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We evaluated the safety and efficacy of total knee replacement in patients receiving
continuous warfarin therapy.
We identified 24 consecutive patients receiving long-term warfarin therapy who
underwent total knee replacement between 2006 and 2008 and compared them with a
group of age- and gender-matched patients not on long-term anticoagulation. Primary
observations were changes in haemoglobin, transfusion rates and complications.
Secondary observations were fluctuations in the international normalised ratio (INR) and
post-operative range of movement.
There was no significant difference between the two groups in pre- or post-operative
haemoglobin, incidence of transfusion or incidence of post-operative complications. There
were no surgical delays due to a high INR level. The mean change in INR during the perioperative phase was minimal (mean 0.4; SD 0.7). There was no significant difference in the
range of movement between the two groups after day two post-operatively.
Current American College of Chest Physicians guidelines recommend bridging therapy for
high-risk patients receiving oral anticoagulation and undergoing major orthopaedic
procedures. We have shown that a safe alternative is to continue the steady-state warfarin
peri-operatively in patients on long-term anticoagulation requiring total knee replacement.

In 2009 there were 79 263 total knee replacements (TKRs) recorded in the National Joint
Registry for England and Wales.1 In Australia,
40 675 TKRs were performed in 2009 the
majority of which were in patients over 60 years
of age.2 The proportion of the Australian population over 65 years is expected to increase from
12% to 21% by 2031.3 In the population
requiring TKR there is likely to be a proportional increase in patients with medical comorbidities requiring long-term warfarin therapy.
The three most common indications for oral
anticoagulation are atrial fibrillation, mechanical heart valves and venous thromboembolism
(VTE).4
Warfarin selectively inhibits vitamin Kdependent coagulation factors II, VII, IX and
X, as well as proteins C and S, resulting in
impaired formation of fibrin.5 It is rapidly
absorbed from the upper gastrointestinal tract
and reaches maximum blood concentration
within 90 minutes after oral administration.6 It
is highly protein bound, mainly to albumin,
but only the free fraction is pharmacologically
active. The half-life is usually 36 to 42 hours
and is independent of the dose. It is completely
metabolised by the liver and eliminated by the
kidneys. The dose-response relationship is
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influenced by genetic factors, diet, concomitant medications and disease states.6,7
The management of peri-operative anticoagulation therapy for patients receiving longterm warfarin who are at high risk of thromboembolism remains controversial. The risk of
bleeding needs to be balanced against the risk
of thromboembolism. If anticoagulation needs
to be reversed before surgery, there will always
be some risk of thromboembolism.4 This is
dependent on the underlying indication for
anticoagulation, the patient’s risk factors for
thrombus formation, the type of surgical procedure taking place, the duration of cessation
of anticoagulation, and whether the anticoagulation is completely or partially reversed. The
last two variables can be modified to balance
the hazards involved.
Current guidelines recommend discontinuation of warfarin pre-operatively, with a bridging
regimen using low-molecular-weight heparin in
the peri-operative phase while the INR (international normalised ratio) normalises.8,9 Warfarin
is then resumed after surgery and bridging therapy is stopped once the INR falls within the
therapeutic range.4,9,10 However, the evidence
to support current protocols of peri-operative
warfarin therapy is largely anecdotal.8 There
1497
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are currently no randomised controlled trials (RCT) on
peri-operative bridging therapy. There is, however, an RCT
in progress aiming to enroll 2500 patients with atrial fibrillation on warfarin therapy. Until this trial is published, we
must rely on recommendations based on observational
studies and guidelines issued by the relevant professional
bodies.
A position statement has been published by the Australian Society of Thrombosis and Haemostasis which recommends a bridging regimen for high-risk patients.8 In
contrast, Carter et al11-14 provided an evidence-based
review of oral surgery and warfarin. Their prospective
series showed that it was safe to leave patients on warfarin
and control bleeding from various oral wounds, mainly
dental extractions, by local measures.11 They conclude that
in terms of safety, convenience, cost, and from a medicolegal point of view, continuation of the patient’s normal
warfarin regimen is recommended for oral surgery when
the INR is within the normal therapeutic range of 2 to
4.11,15 This rationale is supported by the consideration that
a stroke is a catastrophic event, whereas bleeding, albeit an
inconvenience, is usually easily controlled.16 We recognise
that TKR carries an increased relative risk of bleeding compared to dental extractions, but the principle still applies.
The population most at risk of cerebrovascular thrombosis
are those with mechanical heart valves, who have a target
INR of 3.5, and it is precisely these patients who would be
most affected by reducing the INR to < 3.11,17 Stopping
warfarin in high-risk patients before endoscopy has been
shown to result in an incidence rate of strokes of 3%.18
Wahl19 performed a meta-analysis in patients undergoing
dental surgery and confirmed that the incidence of embolic
complications when warfarin was stopped was 1%; this
was three times more likely than bleeding complications.
Concerns about rebound hypercoagulability after withdrawal of warfarin have been supported by studies confirming increased thrombin activity after warfarin
withdrawal.20-23 Bridging therapy protocols may require
extended hospital stays and increased costs.11,24 There have
been reports of large INR fluctuations during the first few
days following surgery.5 Inconsistent anticoagulation during this time could prove hazardous: even with effective
thromboprophylaxis the rate of symptomatic pulmonary
embolism (PE) has been reported as 1.3% to 5% 7,25 and of
fatal PE 0.09% to 0.15%.26,27
Against this background we investigated whether it is
safe to continue established long-term warfarin therapy
during TKR. Our hypothesis was that continuity and consistency of a regimen of anticoagulation would be beneficial
to all patients who require such therapy. Primary observations were changes in haemoglobin, transfusion rates, and
complications of over- and under-anticoagulation. Secondary observations were fluctuations in the INR, range of
movement, length of hospital stay and wound healing.
The ideal anticoagulation therapy regimen would
simultaneously offer adequate prophylaxis against

