
Abstract:

Background: Although transradial approach (TRA) has

better outcome and reduced vascular complications,

radial artery occlusion (RAO) is now a major concern as

it limits future radial artery use for further TRA, for use

as a conduit during CABG, for invasive hemodynamic

monitoring and for creation of arteriovenous fistula for

hemodialysis in CKD patients. Vascular doppler study is

the most accurate method for evaluation of RAO and yet

this is not practiced in our population. Objectives: To

detect the frequency and identify the predictors of RAO

after coronary procedure through TRA. Methods: This

cross-sectional analytical study was done in the

department of cardiology, NICVD from July-2015 to June-

2016 by including a total 125 patients undergoing coronary

procedures (CAG and/or PCI) through TRA. Vascular

doppler study of the radial artery were performed

before and one day after the procedure. RAO was defined

as an absence of antegrade flow and monophasic flow

on doppler study. Univariate and multivariate logistic

regression analysis were done to evaluate the

predictors of RAO. Results: On the day after the

procedure, radial artery vascular doppler examination

revealed RAO in 12 (09.6%) patients. On univariate analysis

female gender (p= 0.038), diabetes mellitus (p= 0.024),

prolonged hemostatic compression for more than 02

hours after sheath removal (p= 0.003) were identified as

predictors of RAO. Interestingly hypertension, low BMI,

smaller radial artery diameter and use of reprocessed

sheath were not identified as predictors of RAO. On

multivariate analysis diabetes mellitus (p= 0.016),

prolonged hemostatic compression for more than 02

hours after sheath removal (p= 0.004) were found as

independent predictors for RAO. Conclusion: Frequency

of RAO was 09.6% after coronary procedure through TRA.

Diabetes mellitus and hemostatic compression after

sheath removal for more than two hours were identified

as independent predictors of RAO. Strategies should

be taken from patient selection for TRA to end of

hemostatic compression removal to prevent RAO.

Keywords: Radial artery occlusion, Transradial approach,

Coronary procedure.
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Introduction:

Cardiovascular diseases account for more than 17

million deaths globally each year contributing 30% of all

deaths. 80% of those occur in low-income and middle-

income countries. Coronary artery disease (CAD) alone

caused 07 million deaths worldwide in 20101. Coronary

angiogram (CAG) is the gold standard method for the

diagnosis and for establishing treatment strategies. CAG

can be performed via femoral, radial and ulnar arteries.

Till now the most common access site is transfemoral

approach (TFA) for any interventional procedure. However,

vascular access site complications such as bleeding,

hematoma, arteriovenous fistula and pseudoaneurysm
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are quite common after procedures through TFA2. The

reduction of ischemic events and complications after PCI

has increased the focus on non-ischemic complications

particularly vascular access site complications3. Due to

less vascular complications TRA for coronary procedure

is gaining momentum as an alternative to the TFA. But

TRA is technically more challenging than TFA and it

requires longer learning curve. Through the TRA the first

CAG was performed by Lucian Campeau in 19894 and

the first PCI was performed in 1992 by Ferdinand

Kiemeneij 5.

Worldwide an estimated 22% procedures are performed

by this route6. The radial artery has become the preferred

choice due to its easy compressibility, distance from major

veins and nerves, and accompanying blood flow through

the ulnar artery to the palmar arch. This approach is

preferred by both patient and physician, because this

approach results in improved time to ambulation,

additional comfort to patients, shorter hospitalization

duration, lower hospital expenses, reduces potentially

life-threatening complications and improve clinical

outcomes7, 8. TRA is an attractive options for same-day

or outpatient procedure, with the data supporting its

safety, efficacy and potential financial savings. That’s why

In the STEMI-RADIAL trial, the radial and femoral

approaches were compared in patients with STEMI and

radial access was associated with an 80% reduction in

the incidence of complications at the puncture site and

local bleeding9. Considering these results, the ESC

Guidelines of management of STEMI10 and NSTE-ACS11

has given priority to TRA over TFA. Beside of these

advantages TRA has some additional transradial specific

vascular complications, such as spasm, radial artery

perforation, compartment syndrome and radial artery

occlusion (RAO) 6.

Radial artery occlusion (RAO) appears to be a silent

enemy after radial artery catheterization. RAO is mostly

asymptomatic but can cause serious complication like

hand ischemia12. The incidence of this complication

evaluated shortly after the procedure varies widely in the

literature, ranging from 2% to 18%13. RAO can be

evaluated by radial pulse method, Barbeau’s test

(plethysmographic evidence) and vascular doppler study.

In a study by Huang et al,14 showed the rate of immediate

occlusion was 4.7% by radial pulse method (absent

pulse), and 10.7% by vascular doppler study.

