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A B S T R A C T   

Background: Patients on uniterrupted chronic oral anticoagulation (OAC) therapy are at high-risk of bleeding 
during cardiac catheterization. We aimed to investigate the safety and efficacy of the StatSeal® disc for adjunct 
hemostasis in patients undergoing transradial coronary angiography under uninterrupted OAC therapy. 
Methods: Patients who underwent transradial cardiac catheterization without interrupted OAC therapy were 
included in this study. 
Results: Among 180 patients, 85 (47.2%) patients were on warfarin and 95 (52.8%) patients on novel oral an-
ticoagulants (NOACs). Patients on NOACs were older (72.9 ± 9.6 versus 69.7 ± 10.8 years, P < 0.001) and had 
more atrial fibrillation/flutter (94.7% versus 62.4%, P < 0.001), whereas patients on Warfarin were more often 
women (43.5% versus 26.3%, P = 0.02) and had mechanical heart valves (27.1% versus 0%, P < 0.001). 
Intravenous unfractioned heparin (UFH) was administered in 96.5% of patients on warfarin (3799 ± 1342 units) 
and 93.7% patients on NOACs (4028 ± 1362 units), P = 0.27. There were no differences in terms of type and 
sheath size and the need for ad hoc coronary intervention. Time-to-first release of the hemostatic wristband was 
56.2 ± 12.6 min and complete hemostasis was achieved in 71.1 ± 13.0 min, with shorter times among patients 
on NOACs (54.1 ± 11.7 and 58.5 ± 13.2 min, 68.9 ± 11.7 versus 73.6 ± 14.0 min, P = 0.02, for both). There 
were no significant differences in terms of bleeding. There was no radial artery occlusion among 112 participants 
who underwent color Doppler ultrasound. 
Conclusion: The present study shows that in patients undergoing transradial coronary angiogram under 
contemporary uninterrupted OAC therapy and periprocedural administration of UFH, the use of StatSeal® disc 
for adjunctive hemostasis was associated with short times to complete hemostasis.   

1. Introduction 

Transradial approach for coronary angiography and percutaneous 
coronary intervention (PCI) is considered safer than a transfemoral 
approach [1–3]. A specific subset of patients that is at high-risk of 
bleeding and needs further attention is that of patients on chronic oral 
anticoagulation (OAC) therapy (i.e., patients with atrial fibrillation, 
mechanical heart valves, status post thromboembolism, etc.). This 
cohort of patients is growing and will inevitably continue to do so during 

the next years. Moreover, during the past several years, robust evidence 
supporting the use of novel oral anticoagulants (NOACs) is available and 
the number of patients using these medications has grown accordingly 
[4]. Yet, data regarding their management when in need for coronary 
procedures are lacking. 

Current recommendations support uninterrupted vitamin-K antago-
nists (VKA) for both elective and urgent cases [5]. This strategy has been 
associated with similar outcomes in terms of safety, and appears to be 
safer than interrupted VKAs and bridging with heparin in patients 

; NOACs, Novel oral anticoagulants; RAO, Radial artery occlusion; UFH, Unfractioned heparin; OAC, Oral anticoagulants; VKA, Vitamin-K antagonists; PCI, 
Percutaneous coronary intervention. 
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undergoing coronary angiography with or without PCI [6,7]. Nonethe-
less, information regarding NOACs is very limited and somewhat con-
tradicting, hence, recommendations suggest withholding NOACs before 
coronary angiogram or PCI [5,8]. 

Importantly, the recommendations also favour the use of radial 
approach in this subset of patients. However, studies have shown that 
prolonged radial compression times for hemostasis (i.e., >2 h) were 
associated to increased risk of radial artery occlusion (RAO) [9,10]. 

