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INTRODUCTION
The  perioperative management of  patients who require 

temporary interruption of warfarin because of surgery or an‑
other non‑invasive procedure, such as endoscopy or cardiac 
catheterization, is a common but challenging clinical problem 
[1]. Bridging anticoagulation refers to the use of a short‑act‑
ing anticoagulant, which is usually therapeutic‑dose subcu‑
taneous low‑molecular‑weight heparin (LMWH) or intra‑
venous unfractionated heparin (UFH), administered during 
the time when warfarin is interrupted and there is no thera‑
peutic anticoagulation [2]. However, we acknowledge there is 
no standardized definition of “bridging anticoagulation” and 
other treatment regimens, including low‑dose regimens with 
LMWH or UFH, have been used, particularly after surgery 
in selected patients at high risk for bleeding complications.

Although the  absolute risk for arterial thromboembolism 
during temporary interruption of warfarin based on  math‑
ematical modeling has been estimated to  be low [3], actu‑
al rates of  thromboembolism in cohort studies of  temporary 
warfarin interruption are higher, thereby suggesting that 
the  risk during te 8–10 day period when warfarin anticoag‑
ulation is sub‑therapeutic may be higher than anticipated [1]. 
Furthermore, the clinical impact of thromboembolism may be 
considerable. Thus, valve thrombosis can be fatal in 15–30% 
of patients and embolic stroke can be fatal or associated with 
major disability in 70% of patients [4,5].
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Counterbalancing the risk for thromboembolism is the risk 
for perioperative bleeding if there is too aggressive periopera‑
tive anticoagulation. In studies involving patients with a me‑
chanical heart valve or atrial fibrillation, the case fatality of ma‑
jor bleeding is 8–9% [6,7]. The mortality of bleeding in a pe‑
rioperative setting is not well documented and may be higher. 
Bleeding usually at operative site can result in increased mor‑
bidity resulting from the need for urgent or emergency surgery, 
an infected hematoma or abscess and potential long‑term con‑
sequences related to  scarring and chronic pain. Furthermore, 
bleeding may have the undesired effect of promoting throm‑
boembolic events, due to prolonged interruption of warfarin. 
Thus, in studies of bridging anticoagulation with LMWH, ap‑
proximately 50% of arterial thromboembolic events occurred 
in patients who developed postoperative bleeding [8‑11].

Against this background, the  objectives of  this review 
are:1) to  provide an approach to stratify patients according 
to  their risk for arterial or venous thromboembolism if  an‑
tithrombotic therapy stopped and the  risk for bleeding as‑
sociated with surgery or procedure; 2) to provide a practical 
approach to  the  perioperative interruption and resumption 
of  antithrombotic therapy; 3) to  provide a  suggested proto‑
col for the administration of bridging anticoagulation when 
required.

Overall patient management

In  assessing patients who are receiving warfarin and are 
having elective surgery, the  initial question should be: is in‑
terruption of  warfarin therapy needed? In  patients who are 
undergoing a  major surgical or invasive procedure, warfa‑
rin interruption is required to minimize the risk for bleeding. 
On the other hand, in patients who are undergoing a minor 
surgical or invasive procedure, such as dental, dermatologic 
or ophthalmologic procedures, interruption of warfarin ther‑
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Bridging anticoagulation should be considered in patients 
at high or moderate risk for thromboembolism whereas it is 
optional in patients at low risk for thromboembolism.

Mechanical heart valve

In patients with mechanical heart valves, the risk for throm‑
boembolism is determined by the type and position of the valve 
and the  presence of  additional risk factors for stroke and in‑
tra‑cardiac thrombosis [12,13]. In patients who are probably 
at  high risk for thromboembolism, such as those with a  re‑
cent (within 3 months) stroke or transient ischemic attack, 
a mechanical mitral valve, or an older generation valve (e.g., 
caged‑ball, tilting disc), bridging anticoagulation is recom‑
mended [1,13]. In patients at moderate risk for thromboem‑

apy may not be required. Having addressed this initial ques‑
tion, the next question is: is bridging anticoagulation needed? 
The  need for bridging anticoagulation is determined by  pa‑
tients’ risk for thromboembolism during warfarin interrup‑
tion. A  suggested perioperative anticoagulant management 
algorithm is provided in  Figure 1 and the  various pre- and 
post‑operative steps are discussed below.