Table I. Patient comorbidities in the warfarin-continued group
Indications for warfarin

Number

History of atrial fibrillation
History of pulmonary embolism
History of mechanical heart valve
History of coronary artery bypass graft
History of congestive cardiac failure
History of transient ischaemic attack

12
4
3
2
2
1

thromboembolism and afford adequate surgical haemostasis and low complication rates to allow a safe peri-operative period and recovery. Time and costs involved for
patients and doctors when a regimen needs adjustment to
accommodate surgery are also an important consideration.

Patients and Methods
We retrospectively identified 24 consecutive patients receiving long-term warfarin therapy who required TKR between
2006 and 2008 (warfarin-continued group) under the care
of the senior author (LP). As a control, we collected the
same data from a group of age- and gender-matched
patients not on long-term warfarin therapy undergoing
routine TKR (control group). The warfarin-continued
group had a higher incidence of significant comorbidities
prior to surgery (Table I). The control group commenced a
prophylactic anticoagulation regimen of warfarin (target
INR 2.0 to 2.5), without bridging therapy on the day of
surgery which was continued for six weeks after surgery,
according to a once-daily dosing nomogram.7 This is the
preferred thromboprophylactic regimen in the Hospital of
Special Surgery, New York, and is a validated7 popular
method in the United States and Australia, used routinely
by the senior author (LP).
All patients gave informed consent for participation in
the study, and institutional ethical approval was granted.
Pre-operatively, in the warfarin-continued group no
changes were made to the patients’ warfarin regimens. The
INR was checked prior to surgery and daily postoperatively until discharge. An INR up to 3.0 was deemed
safe for undergoing surgery. All procedures were carried
out by the senior author in a single centre. A medial parapatellar approach was used under tourniquet control. No
drains were used post-operatively. All patients wore an
intermittent calf compression device and participated in the
standard physiotherapy protocol for TKR.
The use of a spinal anaesthetic technique was contraindicated because of the high INR values of our study population. All patients received a general anaesthetic and were
assessed and optimised in a specific pre-operative anaesthetic clinic.
Medical records were reviewed to collect the relevant
data, including patient demographics, pathology leading to
arthritis, indications for warfarin therapy, range of movement, body mass index, daily INR and warfarin doses, preand daily post-operative haemoglobin, incidence and
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12.0