RAO depends on a number of demographic, clinical and

periprocedural factors. Low body weight15, female

gender16, use and dose of anticoagulant17, the diameter

of the radial artery, sheath size, the number of catheters,

procedure duration, type and duration of access site

compression after the procedure are some of the factors

associated with RAO18, 19. Recently in India in a study by

Garg et al,20 showed lower BMI, diabetes mellitus,

preprocedural radial artery diameter d” 2.5 mm, low

preprocedural peak systolic velocity and radial artery to

sheath ratio <1 were the additional predictors of  RAO.

Kim et al,21 described a direct pathophysiological factor

of RAO is a thrombus  which is due to damage to the

endothelium, arterial smooth muscle contraction and

slow-flow/no-flow of the blood stream creating a favorable

environment for the formation of thrombi. The material

aspirated from the artery in histopathological evaluation

proved to be a thrombus13. The use of reprocessed

sheaths can cause microstructural physical changes

which predisposes to thrombosis. By understanding the

patho-physiological mechanism and growing

appreciation of the importance of the problem, a reduction

in the incidence of RAO has been observed. This is due

to recognition and implementation of effective prevention

methods22.

As only presence of palpable radial artery is not sufficient

to exclude RAO, this study was undertaken to detect the

frequency and to identify the predictors of RAO in patients

undergoing coronary procedure through TRA by vascular

color doppler study.

Methods:

This cross-sectional, analytical study was conducted in

department of cardiology, National Institute of

Cardiovascular Diseases (NICVD), Dhaka, Bangladesh

from July 2015 to June 2016. All patients undergoing

CAG and/or PCI through transradial approach in NICVD

during the specified period of time were considered for

the study. Total 125 patients were studied after selecting

by purposive non-random sampling method. Patients

with age more than 18 years undergoing coronary

procedure with positive Allen’s test and normal radial

arterial blood flow by vascular doppler study were included

and patient with negative Allen’s test, prior CABG surgery

using radial artery, history of radial and/or ulnar artery

injury and having arterio-venous fistula or planned for

making arterio-venous fistula were excluded from this

study. Meticulous history was taken, detailed clinical

examination was performed. Pre-procedural vascular

doppler assessment of radial artery was done.

Procedural characteristics were recorded during the

procedure. After the procedure patients were followed for

24 hours, than post-procedural vascular doppler

assessment of radial artery was done for detection of

radial artery occlusion (RAO). After detection of RAO,

patients were grouped in two groups: without RAO (group-

I) and with RAO (group-II). Analysis was done for

identification of predictors of RAO. The Statistical Package

for Social Sciences (SPSS) version 19 software was used

for data analysis. Continuous variables were expressed

as mean and standard deviation and compared through

the unpaired t-test. Categorical variables were expressed

as absolute number and percentages and were

compared through the Pearson’s chi-square test and

Fisher’s exact test. Univariate and multivariate logistic
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regression analysis was done to identify the predictors

of RAO. P-value of less than 0.05 was considered

statistically significant.

Ethical issue: The study protocol was approved by the

ethical review committee of NICVD. Informed written

consent was taken from each patient or near relatives.

Confidentiality was maintained strictly and the patient

had the right to withdraw himself/herself from the study

at any time during the study period. Data was collected in

an approved data collection form.

Results:

Among 125 patients with coronary artery disease

undergoing coronary procedures through TRA were

studied by vascular color doppler study for development

of RAO after TRA. 113 (90.4%) patients did not develop

RAO after TRA and belonged to group-I and 12 (09.6%)

patients developed RAO after TRA and belonged to group-

II. Mean age of study population was 50.47±9.38 and

49.67±8.96 years in respectively in group I & II. Male

patients were predominant (84.1% vs 58. 3%) in both

groups. Hypertension was the commonest risk factor of

CAD in both groups (41.6% vs 66.7%) followed by smoking

(38.1% vs 41.7%) and diabetes mellitus (31.9% vs 66.7%).

Mean pre-procedural radial artery diameter was 2.51±0.33

vs 2.40±0.25 mm in group I and group-II. Mean pre-

procedural peak systolic velocity of radial artery was

52.6±019.5 vs 41.1± 12.9 cm/sec in group I and group-II.

In univariate analysis shows female gender (OR, 3.770;

CI, 1.076-13.202; p=0.038), diabetes mellitus (OR, 4.278;

CI, 1.209-15.138; p=0.024), and hemostatic compression

time more than 02 hours (OR, 37.333; CI, 3.515-396.252;

p=0.003), were found to be significant predictors of

postprocedural radial artery occlusion (RAO). On

multivariate logistic regression analysis shows diabetes

mellitus (OR, 7.348; CI, 1.460-36.989; p=0.016),

hemostatic compression time more than 02 hours (OR,

63.076; CI, 3.890-1022.636; p=0.004), were independent

predictors of post-procedural radial artery occlusion (RAO).

