
Thrombosis Research 203 (2021) 27–32

Available online 19 April 2021
0049-3848/© 2021 Elsevier Ltd. All rights reserved.

Full Length Article 

Comparison of temporary interruption with continuation of direct oral 
anticoagulants for low bleeding risk procedures 

Muhammad Adil Sheikh a, Xiaowen Kong b, Brian Haymart b, Scott Kaatz c, Gregory Krol c, 
Jay Kozlowski d, Musa Dahu e, Mona Ali f, Steven Almany f, Tina Alexandris-Souphis b, 
Eva Kline-Rogers b, James B. Froehlich b, Geoffrey D. Barnes b,* 

a Division of Hospital Medicine, University of Michigan, Ann Arbor, MI, United States of America 
b Frankel Cardiovascular Center, University of Michigan, Ann Arbor, MI, United States of America 
c Henry Ford Hospital, Detroit, MI, United States of America 
d Cardiology and Vascular Associates, Huron Valley-Sinai Hospital, Commerce Township, MI, United States of America 
e Spectrum Health System, Grand Rapids, MI, United States of America 
f Beaumont Hospital, Royal Oak, MI, United States of America   

A R T I C L E  I N F O   

Keywords: 
Direct oral anticoagulants 
Low bleeding risk procedures 
Bleeding 
Thromboembolism 

A B S T R A C T   

Introduction: Limited data is available on the rates of bleeding and thromboembolic events for patients under
going low bleeding risk procedures while taking direct oral anticoagulants (DOAC). 
Methods: Adults taking DOAC in the Michigan Anticoagulation Quality Improvement Initiative (MAQI2) database 
who underwent a low bleeding risk procedure between May 2015 and Sep 2019 were included. Thirty-day 
bleeding (of any severity), thromboembolic events, and death were compared between DOAC temporarily 
interrupted and continued uninterrupted groups. Adverse event rates were compared using an inverse proba
bility weighting propensity score. 
Results: There were 820 patients who underwent 1412 low risk procedures. DOAC therapy was temporarily 
interrupted in 371 (45.2%) patients (601 [42.6%] procedures) and continued uninterrupted in 449 (54.8%) 
patients (811 [57.4%] procedures). DOAC patients with temporary interruptions were more likely to have 
diabetes, prior stroke or TIA, prior bleeding, higher CHA2DS2-VASc, and higher modified HAS-BLED scores. 
DOAC interruption was common for gastrointestinal endoscopy, electrophysiology device implantation, and 
cardiac catheterization while it was less common for cardioversion, dermatologic procedures, and subcutaneous 
injection. After propensity score adjustment, bleeding risk was lower in the DOAC temporary interruption group 
(OR 0.62, 95% CI 0.41–0.95) as compared to the group with continuous DOAC use. Rates of thromboembolic 
events and death did not differ significantly between the two groups. 
Conclusions: DOAC-treated patients undergoing low bleeding risk procedures may experience lower rates of 
bleeding when DOAC is temporarily interrupted. Prospective studies focused on low bleeding risk procedures are 
needed to identify the safety DOAC management strategy.   

1. Introduction 

Atrial fibrillation (AF) and venous thromboembolism (VTE) are 
major health problems in the United States with an estimated 1.2 million 
cases of AF in 2010 and 1 million VTE events occurring in 2014 alone 
[1]. Anticoagulation used in these patients to prevent thromboembolic 
complications also increases the risk of bleeding [2]. Since 2009, the 

direct oral anticoagulants (DOAC) have gained prominence and are now 
increasingly used as compared to warfarin [3]. 

In preparation for surgical or invasive procedures, patients often 
require a temporary interruption of the anticoagulant to reduce peri- 
procedural bleeding risk [4]. For certain lower bleeding risk proced
ures, such as pacemaker implantation or ablation of atrial fibrillation, 
randomized trial data in both warfarin- and DOAC-treated patients 

* Corresponding author at: Vascular and Cardiovascular Medicine, Frankel Cardiovascular Center, University of Michigan, North Campus Research Complex, 2800 
Plymouth Rd, Ann Arbor, MI 48109-2800, United States of America. 

E-mail address: gbarnes@med.umich.edu (G.D. Barnes).  

