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ORIGINAL RESEARCH

Predictors of Bleeding in the Perioperative 
Anticoagulant Use for Surgery  
Evaluation Study
Alfonso J. Tafur, MD, MSc ; Nathan P. Clark, Pharm D; Alex C. Spyropoulos , MD; Na Li, PhD;  
Eric Kaplovitch, MD; Kira MacDougall , MD; Sam Schulman , MD, PhD; Joseph A. Caprini, MD, MSc;  
James Douketis, MD

BACKGROUND: In the PAUSE (Perioperative Anticoagulant Use for Surgery Evaluation) Study, a simple, standardized, periopera-
tive interruption strategy was provided for patients with nonvalvular atrial fibrillation taking direct oral anticoagulants (DOACs). 
Our objective was to define the factors associated with perioperative bleeding.

METHODS AND RESULTS: We analyzed bleeding as the composite of major and clinically relevant nonmajor bleeding. Putative 
predictors of bleeding, and preoperative DOAC level were prospectively collected during recruitment. We used stratified logis-
tic regression models for analysis. All statistical analyses were performed in R version 3.6.0. There were 3007 patients requir-
ing perioperative DOAC interruption. More than one third of the included patients underwent a high bleeding risk procedure. 
The 30-day rates of major and clinically relevant nonmajor bleeding were 3.02% in apixaban (n=1257), 2.84% in dabigatran 
(n=668), and 4.16% for rivaroxaban (n=1082). Multivariate analysis stratified by region found more bleeding for hypertension 
(odds ratio [OR], 1.79; 95% CI 1.07-2.99; P=0.027), and prior bleeding (OR, 1.71; 95% CI, 1.08-2.71; P=0.021). Surgical bleed 
risk classification (high- versus low-risk) as a predictor of bleeding was only significant in the univariate analysis. The prediction 
model for major and clinically relevant nonmajor bleeding had an area under the curve of 0.71, and the preoperative DOAC 
level did not improve the area under the curve of the model.

CONCLUSIONS: In patients treated with DOACs who required an elective surgery/procedure and were managed with standard-
ized DOAC interruption and resumption, there we did not find reversible risk factors for bleeding, suggesting that adjustment 
of the PAUSE management protocol to mitigate against bleeding is not needed.

Key Words: atrial fibrillation ■ bleeding ■ direct oral anticoagulant ■ surgery

The perioperative management of patients with 
atrial fibrillation (AF) who are chronically antico-
agulated, whether with warfarin or a direct oral 

anticoagulant (DOAC), exposes patients to potential 
risks for bleeding and thromboembolism.1 The devel-
opment of such complications may relate to the timing 
of anticoagulant interruption and resumption, the type 
of surgery/procedure undertaken, the use of heparin 
bridging anticoagulation, and patient-related factors 
such as advanced age and comorbid conditions. 
Because patients with AF are typically older, often have 

multiple comorbidities, and frequently will require an-
ticoagulant interruption (15% per year) for a surgery/
procedure, optimizing perioperative anticoagulant 
management and identifying determinants of adverse 
outcomes is clinically important.2,3 Moreover, with the 
advent of DOACs, more patients with AF are receiving 
anticoagulation, and a perioperative DOAC manage-
ment strategy was recently published.4

Among patients treated with warfarin, periopera-
tive anticoagulant management is well-described and 
determinants of adverse perioperative outcomes have 
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been identified.5,6 Studies assessing determinants of 
perioperative adverse outcomes in patients treated 
with warfarin found that advanced age, use of heparin 
bridging, renal insufficiency, aspirin co-administration, 
and Charlson co-morbidity score were predictive of 
major bleeding.5,7

Increasingly, clinicians are having to manage pa-
tients treated with DOACs who require treatment 
interruption for an elective surgery/procedure, yet 
perioperative DOAC management has been only 
recently addressed.6 In the PAUSE (Perioperative 
Anticoagulant Use for Surgery Evaluation) Study, a 
simple, standardized, perioperative DOAC interruption 
(Figure 1) and resumption strategy was developed, and 
did not involve perioperative heparin bridging or the 
use of preoperative coagulation function testing.4,8–11 
This management strategy, anchored on surgery/
procedure-associated bleeding risk, was associated 
with low rates of arterial thromboembolism (≈0.3%) 
and major bleeding (≈1.5%) in 3007 enrolled patients. 