24
15
75 (64 to 90)
29 (23 to 36)
21
3

24
16
76 (64 to 87)
28 (20 to 50)
21
3

* BMI, body mass index

quantity of blood transfused. Complications were categorised into haematoma formation, embolic events, delayed
wound healing, infection or revision surgery. Any supplementary anticoagulation therapy or change in the patient’s
normal regimen was also noted. Clinical reviews were conducted at six weeks and 12 months post-operatively, and
included range of movement, analgesics used and pain
levels.
Statistical analysis. Statistical analysis was performed
using SPSS version 14.0 for Windows (SPSS Inc., Chicago,
Illinois). All data were assumed to be non-parametric. Statistical significance was set at p < 0.05. Linear variables
were summarised by the mean, standard deviation (SD),
median and 95% confidence intervals (CI). Linear variables
were examined for change over time with the Wilcoxon
signed-rank test, and differences between groups were
assessed with the Mann-Whitney U test. Categorical variables were summarised by frequency. A post-hoc power
study confirmed 81.4% power using an Į-level of 0.05 and
a calculated observed effect size (Cohen’s d) of 0.7, using a
sample size of 54 cases in total.

Results
Of the 24 patients who underwent TKR while continuing
their normal warfarin therapy regimen (warfarin-continued
group), three underwent bilateral TKR and were matched
for procedure, age and gender with 24 control patients,
three of whom also had bilateral surgery (control group)
(Table II). Patient comorbidities requiring long-term warfarin therapy are shown in Table I.
International normalised ratio for warfarin-continued
group. The mean INR was 2.2 (SD 0.46; 1.0 to 3.0) pre-

operatively and 2.6 (SD 0.8; 1.5 to 5.0) post-operatively.
There were no surgical delays caused by a high INR level.
The mean change in INR during the peri-operative phase
was minimal (mean 0.4; SD 0.7) (Fig. 1). Of the 24 patients
in this group, the number who had an INR < 1.9 on each
peri-operative day was low, involving only four patients
pre-operatively and four patients between post-operative
days one and six (Fig. 2).
Haemoglobin. The means and 95% CIs for the pre- and
post-operative haemoglobin levels in both groups are
shown in Figure 3.
Transfusion. The rates of blood transfusion were not dissimilar between the groups (Table III).
VOL. 93-B, No. 11, NOVEMBER 2011
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operatively
Fig. 1

Box plot showing the mean and 95% confidence interval for the daily
international normalised ratio (INR) for the Warfarin Group. Outliers
asterisked are described in the text.

100
Patients with INR < 1.9 (%)

Number of patients
Males (n)
Mean age (years) (range)
Mean BMI* (kg/m2) (range)
Unilateral TKR (n)
Bilateral TKR (n)

Control
group

International normalised ratio

Table II. Characteristics of patients undergoing total knee replacement
(TKR) in the two groups
Warfarin-continued
group

1499

90
80
70
60
50
40
30
20
10
0
Pre- Day 1 Day 2 Day 3 Day 4 Day 5 Day 6
operative
Post-operative day
Fig. 2

Bar chart showing the proportion of patients in the warfarin-continued
group (n = 24) with an international normalised ratio (INR) < 1.9 pre- and
post-operatively.

Complications. There was no particular difference between
the groups in the rate complications (Table IV).
A patient with known factor V Leiden thrombophilia
developed a symptomatic below-knee deep-vein thrombosis (DVT) during the six-week post-operative period, suspected at two weeks and confirmed by ultrasound. The
INR during the peri-operative period did not fall below 2.4.
There were no other associated complications with this
patient, who made a full recovery and a range of movement
0° to 100° at six weeks.
A patient with a mechanical heart valve suffered a transient ischaemic attack (TIA) affecting the left eye following
bilateral TKR. The INR during the peri-operative period
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Table III. Incidence of blood transfusion in warfarin-continued and total knee replacement (TKR) groups (Mann-Whitney U test)
Number of packed red Warfarin-continued
blood cell units
group
Control group
Unilateral TKR

Bilateral TKR

Number of patients
0
1
2
4
Number of patients
0
2
3
4

21
16

150
Control

Mean haemoglobin

140

Warfarin-continued

130
120
110
100
90

Pre1
operative

3

2

4

5

Day
Fig. 3

Means plot showing the mean daily haemoglobin changes in the warfarin-continued group compared with the control group. There was a significant difference between the groups pre-operatively (p = 0.01) and on
the first post-operative day (p = 0.001), and no significant difference at
any other time (Day 2, p = 0.50; Day 3, p = 0.52; Day 4, p = 0.73; Day 5,
p = 0.25). The error bars show the 95% confidence interval.

