm (96% of INRs >5.0 associated with harm).®
Although pharmacist-managed inpatient anticoagulation
services have been shown to improve warfarin manage-
ment,”® there are evidence gaps regarding the causes of
warfarin-related adverse events and practice changes
that could decrease their frequency. Although overanti-
coagulation is a well-known risk factor for warfarin-
related adverse events,”!” there are few evidence-based
warfarin monitoring and dosing recommendations for
hospitalized patients.'® For example, the 2012 American
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College of Chest Physicians Antithrombotic Guidelines'*
provide a weak recommendation on initial dosing of
warfarin, but no recommendations on how frequently to
monitor the INR, or appropriate dosing responses to
INR levels. Although many hospitals employ protocols
that suggest daily INR monitoring until stable, there are
no evidence-based guidelines to support this practice.'
Conversely, there are reports of flags to order an INR
level that are not activated unless greater than 2'% or 3
days'® pass since the prior INR. Protocols from some
major academic medical centers suggest that after a ther-
apeutic INR is reached, INR levels can be measured
intermittently, as infrequently as twice a week.'>*1

The 2015 Joint Commission anticoagulant-focused
National Patient Safety Goal'” (initially issued in
2008) mandates the assessment of baseline coagula-
tion status before starting warfarin, and warfarin dos-
ing based on a “current” INR; however, current is not
defined. Neither the extent to which the mandate for
assessing baseline coagulation status is adhered to nor
the relationship between this process of care and
patient outcomes is known. The importance of
adverse drug events associated with anticoagulants,
included warfarin, was also recently highlighted in the
2014 federal National Action Plan for Adverse Drug
Event Prevention. In this document, the prevention of
adverse drug events associated with anticoagulants
was 1 of the 3 areas selected for special national
attention and action.'®

The Medicare Patient Safety Monitoring System
(MPSMS) is a national chart abstraction-based system
that includes 21 in-hospital adverse event measures,
including warfarin-associated adverse drug events.”
Because of the importance of warfarin-associated
bleeding in hospitalized patients, we analyzed MPSMS
data to determine what factors related to INR moni-
toring practices place patients at risk for these events.
We were particularly interested in determining if
we could detect potentially modifiable predictors of
overanticoagulation and warfarin-associated adverse
events.

METHODS

Study Sample

We combined 2009 to 2013 MPSMS all payer data
from the Centers for Medicare & Medicaid Services
Hospital Inpatient Quality Reporting program for 4
common medical conditions: (1) acute myocardial
infarction, (2) heart failure, (3) pneumonia, and (4)
major surgery (as defined by the national Surgical
Care Improvement Project).'” To increase the sample
size for cardiac patients, we combined myocardial
infarction patients and heart failure patients into 1
group: acute cardiovascular disease. Patients under 18
years of age are excluded from the MPSMS sample,
and we excluded patients whose INR never exceeded
1.5 after the initiation of warfarin therapy.
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Patient Characteristics

Patient characteristics included demographics (age, sex,
race [white, black, and other race|) and comorbidities.
Comorbidities abstracted from medical records included:
histories at the time of hospital admission of heart
failure, obesity, coronary artery disease, renal disease,
cerebrovascular disease, chronic obstructive pulmonary
disease, cancer, diabetes, and smoking. The use of anti-
coagulants other than warfarin was also captured.

INRs

The INR measurement period for each patient started
from the initial date of warfarin administration and
ended on the date the maximum INR occurred. If a
patient had more than 1 INR value on any day, the
higher INR value was selected. A day without an INR
measurement was defined as no INR value docu-
mented for a calendar day within the INR measure-
ment period, starting on the third day of warfarin and
ending on the day of the maximum INR level.

Outcomes

The study was performed to assess the association
between the number of days on which a patient did
not have an INR measured while receiving warfarin
and the occurrence of (1) an INR >6.0>*! (interme-
diate outcome) and (2) a warfarin-associated adverse
event. A description of the MPSMS measure of
warfarin-associated adverse events has been previously
published.” Warfarin-associated adverse events must
have occurred within 48 hours of predefined triggers:
an INR >4.0, cessation of warfarin therapy, adminis-
tration of vitamin K or fresh frozen plasma, or trans-
fusion of packed red blood cells other than in the
setting of a surgical procedure. Warfarin-associated
adverse events were divided into minor and major
events for this analysis. Minor events were defined as
bleeding, drop in hematocrit of >3 points (occurring
more than 48 hours after admission and not associated
with surgery), or development of a hematoma. Major
events were death, intracranial bleeding, or cardiac
arrest. A patient who had both a major and a minor
event was considered as having had a major event.