Table-III demonstrates comparison of the procedural and

post-procedural characteristics. Reprocessed sheath was

used in 66(58.4%) and 08 (66.7%) patients respectively in

group I and group II. Hemostasis was done by conventional

haemostatic method in 102 (90.3%) patients in group I

but in all patients in group II. Majority of the patients were

also given haemostatic compression for 02 hours or less

time (99.1% in group-I and 75% in group-II).

Univariate logistic regression analysis shows female

gender, diabetes mellitus and hemostatic compression

Table I

Frequency of study population according to radial artery occlusion (n=125)

Study populations Number %

Without radial artery occlusion (group-I) 113 90.4

With radial artery occlusion (group-II) 12 09.6

Total 125 100

Table-II

Demographic and clinical characteristics of study population (n=125)

Demographic and clinical  characteristics Group I (n=113) Group II (n=12)

Age in years (Mean ± SD) 50.47±9.38 49.67±8.96

Gender, n (%)

  Male 95 (84.1) 07 (58.3)

  Female 18 (15.9) 05 (41.7)

Smoking 43 (38.1) 05 (41.7)

Hypertension 47 (41.6) 08 (66.7)

Diabetes mellitus 36 (31.9) 08 (66.7)

Dyslipidaemia 43 (38.1) 06 (50.0)

Family history of CAD 39 (34.5) 43 (38.1)

BMI (Mean ± SD) 24.54±3.09 24.63±3.87

Clinical diagnosis, n (%)

  STEMI 23(20.3) 2(16.7)

  NSTEMI 25(22.1) 3(25)

  UA 38(33.6) 4(33.3)

  CSA 27(23.9) 3(25)

Preprocedural radial artery diameter in mm (Mean±SD) 2.51±0.33 2.40±0.25

Preprocedural peak systolic velocity  (Mean±SD) 52.6±19.5 41.1±12.9
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time more than two hours were found to be significant

predictors of postprocedural radial artery occlusion (RAO).

Multivariate logistic regression analysis shows diabetes

mellitus, hemostatic compression time more than two

hours were independent predictors of post-procedural

radial artery occlusion (RAO).

Discussion:

In this study, comparable with previous studies, TRA has

high procedural success, low complication rates, and

presents a low economic burden in experienced hands

in the diagnosis and treatment of CAD. Failure of puncture

of the radial artery, spasmodic or anatomical barriers

Table-III

Procedural and postprocedural characteristics of study population (n=125)

Procedural and postprocedural                            Group I  (n= 113)                           Group II (n= 12)

characteristics Number % Number %

Types of procedure

CAG 59 52.2 08 66.7

PCI 54 47.8 04 33.3

Types of sheath used

New 47 41.6 04 33.3

Reprocessed 66 58.4 08 66.7

Types of haemostatic method

Conventional method 102 90.3 12 100

Patent haemostatic method 09.7 00 00

Haemostatic compression time

02 hours or less 112 99.1 09 75.0

More than 02 hours 01 0.91 03 25.0

Group-I: Study population without RAO, Group-II: Study population with RAO

Table-IV

Univariate logistic regression analysis of predictors of radial artery occlusion (n=125)

Variable Odds Ratio 95% CI p value

Female gender 3.770 1.076-13.202 0.038s

Hypertension 2.809 0.799-09.873 0.107ns

Diabetes mellitus 4.278 1.209-15.138 0.024s

BMI (kg/m2) 1.009 0.837-1.217 0.924ns

Preprocedural radial artery  diameter  <02 mm 0.438 0.112-1.704 0.233ns

Use of reprocessed sheath 1.424 0.405-5.007 0.581ns

Procedure time 0.972 0.936-1.008 0.128ns

Hemostatic compression time >02 hours 37.333 3.515-396.252 0.003s

CI= Confidence interval, ns = Not significant (p>0.05), s = Significant (p d”0.05)

Table-V

Multivariate logistic regression analysis of predictors of radial artery occlusion (n=125)

Variable Odds Ratio 95% CI p  value

Female gender 1.853 0.405-8.473 0.426ns

Diabetes mellitus 7.348 1.460-36.989 0.016s

Hemostatic compression time >02 hours 63.076 3.890-1022.636 0.004s

CI= Confidence interval, ns = Not significant (p>0.05),  s = Significant (p d”0.05)
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such as radial arterial loop, and failure of coronary artery

engagement are the most common causes of procedural

failure via TRA23. In a study conducted by Dehghani et

al,24 the causes of procedural failure via TRA were radial

arterial spasm, subclavian tortuosity, inadequate  catheter

support, failure of radial artery canulation, radial arterial

dissection and radial arterial loop. In our study, one patient

had radial artery loop and another patient had subclavian

artery loop but those were successfully passed. Several

studies demonstrated that with increasing operator

experience, radial procedural failure dropped below

5%24.