did not fall below 2.2. Ophthalmic opinion was that he
would achieve a 95% recovery. No other sequelae were
documented, and a range of movement of 0° to 130° with
healed wounds was noted at six weeks.
One patient had delayed wound healing and underwent
debridement and re-suturing. The INR ranged between 1.6
and 3.7. He made a full recovery, with a range of movement
of 0° to 120°.
A patient with a history of hepatitis B, chronic renal failure, ischaemic heart disease and emphysema, despite being
considered high risk at pre-operative evaluation, had a unilateral TKR. Despite optimal management and minimal
blood loss, she developed renal and liver failure due to
ischaemic hepatitis causing the INR to rise to 9.7 on days
three and four post-operatively (Fig. 1). There was no evidence of haemorrhage, the haemoglobin remained stable
with a base value of 8.6 g/dl, and no blood was transfused.
The warfarin had not been given for three days prior to this

3
2
3
1
1

21
13
1
7
3
1
1
1

p-value
0.178

0.261

1

event, as the INR values were respectively 2.2, 3.1 and 4.5
on the day of surgery and on days one and two postoperatively. She was treated with dialysis, vitamin K injections and fresh frozen plasma. Once the INR was stabilised,
a subcutaneous heparin infusion was started, on day six.
Warfarin was restarted on day seven when the renal and
hepatic impairment had resolved. She was discharged on
day 16. The range of movement was 0° to 100° at
six weeks, pain was mild and the wound had healed.
There was no incidence of local haematoma formation
around the TKR in either group.
Range of movement. There was a significant difference in the
mean range of flexion between the groups at days one and
two (p = 0.01 and 0.03, respectively, Mann-Whitney U test),
but no differences at other review points (Fig. 4).
Length of hospital stay. The mean length of stay in the warfarin-continued group was 7.5 days (SD 2.5; 5 to 16), and
5.6 days (SD 0.8; 4 to 7) in the control group. This difference
was significant (p < 0.01, Mann-Whitney U test). In the warfarin-continued group, one patient had a paralytic ileus,
managed conservatively, that delayed discharge; another
patient suffered acute-on-chronic renal failure (see above).

Discussion
This study has shown that maintaining warfarin therapy in
patients undergoing TKR is safe and effective, with a stable
therapeutic window of anticoagulation being achievable.
The mean pre-operative INR was 2.2, with a mean change
in INR of 0.4 in this group. Similar results have been
reported by Rhodes et al,5 with a mean pre-operative INR
of 2.1 and a mean change in INR of 1.2. Larson, Zumberg
and Kitchens28 also showed INR ranges from 1.8 to 2.1
peri-operatively. In one patient the INR did rise to a level
where reversal was necessary. This patient developed acute
renal failure and secondary liver failure, exacerbated by
existing comorbidities. The sudden rise in INR despite
withholding warfarin for three days was probably the consequence of acute liver failure disturbing the coagulation
pathway29 and disrupting the hepatic metabolism of warfarin.11 Nevertheless, haemorrhage did not ensue and transfusion was not necessary. It could be argued that if this
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Table IV. Post-operative complications in the warfarin-continued
and control groups

140
Control

Warfarin-continued
group
Control group
1
1
1

2
2

1
1

Warfarin-continued

100

80

60

1
5

1
6

patient had been treated with heparin bridging therapy the
renal failure might have been more severe, as heparin is
nephrotoxic.30,31 Complications in this high-risk population are not uncommon.
The mean daily change in haemoglobin was similar in the
two groups and was within the expected range following
TKR (Fig. 3).32
The incidence of bleeding following TKR in patients on
warfarin therapy has been described in two studies.5,28 In
one, a 2% rate of major bleeding and a 4% rate of minor
bleeding was reported in 100 consecutive patients continuing
warfarin therapy during TKR or total hip replacement.28
The other retrospective study5 comparing bridging therapy
(n = 39) with continuation of warfarin (n = 38) for TKR
found no increase in the rate of haemorrhage for patients on
continuous warfarin. In our series of 24 patients on continuous warfarin no major bleeding occurred and only one minor
wound problem was encountered. The frequency of subtherapeutic INR was low, with only four patients having an INR
< 1.9 pre-operatively and some dipping low on more than
one occasion post-operatively (Fig. 2). A possible contributory factor to the low incidence of bleeding might have been
the tamponade effect of not using a drain.
Reported rates of transfusion following primary TKR
have ranged from 4% to 38% in unilateral and from 31%
to 72% in bilateral cases.32-35 In previous reports where
warfarin was continued, the rate was 34% in one,28 and in
the other the therapeutic warfarin group had a lower transfusion requirement.5 In our study the transfusion rates for
the warfarin-continued group of 24% in unilateral TKR
and 67% in bilateral TKR were comparable with those in
the control group (38% and 67%, respectively) and differ
little from previous studies; they also are within the normal
limits of routine TKR performed on patients not on longterm warfarin therapy.
In the warfarin-continued group two patients suffered
thromboembolic events comprising one DVT and one TIA,
with no long-term sequelae, compared with two DVTs and
two PEs in the control group. One study suggests that there
is greater risk of embolic events when oral anticoagulant
VOL. 93-B, No. 11, NOVEMBER 2011

