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Review
Synthèse

Asymptomatic elevation of the international normal-
ized ratio (INR) is a common and important clinical
problem encountered by all health care profession-

als who supervise patients taking warfarin. Patients in typi-
cal outpatient practices have INRs outside the desired
range 50% of the time.1,2 One randomized controlled trial
(RCT) suggested that, despite measures to ensure an ap-
propriate level of anticoagulation, 14% of total patient-
time was spent with INR values above the therapeutic
range.3 There is a strong relation between the degree of
INR elevation and the risk of hemorrhage. Serious war-
farin-associated bleeding usually occurs from the gastroin-
testinal or genitourinary system;4 the risk of such bleeding
may as much as double for each 1-point increase in the
INR.5 Investigators of a prospective cohort study6 followed
114 consecutive patients who presented to an anticoagula-
tion clinic with an INR greater than 6 and found that ab-
normal bleeding developed in 10 (8.8%) of them and life-
threatening hemorrhage in 5 (4.4%; 2 fatal) over the
2-week follow-up period. Therefore, interventions leading
to a prompt reduction of the INR may reduce the risk of
serious bleeding in patients taking warfarin.

Most indications for warfarin anticoagulation have a tar-
get therapeutic INR range of 2.0 to 3.0. However, some in-
dications, such as mechanical heart valves, require a higher
intensity of anticoagulation. Table 1 lists the therapeutic
INR ranges for common indications for warfarin anticoag-
ulation.7,8 An elevated INR is one that is above the thera-

peutic range. However, most studies that have evaluated in-
terventions for asymptomatic elevation of the INR have ex-
amined INRs several points above the upper limit of the
therapeutic range, usually selecting a lower limit for inter-
vention between 4.5 and 6.0. In assessing patients with an
elevated INR, one should consider potential causes such as
noncompliance, inappropriate dosing, fluctuations in vita-
min K intake, hepatic dysfunction, laboratory errors, drug
interactions (Box 1) and alcohol intake.

A common strategy for lowering an elevated INR is sim-
ply to withhold warfarin. In some cases parenteral vitamin
K therapy may be administered. Recent interest has fo-
cused on the use of vitamin K orally as a simple, safe and
effective way of normalizing an excessively elevated INR.
Although no tablet form of vitamin K is currently available
in Canada, the intravenous formulation (see Fig. 1) can be
given orally, either undiluted or after mixing with orange
juice to mask its unpleasant taste. We reviewed the litera-
ture to ascertain whether or not oral vitamin K therapy is
effective, to identify the degree of INR abnormality that is
best managed with oral therapy, to identify the dose that is
most appropriate and to identify the relative risks of hem-
orrhage and thrombosis with this regimen as compared
with other management approaches.
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Abstract

ASYMPTOMATIC ELEVATION OF THE INTERNATIONAL normalized ratio
(INR) is a common problem associated with hemorrhage. Evi-
dence from randomized controlled trials supports the use of low-
dose oral vitamin K therapy as a treatment that promptly reduces
the INR. Vitamin K given orally is more effective than subcuta-
neous vitamin K injection, and as effective as intravenous admin-
istration when INR values are compared 24 hours after adminis-
tration. A 1.0-mg vitamin K dose is likely most appropriate for
patients with INR values between 4.5 and 10. The fear of over-
correction of the INR has limited the widespread use of vitamin K;
however, our review suggests that this occurs infrequently when
small doses are administered orally.
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Table 1: Recommended therapeutic ranges of the
international normalized ratio (INR) for common indications
for oral anticoagulant therapy*

Indication INR range

Prophylaxis of venous thrombosis (high-risk surgery)
Treatment of venous thrombosis
Most cases of thrombosis with antiphospholipid
  antibody syndrome7

Treatment of pulmonary embolism
Prevention of systemic embolism 2.0–3.0
Tissue heart valves
AMI (to prevent systemic embolism)
Valvular heart disease
Atrial fibrillation
Bileaflet mechanical valve in aortic position

Mechanical prosthetic valves (high risk)
Prophylaxis of recurrent myocardial infarction 2.5–3.5

*Adapted, with permission, from Hirsh et al.8D
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Literature review

