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ABSTRACT: Introduction: Annually, 15% of patients who receive oral anticoagulation require interruption for surgery or an invasive procedure. This study evaluates the adherence of patients with atrial fibrillation with a history of stroke or transient ischemic attack to the
Thrombosis Canada Perioperative guidelines for the discontinuation and reinitiation of anticoagulation treatment. Methods: We collected
data from a prospective patient survey at the Stroke Prevention Clinic in the University of Alberta hospital. Patients’ charts were reviewed from
the electronic medical records, and adherence was looked at according to the Thrombosis Canada Perioperative guidelines for the interruption
of anticoagulants. Results: During the study period (2016–2019), there were 509 patients surveyed. Anticoagulation treatment was interrupted
in 150 patients with 98 interrupted for surgical or invasive procedures. The interruption was adherent to guidelines in only 29 (29.6%) of
patients and inappropriate or nonadherent in 69 (70.4%) patients. There were seven ischemic strokes recorded during the period of interruption. The proportion of strokes was higher in patients whose anticoagulation interruption was longer than what the guidelines recommended (6/61 or 9.8%) when compared to those who adhered to recommended perioperative anticoagulation guidelines (1/29 or 3.4%).
Conclusion: Our results indicate that significant discrepancy with following the recommended perioperative anticoagulation guidelines is
common in real-life practice. Delay in re-anticoagulation may increase the risk of complications.
RÉSUMÉ : La fibrillation auriculaire et le respect des lignes directrices sur l’arrêt de l’anticoagulothérapie. Introduction : Tous les ans,
15 % des patients traités par les anticoagulants oraux doivent cesser de les prendre pour cause d’opération ou d’une intervention effractive.
L’étude visait à évaluer le respect des lignes directrices de Thrombose Canada sur l’arrêt et la reprise de l’anticoagulothérapie périopératoire,
chez des patients atteints de fibrillation auriculaire qui avaient des antécédents d’accident vasculaire cérébral (AVC) ou d’accident ischémique
transitoire. Méthode : Il y a eu collecte de données à l’aide d’une enquête prospective, réalisée à la Stroke Prevention Clinic, à l’hôpital de
l’Université de l’Alberta. Après avoir examiné les dossiers des patients provenant des dossiers médicaux électroniques, l’équipe a procédé à une
recherche sur le respect des lignes directrices de Thrombose Canada sur l’arrêt de l’anticoagulothérapie périopératoire. Résultats : Durant la
période à l’étude (2016-2019), 509 patients ont participé à l’enquête. Le traitement anticoagulant a été interrompu chez 150 d’entre eux, dont
98 pour une opération ou une intervention effractive. Les lignes directrices sur l’arrêt temporaire du traitement ont été respectées chez
29 patients (29,6 %) seulement, tandis qu’elles étaient inappropriées ou non conformes chez 69 patients (70,4 %). Il s’est produit 7 AVC
ischémiques durant la période d’arrêt. La proportion d’AVC était plus élevée chez les patients chez qui la durée de l’interruption du traitement
anticoagulant était supérieure à celle recommandée dans les lignes directrices (6/61 ou 9,8 %) que chez les patients chez qui les lignes directrices
sur l’anticoagulothérapie périopératoire avaient été respectées (1/29 ou 3,4 %). Conclusion : Les résultats de l’étude révèlent qu’il existe souvent
un écart important entre l’application des lignes directrices sur l’anticoagulothérapie périopératoire et la pratique courante. Le report de la
reprise du traitement anticoagulant peut accroître les risques de complications.
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Introduction
The prevalence of atrial fibrillation (AF) is 2% in the general population and increases significantly with age.1–3 A quarter of all the
strokes are caused by AF. Atrial fibrillation is associated with more
than a fivefold increased risk of stroke.4,5 The risk of stroke in

