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Abstract
Aims: This study sought to evaluate the feasibility of a rapid deflation technique (RDT) after transradial 
catheterisation to achieve patent haemostasis and to assess whether this could reduce radial artery occlu-
sion (RAO). Ensuring patent haemostasis is the most important factor in reducing RAO. The use of larger 
sheath sizes and antiplatelet and antithrombotic agents limits achieving patent haemostasis immediately 
after transradial intervention.

Methods and results: A feasibility assessment was first performed in 105 patients to assess whether 
RDT could be performed safely and consistently achieve patent haemostasis after transradial catheterisa-
tion. Prospective data were then collected on 201 patients who underwent either rapid or standard deflation 
technique and had RAO assessment at 24 hours. Acute coronary syndrome was the indication for transradial 
catheterisation in 62.7% of patients. Baseline patent haemostasis increased from 40% to 95% after RDT. 
RAO at 24 hours was seen in two (2.0%) patients in the RDT group and 15 (14.9%) in the standard defla-
tion group (OR 0.117; 95% CI: 0.026 to 0.526, p=0.005). Other independent predictors of RAO included 
body surface area (OR 0.022; 95% CI: 0.002 to 0.273, p=0.003) and male sex (OR 0.298; 95% CI: 0.108 
to 0.824, p=0.020). No significant difference was found in safety outcomes: need to re-inflate compression 
band (2% versus 1.8%) or haematoma (0% versus 0.9%).

Conclusions: Rapid deflation of the compression band after transradial catheterisation is a safe and effec-
tive method of achieving patent haemostasis that reduces RAO.
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Introduction
There is growing utilisation of transradial catheterisation for 
percutaneous angiography and intervention. The advantages of 
transradial over traditional femoral access include a decrease in 
the incidence of access-site bleeding complications and improve-
ment in patient comfort and recovery1-3. However, transradial 
catheterisation is limited by radial artery occlusion (RAO). 
Although infrequent, and predominately asymptomatic in nature, 
RAO eliminates the radial artery access site from future cath-
eterisation or use as an arterial conduit for surgical revascu-
larisation or haemodialysis fistula. RAO is not always benign 
and hand ischaemia has been reported4-6. Consensus documents 
help define technical aspects required to optimise transradial 
catheterisation7,8.

Editorial, see page 731

Previous studies have shown that increasing heparin dose9, 
reducing post-procedure radial artery compression time10, and 
achieving post-procedure patent haemostasis11 decrease RAO rates. 
Ensuring patent haemostatic occlusion, the control of arterial bleed-
ing while maintaining radial arterial flow, appears to be the single 
most important factor in reducing RAO12. Maintaining patent hae-
mostasis has been shown to be feasible with minimal conversion to 
manual compression immediately after diagnostic catheterisation in 
low-risk, elective patients11. However, achieving patent haemosta-
sis immediately after transradial intervention is limited by the use 
of larger sheath sizes and more potent antiplatelet and antithrom-
botic agents where bleeding limits the ability to lower the haemo-
static pressure to achieve radial patency. We therefore sought to 
evaluate the feasibility of obtaining patent haemostasis at a fixed 
time interval after transradial catheterisation and intervention using 
a rapid deflation technique (RDT) in a predominately high-risk, 
acute coronary syndrome (ACS) patient population. After an initial 
feasibility study, we evaluated whether RDT could facilitate patent 
haemostasis and reduce the incidence of RAO.

Methods
All adult patients undergoing transradial catheterisation at Olive 
View-UCLA Medical Center (Sylmar, CA, USA) between July 
2013 and September 2014 were considered for inclusion in the 
present study. The study was part of an institutional quality 
improvement initiative to reduce RAO at our centre by imple-
menting standard of care consensus document recommendations8. 
A feasibility assessment was first performed in 105 patients to 
assess whether RDT could be performed safely and consistently 
achieve patent haemostasis. After the feasibility assessment, oper-
ators at our institution began to use either a standard or a rapid 
radial compression device deflation technique based on their 
preference. Prospective data were then collected on the next 201 
consecutive patients based on whether they underwent operator-
determined standard compression band deflation or rapid deflation 
technique (RDT) 15 minutes after transradial catheterisation. The 
institutional review board of Olive View-UCLA Medical Center 
approved the study.