Contents lists available at ScienceDirect 

Thrombosis Research 

journal homepage: www.elsevier.com/locate/thromres 

https://doi.org/10.1016/j.thromres.2021.04.006 
Received 15 February 2021; Received in revised form 11 April 2021; Accepted 12 April 2021   



Thrombosis Research 203 (2021) 27–32

28

suggests safety and efficacy when the anticoagulant is continued unin
terrupted [5–11]. While peri-procedural anticoagulation management 
for electrophysiology (EP) procedures has been fairly well studied, 
limited data is available to compare temporary interruption versus 
routine continuation of DOAC medications for other low bleeding risk 
procedures. We aimed to describe rates of bleeding and thromboembolic 
events for patients undergoing low bleeding risk procedures while tak
ing DOAC medications. 

2. Methods 

Patients taking DOAC therapy were identified from four hospitals 
participating in the Michigan Anticoagulation Quality Improvement 
Initiative (MAQI2). MAQI2 is a Blue Cross Blue Shield of Michigan/Blue 
Care Network (BCBSM/BCN)-funded collaborative of hospitals- or group 
practice-affiliated anticoagulation services across the state of Michigan. 
Beginning in 2015, patients initiated on DOAC therapy at a participating 
MAQI2 center were eligible for enrollment in the MAQI2 database. Pa
tients were randomly selected monthly for enrollment into the registry. 
During the study period, MAQI2 had no impact on anticoagulant man
agement decisions, which were made by the primary providers. Data 
abstractors undergo standardized training and participating sites un
dergo regular audits to ensure that abstracted data is accurate and 
concordant with pre-set clinical definitions. Major clinical events 
(including stroke, systemic embolism and major bleeding events) un
dergo audit by the coordinating center. Use of the MAQI2 registry is 
approved with a waiver of informed consent by the Institutional Review 

Boards at the University of Michigan (coordinating center) and at each 
participating site. [12–14] 

2.1. Patient selection 

From the MAQI2 DOAC registry, we identified adult patients taking 
DOAC medications at the four participating sites who underwent a low 
bleeding risk procedure between May 2015 to September 2019. Low 
bleeding risk procedures included: biopsy (e.g. bone marrow, thyroid, 
endometrial), bronchoscopy, cardiac ablation, cardiac catheterization, 
cardioversion, cutaneous incision and drainage, cystoscopy, dental 
procedure, dermatologic procedure, electrophysiology device implan
tation, gastrointestinal (GI) endoscopy, ophthalmologic procedure, 
peripherally inserted central catheter placement, port placement/ 
removal, subcutaneous injection, and other surgery/procedure lasting 
<1 h (procedures not categorized into any of the previous groups with 
duration less than 1 h). This criteria was initially developed based on 
similar criteria used in the BRIDGE (Perioperative Bridging Anti
coagulation in Patients with Atrial Fibrillation) trial [15]. 

Patients on heparin or low molecular weight heparin (LMWH) 
bridging, and those undergoing moderate- or high-bleeding risk pro
cedure were excluded. 

2.2. Data collection 

Since patients may undergo multiple procedures with different peri- 
procedural anticoagulation management for each procedure, analysis 

Fig. 1. Standardized difference plot before and after inverse probability weighting.  
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was based on the procedure- rather than the patient-level. Procedures 
were categorized based on DOAC management, namely if DOAC medi
cations were temporarily interrupted or continued uninterrupted. This 
information is obtained by data abstractors during chart review. The 
decision of peri-procedural interruption or continuation was made by 
the primary providers, typically without input from the anticoagulation 
clinic or research team. Therefore, no details about reasons for DOAC 
interruption or continuation are available for analysis. 

Determination of continuation or interruption of DOAC was made by 
reviewing all available provider notes in the electronic medical record. 
We defined interruption as at least one missed dose of DOAC prior to 
procedure. If periprocedural anticoagulation management was not clear 
after thorough chart review, the DOAC status around the procedure was 
recorded as “unknown”. The procedures for which DOAC continuation 
or interruption was unknown were excluded. Of the 2259 total pro
cedures in the database, 239 had unknown DOAC continuation or 
interruption status which were excluded. Of the 2020 total procedures 
with known DOAC status 1412 were low-risk procedures. 