patients with AF can significantly be reduced with anticoagulant
treatment.6,7 Warfarin and direct oral anticoagulants (DOACs)
are the main choices for anticoagulation. Warfarin is recommended in patients with valvular AF. In nonvalvular AF, however,
DOACs are preferred as they do not require regular monitoring
and blood work.8
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Interruptions in anticoagulation are frequent for a variety of
medical and surgical reasons and may occur in 15% of patients
annually.9 Adherence to perioperative management guidelines
for anticoagulation interruption is useful to avoid the increased
risk for postoperative bleeding or embolic events including
embolic stroke.10 These guidelines consider the half-lives of the
drugs, the renal function of the patient, and the bleeding risk associated with the type of surgery or procedures.10,11
There are only a few studies that have reviewed adherence to
anticoagulation but have rarely looked specifically at high-risk
patients, especially those with a prior history of stroke.12,13 In
the ROCKET AF study, temporary interruptions of anticoagulants
were frequent, and this was associated with an increased risk of
stroke and bleeding.14 There is, however, limited data on the adherence to perioperative anticoagulation guidelines for invasive procedures and the risk of embolic complications in patients with AF
and prior stroke, and this requires further study.
We studied adherence to the Thrombosis Canada Perioperative
guidelines for the interruption of anticoagulation in high-risk
patients with AF presenting to stroke clinic with a presumed diagnosis of stroke or transient ischemic attack (TIA) and assessed the
risk of recurrent stroke when the recommended guidelines were
not followed.
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Table 1: Baseline characteristics
Variables

Study population
(n = 509)

Age (Mean ± SD)

73 ± 10.33

Female (%)

185 (36.5%)

CHADSVASc score
(Mean ± SD)

4.77 ± 1.59

Patients with anticoagulation
interrupted (n = 150)
74.5 ± 9.99
52 (34.7%)
4.80 ± 1.61

Type of anticoagulant
Rivaroxaban

169 (33.2%)

52 (34.7%)

Apixaban

154 (30.3%)

38 (25.3%)

Warfarin

80 (15.7%)

30 (20.0%)

Dabigatran

80 (15.7%)

27 (18.0%)

Hypertension

387 (76.1%)

110 (73.3%)

Dyslipidemia

328 (64.4%)

97 (64.7%)

Diabetes

133 (26.1%)

32 (21.3%)

Vascular
disease*

138 (27.1%)

53 (35.3%)

Co-morbidities

Type of stroke
Ischemic

203 (40.1%)

45 (30.0%)

Methods

TIA

204 (40.3%)

61 (40.7%)

The study was approved by the research ethics board at the
University of Alberta (Pro00058908). The patients referred to
the Stroke Prevention Clinic (SPC) at the University of Alberta
Hospital, Canada were approached for participation in this study
if they had a known diagnosis of AF and a history of ischemic
stroke/TIA. Participants provided informed consent at the time
of enrollment.

Intracranial
hemorrhage

5 (1.0%)

2 (1.0%)

This table shows the baseline characteristics of the patients enrolled in this study. The
baseline characteristics include the age, gender CHADSVASc score, the type of anticoagulant
taken, co-morbidities, and the type of stroke suffered. This table also compares the total
patients in the study with the subcategory of patients that had their anticoagulation
medication temporally interrupted due to reasons such as surgical or invasive procedures,
bleeding events, patient preference, and doctor preference.
*Prior MI, Peripheral artery disease, Aortic plaque.