To assess the relationship between a rapidly rising
INR and a subsequent INR >5.0 or >6.0, we deter-
mined the increase in INR between the measurement
done 2 days prior to the maximum INR and 1 day prior
to the maximum INR. This analysis was performed
only on patients whose INR was >2.0 and <3.5 on the
day prior to the maximum INR. In doing so, we sought
to determine if the INR rise could predict the occur-
rence of a subsequent severely elevated INR in patients
whose INR was within or near the therapeutic range.

Statistical Analysis

We conducted bivariate analysis to quantify the associa-
tions between lapses in measurement of the INR and
subsequent warfarin-associated adverse events, using the
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TABLE 1. Baseline Characteristics and Anticoagulant Exposure of Patients Who Received Warfarin During Their

Hospital Stay and Had at Least One INR >1.5

Acute Cardiovascular Pneumonia, No. (%), Major Surgery, No. (%), All, No. (%),
Characteristics Disease, No. (%), N = 6,394 N = 3,668 N =4,155 N = 14,217
Age, mean [SD] 75.3[124) 745[13.3] 69.411.8] 734127]
Sex, female 3,175 (49.7) 1,741 (47.5) 2,639 (63.5) 7,555 (53.1)
Race
White 5,388 (84.3) 3,268 (89.1) 3,760 (90.5) 12416 (87.3)
Other 1,006 (15.7) 400 (10.9) 395(9.5) 1,801 (12.7)
Comorbidities
Cancer 1,186 (18.6) 939 (25.6) 708 (17.0) 2,833(19.9)
Diabetes 3,043 (47.6) 1,536 (41.9) 1,080 (26.0) 5,659 (39.8)
Obesity 1,938 (30.3) 896 (24.4) 1,260 (30.3) 4,094 (28.8)
Cerebrovascular disease 1,664 (26.0) 910 (24.8) 498 (12.0) 3,072 (21.6)
Heart failure/pulmonary edema 5,882 (92.0) 2,052 (55.9) 607 (14.6) 8,541 (60.1)
Chronic obstructive pulmonary disease 2,636 (41.2) 1,929 (52.6) 672(16.2) 5,237 (36.8)
Smoking 895 (14.0) 662 (18.1) 623 (15.0) 2,180 (15.3)
Corticosteroids 490(7.7) 568 (15.5) 147 (3.5) 1,205(8.5)
Coronary artery disease 4,628 (72.4) 1,875 (51.1) 1,228 (29.6) 7,731 (54.4)
Renal disease 3,000 (46.9) 1,320 (36.0) 565 (13.6) 4,885 (34.4)
Warfarin prior to arrival 5,074 (79.4) 3,020 (82.3) 898 (21.6) 8,992 (63.3)
Heparin given during hospitalization 850(13.39) 282(1.7) 314(1.6) 1,446 (10.7)
LMWH given during hospitalization 1,591 (24.9) 1,070(29.2) 1,431 (34.4) 4092 (28.8)

NOTE: Abbreviations: LMWH, low-molecular-weight heparin; SD, standard deviation.

Mantel-Haenszel y” test for categorical variables. We fit-
ted a generalized linear model with a logit link function
to estimate the association of days on which an INR was
not measured and the occurrence of the composite
adverse event measure or the occurrence of an INR
>6.0, adjusting for baseline patient characteristics, the
number of days on warfarin, and receipt of heparin and
low-molecular-weight heparin (LMWH). To account for
potential imbalances in baseline patient characteristics
and warfarin use prior to admission, we conducted a sec-
ond analysis using the stabilized inverse probability
weights approach. Specifically, we weighted each patient
by the patient’s inverse propensity scores of having only
1 day, at least 1 day, and at least 2 days without an INR
measurement while receiving warfarin.?>~* To obtain
the propensity scores, we fitted 3 logistic models with all
variables included in the above primary mixed models
except receipt of LMWH, heparin, and the number of
days on warfarin as predictors, but 3 different outcomes,
1 day without an INR measurement, 1 or more days
without an INR measurement, and 2 or more days with-
out an INR measurement. Analyses were conducted
using SAS version 9.2 (SAS Institute Inc., Cary, NC). All
statistical testing was 2-sided, at a significance level of
0.05. The institutional review board at Solutions IRB
(Little Rock, AR) determined that the requirement for
informed consent could be waived based on the nature
of the study.