As part of an institute standard protocol, baseline patency of the 
ulno-palmar arch was ensured using a combination of pulse oximetry 
and plethysmography as described by Barbeau et al13. Patients who 
showed no recovery of pulse tracing within two minutes (response 
type D) were excluded from transradial access. Initial radial access, 
catheterisation, and sheath removal were similar in all patients fol-
lowing a catheterisation laboratory protocol. Patients were prepped 
and draped in a sterile fashion and 2% lidocaine was adminis-
tered subcutaneously over the planned right radial artery puncture 
site. A 21-gauge, 1.5” (38 mm) metal needle was used to enter the 
radial artery 2-3 cm cranial to the bony prominence of the distal 
radius. A spring straight 0.021” wire was then advanced into the 
radial artery. A GLIDESHEATH™ (Terumo Medical, Tokyo, Japan) 
was then advanced into the radial artery lumen using a modified 
Seldinger technique. In the feasibility portion, 5 Fr and 6 Fr sheaths 
were used, and, at the time of RAO outcomes assessment, only 6 Fr 
sheaths were employed. A combination of nitroglycerine 200 mcg, 
verapamil 2.5 mg, and unfractionated heparin 50 units/kg (maxi-
mum 5,000 units) was administered into the radial artery unless 
prohibited by hypotension. Coronary angiography was performed 
using 5 Fr diagnostic catheters and interventions using 6 Fr guide 
catheters. Weight-based unfractionated heparin alone or bivalirudin 
0.75 mg/kg bolus followed by 1.75 mg/kg/hr drip was used if per-
cutaneous coronary intervention was performed. Activated clotting 
time was checked to ensure a time above 250 seconds in patients 
undergoing intervention. In all patients undergoing stent placement, 
aspirin (325 mg) and clopidogrel (600 mg) were given at the time 
of catheterisation unless previously received.

Immediately after the procedure, the radial artery introducer 
sheath was withdrawn 2-3 cm and a radial compression TR 
Band™ (Terumo Medical) device applied according to standard 
TR Band manufacturer protocol: the air bladder of the TR Band 
was filled with 18 mL of air to achieve initial haemostasis. The 
sheath was then removed and the air bladder slowly deflated until 
bleeding was visualised. Then, 2 mL of air was reintroduced into 
the bladder to achieve haemostasis.

FEASIBILITY ASSESSMENT
Exactly 15 minutes after placement of the TR Band, patency 
of the radial artery was assessed in 105 consecutive patients in 
order to establish a baseline patent haemostasis rate. Patency was 
assessed using plethysmography and pulse oximetery while the 
ipsilateral ulnar artery was occluded (reverse Barbeau). Radial 
artery patency was documented if present; otherwise, the TR 
Band was slowly deflated until plethysmographic signal returned 
in order to restore radial patency. The compression balloon was 
then further deflated until either bleeding occurred or a minimum 
balloon volume of 7 mL was achieved. The compression balloon 
was then reflated 2 mL above the bleeding point or left with 
a minimum of 7 mL of air. The TR Band remained in place for 
two hours and was then removed. Although bleeding was evalu-
ated, an assessment of RAO was not performed during the fea-
sibility assessment.
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ASSESSMENT OF RADIAL ARTERY OCCLUSION
After the feasibility assessment, operators at our institution 
began to employ one or other of two different TR Band deflation 
strategies:
1. Standard deflation technique (SDT): TR Band applied at the 

end of the procedure according to standard TR Band manufac-
turer protocol described previously. Patent haemostasis was not 
assessed and TR Band maintained for two hours and removed.