However, determinants of adverse perioperative out-
comes associated with this management strategy have 
not been addressed. In addition, there is conflicting in-
formation regarding the value of measuring DOAC lev-
els preoperatively.12,13 Preoperative DOAC levels were 
obtained in 85% of patients in PAUSE, thus allowing us 
to also evaluate this variable as a putative predictor of 
bleeding.11

Against this background, we accessed the data-
base of the PAUSE study, and as part of a prespec-
ified analysis, the aim of this study was to identify 
predictors of perioperative bleeding. Our specific 
objective was to identify clinically significant, espe-
cially modifiable, risk factors for perioperative bleed-
ing within the context of the PAUSE management 
protocol.

METHODS
Patients and Design
The PAUSE methodology has been published.11 The 
authors do not wish additional data and methods used 
to conduct the analyses to be made available to other 
researchers for purposes of reproducing the results 
and conducting additional analyses.

In brief, adults age ≥18 years, chronically anticoag-
ulated patients with AF on dabigatran, rivaroxaban, or 
apixaban were recruited into 3 cohorts. Patients with 
a creatinine clearance (CrCl) <30  mL/min (<25  mL/
min for apixaban), based on the Cockcroft-Gault for-
mula, were excluded. Patients with cognitive impair-
ment or psychiatric illness that could impair their ability 
to provide informed consent were also excluded. All 
included patients signed an informed consent form 
and patients were only allowed to be entered in the 
trial once. The study was managed by the McMaster 
Centre for Transfusion Research, and the institutional 
review board of each of the 23 participating clinical 
centers in Canada, the United States, and Europe ap-
proved PAUSE.

In the absence of a comparable interruption 
strategy, the 3 cohorts were managed according to 
a standardized interruption scheme based on esti-
mated procedural bleeding risk and renal function for 
dabigatran. The procedure bleeding risk classifica-
tion was similar to that which was used in the BRIDGE 
(Bridging Anticoagulation in Patients who Require 
Temporary Interruption of Warfarin Therapy for an 
Elective Invasive Procedure or Surgery) trial,6 and is 
concordant with the guidance by the International 
Society on Thrombosis and Haemostasis.1 A com-
plete list of procedures considered to be high bleed 
risk is shown in Table 1. Procedures with high bleed-
ing risk had a longer interruption and resumption in-
terval (2  days) versus those who underwent a low 

CLINICAL PERSPECTIVE

What Is New?
• A simplified, standardized, pharmacokinetic-

based perioperative interruption scheme clini-
cally anchored on surgical bleeding risk results 
in low rates of bleeding.

• Hypertension was the only potentially modifi-
able risk factor for bleeding.

• In elective surgery, for patients following a 
standardized interruption schema, residual di-
rect oral anticoagulant levels were not associ-
ated with bleeding outcomes.

What Are the Clinical Implications?
• We do not advocate routine direct oral antico-

agulant level measurement preoperatively.
• Our results suggest that risk factors other than 

surgery type have only a modest impact on 
postinterventional bleeding that does not war-
rant modification of the PAUSE (Perioperative 
Anticoagulant Use for Surgery Evaluation) Study 
protocol.

Nonstandard Abbreviations and Acronyms

CrCl creatinine clearance
CRNM clinically relevant nonmajor bleeding
DOAC direct oral anticoagulant
MB major bleeding
PAUSE  Perioperative Anticoagulant Use for 

Surgery Evaluation
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bleeding risk procedure (1  day). DOAC interruption 
was longer for patients on dabigatran if the CrCl was 
30 to 50  mL/min: 2  days in patients having a low 
bleeding risk procedure; and 4 days in patients hav-
ing a high bleeding risk procedure (Figure 1). The use 
of low-molecular-weight heparin bridging periopera-
tively was not adopted in PAUSE, given potentially 
worse outcomes on post hoc analyses of large AF 
trials.14 Low-dose low-molecular-weight heparin pro-
phylaxis was permitted postoperatively in patients 
at risk for venous thromboembolism until the DOAC 
was resumed.