Assessing patients’ risk for thromboembolism

There are no validated schemes for stratifying patients ac‑
cording to  their risk for perioperative thromboembolism. 
The suggested risk stratification, which is summarized in Ta‑
ble 1, is derived based primarily on data from non‑periopera‑
tive settings.

No

No

Yes

Yes

No need to stop warfarin 
before surgery or procedure

Patient at low risk for 
thromboembolism

Patient at intermediate or high 
risk for thromboembolism

Day – 5: stop warfarin (last dose Day – 6)
Day – 1: INR testing (if INR >1.5, give vitamin K, 1–2 mg p.o.)
Day 0: resume warfarin on evening after surgery if patient drinking 

fluids
Day + 1 to + 3: resume warfarin when patient drinking fluids

bleeding risk associated with 
surgery/procedure is very low 

or low

bleeding risk associated with 
surgery/procedure is interme‑

diate or high

Is bridging anticoagulation 
needed when warfarin is 

interrupted?

Day – 5: stop warfarin (last dose on Day – 6)
Day – 3: start s.c. LMWH
Day – 1: INR test (if INR >1.5, give vitamin K, 1–2 mg p.o.); 

stop LMWH on the morning before surgery (omit evening dose 
with BID dosing; reduce total dose by 50% with OAD dosing)

Day 0: assess postoperative surgical site hemostasis; resume 
warfarin on evening after surgery if patient drinking fluids

Day + 1 to + 3: resume LMWH when hemostasis secured and 
not earlier than 12 hours after surgery; resume warfarin when 
patient drinking fluids

Day + 5 to + 6: stop LMWH when INR therapeutic

Is interruption of warfarin needed prior to the elective surgery or invasive procedure?

Fig. Suggested perioperative management of warfarin therapy. Abbreviations: BID – twice a day (bis in die), INR – international normalized 
ratio, LMWH – low‑molecular‑weight heparin, OAD – once a day
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dent, a longer time for the INR to normalize after warfarin is 
stopped in the elderly and in such patients more than 5 days 
interruption before surgery may be required [21].

Preoperative INR monitoring

Whenever feasible, INR testing should be done the  day 
before surgery to ensure the INR is normal (≤1.3) or is near 
normal (≤1.4). Patients with an  INR ≥1.5 are at  increased 
risk of  postoperative bleeding and administering 1  mg oral 
vitamin K to  such patients will hasten the  normalization 
of the INR prior to surgery [22]. This low dose of vitamin K 
is unlikely to  confer resistance to  re‑anticoagulation when 
warfarin is resumed after surgery [23]. In  patients who re‑
ceive vitamin K, it is also reasonable to  measure the  INR 
on  the  morning of  surgery to  confirm that the  INR is nor‑
mal because if the INR is measured only on the day of surgery, 
there is a small possibility that a patient will have an INR lev‑
el that is too high for some types of surgery (≥1.5). In such 
patients, the  patient may require 2–4 units of  fresh frozen 
plasma to rapidly normalize the INR.

Interruption of antiplatelet therapy

Patients who are receiving warfarin may also be receiv‑
ing antiplatelet therapy, typically acetylsalicylic acid (ASA), 
81  mg/24h. Since ASA and clopidogrel irreversibly inhib‑
it platelet function, there is an increased risk of perioperative 
bleeding when surgery is performed in such patients. Acetyl‑
salicylic acid should be interrupted approximately 7–10 days 
(lifespan of a platelet) before surgery [2].

Initiating bridging anticoagulation with LMWH

Bridging anticoagulation is recommended in  patients 
at  high risk for thromboembolism and, probably, for mod‑
erate‑risk patients, while in  low‑risk patients, bridging anti‑
coagulation is optional. The emergence of LMWHs obviates 
the need for in‑hospital perioperative anticoagulation. Bridg‑
ing anticoagulation with LMWH typically is started 3–4 days 
before surgery [2].

Dosing of LMWH before surgery

If once a day (OAD) LMWH is used as bridging anticoagu‑
lant therapy (e.g., tinzaparin, 175 IU/kg OAD, dalteparin 200 
IU/kg OAD), the dose should be administered in  the morn‑
ing, and with last preoperative dose given in  the  morning 
of  the  day before surgery or least 24 hours before surgery. 
If  twice a day (bis in die – BID) LMWH is used (e.g., enox‑
aparin, 1  mg/kg BID, dalteparin 100 IU/kg BID), the  eve‑
ning dose on the day before surgery should be omitted. With 
either of these dose regimens, the last dose of LMWH should 
be given at least 24 hours before surgery to minimize the like‑
lihood of a residual anticoagulant effect at the time of surgery.

bolism, such as those with a newer generation aortic valve (e.g., 
bileaflet) and ≥2 risk factors for stroke, bridging anticoagu‑
lant should be considered. Finally, in patients who are probably 
at low risk for thromboembolism, such as those with a bileaflet 
aortic valve and <2 risk factors for stroke, bridging anticoagu‑
lant therapy is optional and may not be required [1,2].