2. Rapid deflation technique (RDT): exactly 15 minutes after TR 
Band application, radial artery patency was evaluated using 
a reverse Barbeau test with occlusion of the ulnar artery. The TR 
Band was then deflated to the lowest allowable volume (mini-
mum 7 mL) while maintaining haemostasis. If bleeding occurred, 
2 mL of air was reintroduced from the bleeding point. Final radial 
artery patency was documented if present and the TR Band was 
then maintained for two hours before being removed.
Prospective data were collected on 201 non-randomised patients 

who underwent one or other deflation technique based on operator 
preference. Patients were included in the analysis only if an assess-
ment of radial artery occlusion at 24 hours was performed. Patient 
characteristics, history, and laboratory results were obtained via 
a review of the electronic medical record (EMR). Procedural 
characteristics were obtained on review of the catheterisation 
laboratory electronic logs. Unstable angina was defined as pro-
gressive symptoms of angina with or without electrocardiogram 
(ECG) changes but without positive cardiac biomarkers. Non-ST-
elevation myocardial infarction (NSTEMI) and ST-elevation myo-
cardial infarction (STEMI) were defined in accordance with the 
universal definition of myocardial infarction14.

The primary outcome, radial artery patency, was evaluated at 
24 hours using a reverse Barbeau test utilising plethysmographic 
and pulse oximetry evaluation. Safety outcomes included the need 
to reinflate the TR Band due to bleeding or haematoma formation 
at the access site.

STATISTICAL ANALYSIS
Data management and analysis were performed with SPSS Statistics, 
Version 22 (IBM Corp., Armonk, NY, USA). Continuous varia-
bles are presented as mean±SD and means are compared with the 
Student’s t-test. Categorical variables are given as proportions and 
compared with the chi-square or Fisher’s exact test. All statistical 
tests are two-sided and statistical significance defined as a p-value 
<0.05. Univariate associations with radial artery occlusion were 
tested for all patient and procedural characteristics. All univariate 
predictors with a p-value <0.15 along with predetermined predictors 
(sex, body surface area, duration of sheath [min], initial TR Band air 
[mL], stent placement) were included in a multivariate model. The 
predictors were then removed in a stepwise fashion, starting with 
the highest p-value until only significant factors remained.

Results
A total of 105 patients were enrolled in the initial feasibility study. 
The majority (58%) had 6 Fr sheaths used for radial artery access. 

All patients (n=105)

Baseline

Deflation 1

Deflation 2

Patent 9.94 mL

Patent 13.38 mL
15% (n=16)

Not patent 13.45 mL
85% (n=89)

Final 7.40 mL Final 7.56 mL
Patent haemostasis

Figure 1. Feasibility study: TR Band volume and patent haemostasis. 
Radial artery patency evaluated at baseline. Patients with radial 
patency at baseline (n=16) underwent single deflation. Mean TR 
Band volumes reported.

Percutaneous coronary intervention (PCI) was performed in 26% 
of the initial feasibility study patients. In those undergoing PCI, 
70% received bivalirudin. Clopidogrel pretreatment was used in 
36% of patients.

Patent haemostasis was found to be present in 15% (n=16) of 
patients in the feasibility assessment performed 15 minutes after 
placement of the TR Band. The volume of air in the TR Band 
post procedure was similar between the group of patients with-
out initial patent haemostasis and the patent haemostasis group, 
13.45 mL and 13.38 mL, respectively. In the group without ini-
tial patent haemostasis, the TR Band had to be deflated an aver-
age 3.51 mL before radial artery patency was restored. The final 
average TR Band volume was similar in both groups, 7.40 mL for 
the patients without initial patent haemostasis and 7.56 mL for the 
other group (Figure 1). No bleeding complications were found, 
and all patients were able to achieve patent haemostasis after ini-
tial evaluation and TR Band deflation.