Patient Survey
Patients who were referred to the stroke clinic and were on anticoagulation medication for their AF were sent a mail to ask them
to participate in a survey. After consent, the data were collected
prospectively from the patients using a survey case record form
created specifically for the study. The collected data included demographic variables, vascular risk factors, CHADSVASc score, types
of clinical events (stroke or TIA), type of anticoagulant used, type
of surgical and invasive procedure, duration of the anticoagulation
interruption, and reasons for the interruptions. The survey was
conducted from 2016 to 2019. At the time of enrollment, all
patients were on anticoagulants for secondary prevention.
Collection of Data and Patient Charts
After the survey was complete, responses were collected and manually inputted and organized into an excel document. After inputting this data, missing information in one of the areas was later
filled in with follow-up phone calls. Patient self-reported information along with verification using online medical records were used
to verify the date and length of discontinuation of anticoagulation.
Patients who had to interrupt their anticoagulation due to an invasive procedure or surgery were then analyzed to see if they suffered
a stroke within 30 days of their procedure/surgery. In addition to
looking at patients who interrupted their anticoagulation due to
surgery or invasive procedures, we also looked at patients who
interrupted their anticoagulation due to other reasons such as
bleeding, patient preference, and doctor’s preference. Only the
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surgeries and interruptions at the time of the survey were assessed,
not subsequent interruptions after. This is a cross-sectional study
with patients called after to fill in information that was missed during the survey.
Thrombosis Canada Guidelines
The Thrombosis Canada Guidelines (2017–2018) for the interruption of anticoagulation before surgery or invasive procedure and
the safe resumption of those anticoagulants after the procedure
were used as a reference standard in our study.15 We used these
guidelines to assess if adherence was followed for minor and major
surgeries. Briefly, it is recommended that DOAC’s not be interrupted for low-bleed risk procedures. There is, however, an option
to interrupt DOACs the day of/or 4–6 hours postoperatively for
low-bleed risk procedures. For moderate bleed risk procedures,
interruptions for 48 hours (a day before and after the procedure)
are recommended. Similarly, the recommendation for high-risk
procedures for the interruption of DOACs is 5 days (2 days before
the procedure and 2–3 days after). For Warfarin, the guidelines
recommend stopping 5 days before surgery and resume after when
the patient is at homeostasis and can drink fluids.15 Most major
procedures require warfarin interruption but minor procedures
(e.g., dental or cataract surgery) do not.
We then looked to see if the patient’s anticoagulation discontinuation time deviated from the recommended guidelines. We
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509 Patients Enrolled

150 Patients Discontinued
Anticoagulation Treatment

359 Patients Continued
Anticoagulation Treatment

16 Patients Data Not
Conclusive
36 Patients Discontinued For
Non-Operation Reasons

98 Patients Discontinued Anticoagulation
due to Operations/Procedures

29 Patients Discontinued
Anticoagulation Appropriately

69 Patients Discontinued
Anticoagulation Inappropriately

61 Patients Discontinued
Anticoagulants For
Prolonged time

8 Patients Reinitiated
Anticoagulants Earlier Than
Guidelines Recommended

Figure 1: This figure is a flow chart of the patients enrolled in this study. A total of 509 patients were enrolled with 150 of those patients temporarily interrupting their anticoagulation treatment. Of these 150 patients, 16 patient data were not conclusive, 36 patients discontinued for non-operation reasons and 98 patients interrupted their
anticoagulation treatment due to surgical or invasive procedures. Of these 98 patients who had their anticoagulation interrupted, 29 (29.6%) patients adhered to the perioperative
guidelines while 69 (70.4%) did not adhere to the guidelines.