The MEDLINE database was searched for articles pub-
lished between 1966 and Jan. 1, 2004, using the following
terms: “vitamin K” or “phytonadione,” “oral” and “anticoag-
ulation.” The search, limited to human studies published in
English, identified 118 articles. We included studies if the pa-
tients had INRs above the therapeutic range due to warfarin;
low-dose oral vitamin K therapy (1.0–2.5 mg) was used in ad-
dition to the suspension of warfarin therapy; the INR method
was used to standardize prothrombin time results; the change
in the INR was reported 24 hours after vitamin K administra-
tion; and the study design was prospective. We found 17
studies of the use of oral vitamin K therapy to reverse exces-
sive anticoagulation that met these criteria. A manual search
of the bibliographies of the retrieved articles identified 4 addi-
tional studies. Of these 21 studies, 13 were excluded for the
following reasons: inclusion of patients with therapeutic INR
values,9 warfarin therapy not suspended,9,10 vitamin K use in
doses greater than 2.5 mg,11 use of anticoagulants other than
warfarin,12–14 published before the development of the INR
system,15 no INR measurement 24 hours following treat-
ment16 and lack of prospective data collection.17–20 One review
paper21 was also excluded because it lacked original data.
Eight studies,22–29 with a total of 344 patients, met all of the in-
clusion criteria and were included in this review (Tables 2 and
3). We used these articles to answer 4 questions, which are
addressed below.

Is oral vitamin K therapy effective compared
with other management approaches?

Four RCTs compared oral vitamin K therapy with
placebo or with other methods of vitamin K administration
(Table 2).22–25 Two double-blind, placebo-controlled RCTs
demonstrated that oral vitamin K therapy reduces the INR
more promptly than does the withholding of warfarin
alone.22,23 Despite the evidence that oral vitamin K therapy is
effective, chart reviews and physician surveys have shown that
physicians prefer to administer vitamin K subcutaneously.30–32

This preference exists despite evidence from randomized tri-

als that the subcutaneous route is less effective than either the
oral24 or intravenous route.33,34 The only RCT comparing oral
and subcutaneous vitamin K administration showed that pa-
tients who received vitamin K orally were significantly more
likely than those treated by subcutaneous injection to have a
therapeutic INR on the day following treatment (p = 0.015).24

The evidence supporting oral administration of vitamin K
was further strengthened by a recent RCT that demonstrated
an equivalent ability of oral and intravenous vitamin K thera-
pies to return a prolonged INR to the therapeutic range at 24
hours.25 The intravenous route resulted in an immediate ef-
fect, as compared with a lag time of 4 hours with the oral
route.25 Despite this, the intravenous route is not the pre-
ferred route of administration because its use is associated
with a low but finite risk of anaphylactoid reactions.35

What range of INRs should be managed 
with oral vitamin K therapy? 

The INR values at which vitamin K was administered
orally varied between the studies we reviewed. However,
studies that restricted enrolment to patients with INRs below
10 tended to have a greater proportion of patients with thera-
peutic INRs at 24 hours22–27 than did studies without such re-
strictions28,29 (Tables 2 and 3). This evidence suggests that the
use of low-dose oral vitamin K therapy should be confined to
patients with INRs below 10. Among the studies that exam-
ined INR values below 10, the threshold for intervention
with vitamin K ranged from 4.5 to 6.0. This included 4 RCTs
involving patients with INR values between 4.5 and 10,23,24 or
between 6.0 and 10.22,25 The decision to treat with oral vita-
min K therapy is influenced by patient variables, including,
but not limited to, the INR. However, on the basis of the
RCTs reviewed, oral vitamin K would be an appropriate
treatment option for an INR between 4.5 and 10.
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Box 1: Common drugs that may increase the
international normalized ratio (INR) by
potentiating the anticoagulant effect of warfarin

• Antibiotics: cotrimoxazole, erythromycin, fluconazole,
isoniazid, metronidazole, miconazole

• Cardiac: amiodarone, clofibrate, propafenone,
propanolol, sulfinpyrazone

• Anti-inflammatory: phenylbutazone, piroxicam

• Central nervous system: alcohol

• Gastrointestinal: cimetidine, omeprazole

Fig. 1: Ampule of vitamin K. Because the tablet form of vitamin
K is not currently available in Canada, the parenteral formula-
tion can be given orally. It is dispensed in ampules of 0.5 mL
(equivalent to 1.0 mg) and 1.0 mL (equivalent to 10.0 mg). The
cost of treatment with 1.0 mg of parenteral vitamin K is as low
as 10 cents when dispensed from an ampule of 10.0 mg/mL.
Patient self-management may be a promising avenue for the
use of oral vitamin K therapy in anticoagulation control.



What dose of oral vitamin K therapy is 
most appropriate?

The fear of over-correcting the INR has been cited as
one barrier to the widespread use of vitamin K.6 However,
our review suggests that this occurs infrequently when
small doses of vitamin K are administered orally. Oral
doses between 1.0 mg and 2.5 mg appear to produce simi-
lar, and low, rates of over-correction (Tables 2 and 3). One
study29 found that the INR fell below 2.0 in 33% of patients
who received 2.0 mg of vitamin K orally, as compared with
0%–16% of patients in studies in which a 1.0-mg oral dose
was used. This suggests that the preferred dose for patients
with INR values between 4.5 and 10 is 1.0 mg. 