The StatSeal (Biolife, Sarasota, FL, USA) disc is a hemostasis adjunct 
that works in conjunction with any radial hemostatic device or manual 
pressure and aims to reduce bleeding, thereby shortening compression 
times. Therefore, we sought to investigate the safety and efficacy of the 
StatSeal® disc for adjunct hemostasis in patients undergoing transradial 
coronary angiography under uninterrupted OAC. 

2. Material and methods 

Patients who underwent transradial diagnostic cardiac catheteriza-
tion without interrupted OAC were included in this feasibility study 
between October 2016 and April 2020. Intravenous unfractionated 
heparin (UFH) administration (50 U/Kg for diagnostic angiogram and 
70–100 U/Kg for coronary intervention, imaging, or physiology 
assessment) was left at operator’s discretion. After completion of the 
transradial procedure, the sheath was removed, and a StatSeal® disc was 
placed at the access-site along with a hemostatic wristband applied for 
40–60 min as per local institutional protocol and practices (Fig. 1). 
Patent haemostasis, whenever possible, was recommended. To provide 
further insight on the study population, participants were separated into 
warfarin and NOACs groups (Table 1). The primary efficacy endpoint 
was the time-to-complete hemostasis, and the primary safety outcome 
was access-site related bleeding complications. Institutional review 
board and ethics committee approval was obtained from The Western 
University Health Science Research Ethics Board. 

Continuous variables are expressed as a mean ± standard deviation 
and categorical variables as n (%). Comparison of continuous variables 
was performed using the two-sided Student’s t-test, and categorical 
variables were compared using the Chi-square test. Statistical tests were 
two-tailed, and differences were considered statistically significant 
when a P-value was <0.05. Statistical analyses were performed using R 
version 3.6.1 (R Foundation for Statistical Computing, Vienna, Austria). 

3. Results 

Among 180 patients, 85 (47.2%) patients were on warfarin and 95 
(52.8%) patients on NOACs. Patients on NOACs were older (72.9 ± 9.6 
versus 69.7 ± 10.8 years, P < 0.001) and had more atrial fibrillation/ 
flutter (94.7% versus 62.4%, P < 0.001), whereas patients on Warfarin 
were more often women (43.5% versus 26.3%, P = 0.02) and had me-
chanical heart valves (27.1% versus 0%, P < 0.001). Patients on NOACs 
had more frequently CHA2DS2-VASc score ≥ 2 (P = 0.01), and there 
were differences between groups with regards to the indication for 
coronary angiogram (P = 0.03) (Table 1).Intravenous UFH was 
administered in 96.5% of patients on warfarin (3799 ± 1342 units) and 
93.7% patients on NOACs (4028 ± 1362 units), P = 0.27. There were no 
differences in terms of type and sheath size and the need for ad hoc 
coronary intervention. Time-to-first release of the hemostatic wristband 
was 56.2 ± 12.6 min and complete hemostasis was achieved in 71.1 ±
13.0 min, with shorter times among patients on NOACs (54.1 ± 11.7 and 
58.5 ± 13.2 min, 68.9 ± 11.7 versus 73.6 ± 14.0 min, P = 0.02, for 
both). There were no significant differences in terms of bleeding 
(Table 1). There was no RAO among 112 patients assessed by color 
Doppler ultrasound. All outpatients were discharged home the same 
day. 

Three patients in the warfarin group developed a small pseudoa-
neurysm, which resolved after 60 min of ultrasound-guided focalized 
compression with a RadAR (Advanced Vascular Dynamics, WI, USA) 

wristband. The patients were brought back the day after for follow-up, 
the pseudoaneurysms sealed and the radial artery was patent in the 3 
cases. 