2.3. Outcomes 

Thirty-day bleeding events, thromboembolic events, and death were 
compared between the interrupted and uninterrupted groups. All events 
were abstracted from the medical chart by trained abstractors using pre- 
specified data forms and definitions. Bleeding was characterized as 
major, clinically relevant non-major (CRNM), or minor according to the 
International Society of Thrombosis and Hemostasis (ISTH) consensus 
definitions [16,17]. Bleeding events of any severity (major, minor and 
CRNM) were grouped and reported as ‘any bleeding.’ Stroke and sys
temic embolism were defined according to physician diagnosis or 
discharge diagnosis and abstracted into the registry. 

2.4. Statistical analysis 

For baseline group comparisons, standardized differences were used 
(Fig. 1) Adverse events were compared by Poisson test and reported as 
95% confidence interval (CI) of difference. To adjust for measured po
tential confounders, we used an inverse probability weighted regression 
adjustment approach. A propensity model with clinical and de
mographic elements listed in Table 1 and Fig. 1 was used to calculate 
inverse probability weight in two groups, namely diabetes, prior stroke 
or TIA, renal disease, anemia, prior bleeding event, drug use (aspirin, 
clopidogrel, prasugrel, ticagrelor or NSAIDs) and procedure type, and 
modified HAS-BLED score [18] [without labile INR (International 
Normalized Ratio)]. A logistic model was preformed based on inverse 
probability weights, to model outcomes adjusted by significant clinical 
and demographic elements. Results were reported as odds ratio with 
their 95% confidence intervals. Standardized weights before adjustment 
and after inverse probability weighting are shown in Fig. 1. A two-sided 
P < 0.05 was considered statistically significant for all analyses. Ana
lyses were performed with statistical software SAS version 9.4 (Cary, 
NC) and R version 3.3.1. 

3. Results 

There were 820 patients who underwent 1412 low risk procedures. 
Atrial fibrillation was indication for anticoagulation for the majority: 
1069 AF, 278 VTE, and 1 for AF and VTE. DOAC therapy was tempo
rarily interrupted in 371 (45.2%) patients (601 [42.6%] procedures) and 
continued in 449 (54.8%) patients (811 [57.4%] procedures). Apixaban, 
rivaroxaban, dabigatran and rivaroxaban were the DOAC medications 
included. 

As shown in Table 1, procedures where a patient’s DOAC was 
temporarily interrupted were more likely to occur in patients with 

Table 1 
Demographic comparison between DOAC temporarily interrupted and continued uninterrupted groups.  

Demographics DOAC temporarily interrupted 
N = 371 

DOAC continued uninterrupted 
N = 449 

Standardized difference 

Unweighted Unweighted 

Age 69.9 ± 12.6 69.7 ± 12.8 0.0166 0.0166 
Male Gender 206 (55.5%) 255 (56.8%) − 0.0543 − 0.0543 
Hypertension 284 (76.6%) 334 (74.4%) 0.0936 0.0936 
Heart Failure 84 (22.6%) 94 (20.9%) 0.0139 0.0139 
Diabetes Mellitus 112 (30.2%) 101 (22.5%) − 0.0650 − 0.0650 
Prior Stroke or TIA 64 (17.3%) 43 (9.6%) − 0.2129 − 0.2129 
CAD, PAD or Aortic plaque 122 (32.9%) 129 (28.7%) 0.1555 0.1555 
Chronic Liver Disease or Cirrhosis 20 (5.4%) 22 (4.9%) − 0.0108 − 0.0108 
Chronic Renal Insufficiency 65 (17.5%) 56 (12.5%) − 0.1692 − 0.1692 
Heavy Alcohol Use 28 (7.6%) 31 (6.9%) 0.0516 0.0516 
Malignancy 115 (31.0%) 138 (30.7%) − 0.0762 − 0.0762 
Thrombocytopeniaa 44 (11.9%) 54 (12.0%) − 0.0510 − 0.0510 
Severe Thrombocytopeniab 2 (0.54%) 4 (0.89%) 0.0220 0.0220 
Anemiac 150 (40.4%) 112 (25.1%) − 0.2365 − 0.2365 
Prior Bleeding Event 186 (50.1%) 150 (33.4%) − 0.1955 − 0.1955 
History of Falls 47 (12.7%) 44 (9.8%) 0.1174 0.1174 
Bleeding diathesis 0 2 (0.45%) – – 
Hypercoagulable state 5 (1.4%) 6 (1.3%) 0.0478 0.0478 
Drugsd 130 (35.0%) 129 (28.7%) − 0.2234 − 0.2234 
CHA2DS2-VASc score 3.5 ± 1.9 3.2 ± 1.8 0.1895 0.1895 
Modified HAS-BLED Score 2.8 ± 1.4 2.4 ± 1.2 0.3271 0.3271 
Apixaban 258 (69.6%) 289 (64.4%) 0.1253 0.1253 
Rivaroxaban 107 (28.8%) 154 (34.3%) − 0.1256 − 0.1256 
Dabigatran 6 (1.6%) 5 (1.1%) 0.0081 0.0081 
Edoxaban 0 1 (0.22%) – – 