Clinical Outcomes and Variable 
Definitions
The primary clinical outcome of this PAUSE sub-
study was bleeding, defined as a composite of clini-
cally relevant nonmajor bleeding (CRNM) and major 
bleeding (MB) or MB alone; all these events were 
adjudicated by an independent events adjudication 
committee blinded to the DOAC cohort and based 
on the International Society on Thrombosis and 
Haemostasis criteria.15 The preoperative DOAC lev-
els were assessed using DOAC-specific tests: a di-
lute thrombin time16 was used for patients receiving 
dabigatran, whereas rivaroxaban and apixaban con-
centrations were assessed using DOAC-calibrated 
anti-factor Xa levels.16 A cut point of 50 ng/mL was 
used to define a clinically acceptable low residual an-
ticoagulant effect for a perioperative clinical setting.11 
Additional variables included as putative predictors 

of bleeding included age, sex, comorbidities, and 
medications. The clinical variables of the CHADS2 
and CHA2DS2-VASc were included; the scores were 
prospectively collected but did not affect the DOAC 
management strategy. Additionally, surgery-specific 
bleed risk, renal disease (defined as CrCl <50  mL/
min), prior history of major bleeding, and protocol in-
terruption compliance were also considered potential 
predictors. The selection of the potential predictors 
was guided by biological plausibility and prior data 
on perioperative bleeding.5,17,18 We did not assess 
determinants of arterial thromboembolism because 
there were too few events (n=10) to yield clinically 
meaningful analyses, even if we enriched this out-
come to include any thromboembolic event, either 
venous or arterial (n=21).

Statistical Analysis
Continuous variables were reported as means and 
SD; categorical variables were reported as frequencies 
and proportions. The main analysis of the PAUSE trial 
was anchored on the null hypothesis that the proto-
col could have unsafe bleeding outcomes higher than 
2%; concordantly, we elected a single-tail analysis. The 
proportion and 1-sided 95% CI for arterial thrombo-
embolism, CRNM+MB, and MB were reported. The 
association of each of the putative risk factors with 
CRNM+MB was measured using logistic regression 
for univariate analysis. A Forest plot was used to re-
port the odds ratio (OR), 95% CI, and P value from the 
univariate analysis. Candidate variables were included 

Figure 1. The robust influence of surgical bleed risk is compensated by the perioperative 
bleeding protocol.
We measured a modest influence of patient-specific risk factors towards the perioperative bleed risk, but 
the overall likelihood of bleeding and arterial thrombosis was low. CrCl indicates creatinine clearance; and 
PAUSE, Perioperative Anticoagulant Use for Surgery Evaluation study.
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in the multivariate logistic regression model, stratified 
by areas to control for geographical confounding by 
having a different constant term for each stratum. The 
ORs, 95% CIs, and P values, as well as the model area 
under the curve (AUC) from the multivariate logistic re-
gression model were reported, where P-value <0.05 
was considered statistically significant. There were no 
added adjustments for multiplicity.

In addition, we used a machine learning model, 
known as extreme gradient boosting analysis, to 
predict the risk of CRNM+MB, which produced the 

relative importance rankings for the selected variables. 
Comparing with logistic regression model, the extreme 
gradient boosting analysis model is a nonparametric 
model, which does not have conflicts with multicol-
linearity, can manage missing values automatically, 
and can perform exhaustive interactions between 
variables. However, the disadvantages of an extreme 
gradient boosting analysis model are that it does not 
derive the significance of the predictors, it is hard to 
deploy the model because of its complexity, and efforts 
are needed to reduce the risk of overfitting.19–21 A grid 
search on hyperparameters with 5-fold cross-validation 
was carried out to find the best model based on Gini 
index. The AUC of the extreme gradient boosting anal-
ysis model was also reported, but the methodology 
does not allow individual measures of association for 
the selected variables. All analyses were performed in 
R version 3.6.0.

RESULTS
Patient Characteristics
The 3 DOAC cohorts comprised a total of 3007 DOAC 
interruptions analyzed in which there were 102 (3.39%; 
1-sided 95% CI, 0–3.98) patients with a bleeding event 
(Tables 2 and 3). Active cancer was present in 8.95% 
(n=269) of patients, and 7.96% (239) had a history of 
stroke. The mean (SD) CHA2DS2-VASc score was 
3.41±1.64.