RESULTS
There were 130,828 patients included in the 2009 to
2013 MPSMS sample, of whom 19,445 (14.9%)

received warfarin during their hospital stay and had
at least 1 INR measurement. Among these patients,
5228 (26.9%) had no INR level above 1.5 and were
excluded from further analysis, leaving 14,217
included patients. Of these patients, 1055 (7.4%)
developed a warfarin-associated adverse event. Table
1 demonstrates the baseline demographics and comor-
bidities of the included patients.

Warfarin was started on hospital day 1 for 6825
(48.0%) of 14,217 patients. Among these patients,
6539 (95.8%) had an INR measured within 1 calen-
dar day. We were unable to determine how many
patients who started warfarin later in their hospital
stay had a baseline INR, as we did not capture INRs
performed prior to the day that warfarin was
initiated.

Supporting Table 1 in the online version of this arti-
cle demonstrates the association between an INR
>6.0 and the occurrence of warfarin-associated
adverse events. A maximum INR >6.0 occurred in
469 (3.3%) of the patients included in the study, and
among those patients, 133 (28.4%) experienced a
warfarin-associated adverse event compared to 922
(6.7%) adverse events in the 13,748 patients who did
not develop an INR >6.0 (P < 0.001).

Among 8529 patients who received warfarin for at
least 3 days, beginning on the third day of warfarin, 1549
patients (18.2%) did not have INR measured at least
once each day that they received warfarin. Table 2 dem-
onstrates that patients who had 2 or more days on which
the INR was not measured had higher rates of INR >6.0
than patients for whom the INR was measured daily.
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TABLE 2. Association Between Number of Days Without an INR Measurement and Maximum INR Among Patients
Who Received Warfarin for Three Days or More, and Association Between Number of Days Without an INR

Measurement and Warfarin-Associated Adverse Events

Patients With 1 Day Patients With 2 or
No. of Patients, Patients With INR on Without an INR, More Days Without an
No. (%), N = 8,529 All Days, No. (%), N = 6,980 No. (%), N = 968 INR, No. (%), N = 581 P Value
Maximum INR <0.01*
1.51-5.99 8,183 6,748 (%6.7) 911 (%4.1) 524(90.2)
>6.0 346 23233 57(6.9 57(9.8)
Warfarin-associated adverse eventsf <0.01*
No adverse events 7,689(90.2) 6,331 (90.7) 872 (90.1) 486 (83.6)
Minor adverse events 792(9.3) 617 (8.8) 86 (8.9) 89 (15.3)
Major adverse events 48(0.6) 32(0.5) 10(1.0) 6(1.0)

NOTE: Abbreviations: INR, international normalized ratio. *Mantel-Haenszel 2. "Adverse events that occurred greater than 1 calendar day prior to the maximum INR were excluded from this analysis. Because the INR values
were only collected until the maximum INR was reached, this means that no adverse events included in this analysis occurred before the last day without an INR measurement.

A similar association was seen for warfarin-associated
adverse events (Table 2).

Figure 1A demonstrates the association between the
number of days without an INR measurement and the
subsequent development of an INR >6.0 or a
warfarin-associated adverse event, adjusted for base-
line patient characteristics, receipt of heparin and
LMWH, and number of days on warfarin. Patients
with 1 or more days without an INR measurement
had higher risk-adjusted ORs of a subsequent INR
>6.0, although the difference was not statistically sig-
nificant for surgical patients. The analysis results
based on inverse propensity scoring are seen in Figure
1B. Cardiac and surgical patients with 2 or more days
without an INR measurement were at higher risk of
having a warfarin-associated adverse event, whereas
cardiac and pneumonia patients with 1 or more days
without an INR measurement were at higher risk of
developing an INR >6.0.

Supporting Table 2 in the online version of this arti-
cle demonstrates the relationship between patient
characteristics and the occurrence of an INR >6.0 or
a warfarin-related adverse event. The only characteris-
tic that was associated with either of these outcomes
for all 3 patient conditions was renal disease, which
was positively associated with a warfarin-associated
adverse event. Warfarin use prior to arrival was asso-
ciated with lower risks of both an INR >6.0 and a
warfarin-associated adverse event, except for among
surgical patients. Supporting Table 3 in the online ver-
sion of this article demonstrates the differences in
patient characteristics between patients who had daily
INR measurement and those who had at least 1 day
without an INR measurement.