4. Discussion 

The radial StatSeal® disc has been assessed in trials post coronary 
angiography [11,12]. Seto et al. [11] showed that the use of StatSeal® 
disc was associated with a significantly lower mean time-to-full TR Band 
(Terumo Corp., Tokyo, Japan) deflation as compared to the control 
group (43 ± 14 versus 160 ± 43 min, P < 0.001). Ayyaz Ul Haq et al. 
[12] followed the same line showing a significantly lower compression- 
time using the Helix compression device (Vascular Perspectives Ltd. 
Holmfirth, England) plus StatSeal® disc compared to standard 
compression (79.7 ± 41.2 versus 165.8 ± 63.1 min, P < 0.001). Another 
adjunct for accelerating radial hemostasis is the QuikClot Radial pad 
(QuikClot Radial; Z-Medica), that was used in a 30-patient study where 
the authors allocated 10 patients to 3 groups and showed significant 
reduction in compression times (30.7 ± 2.2 versus 60.9 ± 2.9 and 149.4 
± 36.5 min, P < 0.001) for the 30-min, 60-min and TR Band alone, 
respectively [13]. 

Individuals that are nowadays on VKAs may be limited to those with 
mechanical heart valves or other specific conditions. Whenever VKAs 

Fig. 1. StatSeal disc application. (A) The introducer sheath is pulled out half- 
way, then, a StatSeal disc is applied right at the access site. A small transparent 
film dressing is applied on top of it to secure it in position. (B) The hemostatic 
wristband is applied, and the sheath is completely removed. 
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are interrupted, bridging with low molecular wight heparin (i.e., 
outpatient setting) or UFH (i.e., inpatient setting) is required to prevent 
thromboembolic events or mechanical heart valve thrombosis. Howev-
er, the strategy of bridging with heparin has been associated with 
increased risk of bleeding complications [6,7] and, also, its inherent 
prolonged length of hospital stays. Nonetheless, in patients with atrial 
fibrillation and low CHA2DS2-VASc score that are under NOACs, these 
can be stopped for 24 h prior to the angiogram, then be resumed either at 

Table 1 
Baseline characteristics of the study population.  

Variables All 
n = 180 

Warfarin 
n = 85 

NOACs 
n = 95 

P-value 

Age (years) 71.4 ± 10.3 69.7 ± 10.8 72.9 ± 9.6 <0.001 
Female 62 (34.4) 37 (43.5) 25 (26.3) 0.02 
Weight (kg) 86.6 ± 20.8 85.4 ± 22.7 87.7 ± 19.0 0.45 
Height (cm) 171.2 ± 10.5 170.4 ± 10.7 171.8 ± 10.3 0.38 
Body mass index (kg/ 

m2) 
29.5 ± 6.2 29.3 ± 6.8 29.7 ± 5.7 0.69 

Hypertension 145 (80.6) 66 (77.6) 79 (83.2) 0.46 
Diabetes 42 (23.3) 18 (21.2) 24 (25.3) 0.64 
Dyslipidemia 130 (72.2) 57 (67.1) 73 (76.8) 0.19 
Smoking status 

(current or former) 94 (52.2) 48 (56.5) 46 (48.4) 0.35 

Previous myocardial 
infarction 23 (12.8) 11 (12.9) 12 (12.6) 1.00 

Previous PCI 16 (8.9) 8 (9.4) 8 (8.4) 1.00 
Previous CABG 12 (6.7) 9 (10.6) 3 (3.2) 0.09 
Previous mechanical 

heart valve 
23 (12.8) 23 (27.1) 0 (0) <0.001 

Atrial fibrillation/ 
flutter 143 (79.4) 53 (62.4) 90 (94.7) <0.001 

Cerebrovascular 
disease (stroke/ 
TIA) 

32 (17.8) 13 (15.3) 19 (20.0) 0.53 

Chronic kidney 
disease* 

57 (31.7) 31 (36.5) 26 (27.4) 0.25 

Left ventricular 
ejection fraction 
(%) 