One of the significant complication of TRA is RAO, the

incidence of which is very much variable from study to

study. However, in some studies using doppler, the

incidence of RAO is higher than only using absent pulse

as a criterion of RAO.  Sa’ et al,25 conducting a study on

Brazil found incidence of early RAO (within 07 days) was

10.5%. Another vascular doppler guided study in India

conducted on patients undergoing transradial coronary

angioplasty found that RAO was 15.2% one day after the

procedure20. Results of our study in which RAO was

determined by vascular doppler study showed that

frequency of RAO were 09.6% which is less than the

previous studies.

In our study, mean radial artery diameter was found 2.49

± 0.32mm (range, 1.87 to 3.22). Our finding is in

accordance with the previous studies done in other Asian

country populations (2.6 ± 0.3 mm in Korea26 and 2.5 ±

0.4 mm in Japan27. In our study, mean radial artery

diameter was 2.40±0.25 mm in patients who had

developed RAO. In our study, five patients with radial artery

diameter <2 mm (mean 1.94 ± 0.05 mm) were undergone

coronary procedures with 6F catheter (radial artery to

sheath ratio <1). RAO rate was 20% in patients with radial

artery to sheath ratio <1 as compared to 9.8% if the ratio

was e”1. This finding has importance, as Saito et al,28

demonstrated that a radial artery diameter/sheath-

diameter ratio <1 is associated with a reduction in distal

flow. Larger sized sheaths have been increased chance

of development of RAO, because of more intimal damage

and favoring thrombus formation.

On univariate logistic regression analysis, in our study

female gender, diabetes mellitus, hemostasis

compression time more than two hours were found to

be the predictors of radial artery occlusion. Garg et al,20

also found female gender, diabetes mellitus as predictors

of RAO on univariate regression analysis. Females have

relatively smaller average radial artery diameters, and

are much more susceptible to vascular spasm and could

be the reason for higher RAO in females. In our study

females are also had relatively smaller radial artery

diameter (2.38± 0.33 mm) in comparison to male (2.51±

0.26 mm); females were also had more development of

spasm 04(13%) in comparison to male 05(4.9%).

Deftereos et al,29 also reported that females were more

prone to develop radial artery spasm.  Patients with long-

term diabetes mellitus have the propensity to develop

arteriopathy and accelerated atherosclerosis30, 31.

Another risk factor for RAO is prolonged compression of

the radial artery. Tight prolonged hemostatic compression

creates stasis and favorable environment for occlusive

thrombus formation. Thrombus formation appears to be

involved in the pathophysiology of early RAO18. However,

in our study hypertension, BMI, use of reprocessed

sheath, amount of heparin used, procedure duration and

types of procedure (CAG or PCI) were not predictor of

RAO on univariate logistic regression analysis.  Sa’ et

al,25 conducting a study on Brazil also did not find any

association of RAO with use of reprocessed sheath.

Heparin therapy is necessary for the prevention of RAO27,

32. In our study, minimum 5000 IU heparin was used

during CAG and maximum 17,500 IU of heparin

(according to ACT) during PCI.

Finally in multivariate logistic regression analysis, our

study had shown that diabetes mellitus and prolonged

hemostasis compression for more than two hours were

the significant independent predictors for RAO. In a

retrospective study conducted to see the effect of duration

of hemostatic compression on RAO after TRA revealed

incidence of RAO was 12% when hemostatic

compression time is six hours after completion of the

procedure and 5.5% when hemostatic compression time

is two hours and prolonged occlusive compression was

the independent predictor of RAO19. This finding of our

study are also in accordance with the recently published

meta-analysis of RAO by Rashid et al,33 as they

mentioned shorter compression time in patent

hemostasis setting is associated with less chance of

development of RAO.

Conclusion:

This study was conducted to detect the frequency and

identify the predictors of radial artery occlusion (RAO)

after coronary procedures through transradial approach

(TRA). Radial artery occlusion (RAO) occurred in

significant number of patients (09.6%). Diabetes mellitus

and prolonged hemostatic compression time more than

two hours after removal of vascular access sheath were

emerged as independent predictors of RAO from this

study. Strategies should be taken from patient selection
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for TRA to end of hemostatic compression removal to

prevent RAO.
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