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Safety of radial coronary angiography with uninterrupted
direct-acting oral anticoagulant treatment

Oral antikoagülan tedavi kesilmeden yapılan radyal arter yoluyla
koroner anjioyografi güvenliği
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Objective: It is not known whether direct-acting oral anti-
coagulants (DOACs), such as dabigatran, apixaban, and ri-
varoxaban increase the risk of bleeding complications during 
or after coronary catheterization. The aim of this study was to 
investigate the safety of uninterrupted DOAC treatment dur-
ing diagnostic radial coronary angiography (CAG).
Methods: This study included 160 patients who underwent 
diagnostic radial cardiac catheterization. The 60 patients in 
the group who were using a DOAC (apixaban, rivaroxaban, or 
dabigatran) were enrolled in a Group A. Post-procedure results 
from patients in Group A were compared with those of an age- 
and sex-matched control group (Group B) that included 100 
patients who underwent radial CAG who did not use a DOAC.
Results: There was no significant difference in the procedure 
and compression times, creatinine level, or presence of hy-
pertension, diabetes mellitus, smoking, alcohol use, vascular 
disease, or congestive heart failure between the 2 groups. 
During the 1 -month follow-up period, only 1 radial occlusion 
was registered in the control group (Group B). There was no 
case of a large hematoma (>5 cm or extending to the fore-
arm), dissection, fistula, perforation, or compartment syn-
drome. Hematomas smaller than 5 cm were seen in 2 patients 
(1 in each group). No thrombotic events were observed during 
follow-up examinations.
Conclusion: Performing radial CAG with uninterrupted 
DOAC treatment appears to carry no risk of increased early 
or short-term complications. The simple, uninterrupted DOAC 
strategy is comfortable, easy, and safe.

Amaç: Dabigatran, apiksaban ve rivaroksabandan oluşan 
direkt etkili oral antikoagülanların (DOAK) koroner anjiyog-
rafi (KAG) sırasında ve sonrasında kanama riskini artırıp 
artırmadığı bilinmemektedir. Bu çalışmada DOAK tedavisi-
ne ara verilmeden yapılan KAG’nin güvenli olup olmadığı 
araştırıldı.
Yöntemler: Çalışmamıza radyal arter yoluyla KAG yapılma-
sı kararlaştırılan toplam 160 hasta dahil edildi. Bu hastaların 
60’ı DOAK (apiksaban, rivaroksaban ya da dabigatran) teda-
visi almakta olup Grup A olarak adlandırıldı. Grup A’nin işlem 
sırasında ve sonrasındaki sonuçları yaş ve cinsiyet olarak 
eşleştirilmiş DOAK kullanmayan 100 hastadan oluşan kontrol 
grubuyla (Grup B) karşılaştırıldı.
Bulgular: İşlem ve baskı süresi, kreatinin seviyesi, cinsiyet, 
hipertansiyon, diyabet, sigara ve/veya alkol kullanımı, damar 
hastalığı, kalp yetersizliği açısından iki grup arasında anlamlı 
fark saptanmadı. Bir aylık takip süresi boyunca, sadece kont-
rol grubundaki (Grup B) bir hastada radyal arter tıkanıklığı 
tespit edildi. Geniş hematom (>5 cm ya da ön kola uzanan 
hematom), diseksiyon, fistül, perforasyon ya da kompartman 
sendromuna rastlanmadı; 5 cm’den küçük hematom toplam 
iki hastada gözlendi (her iki gruptan birer hasta). İşlem sıra-
sında ve takip süresince trombotik olay yaşanmadı.
Sonuç: Direkt etkili oral antikoagülanlar tedavisine ara ve-
rilmeden radyal arter yoluyla yapılan KAG erken ya da kısa 
dönemde komplikasyon riskini artırmamaktadır. Basitçe uy-
gulanan aralıksız DOAK tedavi stratejisi konforlu, kolay ve 
güvenlidir.