Abbreviations: TIA = transient ischemic attack; CAD = coronary artery disease; PAD = peripheral arterial disease; NSAIDs = nonsteroidal anti-inflammatory drugs; 
CHA2DS2-VASc = congestive heart failure, hypertension, age ≥ 75 years, diabetes mellitus, stroke or transient ischemic attack, vascular disease, age 65 to 74 years, sex 
category; HAS-BLED = hypertension, abnormal renal and liver function, stroke, bleeding, labile INR (excluded), elderly, drugs or alcohol. 

a Platelet count of <150,000/L. 
b Platelet count of <50,000/L. 
c Hemoglobin <13 g/dL for Men and < 12 g/dL for Women. 
d Use of aspirin, clopidogrel, prasugrel, ticagrelor or NSAIDs. 
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diabetes (30.2% vs 22.5%), prior stroke or transient ischemic attack 
(17.3% vs 9.6%), anemia (40.4% vs 25.1%), prior bleeding (50.1% vs 
33.4%) and higher modified HAS-BLED scores (2.8 ± 1.4 vs 2.4 ± 1.2). 
Patients with procedures where DOAC therapy was temporarily inter
rupted also had higher CHA2DS2-VASc scores (3.5 ± 1.9 vs 3.2 ± 1.8). 
Use of different DOAC agents (apixaban, rivaroxaban, dabigatran and 
edoxaban) was similar in both groups.: apixaban 69.6% vs 64.4% (p 
0.12), rivaroxaban 28.8% vs 34.3% (p 0.09), dabigatran 1.6% vs 1.1% (p 
0.56) and edoxaban 0% vs 0.22% respectively. 

Procedures for which DOAC therapy was most likely to be tempo
rarily interrupted included gastrointestinal (GI) endoscopy (223/263, 
84.5%), electrophysiology (EP) device implantation (42/53, 79.2%) and 
cardiac catheterization (83/105, 79%). Procedures where DOAC was 
most likely to be continued uninterrupted included cardioversion (304/ 
313, 97.1%), dermatologic procedures (112/129, 86.8%) and subcu
taneous injection (67/80, 83.8%) (Table 2). 

A small proportion were on low-dose DOAC (defined as rivaroxaban 
10 mg daily or apixaban 2.5 mg twice daily). Out of total 820 patients 64 
(7.8%) were taking low-dose DOAC medication; the corresponding 
numbers in the DOAC temporarily interrupted group were 29/371 
(7.8%) and in the DOAC continued uninterrupted group 35/449 (7.8%). 
At the procedure level also a small percentage were on low-dose DOAC: 
105/1412 (7.4%) for all procedures, 50/601 (8.3%) for procedures were 
DOAC was temporarily interrupted and 55/811 (6.8%) when DOAC was 

continued uninterrupted (Table 3). 
Unadjusted analysis showed that procedures where a patient 

temporarily interrupted DOAC therapy experienced more 30-day 
bleeding events and higher incidence of death without a statistically 
significant difference in thromboembolic events as compared to pro
cedures with continued DOAC use (Table 4). In adjusted analyses, the 
risk of bleeding decreased when DOAC therapy was temporarily inter
rupted (OR 0.59, 95% CI 0.39–0.91), while risk of thromboembolic 
events (OR 1.31, 95% CI 0.26–6.85) and death (OR 0.29, 95% CI 
0.04–2.26) showed no statistically significant difference in the two 
treatment groups. (Fig. 2). 