Chronic atrial fibrillation

Bridging anticoagulation should be considered in patients 
with chronic atrial fibrillation who are at high or moderate risk 
for stroke [14,15]. High‑risk patients include those with a re‑
cent (within 3 months) stroke or transient ischemic attack and 
patients with rheumatic valvular heart disease. The CHADS2 
scoring system can be used to assess risk for stroke in patients 
with non‑valvular atrial fibrillation and is calculated based 
on  the presence or absence of  one or more of  the  following 
risk factors: previous stroke or transient ischemic attack; con‑
gestive heart failure; hypertension; diabetes mellitus; and age 
>75 years [16]. Bridging anticoagulation is recommended or 
optional in patients with a  recent (within 3 months) stroke 
or transient ischemic attack or a CHADS2 score ≥3 and it is 
probably not needed in patients with a CHADS2 score of 0–2 
(no prior stroke or transient ischemic attack) [1,13].

Venous thromboembolism

Bridging anticoagulant therapy should be considered 
in  patients with venous thromboembolism who are at  high 
or moderate risk of disease recurrence. High‑risk patients are 
those who have had a recent (within 3 months) episode of ve‑
nous thromboembolism or have selected prothrombotic blood 
abnormalities (e.g., deficiency of protein C, protein S or anti‑
thrombin, antiphospholipid antibodies or with multiple pro‑
thrombotic blood abnormalities) [17‑19]. Moderate risk pa‑
tients include those with previous venous thromboembolism 
during the  last 3–12 months, in  whom bridging anticoagu‑
lation should be considered. In patients with remote venous 
thromboembolism, occurring more than 12 months before 
the  planned surgery, bridging anticoagulation is not proba‑
bly needed.

Pre‑operative management

Interruption of warfarin therapy

Patients should be assessed approximately 5 days before 
surgery to  allow time for the  anticoagulant effect of  warfa‑
rin to be eliminated, after it is interrupted and to  teach pa‑
tients LMWH self‑injection if  bridging anticoagulation is 
used [2]. In patients who are receiving warfarin with a target 
international normalized ratio (INR) range of 2.0–3.0, stop‑
ping treatment 5 days before surgery will, in most patients, 
ensure a normal INR at  the  time of  surgery [20]. However, 
as the pharmacokinetic properties of warfarin are age‑depen‑
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a  high risk of  bleeding, such as prostatectomy or neurosur‑
gery the resumption of LMWH should be deferred for at least 
48–72 hours after surgery and, preferably, after consultation 
with the surgeon. In patients having surgery that is associat‑
ed with a moderate risk for bleeding, such as intra‑abdominal 
or intrathoracic surgery, the resumption of LMWH should be 
delayed until 24–48 hours after surgery, while in case of a low 
risk for bleeding, LWMH can be resumed 12–24 hours after 
surgery, usually the day after the surgery or procedure [2].

Patients at very‑high risk for postoperative 
bleeding

There may be patients in  whom bridging anticoagula‑
tion should be considered before but not after surgery. Such 
patients include those who have had excessive postopera‑
tive bleeding or have undergone a procedure associated with 
a very high risk for bleeding (e.g., intracranial neoplasm, cor‑
onary artery bypass surgery). It is always helpful to  discuss 
such high risk patients with the  attending surgeon to  bet‑
ter understand patient‑specific issues relating to bleeding risk 
and to discuss the initiation of postoperative anticoagulation.

The assessment of postoperative bleeding is subjective and 
will vary depending on the type of surgery. For example, pa‑
tients who undergo prostatectomy routinely have postopera‑
tive hematuria, and this may persist for 24–72 hours after sur‑
gery [12]. In such patients, it is prudent to withhold LMWH 

The anticoagulant effect of LMWH is measured by the an‑
ti‑factor Xa level. Anti‑Xa testing should not be routinely 
done in patients who are receiving LMWH because this test‑
ing is not done in many laboratories and the results may not 
be available for several hours, which is impractical in patients 
who are scheduled for surgery on the same day. Furthermore, 
since LMWHs have a predictable pharmacokinetic profile and 
elimination half‑lives of 3–4 hours, there should not be a clin‑
ically important residual anticoagulant effect 24 hours after 
the preceding dose [2].