48.3 ± 15.4 48.8 ± 13.9 47.8 ± 16.7 0.67 

Hemoglobin (g/dL) 13.2 ± 2.1 13.0 ± 2.2 13.3 ± 2.0 0.44 
Platelets (x1000/uL) 217.1 ± 74.3 209.5 ± 74.9 223.8 ± 73.6 0.20 
Creatinine (mg/dL) 1.2 ± 0.6 1.3 ± 0.8 1.2 ± 0.5 0.24 
Concomitant aspirin 71 (39.4) 38 (44.7) 33 (34.7) 0.23 
CHADS2 score 2.2 ± 1.3 2.0 ± 1.3 2.3 ± 1.3 0.09 
CHADS2 score 

(category)     
0 (Low) 10 (5.6) 8 (9.4) 2 (2.1) 

0.07 1 (Intermediate) 53 (29.4) 27 (31.8) 26 (27.4) 
≥2 (High) 117 (65.0) 50 (58.8) 67 (70.5) 

CHA2DS2-VASc score 3.5 ± 1.7 3.4 ± 1.9 3.7 ± 1.6 0.17 
CHA2DS2-VASc score 

(category)     
0 (Low) 5 (2.8) 5 (5.9) 0 (0) 

0.01 1 (Intermediate) 16 (8.9) 10 (11.8) 6 (6.3) 
≥2 (High) 159 (88.3) 70 (82.8) 89 (93.7) 

Peri-procedural 
data     

Elective or outpatient 
setting 

170 (94.4) 80 (94.1) 90 (94.7) 0.86 

International 
normalized ratio 2.4 ± 0.9 2.8 ± 0.7 1.5 ± 0.6 <0.001 

International 
normalized ratio <
3 

92 (74.2) 55 (64.7) 37 (94.9) 

0.001 
International 
normalized ratio 
3–4 

26 (21.0) 25 (29.4) 1 (2.6) 

International 
normalized ratio >
4 

6 (4.8) 5 (5.9) 1 (2.6) 

Indication for 
coronary 
angiogram     
Stable angina 16 (8.9) 8 (9.4) 8 (8.4) 

0.03 

Acute coronary 
syndrome 

10 (5.6) 6 (7.1) 4 (4.2) 

Cardiomyopathy 33 (18.3) 10 (11.8) 23 (24.2) 
Preoperative liver 
transplant 4 (2.2) 4 (4.7) 0 (0) 

Preoperative SAVR 38 (21.1) 19 (22.4) 19 (20.0) 
Preoperative MVR/ 
repair 

33 (18.3) 16 (18.8) 17 (17.9) 

Preoperative TAVI 21 (11.7) 6 (7.1) 15 (15.8) 
3 (1.7) 2 (2.4) 1 (1.1)  

Table 1 (continued ) 

Variables All 
n = 180 

Warfarin 
n = 85 

NOACs 
n = 95 

P-value 

Preoperative 
tricuspid valve 
surgery 
Preoperative aortic 
root replacement 

9 (5.0) 6 (7.1) 3 (3.2) 

Congestive heart 
failure 

8 (4.4) 3 (3.5) 5 (5.3) 

Ventricular 
tachycardia/ 
cardiac arrest 

5 (2.8) 5 (5.9) 0 (0) 

Type and size of 
sheath#     

5-French Slender 
Glidesheath 

48 (26.7) 20 (23.5) 28 (29.5) 

0.48 
5-French 103 (57.2) 48 (56.5) 55 (57.9) 
6-French Slender 
Glidesheath 15 (8.3) 8 (9.4) 7 (7.4) 

6-French 14 (7.8) 9 (10.6) 5 (5.3) 
Intravenous heparin 171 (95.0) 82 (96.5) 89 (93.7) 0.50 

Units/Kg (range) 40–50 40–50 40–50 – 
Units/Kg 
(minimum- 
maximum) 

20–130 20–130 25–100 – 

Total Units, mean 3918 ± 1353 3799 ± 1342 4028 ± 1362 0.27 
Total Units, median 
(IQR) 

4000 
(3000–4500) 

4000 
(3000–4500) 

4000 
(3000–4500) 0.43 

Procedural time 
(minutes), median 
(IQR) 