4. Discussion 

In this retrospective cohort study of peri-procedural DOAC man
agement in low bleeding risk procedures, temporary interruption of 
DOAC medications compared to uninterrupted DOAC therapy showed 
slightly decreased risk of any bleeding. 

The largest study of head-to-head comparison of peri-procedural 
DOAC interruption vs continuation is the BRUISE CONTOL-2 which 
studied patients undergoing cardiac electrophysiology procedures [11]. 
Their rates of bleeding (hematoma) of around 5% for all hematomas and 
2% for device pocket hematoma in both groups were lower than ours 
(9% and 6%). A sub-study of the ARISTOTLE trial (apixaban vs. warfarin 
for atrial fibrillation) reported on perioperative bleeding when apixaban 
was continued uninterrupted. The most common procedures included 
were somewhat similar to those we studied. Major bleeding occurred in 
28 of 1752 (1.6%) of patients operated on when apixaban was continued 
uninterrupted [19]. These both differ somewhat from the findings in our 
study, which demonstrated lower bleeding risk when DOAC therapy is 
temporarily interrupted. Both these studies focused on EP procedures for 
atrial fibrillation whereas we included a wide variety of low bleeding 
risk procedures (also including EP procedures) that is likely responsible 
for the differing results. Moreover, due to unselected population of 
DOAC-treated patients, and the retrospective data collection we likely 

Table 2 
DOAC interruption and continuation for each procedure.  

Procedure Total DOAC temporarily 
interrupted 

DOAC continued 
uninterrupted 

N (%) Bleeding 
N (%) 

N (%) Bleeding 
N (%) 

Gastrointestinal 
endoscopy  

264 223 
(84.50) 

19 (8.52) 41 
(15.50) 

2 (4.88) 

Permanent pacemaker 
or internal 
defibrillator insertion 
or loop recorder  

53 42 
(79.20) 

7 (16.67) 11 
(20.80) 

1 (9.09) 

Cardiac catheterization  105 83 
(79.00) 

6 (7.23) 22 
(21.00) 

4 (18.18) 

Cardiac Ablation  138 85 
(61.60) 

9 (10.59) 53 
(38.40) 

3 (5.66) 

Dental surgery or other 
dental procedure  

24 14 
(58.33) 

1 (7.14) 10 
(41.67) 

2 (20) 

Incision and Drainage  7 4 
(57.14) 

0 3 
(42.86) 

1 (33.33) 

Port placement/ 
removal  

10 5 
(50.00) 

2 (40) 5 
(50.00) 

0 

Dilation and Curettage  2 1 
(50.00) 

0 1 
(50.00) 

0 

Any other surgery or 
procedure lasting less 
than 1 h  

154 74 
(48.10) 

4 (5.41) 80 
(51.90) 

6 (7.5) 

Biopsy (e.g. bone 
marrow, thyroid, 
endometrial)  

19 9 
(47.37) 

1 (11.11) 10 
(52.63) 

1 (10) 

Cataract removal or 
other 
ophthalmologic 
procedure  

72 15 
(20.80) 

3 (20) 57 
(79.20) 

0 

Injection (e.g. 
cortisone, 
dermatologic)  

80 13 
(16.30) 

0 67 
(83.80) 

1 (1.49) 

Dermatologic surgery 
or other 
dermatologic 
procedure  

129 17 
(13.20) 

3 (17.65) 112 
(86.80) 

11 (9.82) 

Scoping (e.g. 
bronchoscopy, 
nasopharyngeal, 
knee, cystosopy)  

40 5 
(12.50) 

0 35 
(87.50) 

5 (14.29) 

Cardioversion  313 9 (2.9) 1 (11.11) 304 
(97.10) 

14 (4.61)  

Table 3 
Low dose DOAC use.   

Total DOAC temporarily 
interrupted 

DOAC continued 
uninterrupted 

Patient level (number 
of patients) 

820 371 449 

On Low-dose DOACa 64 
(7.8%) 

29 (7.8%) 35 (7.8%) 

Procedure level 
(number of 
procedures) 

1412 601 811 

On Low-dose DOACa 105 
(7.4%) 

50 (8.3%) 55 (6.8%)  

a Rivaroxaban 10 mg daily or apixaban 2.5 mg twice daily. 