120
Mean flexion (°)

Bleeding
Delayed wound healing
Gastric ulcer haemorrhage
Embolism
Deep-venous thrombosis
Pulmonary emboli
Transient ischaemic attack
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Paralytic ileus
Superficial wound infection
Total
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40

1
Preoperative
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6 weeks

Day
Fig. 4

Means plot showing the mean flexion range of movement (°) in the warfarin-continued group compared with the control group. There was a significant difference between the groups on the first and second postoperative day (p = 0.01 and p = 0.03, respectively), and no significant difference on the pre-operative day or on days 3 to 5 (p = 0.34, 0.41, 0.64
and 0.40, respectively). The error bars show the 95% confidence interval.

therapy is interrupted, compared to the background risk
without anticoagulation.18 Levels of markers of hypercoagulability, including fibrinopeptide A, activated factor VII,
prothrombin fragments, thrombin-antithrombin III complexes and D-dimers, have been found to be elevated following abrupt cessation of warfarin.20-23 Re-initiation of
warfarin is also associated with marked decreases in protein C and S levels within the first 36 hours. This is prior to
a reduction in factors X and II.36-38 This leads to a rebound
phenomenon and a transient hypercoagulable state. The
potential increase in prothrombotic risk cannot be ignored.
In addition, restoring the patient to their pre-operative
steady-state INR is associated with increased costs, and in
some instances a longer hospital stay.24,37 Interruption of
anticoagulation in patients on long-term warfarin therapy
poses a major risk of morbidity and mortality39,40 which
has been attributed to the rebound phenomenon and hypercoagulable state.41 We experienced only one patient with
wound necrosis, which was easily managed by debridement, re-suturing and antibiotics. This problem did not
appear to be warfarin-induced skin necrosis, which can
occur either on initiation of warfarin or cessation of longterm administration.37 Heparin-induced thrombocytopenia
(HIT) is a much more common problem and may cause
paradoxical thrombosis.28 The continuation of warfarin
therapy minimises the risk of warfarin skin necrosis and
avoids HIT. Rhodes et al5 report large fluctuations in the
peri-operative INR in bridging therapy regimens.
The decision to continue warfarin throughout the perioperative phase precludes spinal anaesthesia, because the
risk of epidural haematoma is unacceptably high. Several
studies have shown no increase mortality, cardiac morbidity or VTE between general and spinal anaesthesia.42-44
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The weaknesses of this study are typical of a non-controlled observational case series. The numbers of patients
are low and statistics reported are prone to type II error.
However, the high-risk heterogeneous group of patients we
are trying to investigate are infrequently encountered, making recruitment of large numbers for study difficult. The use
of consecutive patients eliminates some potential bias. The
strengths of the study include its simple design strategy, asking the simple question: is warfarin safe to continue
throughout the peri-operative period?
Current American College of Chest Physicians guidelines
recommend bridging therapy for high-risk patients receiving oral anticoagulation undergoing major orthopaedic
procedures.9,45 Our results suggest that it is safe to continue
steady-state warfarin peri-operatively.
We wish to thank Professor A. N. Goss, Emeritus Consultant Surgeon of The
University of Adelaide, Department of Oral and Maxillofacial Surgery, The
Royal Adelaide Hospital, for his advice and guidance in the preparation of this
manuscript.
No benefits in any form have been received or will be received from a commercial party related directly or indirectly to the subject of this article.
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