Rates and Predictors of Any Bleeding 
(CRNM+MB)
The rates of MB+CRNM were 3.02% (1-sided 95% CI, 
0–3.92) in the apixaban cohort, 2.84% (0–4.11) in the 
dabigatran cohort, 4.16% (0–5.28) in the rivaroxaban 
cohort, and 3.39% (0–3.98) in the overall study popula-
tion. In the univariate analysis (Figure 2), high-bleed-risk 
surgery (OR, 2.32; 95% CI, 1.57–3.43), hypertension, 
(OR, 1.73; 95% CI, 1.03–2.91), active cancer (OR, 2.18; 
CI, 1.31–3.63), prior bleeding or bleed predisposition 
(OR, 1.78; 95% CI, 1.15–2.74), use of postoperative low-
dose low-molecular-weight heparin (OR, 2.01; 95% CI, 
1.27–3.20), and a platelet count <100 × 109/L (OR, 4.61; 
95% CI, 1.14–18.7) were significantly associated with 
CRNM+MB. In the multivariate analysis stratified by re-
gion, hypertension (OR, 1.79; 95% CI, 1.07–2.99), and 
prior bleeding or bleed predisposition (OR, 1.71; 95% CI, 
1.08–2.71) were significantly associated with CRNM/MB 
(Table 4). Specific surgery types, namely, general sur-
gery (OR, 2.53; 95% CI, 1.29–4.95) and urologic proce-
dures (OR, 4.70; CI, 2.73–8.08), were associated with 
an increased risk for CRNM/MB. The model for MB/
CRNM had an AUC of 0.71 (SE 0.03). In contrast, the 
machine learning model had an AUC of 0.79; the relative 

Table 1. Bleeding Risk Classification According to 
Procedure

High Bleeding Risk surgeries

1) Any surgery requiring neuraxial anesthesia

Neuraxial anesthesia/injection; epidural anesthesia/injection

2) Major intracranial or neuraxial surgery

Brain cancer resection; laminectomy or neuraxial tumor resection, 
intracranial (subdural, epidural) bleed evacuation

3) Major thoracic surgery

Lobectomy; pneumonectomy; esophagectomy

4) Major cardiac surgery

Coronary artery bypass; valve replacement or repair

5) Major vascular surgery

Aortic aneurysm repair; aortobifemoral bypass; popliteal bypass; 
carotid endarterectomy

6) Major abdominopelvic surgery

Hepatobiliary cancer resection; pancreatic cancer or pseudocyst 
resection; colorectal and gastric cancer resection; diverticular 
disease resection; inflammatory bowel disease resection renal cancer 
resection; bladder cancer resection; endometrial cancer resection; 
ovarian cancer resection; radical prostatectomy

7) Major orthopedic surgery

Hip arthroplasty or hip fracture repair; knee arthroplasty or tibial 
osteotomy; shoulder arthroplasty; metatarsal osteotomy

8) Other major cancer or reconstructive surgery

Head and neck cancer surgery; reconstructive facial, abdominal, limb 
surgery

Low bleeding risk surgery/procedures

1) Gastrointestinal procedures

Colonoscopy; gastroscopy; sigmoidoscopy; endoscopic retrograde 
pancreaticocholangiography; capsule endoscopy; push enteroscopy; 
Barrett’s esophagus ablation

2) Cardiac procedures

Permanent pacemaker implantation or battery change; internal 
cardiac defibrillator implantation or battery change; atrioventricular 
node ablation; coronary artery angiography (radial approach)

3) Dental procedures

Tooth extraction (up to 2 extractions)

Endodontic (root canal) procedure

4) Skin procedures

Skin biopsy

5) Eye procedures

Phacoemulsification (cataract)
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importance of variables (Figure 3) again pushes into the 
model types of surgery as major predictors.

Rates and Predictors of MB
MB was infrequent with 1.35% (1-sided 95% CI, 0–2) 
in the apixaban cohort, 0.9% (0–1.73) in the dabigatran 

Table 2. Cohorts Demographics and Comorbidities 
Stratified by Major/Clinically Relevant Non-Major Bleeding

No Bleeding 
(N=2905)

Bleeding 
(N=102)

Age (SD) 72.51 (9.40) 73.26 (9.18)

Male, % 1912 (65.82) 76 (74.51)

BMI (SD) 29.79 (6.50) 28.85 (5.66)

Race

White 2809 (97.40%) 94 (94.95%)

Non-White 75 (2.60%) 5 (5.05%)

Unknown 21 (0.72%) 3 (2.94%)

Risk scores

CHADS2 score 2.07 (1.30) 2.21 (1.34)

CHADS2VA2Sc score 3.41 (1.64) 3.49 (1.68)

Modified HASBLED score* 1.91 (0.88) 2.15 (0.84)

Comorbidities

Congestive heart failure 476 (16.48%) 18 (17.65%)

Hypertension 2137 (73.74%) 84 (83.17%)

Diabetes mellitus 770 (26.52%) 25 (24.51%)

Stroke 227 (7.82%) 12 (11.76%)

Transient ischemic attack 297 (10.23%) 12 (11.76%)

Coronary artery disease 503 (17.36%) 19 (18.63%)