Figure 2 illustrates the relationship of the maximum
INR to the prior 1-day change in INR in 4963
patients whose INR on the day prior to the maximum
INR was 2.0 to 3.5. When the increase in INR was
<0.9, the risk of the next day’s INR being >6.0 was
0.7%, and if the increase was >0.9, the risk was
5.2%. The risk of developing an INR >5.0 was 1.9%

if the preceding day’s INR increase was <0.9 and
15.3% if the prior day’s INR rise was >0.9. Overall,
51% of INRs >6.0 and 55% of INRs >5.0 were
immediately preceded by an INR increase of >0.9.
The positive likelihood ratio (LR) for a >0.9 rise in
INR predicting an INR of >6.0 was 4.2, and the posi-
tive LR was 4.9 for predicting an INR >5.0.

There was no decline in the frequency of warfarin
use among the patients in the MPSMS sample during
the study period (16.7% in 2009 and 17.3% in 2013).

DISCUSSION

We studied warfarin-associated adverse events in a
nationally representative study of patients who received
warfarin while in an acute care hospital for a primary
diagnosis of cardiac disease, pneumonia, or major sur-
gery. Several findings resulted from our analysis. First,
warfarin is still commonly prescribed to hospitalized
patients and remains a frequent cause of adverse events;
7.4% of the 2009 to 2013 MPSMS population who
received warfarin and had at least 1 INR >1.5 devel-
oped a warfarin-associated adverse event.

Over 95% of patients who received warfarin on the
day of hospital admission had an INR performed
within 1 day. This is similar to the results from a
2006 single center study in which 95% of patients
had an INR measured prior to their first dose of war-
farin.'® Since 2008, The Joint Commission’s National
Patient Safety Goal has required the assessment of
coagulation status before starting warfarin.'” The
high level of adherence to this standard suggests that
further attention to this process of care is unlikely to
significantly improve patient safety.

We also found that the lack of daily INR measure-
ments was associated with an increased risk of an
INR >6.0 and warfarin-associated adverse events in
some patient populations. There is limited evidence
addressing the appropriate frequency of INR measure-
ment in hospitalized patients receiving warfarin. The
Joint Commission National Patient Safety Goal
requires use of “a current INR to adjust this therapy,”
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a Adverse events Adverse events Adverse events
Acute Cardiovascular Disease Pneumonia Surgery Care
| | |
No days without INR (Ref.) o o * ’
|
One day without INR - 0.7# (0.49-1.15) 0,85 (0.58-1.25) 1.55 (0.99-2.43)
I [ I
One or more days without INR - 1.03 (0.75-1.40) 0,85 (0.62-1.16) ‘ 1.60 (1.09-2.35)
I | |
Two or more days without INR - 1.48 (0.99-2.22) 0.85 (0.54-1.32) 1.72 (0.93-3.19)
| | |
INR >=6.0 INR >=6.0 INR >=6.0
Acute Cardiovascular Disease Pneumonia Surgery Care
I | |
No days without INR (Ref.) . L] ’
I | |
One day without INR - 1.20 (0.67-2.12) | 1.77 (1.15-2.74) 1.73 (0.84-3.59)
| |
One or more days without INR - | 1.82 (1.19-2.79) | 1.88 (1.38-2.84) 1.66 (0.89-3.10)
| |
Two or more days without INR - 2.‘%4 (1.70-5.09) 2 35|{1.44—3.85! 1.62 (0.63-4.15)
‘I I I UL : I I LI I‘ I L
1 2 3457 1 2 345 7 1 2 3457
Risk-adjusted odds ratio (logarithmic scale)
b Adverse events Adverse events Adverse events
Acute Cardiovascular Disease Pneumonia Surgery Care
| |
No days without INR (Ref.) - . . '
One day without INR - D.?g (0.47-1.06) D@I (0.56-1.15) 1.41 (0.95-2.07)
One or more days without INR - 1.00 (0.75-1.34) olkt (0.60-1.09) : 1.57 (1.18-2.08)
Two or more days without INR LS8 (1.02:247) ___o‘lh 034120 | ——el2(120248)
{ |
INR >=6.0 INR >=6.0 INR >=6.0
Acute Cardiovascular Disease Pneumonia Surgery Care
I | |
No days without INR (Ref.) . ' '
One day without INR - 1.04 (0.59-1.81) : 1.79 (1.19-2.68) 1.87 (1.05-3.33)
One or more days without INR - 161,(107:241) : — 12038271 —‘—‘: 131(095-2.39)
| |
Two or more days without INR | 2060439, | —L218(134:348) — 125070224
T T T LI : T T LI 1 1 T LI
1 2 345 7 1 2 345 7 1 2 345 7