classified appropriate adherence as those who followed the guidelines for discontinuing and reinitiating anticoagulation treatment.
Nonadherence was classified when the anticoagulation interruption or reinitiation did not adhere to the perioperative guidelines.
Because our study spanned from 2016 to 2019, we looked to see
if there were any changes in the guidelines. There was a minimal
change in the guidelines from 2016 to 2019, a change of one day
added postoperatively in the high-risk procedures during the 2019
guidelines when compared to the latter years. We took this change
in guidelines into consideration and observed that the addition of
the one-day postoperative delay did not change our results.
Statistical Methods
Statistical analysis was done through Microsoft Excel. From the
main group of 509 patients, we created a subgroup of patients
who had their anticoagulation treatment discontinued for multiple
reasons. Microsoft Excel was used to calculate the baseline characteristics, means, percentages, and standard deviations of these two
groups. Both groups’ characteristics were compared to see if any
differences were found.
Results
Baseline Characteristics
A total of 532 patients were approached, and 23 individuals
declined to be involved in this study. A total of 509 patients were
enrolled in this study from the Stroke Prevention Clinic (SPC) at
the University of Alberta hospital between January 2016 and
December 2019. As part of our inclusion criteria, all patients
had a diagnosis of AF and a history of a TIA or previous stroke.
Baseline characteristics are detailed in Table 1. The mean age
was 73 ± 10.3 years, and 185 (36.5%) were female. The average
CHADSVASc score for the population was 4.77 ± 1.59. Most
patients were treated with DOACs (Rivaroxaban [33.2%],
Apixaban [20.3%], and Dabigatran [15.4%]). The most common
vascular risk factors were hypertension (76.1%) and dyslipidemia
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(64.4%). Anticoagulation was interrupted in 150 (29.47%) patients.
The subgroup was a fair representation of the study population,
and no significant differences were found in their baseline
characteristics.
Interruption of anticoagulation treatment included invasive
and surgical procedures, bleeding, patient preference, and doctor
preference as shown in Figure 1. The patients were separated into
two main groups; patients who continued their anticoagulation
treatment (n = 359) and those who had anticoagulation interruptions and/or discontinuations (n = 150). The patient data were
incomplete in 16 subjects, and they were excluded from the analysis. Among the 150 patients, medications were interrupted due to
surgeries or invasive operations in 98 patients and other reasons
(for example, anticoagulation-related bleeding, patient preferences, or doctor preferences) in 36 patients. The bleed risk category for the surgical and invasive procedures of the 98
patients according to the Thrombosis Canadian Guidelines is
shown in Figure 2a. The majority of patients underwent
low-bleed risk procedures (55.1%) including colonoscopies, gastroscopy, or teeth extractions. This was followed by high-risk procedures (34.7%) and then medium-bleed risk procedures (10.2%).
Figure 1 shows that adherence to guidelines was evident in only
29/98 patients (29.5%). In 69/98 patients (70.4%), the interruption/reintroduction of medications did not adhere to the guidelines. In these 69 patients, the anticoagulant medications were
restarted later than the recommended period in 61 (62.2%)
patients, and the medication was restarted earlier than recommended by guidelines in 8 (8.1%) patients.
Risk Category of Procedures and Adherence Rates
We evaluated the adherence rates in the low-bleeding risk,
medium-bleeding risk, and high-bleeding risk procedures which
are shown in Figure 2a. In the low-bleeding risk group, 47/54
(87%) patients did not adhere to the perioperative guidelines.
Analyzing patients who underwent surgical procedures with
medium-bleeding risk, 10/14 (71.4%) of the patients did not adhere
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A
Low Risk

Colonoscopy or gastroscopy without biopsies
Dental extracons (1 or 2 teeth)
Pacemaker inseron or internal deﬁbrillator placement
Procedures with small-bore needles (e.g. thoracentesis)

Medium Risk

Cataract surgery
General surgery (e.g breast)
Abdominal surgery

Non-cataract opthalmologic surgery
Major orthopedic surgery (e.g. hip/knee surgery)

High Risk

Cardiac Surgery (e.g. CABG, Heart valve replacement)
Urological surgery (e.g. bladder, prostatectomy)
Neurosurgery
Polypectomy
Lung resecon surgery
0

5

Adhered

10

15

20

25

30

Did not adhere

B
65

61

60
55
50

45
40
35
30

29

25
20
15
10

5

6
1

0
Disconnued As Guidelines Recommended

Total Number of Paents

Disconnued For Longer Than Guidelines Recommended

Total Number Strokes

Figure 2: (A): Categorizes the surgical and invasive procedures depending on the bleed risk of the operation. From the figure, it can be seen that the low-bleeding risk group shows
the greatest nonadherence with 47/54 patients not adhering to the guidelines, followed by the medium-bleed risk group that showed nonadherence in 10/14 patients, and finally
the high-bleed risk group where 12/30 patients did not adhere to the guidelines. The majority of the low-bleed risk procedures included colonoscopies and gastroscopies, followed
by dental extractions. (B): Shows that the number of patients who adhered to the perioperative guidelines while undergoing a surgical or invasive procedure is 29, and the number
of patients who did not adhere to guidelines by interrupting their anticoagulation treatment longer than what was recommended by the guidelines was 61. The risk of a stroke 30
days postoperatively in patients who adhered to guidelines was 1/29 or 3.4%, and the number of patients who suffered a stroke in the group that interrupted their anticoagulation
treatment for longer than what the guidelines recommended was 6/61 or 9.8%.