Received: December 15, 2017   Accepted: September 06, 2018
Correspondence: Dr. Tuğba Kemaloğlu Öz.  Bahçeşehir Üniversitesi Tıp Fakültesi,

Kardiyoloji Anabilim Dalı, İstanbul, Turkey.
Tel: +90 216 - 579 81 95   e-mail: tugbakemalogluoz@gmail.com

© 2019 Turkish Society of Cardiology

4

ABSTRACT ÖZET

ORIGINAL ARTICLE

https://orcid.org/0000-0003-1168-8237
https://orcid.org/0000-0001-8200-3747
https://orcid.org/0000-0001-5076-0399
https://orcid.org/0000-0002-71518742
https://orcid.org/0000-0002-5110-1288
https://orcid.org/0000-0003-1578-0858
https://orcid.org/0000-0003-4983-8755
https://orcid.org/0000-0001-6945-0745


Chronic oral anticoagulation therapy with direc-
t-acting oral anticoagulants (DOACs), such as 

dabigatran, apixaban, and rivaroxaban, is widely used 
in patients with non-valvular atrial fibrillation (AF). 
DOACs have a high efficacy/safety ratio and pre-
dictable effects, without the need for routine monitor-
ing interventions.[1] It is not known whether DOACs 
increase the risk of bleeding during or after coronary 
catheterization. The European Heart Rhythm Associ-
ation guideline suggests that DOACs should be tem-
porarily discontinued for elective interventions,[1] but 
there are no data about the use of DOACs with diagnos-
tic coronary angiography (CAG). It is common prac-
tice to interrupt DOAC therapy before either radial or 
femoral CAG. However, parenteral anticoagulants are 
necessary to prevent thrombosis in the radial artery.
[2,3] The use of parenteral anticoagulants during radial 
CAG is associated with low rates of bleeding compli-
cations.[4–6] The greatest advantage of this approach is 
fewer access-site complications. Since the radial artery 
is small and superficial, it is easily compressible, and 
bleeding complications are extremely rare.[7–9] Data 
about uninterrupted treatment with DOACs during 
cardiac catheterization are lacking. The aim of this pi-
lot study was to investigate the safety of uninterrupted 
DOAC treatment during diagnostic radial CAG. 

METHODS

Study population

This was an observational, single-center, prospective 
study that included 160 patients who underwent diag-
nostic radial cardiac catheterization between January 
2012 and January 2017. A total of 60 patients who 
were at least 18 years of age, who had AF (parox-
ysmal, persistent, or permanent) not caused by a 
prosthetic valve or moderate or severe mitral steno-
sis (nonvalvular AF) and who were using one of 
the standard dose DOACs (rivaroxaban 20 mg once 
daily, apixaban 5 mg twice daily, or dabigatran 150 
mg twice daily) were enrolled in Group A. Post-pro-
cedure results from the patients in Group A were com-
pared with those of a control group (Group B) that 
included 100 age- and sex-matched patients who un-
derwent radial CAG and did not use a DOAC. Every 
patient had a normal Allen test. The study protocol 
was approved by the institutional review board and 
written, informed consent was obtained from all pa-
tients before the CAG procedure.

Patients with a 
prior coronary artery 
bypass graft, anemia 
with a hemoglobin 
concentration of less 
than 10 g/dL, known 
bleeding diathesis, a 
clinically significant 
gastrointestinal bleeding history, a creatinine level 
greater than 1.2 mg/dL, or a contraindication for ra-
dial access were excluded from the study.

Procedures 

All of the procedures were performed in a single car-
diology unit by 4 independent expert interventional 
cardiologists. Patients in both groups received the 
standard anticoagulant therapy of an intra-arterial bo-
lus of 5000 IU of unfractionated heparin during car-
diac catheterization. Allen testing was done to assess 
hand perfusion. The radial artery was punctured with 
a 21-G needle and a 0.021-inch guidewire (Cordis 
Corp., Miami, FL, USA) was inserted. A 5-F or 6-F 
sheath was used, and the angiograms were performed 
using TIG 5-F (Terumo Medical Corp., Somerset, NJ, 
USA), Judkins left 3.5-F or Judkins right 4-F (Cordis 
Corp., Miami, FL, USA; Johnson & Johnson, New 
Brunswick, NJ, USA) catheters. The right radial artery 
was the preferred vascular approach, but in 3 patients, 
the left side was used for vascular reasons. There were 
no cases of crossover to femoral artery access.

A total of 5000 units of sodium heparin with 200 
µg nitroglycerine was given to each patient (both A 
and B groups) via the radial artery before the pro-
cedure was initiated. The introductory catheter was 
exchanged for a 0.035-inch x 180-cm guidewire 
(Biocath, Sao Paulo, Brazil). After the procedure, an 
elastic compressor bandage was used for at least 2 
hours for hemostasis. The patients were allowed to be 
ambulatory immediately following the procedure.