Risk-adjusted odds ratio (logarithmic scale)

FIG. 1. (A) Association between number of days without an INR measurement and a subsequent INR >6.0 or warfarin-associated adverse event, adjusted for
baseline patient characteristics, receipt of heparin or low molecular weight heparin, and number of days receiving warfarin. (B) Stabilized inverse probability-
weighted propensity-adjusted association between number of days without an INR measurement and a subsequent INR >6.0 or warfarin-associated adverse

event. Abbreviations: INR, international normalized ratio.

but provides no specifics.'” Although some experts
believe that INRs should be monitored daily in hospi-
talized patients, this does not appear to be uniformly
accepted. In some reports, 2% or 3'* consecutive days
without the performance of an INR was required to
activate a reminder. Protocols from some major teach-
ing hospitals specify intermittent monitoring once the
INR is therapeutic.'>'® Because our results suggest
that lapses in INR measurement lead to overanticoa-
gulation and warfarin-related adverse events, it may
be appropriate to measure INRs daily in most hospi-
talized patients receiving warfarin. This would be con-
sistent with the many known causes of INR instability
in patients admitted to the hospital, including drug-
drug interactions, hepatic dysfunction, and changes in

volume of distribution, such that truly stable hospital-
ized patients are likely rare. Indeed, hospital admission
is a well-known predictor of instability of warfarin
effect. ° Although our results suggest that daily INR
measurement is associated with a lower rate of overan-
ticoagulation, future studies might better define lower
risk patients for whom daily INR measurement would
not be necessary.

A prior INR increase >0.9 in 1 day was associated
with an increased risk of subsequent overanticoagula-
tion. Although a rapidly rising INR is known to pre-
dict overanticoagulation'®' we could find no
evidence as to what specific rate of rise confers this
risk. Our results suggest that use of a warfarin dosing
protocol that considers both the absolute value of the
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u Percent of patients
withINR26.0

u Percent of patients
with INR 5-5.99

0.3-0.49 0.5-0.69 0.7-0.89  0.90-1.09

1.1-1.29 1.3-1.49 21

Prior INR increase

FIG. 2. Relationship between prior day increase in INR and subsequent maximum INR level. Patients included in this analysis had an INR under 3.5 on the day
prior to their maximum INR and a maximum INR >2.0. The prior INR increase represents the change in the INR from the previous day, on the day before the maxi-
mum INR was reached. Among 3250 patients, 408 (12.6%) had a 1-day INR increase of >0.9. Abbreviations: INR, international normalized ratio.

INR and the rate of rise could reduce warfarin-related
adverse events.

There are important limitations of our study. We
did not abstract warfarin dosages, which precluded
study of the appropriateness of both initial warfarin
dosing and adjustment of the warfarin dose based on
INR results. MPSMS does not reliably capture anti-
platelet agents or other agents that result in drug-drug
interactions with warfarin, such as antibiotics, so this
factor could theoretically have confounded our results.
Antibiotic use seems unlikely to be a major con-
founder, because patients with acute cardiovascular
disease demonstrated a similar relationship between
INR measurement and an INR >6.0 to that seen with
pneumonia and surgical patients, despite the latter
patients likely having greater antibiotics exposure.
Furthermore, MPSMS does not capture indices of
severity of illness, so other unmeasured confounders
could have influenced our results. Although we have
data for patients admitted to the hospital for only 4
conditions, these are conditions that represent approx-
imately 22% of hospital admissions in the United
States.” Strengths of our study include the nationally
representative and randomly selected cases and use of
data that were obtained from chart abstraction as
opposed to administrative data. Through the use of cen-
tralized data abstraction, we avoided the potential bias
introduced when hospitals self-report adverse events.

In summary, in a national sample of patients admit-
ted to the hospital for 4 common conditions, warfarin-
associated adverse events were detected in 7.4% of
patients who received warfarin. Lack of daily INR mea-
surement was associated with an increased risk of over-
anticoagulation and warfarin-associated adverse events
in certain patient populations. A 1-day increase in the

INR of >0.9 predicted subsequent overanticoagulation.
These results provide actionable opportunities to
improve safety in some hospitalized patients receiving
warfarin.
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