to the guidelines. Greater adherence was shown in the patients
undergoing high-bleeding risk operations as only 12/30 (40%) of
patients did not adhere to the perioperative guidelines. From the
three groups, the greatest nonadherence was shown in the lowbleeding risk group with the majority of patients undergoing colonoscopies or gastroscopies.
There were 7 of 98 patients who suffered a stroke when their
anticoagulants were temporarily interrupted (three underwent a
low-bleeding risk procedure, two underwent a medium risk procedure and two underwent a high-bleed risk procedure). The
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details of the individual patient information are shown in supplemental table 1.
Stroke Risk
Figure 2b shows that during the 30-days postprocedure time, 6 of
61 (9.8%) patients in the group that did not adhere to guidelines by
discontinuing their anticoagulants for longer than what was recommended suffered a stroke. This compares to only 1 of 29
(3.4%) patients in whom the interruption of anticoagulation
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adhered to recommended guidelines. There were no strokes or
hemorrhages in the group in whom the medication was reinitiated
earlier than what was recommended.
Characterization of Patients Who Had a Stroke or TIA
The age range of the patients with ischemic stroke was between 55
and 84 years (female: 2, male 5). The stroke or TIAs were in cortical
distribution suggestive of an embolic event in all patients.
Investigations showed no evidence of carotid disease in any
patients on vascular imaging. The anticoagulants discontinued
were DOACs in five patients and warfarin in two patients. The
details of the individual patient information are shown in supplemental table 1.
Interruption for Other Reasons
Thirty-six patients interrupted/discontinued their anticoagulation
due to nonsurgical-related reasons, including suspected anticoagulation-related bleeding, patient preference, and doctor’s preference
(deemed to be high risk for bleeding). Here, the anticoagulation
interruption was defined as interrupting for nonprocedural reasons, even if this was missing one dose. Anticoagulation was interrupted in 19/36 (53%) of the patients due to suspected
anticoagulation-related bleeding complications, including brain
hemorrhage (8/19 or 42.1%), hematoma (3/19 or 15.8%), bleeding
from an injury or surgical site (3/19 or 15.8%), hematuria (2/19 or
10.5%), and gastrointestinal bleeding (3/19 or 15.8%). Medications
were interrupted due to personal preference in 9/36 (25%) of
patients. The medications were interrupted in 5/36 (14%) due to
physician preference, reasons included the physician being reluctant to restart the anticoagulants due to side effects. The remaining
3/36 (8%) interrupted due to forgetting to take medication and
drug interactions. During follow-up, ischemic stroke was evident
in 5/19 patients in the group with a previous history of bleeding
and in 4/14 patients who stopped due to personal or doctor preference. The details of the individual patient information are shown
in supplemental tables 2 and 3.
Discussion
Our study showed that out of 509 patients who had AF and a prior
stroke,150 discontinued their anticoagulation treatment. Of those
150 patients, 98 were discontinued due to surgical and invasive
procedures. When checking for adherence to the Thrombosis
Canada guidelines in these 98 patients, only 29 patients adhered
to the guidelines while 69 did not. The 30-day postoperative stroke
rate was 1/29 in patients who adhered to guidelines and 6/61 in
patients who discontinued anticoagulation for longer than what
was recommended. The greatest nonadherence was seen in lowbleeding risk groups.
Atrial fibrillation is an important preventable cause of stroke.
Regular and long-term anticoagulation is highly effective in the
prevention of stroke in patients with AF. The introduction of
the newer DOACs has made long-term anticoagulation easier to
administer.8 The majority of patients with nonvalvular AF are
elderly who very frequently require interruption of anticoagulation
for medical or surgical procedures.9 Interruption and reinitiation
of anticoagulation, if not done as is recommended in the guidelines
may increase the risk of systemic embolism and stroke.
To our knowledge, this is the first study to specifically evaluate
the risk of stroke in patients with AF and previous history of TIA or
stroke. Although the number of patients is small in the study, the
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trends observed are worrisome. We observed that 70.4% of patients
who were undergoing a surgical procedure did not adhere to the
recommendations of the Canadian guidelines. The majority of
patients had longer interruptions of their anticoagulants than what
was recommended by the guidelines. We also observed that the