In the assessment of radial artery occlusion study, data were 
reviewed on 201 patients who underwent one or other of two 
strategies: standard deflation or rapid deflation technique after 
TR Band placement. The baseline characteristics were similar 
between the two groups (Table 1), including percentage of males, 
mean body surface area, and other anticoagulant use. Patients 
in the RDT group were older (58.6±10.3 versus 56.1±8.1 years, 
p=0.05), had a higher frequency of prior known coronary artery 
disease (CAD) (25% versus 15%, p=0.079), and of prior percu-
taneous coronary intervention (PCI) (18% versus 7%, p=0.019). 
Risk factors for atherosclerotic disease, including diabetes mel-
litus, hypertension, dyslipidaemia, and tobacco use were highly 
prevalent in both groups. Acute coronary syndrome (ACS) was the 
indication for the procedure in 62.7% of patients. Rates of guide-
line-based, pre-procedural medications for ACS were similar in 
both groups, with 87.2% of patients receiving aspirin and 38.9% 
receiving clopidogrel at least two hours before catheterisation.
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Procedural characteristics were also similar between the SDT 
and RDT groups (Table 2). As previously noted, at the time of the 
RAO assessment study, all patients received 6 Fr sheaths. There 
was no significant difference in the duration of sheath insertion or 
the use of an antithrombotic agent such as heparin or bivalrudin 
in addition to the heparin administered upon initial sheath inser-
tion. Although there was a trend towards a greater volume of air 
in the TR Band in the SDT group (13.5±2.2 mL versus 14±2 mL 
in the SDT group, p=0.068), the absolute difference was minimal 
at 0.5 mL.

Table 1. Radial artery occlusion study: patient demographics.

Characteristic SDT (n=101) RDT (n=100) p-value

Age (years) 56.1±10.3 58.6±8.1 0.05

Sex (males %) 63.4 72.0 NS

BSA (m2) 1.87±0.26 1.92±0.27 NS

Diabetes mellitus (%) 51.5 44.0 NS

Hypertension (%) 78.2 70.0 NS

Hyperlipidaemia (%) 49.5 51.0 NS

Known CAD (%) 15.0 25.0 NS

Prior PCI (%) 7.0 18.0 0.019

Prior CABG (%) 1.0 1.0 NS

Tobacco 
use

Current (%) 25.7 23.0 NS

Prior (%) 30.7 35.0 NS

INR (mean) 1.17±0.36 1.13±0.27 NS

Pre-procedure aspirin (%) 82.2 92.2 NS

Pre-procedure clopidogrel (%) 34.7 43.0 NS

*Plus-minus values are means ±SD. RDT: rapid deflation technique; 
SDT: standard deflation technique

Table 2. Radial artery occlusion study: procedural characteristics.

Characteristic SDT (n=101) RDT (n=100) p-value

Stable angina (%) 7.0 6.0 NS

Unstable angina (%) 42.6 42.0 NS

NSTEMI (%) 19.8 20.0 NS

STEMI (%) 1.0 0 NS

Sheath duration (min)* 48.1±34.2 46.1±36.0 NS

Total catheters* 2.66±0.87 2.49±0.64 NS

Procedural anticoagulation (%) 39.6 38.3 NS

Heparin (%) 19.8 12.0 NS

Bivalrudin (%) 19.8 27.0 NS

Intervention (%) 26.7 36.0 NS

Initial TR Band volume (mL)* 14.0±2.0 13.5±2.2 NS

Initial patent haemostasis (%) N/A 40.0 N/A

New TR Band volume (mL)* N/A 8.1±2.0 N/A

New patent haemostasis (%) N/A 95.0 N/A

*means±SD. NSTEMI: non-ST-elevation myocardial infarction; RDT: 
rapid deflation technique; SDT: standard deflation technique; STEMI: 
ST-elevation myocardial infarction
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Figure 2. Radial artery occlusion study: rate of occlusion at 24 hours.

Table 3. Radial artery occlusion study: outcomes.