Peripheral artery disease 26 (0.90%) 1 (0.98%)

Bioprosthetic heart valve 61 (2.10%) 4 (3.92%)

Mitral valve disease 250 (8.61%) 12 (11.76%)

Venous thromboembolism 197 (6.80%) 5 (4.90%)

Kidney disease (CrCl <50 mL/min) 454 (15.62%) 15 (14.71%)

Cancer history 775 (26.68%) 32 (31.37%)

Active cancer† 251 (8.64%) 18 (17.65%)

Medications

Lower-dose DOAC‡ 655 (22.55%) 26 (25.49%)

Aspirin 342 (11.77%) 11 (10.78%)

P2Y12 inhibitor 27 (0.93%) 3 (2.94%)

NSAID 48 (1.65%) 2 (1.96%)

P-glycoprotein activator/inhibitor 179 (6.16%) 5 (4.90%)

Adherence to interruption 2754 (94.80%) 94 (92.16%)

Surgery or procedure type

High bleeding risk 952 (32.77%) 55 (53.92%)

Low bleeding risk 1953 (67.23%) 47 (46.08%)

Anesthesia type

General 944 (32.50%) 43 (42.16%)

Spinal epidural 213 (7.36%) 17 (16.67%)

Other 1603 (55.18%) 39 (38.24%)

Residual DOAC level, ng/mL

<30 1951 (67.16%) 69 (67.65%)

30–49 349 (12.01%) 14 (13.73%)

≥50 154 (5.30%) 4 (3.92%)

N/A 451 (15.52%) 15 (14.71%)

Surgery name

Cardiothoracic 1096 (37.73%) 23 (22.55%)

(Continued)

No Bleeding 
(N=2905)

Bleeding 
(N=102)

Dental 8 (0.28%) 0 (0%)

Dermatological 57 (1.96%) 0 (0%)

Ear-Nose-Throat 110 (3.79%) 1 (0.98%)

Gastrointestinal 609 (20.96%) 18 (17.65%)

General surgery 207 (7.13%) 14 (13.73%)

Gynecological 74 (2.55%) 3 (2.94%)

Interventional radiology 66 (2.27%) 1 (0.98%)

Neurosurgical 30 (1.03%) 0 (0%)

Ophthalmological 25 (0.86%) 0 (0%)

Orthopedic 335 (11.53%) 6 (5.88%)

Urologic 247 (8.50%) 33 (32.35%)

Vascular 41 (1.41%) 3 (2.94%)

BMI indicates body mass index; CrCl, creatinine clearance in milliliters per 
minute; DOAC, direct oral anticoagulant; and N/A, not applicable.

*Refers to HASBLED score without labile international normalized ratio 
component.

†Refers to cancer that is being treated or is metastatic.
‡Refers to apixaban 2.5 mg twice-daily, dabigatran 110 mg twice-daily, or 

rivaroxaban 15 mg daily.

Table 2. Continued

Table 3. Outcomes

N
Bleeding: n, % 

(1-sided 95% CI)

Major Bleeding: 
n, % (1-sided 

95% CI)

All 3007 102, 3.39 (0–3.98) 43, 1.43 (0–1.83)

DOAC

Dabigatran 668 19, 2.84 (0–4.11) 6, 0.90 (0–1.73)

110 mg 248 8, 3.23 (0–5.63) 2, 0.81 (0–2.41)

150 mg 420 11, 2.62 (0–4.24) 4, 0.95 (0–2.1)

Rivaroxaban 1082 45, 4.16 (0–5.28) 20, 1.85 (0–2.65)

15 mg 181 8, 4.42 (0–7.67) 6, 3.31 (0–6.28)

20 mg 901 37, 4.11 (0–5.34) 14, 1.55 (0–2.39)

Apixaban 1257 38, 3.02 (0–3.92) 17, 1.35 (0–2)

2.5 mg 252 10, 3.97 (0–6.53) 3, 1.19 (0–2.94)

5 mg 1005 28, 2.79 (0–3.77) 14, 1.39 (0–2.14)

CrCl

<50 mL/min 469 15, 3.20 (0–4.83) 7, 1.49 (0–2.73)

≥50 mL/min 2538 87, 3.43 (0–4.07) 36, 1.42 (0–1.86)

Surgery bleed risk

Low 2000 30, 1.50 (0–2.02) 18, 0.90 (0–1.32)

High 1007 30, 2.98 (0–3.99) 25, 2.48 (0–3.43)