suboptimal adherence to the guidelines was especially high in
the group of patients in whom the procedures were deemed
"low risk of bleeding" according to the guidelines. The risk of stroke
was significantly higher in patients in whom the reinitiating of
anticoagulants was delayed beyond the guideline’s recommendations. Another observation was that patients often stopped anticoagulants for bleeding (in most instances not serious), and personal
or physician recommended reasons exposing the patients to an
increased risk of stroke.
In the ROCKET AF trial, the rate of discontinuation of anticoagulants was studied.14 Temporary interruptions were common
and documented in 4692/14236 (33%) of patients, with the total
number of interruptions being 7555. Frequent reasons for interruption included surgical/invasive procedures (2997/7555 or
39.7%), adverse nonbleeding event (1874/7555 or 24.8%), subject
error (1366/7555 or 18.1%), adverse bleeding events (995/7555 or
13.2%), logistic difficulty (499/7555 or 5.9%), and site error (48/
7555 or 0.6%). Among the temporary interruptions for surgical
reasons, the common conditions included colonoscopies and gastrointestinal endoscopic procedures. The 30-day stroke or systemic
embolism rates during the at-risk period (1–30 days after resumption) were 0.30% for rivaroxaban-treated and 0.41% for warfarintreated participants.
In another study, Wamala et al. evaluated the perioperative
adherence in patients taking DOAC, who had to interrupt the
medication due to a surgical procedure. While most patients
included in the analysis had AF (75.3% of the patients), only a small
fraction had suffered a previous stroke or TIA (18.7% of
patients).12 Similar to our study, the adherence to anticoagulation
interruption was low with the perioperative guidelines (59/150 or
40% did not adhere). Anticoagulation was stopped in patients who
underwent high- and low-bleed risk procedures, but nonadherence
(59/150) was shown only in the low-bleeding risk group.
A polypectomy study by Jiang et al. looked at the adherence of
anticoagulation interruption in patients undergoing colonoscopies
and polypectomy procedures. Atrial fibrillation was present in
22.1% of patients and only 15.8% of patients had a history of a prior
stroke.13 Also, the majority of antithrombotic medication used in
this study was aspirin alone (439/602 or 72.4%), with only 24%
using DOACs or warfarin. This study found that of the 97 cases
on DOACs, only 5.2% of clinicians fully adhered to the guidelines.
Nonadherence to recommendations was associated with an
increased risk of the development of serious cardiovascular events.
Nonadherence for low-bleed risk procedures like colonoscopies
was high in the study. In an interesting survey of 945 specialists
in the US, the options to interrupt DOAC in patients with lowbleeding risk were evaluated. In more than 50% of the cases, specialists chose to interrupt anticoagulants in patients with lowbleeding risk procedures.9
There are limitations to our study. While the data were collected
prospectively, the analysis is retrospective, and we may have
missed events in some patients. This is, however, unlikely as such
events would have been reported to our stroke prevention clinic in
the event of a new stroke. We realize that the number of patients
who suffered a stroke is small. We however feel that despite the
small numbers, the high rates of nonadherence to guideline recommendations, especially in patients with minor or low-risk
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procedures is worrisome and requires attention. Another limitation was that not all patient’s medical charts were looked at for possible procedural complications. Patient’s charts were reviewed for
possible procedural complications only in patients who had a
stroke while discontinuing their anticoagulation, in none of these
charts was the delay in anticoagulation reinitiation because of
intraoperative complication or side effect.
Conclusion
There is limited data on adherence to recommended guidelines
for temporarily interrupting anticoagulation treatment for surgical or medical procedures in high-risk anticoagulated AF
patients with a history of TIA or stroke. We review our experience in AF patients with a history of TIA or stroke and show that
interruption of anticoagulation treatment is common in AF
patients. We also show that temporary interruption of anticoagulation is very frequently delayed following the surgery/procedure, and this may result in an increased risk of stroke.
Increased emphasis is required for following guidelines to
reduce the risk of recurrent stroke. We also show that anticoagulants are frequently discontinued due to other reasons such as
bleeding, patient, or physician preference, and this also
increases the risk of recurrent stroke.
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