15.0 
(9.0–25.0) 

16.0 
(10.0–30.0) 

14.0 
(8.0–20.5) 0.08 

Ad hoc coronary 
intervention (PCI/ 
FFR) 

18 (10.0) 10 (11.8) 8 (8.4) 0.62 

Time to first release 
hemostatic wrist 
band (min) 

56.2 ± 12.6 58.5 ± 13.2 54.1 ± 11.7 0.02 

Total compression 
time (complete 
hemostasis, min) 

71.1 ± 13.0 73.6 ± 14.0 68.9 ± 11.7 0.02 

Need for hemostatic 
wristband 
retightening 

6 (3.3) 4 (4.7) 2 (2.1) 0.42 

Type of wrist band     
Bengal† 164 (91.1) 77 (90.6) 87 (91.6) 

1.00 RadAR‡ 14 (7.8) 7 (8.2) 7 (7.4) 
TRAcelet¥ 2 (1.1) 1 (1.2) 1 (1.1) 

Hematoma (EASY 
scale)     
Grade 1 5 (2.8) 3 (3.5) 2 (2.1) 

0.35 Grade 2 2 (1.1) 2 (2.4) 0 (0) 
Pseudo aneurysm 3 (1.7) 3 (3.5) 0 (0) 0.53 

Values are expressed as n (%), mean ± SD, median (interquartile range, IQR) 
unless otherwise noted. Some percentages may not add up to 100 because of 
rounding. *Estimated glomerular filtration rate < 60 mL/min/1.72m2. #Terumo 
Corp., Tokyo, Japan. NOACs: novel oral anticoagulants. PCI: percutaneous 
coronary intervention. CABG: coronary artery bypass graft. TIA: transient 
ischemic attack. CHADS: Congestive heart failure, Hypertension, Age ≥ 75 
years, Diabetes, prior Stroke or TIA. CHA2DS-VASc: Congestive heart failure, 
Hypertension, Age ≥ 75 years, Diabetes, prior Stroke or TIA, Vascular disease, 
Age 65–74 years, Sex category. SAVR: surgical aortic valve replacement. TAVI: 
transcatheter aortic valve implantation. MVR: mitral valve replacement. FFR: 
fractional flow reserve. †Benrikal Services Inc., QC, Canada. ‡Advanced Vascular 
Dynamics, WI, USA. ¥Medtronic, Inc. EASY: Early Discharge After Transradial 
Stenting of Coronary Arteries. 
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night-time or the day after. 
Notably, in studies that showed the safety of coronary procedures on 

patients under uninterrupted VKAs or NOACs, the reported compression 
times for hemostasis ranged from 2 to 4 h [14–16]. Our study extends 
previous knowledge on the usefulness of StatSeal® disc for adjunctive 
hemostasis, now among individuals on chronic uninterrupted OAC and 
periprocedural administration of UFH, also achieving short times to 
complete hemostasis. 

5. Limitations 

The present study presents with limitations. First, there is no 
comparator group (no-heparin or lower dose i.e., 25–30 U/Kg, and no- 
StatSeal), however, due to an expected slow-rate of enrolment (3 1/2 
years) considering the very selected population, we pre-specified a 
feasibility-study design to assess the performance of the StatSeal® disc 
in this subset of patients. Second, we are in a high-volume university 
hospital where each operator performs >500 radial procedures yearly, 
thus, these results may help to expand the use of radial approach on 
patients under uninterrupted OAC without the necessity to discontinue 
VKAs and bridging with heparin, further preventing a hospital admis-
sion to do so, or simply delaying coronary angiography among those 
admitted on NOACs. 

6. Conclusion 

In patients undergoing transradial coronary angiogram and inter-
vention under contemporary uninterrupted OAC therapy and peri-
procedural administration of UFH, the use of StatSeal® disc for 
adjunctive hemostasis was associated with short times to complete 
hemostasis. 
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