Table 4 
Unadjusted outcomes.  

Outcomes (30 days post- 
procedure) 

DOAC temporarily 
interrupted 
N = 601 

DOAC continued 
uninterrupted 
N = 811 

p- 
Value 

Primary    
Any bleeding events 56 (9.3%) 51 (6.3%)  0.03 

Major bleed 9 (1.50%) 4 (0.49%)  0.05 
Minor bleed 47 (7.82%) 47 (5.80%)  0.13 
CRNM bleeda 19 (3.16%) 15 (1.85%)  0.11 

Any thromboembolic 
events 

3 (0.50%) 4 (0.49%)  1 

Secondary    
Death due to any cause 5 (0.83%) 2 (0.25%)  0.14 

CRNM = clinically relevant non-major. 
a minor bleeds that resulted in ED visits/hospitalizations. 

M.A. Sheikh et al.                                                                                                                                                                                                                              



Thrombosis Research 203 (2021) 27–32

31

had a more heterogeneous patient population which also may explain 
why our findings are different. 

In our study, DOAC therapy was most likely to be temporarily 
interrupted for GI endoscopy, EP device implantation, and cardiac 
catheterization procedures. Risk of bleeding from a potential biopsy 
during endoscopy and use of heparin during cardiac catheterization 
likely explain the inclination to interrupt DOAC. However, temporary 
interruption of DOAC therapy for EP device procedures is somewhat 
surprising given the robust evidence in favor of uninterrupted continu
ation [5,7–11]. One potential explanation is that with limited DOAC 
experience and lack of trust or availability in DOAC-specific reversal 
agents, many clinicians will prefer to stop DOAC therapy and instead 
initiate heparin. Some patients take low-dose direct oral anticoagulants 
for long-term venous thromboembolism prevention and providers might 
be more comfortable continuing this level of anticoagulation versus full 
therapeutic dose surrounding low-risk procedures. We found that a 
small percentage and similar number were on low-dose DOAC in both 
groups at both patient and procedure level, hence it is not likely to be 
related to the outcomes. 

The recent PAUSE study (Perioperative Anticoagulation Use for 
Surgery Evaluation) demonstrated relative safety and efficacy for a 
simple perioperative DOAC interruption and resumption protocol for 
patients undergoing elective procedures, which span the bleeding risk 
spectrum from low to high [20]. Unlike this study we did not include 
high bleeding risk procedures in our analysis. However, the low bleeding 
risk procedures in PAUSE included common gastrointestinal procedures 
(e.g., colonoscopy), cardiac procedures (e.g., permanent pacemaker 
implantation or battery change, coronary artery angiography), dental 
procedures, skin procedures, and eye procedures. These low-risk pro
cedures largely overlapped with those included in our study. Given our 
observation that routine continuation of DOAC medications (compared 
to temporary interruption) was associated with increased bleeding risk, 
a standardized approach to temporary interruption of DOAC medica
tions when patients undergo low bleeding risk procedures may be useful. 
This warrants further investigation in a prospective study. 

An important strength of our study is that the MAQI2 cohort com
prises contemporary real-world patients receiving care in a variety of 
anticoagulation clinics in both suburban and urban settings, and 
therefore represents typical patients on anticoagulation in the commu
nity. Unlike administrative databases relying on diagnostic and billing 
codes, our data is manually abstracted by trained personnel and inde
pendently audited to verify accurate assessment of comorbidities and 
events. MAQI2 auditing ensures highly reliable data abstraction with few 
patients lost to follow up. The study also has several limitations. As with 
all retrospective studies, the effect of unmeasured confounding cannot 
be ruled out even after the use of propensity score methods. Addition
ally, some adverse outcomes may not have been captured by our reg
istry, especially if patients presented to a different health care system. 
However, if any adverse event was noted in their medical chart, even in 
follow up with a primary care provider or other specialist, those events 
would be identified and abstracted into the MAQI2 registry. 

5. Conclusions 

DOAC-treated patients undergoing low bleeding risk procedures may 
have increased bleeding risk when DOAC therapy is continued unin
terrupted as compared to when it is temporarily interrupted. 