Postoperative management

Resuming bridging anticoagulation with LMWH

The  decision to  resume bridging anticoagulation with 
LMWH after surgery is based on whether there is adequate 
postoperative hemostasis and the bleeding risk associated with 
the surgery. A suggested bleeding risk stratification scheme is 
provided in Table 2. If there is ongoing bleeding after surgery, 
as detected for example by blood accumulation into a  surgi‑
cal drain, the resumption of LWMH should be deferred until 
the bleeding has subsided. Most postoperative bleeding will 
resolve within 24 hours after surgery. If there is adequate post‑
operative hemostasis after surgery, the decision to resume an‑
ticoagulants will depend on the bleeding risk associated with 
the surgery. In patients having surgery that is associated with 

Table 1. Patient stratification for thromboembolism risk

Suggested risk stratification scheme

High‑risk (bridging anticoagulation recommended)
Any mechanical prosthetic mitral valve
Older generation (cage‑ball, tilting disc) mechanical prosthetic aortic valve
Recent (within 3 months) arterial thromboembolism (stroke, systemic embolism, transient ischemic attack [TIA])
Recent (within 3 months) venous thromboembolism (deep vein thrombosis, pulmonary embolism)
Chronic atrial fibrillation and CHADS2 score 5 to 6
Prior arterial or venous thromboembolism during interruption of warfarin
Selected prothrombotic blood abnormalities (deficiency of protein C, protein S or antithrombin, antiphospholipid antibodies,  

multiple prothrombotic blood abnormalities)
Rheumatic valvular heart disease and chronic atrial fibrillation

Intermediate‑risk (bridging anticoagulation suggested but optional)
Newer generation (bileaflet) mechanical prosthetic aortic valve and at least 1 major stroke risk factor
Bioprosthetic aortic valve
Chronic atrial fibrillation and CHADS2 score 3 to 4
Prior venous thromboembolism within last 3 to 12 months

Low‑risk (bridging anticoagulation not recommended)
Bileaflet mechanical aortic valve and no major stroke risk factor
Chronic atrial fibrillation and CHADS2 score 0 to 2 (no prior stroke or TIA)
Prior venous thromboembolism over 12 months ago

CHADS2 score based on 1 point for age ≥75 years, congestive heart failure, hypertension, diabetes and 2 points for prior stroke or transient 
ischemic attack
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may be warranted one to two weeks after the start of anti‑ul‑
cer therapy to ensure that significant ulcers have healed and 
are not likely to re‑bleed if anticoagulant therapy is restarted.

Bridging anticoagulation should be stopped when a  pa‑
tient’s INR level is within the  therapeutic range. Preferably, 
INR testing should be done on day 3, and day 5 after surgery. 
The  timing of  postoperative INR testing may vary by  one 
day earlier or later, depending on  the day of  the week that 
the  surgery was done and patient availability for blood test‑
ing. In most patients, with a target INR of 2.0–3.0, bridging 
anticoagulation will be required for 3 to 4 days after surgery, 
and in patients with a target INR of 2.5–3.5, approximately 5 
days of bridging anticoagulation will be required.

Resuming warfarin therapy

As with the resumption of bridging anticoagulation, the re‑
sumption of  warfarin should be predicated on  the  patient’s 

until the hematuria is subsiding, that is, when the urine be‑
comes pink‑colored. In  patients who undergo neurosurgery, 
a  small amount of  bleeding may be associated with serious 
complications such as intracranial hemorrhage. In  such pa‑
tients, anticoagulation should be delayed for at  least 24–48 
hours after surgery.

In  patients who develop major postoperative bleeding, all 
anticoagulants should be withheld until the  bleeding source 
has been identified and treated. The  resumption of  anticoag‑
ulants is superseded by the need to prevent further bleeding. 
If the cause of the bleeding is readily reversible, as with the re‑
pair of a severed blood vessel that inadvertently occurred dur‑
ing surgery, anticoagulants probably can be resumed within 24 
hours. On the other hand, if the bleeding is unlikely to resolve 
quickly, as with a  large gastric ulcer, the  resumption of  anti‑
coagulants should be deferred for one to two weeks, or longer, 
depending on the size of the ulcer and whether there was active 
bleeding at the time of the gastroscopy. A repeat gastroscopy 