CrCl indicates creatinine clearance in milliliters per minute; and DOAC, direct 
oral anticoagulant.
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cohort, 1.85% (0–2.65) in the rivaroxaban cohort, and 
1.43% (0–1.83) in the overall study population. In the 
univariate analysis (Figure  4), surgery bleeding risk 
(high versus low) was significantly associated with MB 
(OR, 2.76; 95% CI, 1.51–5.06), as were hypertension 
(OR, 3.33; 95% CI, 1.19–9.32) and high-bleed-risk sur-
gery (OR, 2.76; 95% CI, 1.51–5.06). In the multivariate 
model, only hypertension (OR, 3.61; 95% CI, 1.39–
9.37) was significantly associated with MB (Table 5). 
We saw a measurable change on AUC estimate in the 
machine learning, which increased to 0.81 from 0.74. In 

contrast to our initial estimates, body mass index had 
the highest relative importance for MB, with the low-
est bleed rate among patients with body mass index 
>30 kg/m2 (Figure 4 and Figure 5).

Effect of Residual DOAC Level on 
Bleeding Outcomes
Drug level analysis was available for 2541 (84.5%) pa-
tients. In the apixaban cohort, there were 103 (9.48%) 
patients who had residual levels >50 ng/mL, 26 (4.86%) 

Figure 2. Forest plot of univariate logistic regression for CRNM/MB.
APTT indicates activated partial thromboplastin time; BMI, body mass index; CrCl, creatinine clearance; CRNM/MB, clinically 
nonmajor bleeding/major bleeding; DOAC, direct oral anticoagulant; INR, international normalized ratio; and OR, odds ratio.
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in the dabigatran cohort, and 29 (3.15%) in the rivar-
oxaban group. Among patients with elevated residual 
anticoagulant levels, MB+CRNM bleeding occurred 

in 1.33% (1-sided 95% CI, 0−3.95) for the apixaban 
cohort, 2.78% (0–11.54) for dabigatran, and 5.08% 
(0–8.54) for the patients on rivaroxaban. There was 
no significant difference in bleedings between DOAC 
cohorts. In the stratified analysis with the DOAC level 
(>50 ng/mL versus ≤50 ng/mL) as a single predictor, 
there was no significant association with MB+CRNM 
observed (OR, 1.07; 95% CI, 0.38–2.96). In the multi-
variate model, adding DOAC level to the model did not 
improve the AUC.

DISCUSSION
There are 2 main findings from this subanalysis of the 
PAUSE study data set that attempted to identify poten-
tially modifiable risk factors for bleeding during DOAC 
interruption in the perioperative period. First, hyper-
tension and a prior history of bleeding were indepen-
dently associated with perioperative bleeding, and the 
addition of preoperative DOAC level measurement did 
not improve predictive utility. Second, the surgery/pro-
cedure-associated bleed-risk, as determined by the 
classification used in PAUSE, was not an independent 
predictor of bleeding, which suggests that adjustment 
of the PAUSE protocol for bleed-risk by increasing 
the duration of perioperative DOAC interruption is ef-
fective in mitigating against perioperative bleeding. 
Note that these results are contingent on compliance 

Table 4. Predictors of Perioperative Major and Clinically 
Relevant Non–Major Bleed. Multivariate Analysis Stratified 
By Regions (Grouped as Hamilton Area, Other Areas in 
Canada and Outside Canada)

Predictor OR (95% CI) P value

DOAC group

Dabigatran vs apixaban 0.86 (0.49–1.50) 0.594

Rivaroxaban vs apixaban 1.21 (0.78–1.87) 0.392

Hypertension 1.79 (1.07–2.99) 0.027

Female sex 0.82 (0.52–1.31) 0.415

Active cancer 1.21 (0.70–2.09) 0.485

Prior bleed or bleed predisposition 1.71 (1.08–2.71) 0.021

CrCl >50 mL/min 1.21 (0.68–2.17) 0.515

Low-dose heparin 1.51 (0.91–2.52) 0.113

Surgery

Gastrointestinal 1.27 (0.69–2.35) 0.443

General surgery 2.53 (1.29–4.95) 0.007

Orthopedic 0.68 (0.27–1.72) 0.415

Urologic 4.70 (2.73–8.08) <0.001

Vascular 2.29 (0.67–7.78) 0.185

Model AUC: 0.71.
AUC indicates area under the curve; CrCl, creatinine clearance in milliliters 

per minute; DOAC, direct oral anticoagulant; and OR, odds ratio.