What is the risk of bleeding or thrombosis 
if vitamin K is given?

Convincing evidence that oral vitamin K therapy re-
duces the risk of bleeding is not yet available. Similarly, al-
though widely discussed, there is no evidence that transient

vitamin K-associated over-correction of the INR causes
thrombosis. In the 8 studies reviewed, only one thrombotic
event was described among the 344 patients who received
oral, subcutaneous or intravenous vitamin K therapy. This
patient had a myocardial infarction 3 days after receiving
1 mg of vitamin K orally.23

Only 2 of the studies specifically examined the effect of vi-
tamin K on the risk of bleeding. Patel and colleagues22 found a
nonsignificant reduction in the rate of minor bleeding among
3 of 15 patients randomly assigned to receive vitamin K, as
compared with 1 of 15 given placebo (p = 0.30). How bleeding
events were determined was not described. The larger sample
in Crowther and colleagues’ RCT of 1.0 mg of vitamin K had
greater power to detect differences in bleeding; after 3 months
of follow-up, the difference in bleeding events between the vi-
tamin K arm (2/45) and the placebo arm (8/45) was at the
margins of statistical significance (p = 0.0499).23 Other than
these 2 small studies, there is at present no clinical evidence
that oral vitamin K therapy reduces the risk of bleeding. How-
ever, the association between the use of oral vitamin K therapy
and a reduced INR, an established proxy measure for a de-
creased risk of bleeding, is supported by all of the studies we

Low-dose oral vitamin K for elevated INRs
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Table 2: Randomized controlled trials of vitamin K therapy

Study Design Sample size

INR range
for inclusion

in study
VK dose,

mg Group
INR 24 h after treatment;
no. (and %) of patients

Patel et al22 PO v. placebo 30 6.0–10.0 2.5
–

PO
Placebo

Mean INR reduction of 67%
Mean INR reduction of 23%

Crowther et al23 PO v. placebo 92 4.5–10.0
1.0
–

PO
Placebo

INR 1.8–3.2
25/45 (56)
  9/44 (20)

INR < 1.8
7/45 (16)
0/44   (0)

Crowther et al24 PO v. SC 51 4.5–10.0
1.0
1.0

PO
SC

INR 1.8–3.2
15/26 (58)
  6/25 (24)

INR < 1.8
3/26 (12)
0/25   (0)

Lubetsky et al25 PO v. IV 47 6.0–10.0
2.5
0.5

PO
IV

INR 2.0–4.0
20/23 (87)
16/24 (67)

INR < 2.0
2/23   (9)
7/24 (29)

Note:  VK = vitamin K, PO = oral administration, SC = subcutaneous injection, IV = intravenous administration.

Table 3: Prospective cohort studies of vitamin K therapy

Study Sample size

INR range
for inclusion

in study
VK dose,

mg
INR 24 h after treatment;
no. (and %) of patients

Crowther et al26 62 4.5–10.0
1.0

INR 1.8–3.2
46/62 (74)*

INR < 1.8
 1/62   (2)*

Duong et al27 14 5.0–10.0
2.5

“Therapeutic”
10/14 (71)

“Subtherapeutic”
0/14 (  0)

Pendry et al28 30 > 8
1.0

INR 2.0–4.5
10/30 (33)

INR < 2.0
2/30   (7)

Watson et al29 18 “Clinician
judgement” 1.0

2.0

INR 2.0–3.0*
  2/6   (33)
  4/12 (33)

INR < 2.0*
0/6     (0)
4/12 (33)

*Represents results requested from study author.



reviewed. Furthermore, findings from studies of 1.0 mg of vit-
amin K given orally suggest that this dose can reduce the INR
without an increased risk of a subtherapeutic INR, an estab-
lished proxy measure for thrombotic complications.

Conclusions

Asymptomatic elevation of the INR is a common and
clinically important problem, carrying with it a real risk of
hemorrhage. Evidence from 4 RCTs suggests that low-dose
oral vitamin K therapy promptly reduces an elevated INR.
This evidence also suggests that 1.0 mg may be the most ap-
propriate dose, particularly for patients with an INR be-
tween 4.5 and 10. Although a theoretical risk of thrombosis
exists with the use of low-dose oral vitamin K therapy, how
this risk compares with the risk of hemorrhage associated
with an untreated elevated INR is not yet clear.

Despite these remaining questions, many health care
professionals supervising warfarin therapy routinely supply
their patients with vitamin K, to ensure the prompt treat-
ment of an elevated INR without the patient having to visit
a health care setting. Patient self-management with the use
of oral vitamin K therapy may represent a promising av-
enue for the use of vitamin K in anticoagulation control.
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