Characteristic SDT (n=101) RDT (n=100) p-value

Need to reinflate (%) 1.8 2.0 NS

Haematoma (%) 0.9 0 NS

Radial artery occlusion (%) 14.9 2.0 0.002

RDT: rapid deflation technique; SDT: standard deflation technique

Patent haemostasis was found to be present at baseline in 40.0% 
of patients in the RDT group. Patent haemostasis increased to 
95.0% after RDT and lowering the TR Band volume from an aver-
age 13.5 mL to 8.1 mL (Table 2). RAO at 24 hours was seen in 
two (2.0%) patients in the RDT group and in 15 (14.9%) patients 
in the SDT group (Figure 2, Table 3), which was highly signif-
icant (p=0.002). In multivariate analysis using a logistic regres-
sion model, deflation technique remained an independent predictor 
of RAO with an odds ratio of 0.117 (95% CI: 0.026 to 0.526, 
p=0.005) for the rapid deflation technique. In the same model, 
body surface area had an odds ratio of 0.022 (95% CI: 0.002 to 
0.273, p=0.003) and male sex had an odds ratio of 0.298 (95% CI: 
0.108 to 0.824, p=0.020). In terms of safety outcomes, there was 
no significant difference in TR Band reinflation in the RDT group 
compared to the SDT group (2% versus 1.8%), or in the incidence 
of haematoma (0% versus 0.9%) (Figure 3, Table 3).
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Figure 3. Radial artery occlusion study: safety outcomes. RDT: rapid 
deflation technique; SDT: standard deflation technique
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Discussion
Among patients undergoing transradial catheterisation and inter-
vention, patent haemostasis was found to be present in the minor-
ity of patients using standard TR Band compression balloon 
application. By waiting a specified 15 minutes after placement of 
the TR Band, we found that the compression balloon could be 
safely deflated achieving patent haemostasis in almost all patients 
without bleeding complications. This single, rapid deflation tech-
nique (RDT) was associated with a significant reduction in radial 
artery occlusion at 24 hours as compared to standard TR Band 
application and deflation at two hours.

Although achieving patent haemostasis has been shown in 
low-risk patients using 5 Fr sheaths with minimal conversion to 
manual compression11, the feasibility of patent haemostasis in 
high-risk ACS patients using larger 6 Fr sheaths has not been 
studied. Many operators have found it difficult to achieve patent 
haemostasis immediately after transradial intervention when larger 
sheaths are employed and patients are fully anticoagulated. This 
study included a large proportion of patients with ACS receiving 
6 Fr sheaths. Despite the increased risk of bleeding in this group 
of patients, we found that the TR Band could be safely deflated 
significantly below the patent haemostasis point without bleeding 
complications by waiting a specified 15 minutes after placement 
of the compression device. Initial formation of the platelet plug 
and thrombosis of the tissue tract may explain the lower TR Band 
volume required at 15 minutes to maintain haemostasis. The rate 
of patent haemostasis before rapid deflation was 15% in the fea-
sibility study and 40% in the RAO assessment despite a standard 
TR Band manufacturer protocol that used a minimum of haemo-
static air pressure to achieve haemostasis after sheath removal. 
Patent haemostasis increased significantly after RDT to 100% in 
the feasibility study and 95% in the RAO assessment portion. The 
higher initial radial artery patency in the RAO assessment study 
may be explained by the increased frequency of intervention per-
formed in this part of the trial and the exposure to additional anti-
coagulation beyond the initial heparin (intervention rate: 26% in 
feasibility trial versus 31% in RAO assessment).

In the second portion of our trial, we evaluated whether RDT 
as compared to standard deflation was associated with a reduc-
tion in the rate of RAO. Despite being a non-randomised trial, the 
two groups were very well matched with a significant proportion 
being ACS patients (62.7%) exposed to antiplatelet and antithrom-
botic medications. All patients received 6 Fr sheaths. Radial artery 
occlusion was assessed at 24 hours using a clinically relevant and 
simple reverse Barbeau test utilising plethysmographic and pulse 
oximetry evaluation. The RAO rate was noted to be 2% in the 
rapid deflation group compared to 14.9% using a standard defla-
tion technique. The rate of RAO in the standard deflation group 
was higher than expected from previous data. Prior trials have 
reported RAO rates at 24 hours between 4.3% and 12%9-12,15,16. 
However, the majority of these trials used 5 Fr sheaths; a higher 
rate of RAO has been established with the use of a larger sheath 
size17. In fact, Uhlemann et al reported a significant increase 

in the rate of radial occlusion at 24 hours in patients receiving 
6 Fr sheaths as compared to 5 Fr sheaths (30.5% versus 13.7%, 
p<0.001)18.