Figure 3. Influence of risk factors by extreme gradient boosting in clinically relevant nonmajor 
and major bleeding perioperatively.
aPTT indicates activated partial thromboplastin time; BMI, body mass index; CHF, congestive heart 
failure; CrCl, creatinine clearance; DOAC, direct oral anticoagulant; INR, international normalized ratio; 
OR, odds ratio; PT, prothrombin time; and TT, thrombin time.
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with a standardized DOAC interruption protocol being 
followed.

In support of the precision and validity of our find-
ings, the observed rate of MB+CRNM bleeding of 
3.39% in PAUSE appeared comparable to the su-
banalyses of the AF trials for edoxaban and rivarox-
aban.22,23 For instance, in a subanalysis of the ENGAGE 
AF-TIMI 48 (Effective Anticoagulation with Factor Xa 
Next Generation in Atrial Fibrillation–Thrombolysis in 
Myocardial Infarction 48), rates of MB+CRNM were 
4.2% and 3.9% in patients who needed an interruption 

and were taking edoxaban 60 mg or warfarin, respec-
tively. Moreover, the overall rate of MB (1.43%) also ap-
peared comparable to the rate of MB (1.31%) among 
patients in the BRIDGE trial who had perioperative 
warfarin interruption and did not receive low molecular 
weight heparin bridging.6

Other studies have reported similar determinants 
of perioperative bleeding risk. In the BIRDGE trial, hy-
pertension was the only potentially modifiable pre-
dictor of perioperative MB+CRNM bleeding among 
patients treated with wafarin.6 While acute perioperative 

Figure 4. Forest plot of univariate logistic regression for MB.
aPTT indicates activated partial thromboplastin time; BMI, body mass index; CrCl, creatinine clearance; DOAC, direct oral 
anticoagulant; MB, major bleeding; INR, international normalized ratio; and OR, odds ratio.
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hypertensive crises may lead to intracranial bleed, we 
were not able to correlate perioperative blood pressure 
management to bleeding events. We think that a more 

global effect was measured in our study and it is likely 
selecting for a frail population and additional comorbid-
ities. Indeed, the Charlson score, as a graded measure 
of multiple coexisting comorbidities, is an indepen-
dent predictor of bleeding among patients who need 
perioperative anticoagulation interruption.7 Similarly, 
prior bleeding is a known independent risk factor for 
perioperative bleeding.17 Active cancer was also asso-
ciated with major bleeding events. The high bleeding 
risk among patients with active cancer has been well 
described among those who need chronic anticoagu-
lation and surgery.17,24,25 More recently, the understand-
ing of bleeding risk among patients with cancer and AF 
is improving. In a post hoc analysis of the ROCKET AF 
(Rivaroxaban Once Daily Oral Direct Factor Xa Inhibition 
Compared with Vitamin K Antagonism for Prevention 
of Stroke and Embolism Trial in Atrial Fibrillation) trial, 
patients with a history of cancer had a higher overall 
bleeding (hazard ratio, 1.30; 95% CI, 1.16–1.47) com-
pared with those without cancer.26

Residual preoperative DOAC levels did not appear 
to be determinants of bleed risk. This sheds light on 
the ongoing controversy about the value of preop-
erative DOAC level testing to guide clinical manage-
ment.27–29 Our findings do not support the routine 
use of DOAC level testing preoperatively when a 
standardized DOAC interruption protocol has been 
followed that intrinsically adjusts for interruption du-
ration based on surgical bleed risk and renal function 
(for patients treated with dabigatran). It also possible, 
however, that since few patients had residual DOAC 
levels >50 ng/mL, there may have been insufficient 

Table 5. Predictors of Perioperative Major Bleed. 
Multivariate Analysis Stratified by Regions (Grouped 
as Hamilton Area, Other Areas in Canada and Outside 
Canada)

Predictor OR (95% CI) P Value

DOAC group

Dabigatran vs 
apixaban

0.64 (0.25–1.64) 0.353

Rivaroxaban vs 
apixaban

1.20 (0.62–2.33) 0.583

Hypertension 3.61 (1.39–9.37) 0.008

Female sex 0.60 (0.30–1.23) 0.163

Active cancer 1.83 (0.85–3.96) 0.125

Low-dose heparin 1.83 (0.89–3.74) 0.100

Surgery

Gastrointestinal 0.77 (0.27–2.20) 0.626

General surgery 2.90 (1.20–6.98) 0.018

Orthopedic 0.78 (0.21–2.94) 0.713

Urologic 1.76 (0.71–4.38) 0.226

Vascular 4.06 (1.09–15.16) 0.037

BMI

<25 vs ≥30 1.93 (0.83–4.52) 0.129

25–29 vs ≥30 1.80 (0.85–3.79) 0.123

N/A vs ≥30 7.79 (0.93–65.23) 0.058

Model AUC: 0.74.
AUC indicates area under the curve; BMI, body mass index; DOAC, direct 

oral anticoagulant; N/A, not applicable; and OR, odds ratio.