Declaration of competing interest 

The authors declare the following financial interests/personal re
lationships which may be considered as potential competing interests:  

AUTHOR FINANCIAL INTERESTS OR PERSONAL RELATIONSHIPS 

Muhammad Adil 
Sheikh 

None 

Xiaowen Kong None 
Brian Haymart None 
Scott Kaatz Osmosis Research 

Bristol Myers Squibb 
Janssen 
Pfizer/Bristol Myers Squibb 
Portola/Alexion 
Novartis 
On Board of Directors for Anticoagulation Forum,  
Scientific Advisory Board for National Blood Clot Alliance 

Gregory Krol None 
Jay Kozlowski None 
Musa Dahu None 
Mona Ali None 
Steven Almany Biostar Ventures 

Ablative Solution 
Autonomix 
Aria 

Tina Alexandris- 
Souphis 

None 

Eva Kline-Rogers Janssen 
American College of Physicians 

James B. Froehlich Merck 
Janssen 
Novartis 
Boehringer-Ingelheim 
Pfizer 
Blue Cross Blue Shield of Michigan 
Fibromuscular Disease Society of America 

Geoffrey D. Barnes Pfizer/Bristol-Myers Squibb 
Janssen 
Acelis 
AMAG Pharmaceuticals 
Connected Health 
Blue Cross Blue Shield of Michigan 
Board of Directors: Anticoagulation Forum 
Board of Directors: National Certification Board of 
Anticoagulation Providers   

Acknowledgement 

The MAQI2 consortium is supported by Blue Cross Blue Shield of 
Michigan Foundation. 

Fig. 2. Inverse probability weighting-adjusted outcomes among DOAC temporarily interrupted vs. continued uninterrupted patients.  

M.A. Sheikh et al.                                                                                                                                                                                                                              



Thrombosis Research 203 (2021) 27–32

32

References 

[1] E.J. Benjamin, P. Muntner, A. Alonso, M.S. Bittencourt, C.W. Callaway, A. 
P. Carson, et al., Heart disease and stroke statistics-2019 update: a report from the 
American Heart Association, Circulation. 139 (10) (2019) e56–e528. 

[2] P. Dhakal, S. Rayamajhi, V. Verma, K. Gundabolu, V.R. Bhatt, Reversal of 
anticoagulation and management of bleeding in patients on anticoagulants, Clin. 
Appl. Thromb. Hemost. 23 (5) (2017) 410–415. 

[3] G.D. Barnes, E. Mouland, Peri-procedural management of oral anticoagulants in the 
DOAC era, Prog. Cardiovasc. Dis. 60 (6) (2018) 600–606. 

[4] J.U. Doherty, T.J. Gluckman, W.J. Hucker, J.L. Januzzi Jr., T.L. Ortel, S. 
J. Saxonhouse, et al., 2017 ACC expert consensus decision pathway for 
periprocedural management of anticoagulation in patients with nonvalvular atrial 
fibrillation: a report of the American College of Cardiology Clinical Expert 
Consensus Document Task Force, J. Am. Coll. Cardiol. 69 (7) (2017) 871–898. 

[5] D.H. Birnie, J.S. Healey, G.A. Wells, A. Verma, A.S. Tang, A.D. Krahn, et al., 
Pacemaker or defibrillator surgery without interruption of anticoagulation, 
N. Engl. J. Med. 368 (22) (2013) 2084–2093. 

[6] R. Proietti, I. Porto, M. Levi, A. Leo, V. Russo, E. Kalfon, et al., Risk of pocket 
hematoma in patients on chronic anticoagulation with warfarin undergoing 
electrophysiological device implantation: a comparison of different peri-operative 
management strategies, Eur. Rev. Med. Pharmacol. Sci. 19 (8) (2015) 1461–1479. 

[7] L. Di Biase, J.D. Burkhardt, P. Santangeli, P. Mohanty, J.E. Sanchez, R. Horton, et 
al., Periprocedural stroke and bleeding complications in patients undergoing 
catheter ablation of atrial fibrillation with different anticoagulation management: 
results from the role of Coumadin in preventing thromboembolism in atrial 
fibrillation (AF) patients undergoing catheter ablation (COMPARE) randomized 
trial, Circulation. 129 (25) (2014) 2638–2644. 