An examination was performed by clinical visit at 
discharge, and all of the patients were contacted by 
telephone within 24 hours after catheterization to iden-
tify any complications. A follow-up examination was 
performed 1 month after the procedure. Complications 
of the procedure, such as radial occlusion, dissection, 
fistula, perforation, small (≤5 cm) or large hematoma 
(>5 cm or extending to the forearm), or compartment 
syndrome, were assessed at the follow-up visit.

Radial angiography and oral anticoagulant treatment 5

Abbreviations:

AF	 Atrial	fibrillation
CAG	 Coronary	angiography
DOAC	 Direct-acting	oral	anticoagulant
IAC	 Interrupted	anticoagulation
RAO	 Radial	artery	occlusion
UAC	 Uninterrupted	anticoagulation
OAC	 Oral	anticoagulation



Turk Kardiyol Dern Ars6

Statistical analysis

SPSS Statistics for Windows, Version 17.0 (SPSS 
Inc., Chicago, IL, USA) was used for statistical analy-
ses. Numeric variables were expressed as mean±SD. 
Mean, SD, and percentage were used in the descrip-
tive analysis of the data. Differences in categorical 
variables between groups were tested using an inde-
pendent samples t-test and the Mann-Whitney U test, 
as appropriate. Categorical variables were compared 
via a chi-square test. A p-value of <0.05 was consid-
ered statistically significant.

RESULTS

The baseline characteristics of the patients are sum-
marized in Table 1. A total of 160 patients (38.7% 
women) were included in the study. Of the 60 patients 
in Group A (46% women) who were anticoagulated 
with DOACs at the time of the procedure, 73.3 % (44 
patients) were using rivaroxaban, 15% (9 patients) 
were using apixaban, and 11.6% (7 patients) were 
using dabigatran. The use of antiplatelet drugs and 
dual antiplatelet therapy was statistically significantly 
more frequent in Group B than in group A. There were 
no significant differences between the groups with re-

gard to the procedure and compression times or crea-
tinine level between the 2 groups. Furthermore, there 
were no significant differences in age, gender, the 
prevalence of hypertension, diabetes mellitus, smok-
ing, alcohol use, vascular disease, or congestive heart 
failure between the 2 groups.

There were very few complications. None of the 
patients in Group A, all of whom used a DOAC due to 
nonvalvular AF, had complications during the CAG, 
nor did the control patients in Group B. During the 
1-month follow-up period, only 1 radial occlusion 
was observed, which was in a patient in the control 
group. There were no cases of a large hematoma (>5 
cm or extending to the forearm), dissection, fistula, 
perforation, or compartment syndrome. Hematomas 
smaller than 5 cm were seen in 2 patients (1 in each 
group). No thrombotic events were observed during 
follow-up examinations.

DISCUSSION

This prospective study demonstrated the safety and 
feasibility of radial CAG in patients with uninter-
rupted DOAC treatment. Although the patients in 
Group A, who received DOAC therapy, were consid-

Table 1. Baseline demographic and procedural characteristics of the patients

Variable Group A Group B p

 n % Mean±SD n % Mean±SD

Age in years   68.6±11.2   67.1±12.3 0.879
Women 28 46.7  34 34  0.111
Diabetes mellitus 17 28.3  29 29  0.845
Hypertension 47 78.3  77 77  0.845
Smoking 29 48.3  54 54  0.48
Alcohol use  4 6.7  9 9  0.60
Vascular disease  4 6.7  5 5  0.658
Congestive heart failure  3 5  11 11  0.19
Acetylsalicylic acid  2 3.3  61 61  0.001
Clopidogrel  9 15  34 34  0.009
Dual antiplatelet therapy 2 3.3  24 24  0.001
Previous radial catheterization 14 23.3  27 27  0.607
Creatinine (mg/dL)   0.98±0.21   0.96±0.20 0.721
Procedure time (min)   24.4±7.8   22.7±6.7 0.138
Compression time (min)   128±12   126±14 0.311
P values of <0.05 were considered significant. SD: Standard deviation.



DOAC treatment, there were no significant differ-
ences in bleeding complications.

The incidence of radial artery occlusion (RAO) af-
ter radial CAG has been reported to be 1% to 10%.
[23] Intraprocedural administration of anticoagulants 
decreases RAO.[2,24,25] Additionally, Pancholy et 
al.[26] demonstrated that patients receiving only war-
farin treatment who underwent radial CAG without 
parenteral anticoagulation had a higher incidence of 
RAO. In the present study, intra-artery heparin was 
given to patients in both groups because of the effi-
cacy of this parenteral anticoagulant in preventing 
arterial occlusion. RAO and bleeding complications 
were similar between the 2 groups.