Table 2. Patient stratification for bleeding risk

Suggested risk stratification scheme

Very high‑risk
Neurosurgery (intracranial or spinal surgery)
Cardiac surgery (coronary artery bypass or heart valve replacement)

High‑risk
Major vascular surgery (abdominal aortic aneurysm repair, aortofemoral bypass)
Major urologic surgery (prostatectomy, bladder tumor resection)
Major lower limb orthopedic surgery (hip/knee joint replacement surgery)
Lung resection surgery
Intestinal anastomosis surgery
Permanent pacemaker insertion or internal defibrillator placement
Selected invasive procedures (kidney biopsy, prostate biopsy, cervical cone biopsy, pericardiocentesis, colonic polypectomy)

Intermediate‑risk
Other intraabdominal surgery
Other intrathoracic surgery
Other orthopedic surgery
Other vascular surgery

Low‑risk
Laparoscopic cholecystectomy
Laparoscopic inguinal hernia repair
Dental procedures
Dermatologic procedures
Ophthalmologic procedures
Coronary angiography
Gastroscopy or colonoscopy
Selected invasive procedures (bone marrow aspirate and biopsy, lymph node biopsy, thoracentesis, paracentesis, arthrocentesis)
Very low‑risk (warfarin interruption not needed)
Single tooth extraction or teeth cleaning
Selected skin biopsy or skin cancer removal
Selected cataract removal
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temporary interruption of  warfarin, especially in  patients 
at  low‑to‑moderate risk for thromboembolism who consti‑
tute the vast majority of patients assessed and in whom there 
is uncertainty about optimal practice. Additional unanswered 
questions relate to the timing of bridging anticoagulation be‑
fore and after surgery and identifying types of  surgery and 
procedures in which the risk for bleeding precludes bridging 
anticoagulation.
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risk for postoperative bleeding. With most types of  surgery 
or procedures that are associated with a low or moderate risk 
for bleeding, warfarin can be restarted on  the  evening af‑
ter surgery since a  clinically significant anticoagulant effect 
not occur for at  least 48 hours after the  initial dose of war‑
farin, and a  full anticoagulant effect will not occur for 4–6 
days [9,10]. In patients who are undergoing a surgical or oth‑
er procedure associated with a high or very high risk for post‑
operative bleeding, the initial dose of warfarin can be resumed 
on the evening of the first or second postoperative day, 36–60 
hours after the procedure, to anticipate the onset of a clinical‑
ly important anticoagulant effect by the 4th or 5th postopera‑
tive day. Overall, the graduated approach to resuming warfa‑
rin should parallel the resumption of bridging anticoagulation 
and should be individualized based on a postoperative assess‑
ment of the patient’s risk for bleeding.

The  starting dose of  warfarin can be the  patient’s usu‑
al dose, according to  their pre‑specified dose regimen. Con‑
sequently, the  resumption of  warfarin on  the  evening after 
surgery should not adversely affect postoperative hemosta‑
sis. If a patient has received high‑dose vitamin K before sur‑
gery (i.e., 5–10  mg), this may result in  resistance to  re‑an‑
ticoagulation when warfarin therapy is resumed. Because it 
is difficult to predict the warfarin dose requirements of such 
patients, it is reasonable to  double their usual dose of  war‑
farin for two consecutive days after surgery. If low‑dose vita‑
min K (i.e., 1–2 mg) has been given before surgery, resistance 
to re‑anticoagulation is unlikely but it is reasonable to double 
the first dose of warfarin.

Resuming antiplatelet therapy

In patients who are receiving antiplatelet therapy in addi‑
tion to  vitamin K antagonists (VKA) therapy, the  antiplate‑
let drug, usually ASA, can be resumed on the same day when 
VKA is resumed.

SUMMARY
The management of patients who require temporary inter‑

ruption of warfarin requires an individual assessment of both 
patients’ risk for thromboembolism during warfarin interrup‑
tion and patients’ risk for bleeding associated with surgery. 
These considerations will determine whether patients receive 
bridging anticoagulation. For patients in whom bridging an‑
ticoagulation may be warranted, the  risk for bleeding asso‑
ciated with the surgery or invasive procedure will determine 
when bridging is resumed after surgery. In recent years, much 
progress has been made in our understanding of the therapeu‑
tic benefits and risks of bridging anticoagulation through co‑
hort studies and patient registries. However, several questions 
remain that are best addressed by randomized controlled tri‑
als. Most important, perhaps, is the need to  address wheth‑
er bridging anticoagulation is needed in patients who require 
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