Figure 5. Influence of risk factors by extreme gradient boosting in major bleeding perioperatively.
aPTT indicates activated partial thromboplastin time; BMI, body mass index; CHF, congestive heart 
failure; CrCl, creatinine clearance; DOAC, direct oral anticoagulant; INR, international normarlized ratio; 
PT, prothrombin time; and TT, thrombtin time.
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power to assess the effect of different residual DOAC 
levels (<30 ng/mL or 30–49 ng/mL) as determinants 
of bleeding compared with higher DOAC levels, for 
example, as compared with 50–75 ng/mL or >75 ng/
mL. The value of preoperative DOAC level testing is 
further questioned by a study that compared in vitro 
drug levels for apixaban, betrixaban, edoxaban, and 
rivaroxaban with tests of functional coagulation (in-
cluding thromboelastogram, prothrombinase-induc-
ing clotting time, activated clotting time, prothrombin 
time, activated partial thromboplastin time) and 
found no definitive correlation.30 Additional research 
is needed to explore the value of preoperative DOAC 
level testing, especially before urgent or emergency 
surgery or before administration of DOAC reversal 
agents.

Our finding that surgery/procedure-related bleed-
risk classification did not predict perioperative bleed-
ing may seem counterintuitive but may be explained by 
the fact that the PAUSE protocol intrinsically adjusted 
for bleed-risk by increasing DOAC interruption from 
2 days to at least 4 days in patients having low-bleed-
risk and high-bleed-risk surgery. Thus, although there 
was, numerically, a higher proportion of major bleeds 
in patients having high- than low-bleed-risk surgery, 
other factors may have accounted for this difference 
in bleeding incidence, namely, the specific type of 
surgery/procedure.31

Our study summarizes evidence on potential 
bleeding predictors from a protocol-driven DOAC 
perioperative management. Despite major strengths, 
including availability of DOAC levels in 85% of patients, 
sample size, and objective outcome adjudication, 
this subanalysis has potential limitations. Creatinine 
clearance is a recognized determinant of periopera-
tive bleeding risk,32 and we were not able to analyze 
the full effect of this variable given that patients with 
severe renal insufficiency (CrCl <30 mL/min) were ex-
cluded from PAUSE. Given the low bleeding rates in 
each DOAC cohort, we were unable to perform ad-
equately powered analyses for each DOAC, and it is 
uncertain whether the observed bleed risk factors are 
applicable to each DOAC type. To address this lim-
itation, we used machine learning analysis to com-
pensate for this limitation; however, our conclusions 
remained unchanged, thereby supporting our claim 
that the residual DOAC levels were not predictors of 
bleeding relative to surgical and patient-specific de-
terminants. Similarly, there was protocol-mandated 
variability on the timing of DOAC re-initiation, which 
we could not measure as a potential risk modifier. 
We did not analyze time to re-initiation of DOAC after 
surgery, which per protocol was optionally extended 
in high-risk intervention. Finally, the HASBLED score 
was created specifically for anticoagulated patients 
using vitamin K antagonist, and it is of limited value 

for perioperative bleeding risk stratification among 
warfarin-anticoagulated patients33; however, it has 
variables that do not apply to DOAC-anticoagulated 
patients and given these limitations, it was not ana-
lyzed as a composite variable.

In summary, the PAUSE protocol for DOAC inter-
ruption incorporates surgery/procedure-related bleed-
risk, DOAC half-life, and renal function (for dabigatran) 
to guide the duration of DOAC interruption and timing 
of resumption around surgery and invasive procedures. 
Analysis of the PAUSE data set revealed hypertension 
and a prior history of bleeding as the only independent 
determinants of perioperative bleeding. Our findings 
also support the safety of the PAUSE protocol which, 
intrinsically through classification of surgery/proce-
dure bleed-risk and adjustment of DOAC interruption 
intervals, is designed to mitigate against perioperative 
bleeding.
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