This trial did not look at TR Band compression pressure but 
rather a surrogate that was more clinically applicable and meas-
urable, TR Band air volume. The deflation of the TR Band at 15 
minutes reduces arterial compressive pressure and allows patent 
haemostasis, as evidenced by the return of plethysmographic sig-
nal during reverse Barbeau evaluation. The TR Band compressive 
pressure and duration of application have a direct effect on patent 
haemostasis: radial artery patency is decreased and RAO increased 
if the TR Band is not deflated at some point after transradial cathe-
terisation. Some institutions employ protocols that call for a grad-
ual deflation of the TR Band over time. An argument could be 
made that our standard therapy group had the band inflated too 
long at the initial volume. However, gradual deflation techniques 
are labour-intensive at the nursing level and require frequent 
workflow interruptions. Further, our study found that the TR Band 
needed to be deflated an average of 3.51 mL, and in some cases up 
to 9 mL, to achieve patent haemostasis. A gradual deflation proto-
col would delay the onset of patent haemostasis, and could poten-
tially jeopardise radial artery patency. The RDT allows a simple, 
single band adjustment 15 minutes after the placement of the TR 
Band and can be performed almost always before the patient is 
transported to recovery.

Study limitations
The present study has several important limitations. Primarily, 
there was no randomisation: two different institution operators 
employed the different techniques when they were performing 
catheterisation. This raises a concern about the possible effect of 
the operator on the observed outcome. However, this potential 
effect should be minimal given that the same sheath removal and 
TR Band placement procedure was used in all patients accord-
ing to a standard catheterisation lab protocol. Additionally, pro-
cedural characteristics were well balanced in the two groups. 
Although there were 201 patients in the RAO assessment portion 
of the study, given the large difference in outcomes between the 
groups and the small number of occlusions in the RDT group, our 
confidence interval for the primary outcome is large. The statisti-
cal significance of the deflation technique, even after multivariate 
analysis, remains valid. Finally, RAO was assessed at 24 hours 
only; prior trials have shown that a significant proportion (36-
58%) of patients will have spontaneous resolution of radial occlu-
sion at 30 days10-12,15. Despite this fact, the projected rate of RAO 
beyond 30 days remains high and predominantly unidentified until 
the patient requires repeat transradial catheterisation or the radial 
artery is considered for surgical grafting.

Conclusions
We conclude that routinely lowering the TR Band to the lowest 
permissible volume while still maintaining haemostasis 15 min-
utes after transradial catheterisation is a safe and effective method 
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of achieving patent haemostasis in almost all patients. This tech-
nique is not only feasible in patients with larger sheath sizes and 
more potent anticoagulation but also associated with a significant 
reduction in RAO without bleeding complications or the need to 
reinflate the radial compression device. Further, prospectively 
randomised studies should be conducted to confirm these find-
ings and compare this method to other deflation techniques as 
well as to monitor other possible effects, such as patient satisfac-
tion and pain.

Impact on daily practice
There are several TR Band deflation and removal protocols 
that are often difficult to implement at a physician or nursing 
level, with no standardisation. We propose a simplification of 
TR Band management; a single deflation of the TR Band to 
the lowest allowable volume (minimum 7 mL) while maintain-
ing haemostasis, performed 15 minutes after sheath removal and 
application of the haemostatic compression device, followed by 
complete removal after two hours. This rapid deflation tech-
nique is safe and associated with a reduction in RAO, and may 
both facilitate patient comfort and simplify the process for the 
cardiac catheterisation and nursing team.
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