[8] H. Calkins, S. Willems, E.P. Gerstenfeld, A. Verma, R. Schilling, S.H. Hohnloser, et 
al., Uninterrupted dabigatran versus warfarin for ablation in atrial fibrillation, 
N. Engl. J. Med. 376 (17) (2017) 1627–1636. 

[9] R. Cappato, F.E. Marchlinski, S.H. Hohnloser, G.V. Naccarelli, J. Xiang, D.J. Wilber, 
et al., Uninterrupted rivaroxaban vs. uninterrupted vitamin K antagonists for 
catheter ablation in non-valvular atrial fibrillation, Eur. Heart J. 36 (28) (2015) 
1805–1811. 

[10] P. Kirchhof, K.G. Haeusler, B. Blank, J. De Bono, D. Callans, A. Elvan, et al., 
Apixaban in patients at risk of stroke undergoing atrial fibrillation ablation, Eur. 
Heart J. 39 (32) (2018) 2942–2955. 

[11] D.H. Birnie, J.S. Healey, G.A. Wells, F. Ayala-Paredes, B. Coutu, G.L. Sumner, et al., 
Continued vs. interrupted direct oral anticoagulants at the time of device surgery, 
in patients with moderate to high risk of arterial thrombo-embolic events (BRUISE 
CONTROL-2), Eur. Heart J. 39 (44) (2018) 3973–3979. 

[12] G.D. Barnes, S. Kaatz, V. Golgotiu, X. Gu, A. Leidal, A. Kobeissy, et al., Use of 
warfarin for venous thromboembolism prophylaxis following knee and hip 
arthroplasty: results of the Michigan anticoagulation quality improvement 
initiative (MAQI2), J. Thromb. Thrombolysis 35 (1) (2013) 10–14. 

[13] A.B. Hughey, X. Gu, B. Haymart, E. Kline-Rogers, S. Almany, J. Kozlowski, et al., 
Warfarin for prevention of thromboembolism in atrial fibrillation: comparison of 
patient characteristics and outcomes of the “real-world” Michigan anticoagulation 
quality improvement initiative (MAQI(2)) registry to the RE-LY, ROCKET-AF, and 
ARISTOTLE trials, J. Thromb. Thrombolysis 46 (3) (2018) 316–324. 

[14] Michigan Anticoagulation Quality Improvement Initiative Website, Available from: 
http://www.maqi2.org, 2019. 

[15] J.D. Douketis, A.C. Spyropoulos, S. Kaatz, R.C. Becker, J.A. Caprini, A.S. Dunn, et 
al., Perioperative bridging anticoagulation in patients with atrial fibrillation, 
N. Engl. J. Med. 373 (9) (2015) 823–833. 

[16] S. Kaatz, D. Ahmad, A.C. Spyropoulos, S. Schulman, Definition of clinically 
relevant non-major bleeding in studies of anticoagulants in atrial fibrillation and 
venous thromboembolic disease in non-surgical patients: communication from the 
SSC of the ISTH, Journal of thrombosis and haemostasis : JTH. 13 (11) (2015) 
2119–2126. 

[17] S. Schulman, C. Kearon, Subcommittee on Control of Anticoagulation of the S, 
Standardization Committee of the International Society on T, Haemostasis, 
Definition of major bleeding in clinical investigations of antihemostatic medicinal 
products in non-surgical patients, Journal of thrombosis and haemostasis : JTH. 3 
(4) (2005) 692–694. 

[18] W. Zhu, W. He, L. Guo, X. Wang, K. Hong, The HAS-BLED score for predicting 
major bleeding risk in anticoagulated patients with atrial fibrillation: a systematic 
review and meta-analysis, Clin. Cardiol. 38 (9) (2015) 555–561. 

[19] D. Garcia, J.H. Alexander, L. Wallentin, D.M. Wojdyla, L. Thomas, M. Hanna, et al., 
Management and clinical outcomes in patients treated with apixaban vs warfarin 
undergoing procedures, Blood. 124 (25) (2014) 3692–3698. 

[20] J.D. Douketis, A.C. Spyropoulos, J. Duncan, M. Carrier, G. Le Gal, A.J. Tafur, et al., 
Perioperative management of patients with atrial fibrillation receiving a direct oral 
anticoagulant, JAMA Intern. Med. 179 (11) (2019) 1469–1478. 

M.A. Sheikh et al.                                                                                                                                                                                                                              