Karjalainen et al.[27] retrospectively analyzed 
cases of patients on warfarin therapy referred for per-
cutaneous intervention. They compared interrupted 
anticoagulation (IAC) versus uninterrupted anticoag-
ulation (UAC) treatment. Although the femoral route 
was used in the majority of patients in both groups 
(78% in the UAC group and 80% in the IAC group), 
percutaneous coronary intervention was determined 
to be safe with UAC. Additionally, Gallego-Sánchez 
et al.[28] evaluated the safety of transradial diagnos-
tic cardiac catheterization in patients under aceno-
coumarol (oral anticoagulant [OAC]) therapy. Their 
results support an uninterrupted OAC regimen dur-
ing radial catheterization, as in our study. However, 
the bleeding complications that were a main concern 
were rare in the present study. Hematomas smaller 
than 5 cm were seen 2 patients (1 in each group). Se-
rious bleeding complications, including life-threat-
ening hemorrhage or larger hematomas (>5 cm) did 
not occur in either group. Similarly, no other serious 
complications of the access site, including dissection, 
fistula, perforation, or compartment syndrome, were 
seen.

Limitations

Our study has several limitations. Firstly, this is a 
single-center study and the sample size was limited 
because the study consisted of a very special group 
that underwent diagnostic radial cardiac catheteriza-
tion during uninterrupted DOAC treatment and the 
patients in the control group used antiplatelet drugs 
statistically significantly more frequently than the pa-
tients in Group A. Additionally, although the patients 
in Group A were heterogeneous in terms of drug 

ered at high risk for bleeding, they did not have more 
early or late hemorrhagic or thromboembolic compli-
cations than the patients in the control group.

DOACs are gaining in popularity for use in dif-
ferent areas of cardiology, including for coronary 
interventions. Current data and guidelines for AF 
treatment do not recommend the uninterrupted use of 
DOAC therapy during elective procedures. According 
to the European Heart Rhythm Association guideline, 
DOACs should be discontinued at least 24 hours be-
fore patients are taken to the catheter laboratory, and 
the DOAC’s effects should have disappeared before 
the procedure.[1] There is no clear suggestion about 
the need for bridging therapy before CAG or the time 
of interruption of DOAC use. The safety and efficacy 
of bridging therapy has been investigated in patients 
receiving other anticoagulants who underwent CAG, 
pacemaker implantation, AF ablation, and general 
surgery.[10–14] No advantages of bridging therapy were 
demonstrated in any of these studies, and the ther-
apy was associated with prolonged hospitalization, 
an increased risk of bleeding, thromboembolism, 
and sub-therapeutic anticoagulation. In addition, a 
parenteral approach is not comfortable for patients.
[12,15–18] Without bridging therapy, patients may be at 
risk of thromboembolic complications. More recent 
data suggest that uninterrupted anticoagulation ther-
apy may be preferable to bridging treatment.[19] A re-
cent study found that even AF of less than 48 hours 
duration can significantly increase the risk for throm-
boembolism.[20] To date, there are no data available to 
recommend maintaining or interrupting DOAC be-
fore radial CAG. In the present study, patients were 
protected from thromboembolic complications as a 
result of continuous DOAC treatment.

Fewer bleeding complications and improved pa-
tient comfort make the radial approach attractive for 
patients receiving DOACs who undergo CAG.[17,21,22] 
A meta-analysis demonstrated that radial CAG had 
a 73% reduction in major bleeding complications 
compared with CAG using the femoral route.[8] In the 
RIVAL (Radial versus femoral access for coronary 
angiography and intervention in patients with acute 
coronary syndromes) trial, the incidence of major 
vascular complications was 1.4% in patients when the 
radial approach was used, as compared to 3.7% in pa-
tients where femoral access was used.[5] In our study, 
only the radial route was used and despite continuous 
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type, the number of patients who were using different 
DOACs was insufficient to compare them with each 
other. Despite these limitations, the study’s results 
may provide a new and comfortable option to both 
patients and interventionalists.

Conclusion

Performing radial CAG with uninterrupted DOAC 
treatment appears to carry no increased risk of early- 
or short-term complications. According to the results 
of our pilot study, the simple uninterrupted DOAC 
strategy seems to be comfortable, easy, and safe. This 
research may lead to more extensive, comprehensive 
studies.
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