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Background: Growing evidence suggests that the left radial approach (LRA) is related to
decreased coronary procedure duration and fewer cerebrovascular complications as compared
to the right radial approach (RRA) in elective percutaneous coronary intervention (PCI). How-
ever, the feasibility of LRA in primary PCI has yet to be studied further. Therefore, the aim
of this study was to investigate the efficacy of LRA compared with RRA for primary PCI in
ST-elevation myocardial infarction (STEMI) patients.

Materials and methods: A total of 200 consecutive patients with STEMI who received
primary PCI were randomized to LRA (number [n]=100) or RRA (n=100). The study endpoint
was needle-to-balloon time, defined as the time from local anesthesia infiltration to the first
balloon inflation. Radiation dose by measuring cumulative air kerma (CAK) and CAK dose area
product, as well as fluoroscopy time and contrast volume were also investigated.

Results: There were no significant differences in the baseline characteristics between the two
groups. The coronary procedural success rate was similar between both radial approaches (98%
for left versus 94% for right; P=0.28). Compared with RRA, LRA had significantly shorter
needle-to-balloon time (16.0+4.8 minutes versus 18.0+6.5 minutes, respectively; P=0.02).
Additionally, fluoroscopy time (7.4%3.4 minutes versus 8.813.5 minutes, respectively; P=0.01)
and CAK dose area product (51.9£30.4 Gy cm? versus 65.3149.1 Gy cm?, respectively; P=0.04)
were significantly lower with LRA than with RRA.

Conclusion: Primary PCI can be performed via LRA with earlier blood flow restoration in
the infarct-related artery and lower radiation exposure when compared with RRA; therefore,
the LRA may become a feasible and attractive alternative to perform primary PCI for STEMI
patients.

Keywords: transradial approach, primary percutaneous coronary intervention, ST-segment
elevation myocardial infarction

Introduction

Previous studies have shown that the transradial cardiac catheterization has decreased
not only bleeding complications related to the access site, but also morbidity and
hospitalization as compared to the transfemoral approach.'” Even in patients with
ST-elevation myocardial infarction (STEMI), the radial approach was linked to a
significant reduction in major adverse cardiac events.® At present, the right radial
approach (RRA) has become the first choice routinely for coronary angiography
and interventions in daily clinical practice due to the operator’s comfort. However,
several observations have revealed that the left radial approach (LRA) is thought
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to be easier for catheter manipulation, and it may reduce
procedure time and cerebrovascular complications when
compared with RRA.” Likewise, our previous study also
showed similar results.'® In general, STEMI patients were
excluded from such investigations. Although the survival of
STEMI patients is closely associated with reperfusion time,
no prospective randomized studies have evaluated the effect
of the transradial approach (left versus right) on reperfusion
time for STEMI patients undergoing primary percutaneous
coronary intervention (PCI). Until now, it remains unclear
whether primary PCI via LRA or RRA differs in real-world
practice. Therefore, we carried out a prospective, randomized
study to investigate the difference between the LRA and RRA
in the setting of primary PCI for STEMI.

Materials and methods

Study population

All patients with STEMI were screened for eligibility from
November 2012 to December 2014. Patients could be
included within 12 hours of symptom onset for primary
PCI. The exclusion criteria included cardiogenic shock and
previous coronary artery bypass graft surgery. The included
patients were randomized to either the LRA or RRA using
a computerized 1:1 randomization sequence. A specially
assigned staff member who did not perform the coronary
interventions managed the randomization list and informed
the operator of the radial approach used at the beginning
of the coronary procedure; thus, the operator did not know
which radial approach should be used before the coronary
procedure. Transradial primary PCI was performed by three
experienced operators who independently completed more
than 300 transradial PCI procedures before the study.

The study was designed and carried out in accordance
with the principles of the Declaration of Helsinki, and it
was approved by the ethics committee of Beijing Titantan
Hospital (Beijing, People’s Republic of China). All patients
provided written informed consent. This study protocol
was registered at ClinicalTrials.gov (NLM identifier:
NCT02239757).

Transradial cardiac catheterization

Regardless of the LRA or RRA, all coronary procedures
were performed on the right side of the patient. Before
the coronary procedure, all patients were administered
with 300 mg of aspirin and a loading dose of clopidogrel
(600 mg). After local anesthesia by 1% lidocaine, access
was obtained using the Seldinger technique with a 20-gauge
needle, and a 6 French radial sheath was inserted. Because

low-molecular-weight heparins are associated with a reduc-
tion in mortality and major bleeding rates in STEMI patients
treated with primary PCI as compared to unfractionated
heparin,'! enoxaparin 0.6—0.8 mL, according to the weight
of the patients, was administered after sheath insertion in
this study. Antispasm medications were not routinely used,
and in the case of a radial spasm, nitroglycerine 100-200 pg
was administered.

Primary PCI was performed with standard 6 French guid-
ing catheters after the coronary diagnostic procedure. The
choices of guiding catheters and guide wires and the use of
glycoprotein IIb/IIIa platelet receptor antagonists were left to
the operator’s discretion. Manual thrombus aspiration with a
thrombus extraction catheter (Thrombuster II) was also per-
formed at the discretion of the operators. After the end of the
primary PCI, cumulative air kerma (CAK), CAK dose area
product (CAK DAP), fluoroscopy time, and contrast volume
were measured. The arterial sheath was removed immediately
after the completion of the interventions, and a compression
device (TR Band; Terumo Medical Corporation, Somerset,
NJ, USA) was applied for hemostasis.

Definitions and endpoints

Procedure failure was considered as the impossibility to
completely carry out the PCI using the access point of choice
and the need to shift to the opposite approach. Needle-to-
balloon time was generally defined as the time from local
anesthesia infiltration to the first balloon inflation. If a manual
thrombectomy was conducted before balloon inflation, the
needle-to-balloon time was also considered as the time
from local anesthesia infiltration to the beginning of throm-
bus aspiration. The diagnosis of reinfarction required new
pathological Q waves or the reelevation of creatine kinase
MB >50% above the previous level if already above normal,
or =3x the upper limit of normal following PCI, or =5X the
upper limit of normal after bypass surgery.

The primary endpoint of the study was needle-to-balloon
time. Secondary endpoints included radiation dose by mea-
suring CAK and CAK DAP, fluoroscopy time, and contrast
volume. Other clinical endpoints including vascular compli-
cations, death, reinfarction, urgent revascularization, stroke,
and new congestive heart failure were evaluated during the
hospitalization and at 30 days.

Statistical analysis

The sample size was estimated based on our early experi-
ence and data. To detect a difference of 2.0+4.8 minutes in
reperfusion time with a power of 0.8 and an o error of 0.05,
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the number of patients required was calculated to be at least
184 patients in all (92 patients in each group). Continuous
variables are expressed as the mean * standard deviation, and
categorical variables are expressed as frequencies and percent-
ages. Differences between the two groups were determined
using Student #-test for continuous variables. The y? test or
Fisher’s exact test was used as appropriate to compare cat-
egorical variables. Differences were considered significant at
P<0.05. All statistical analyses were performed with SPSS
20.0 software (IBM Corporation, Armonk, NY, USA).

Results

A total of 200 patients undergoing primary PCI were random-
ized to either the RRA group (number [n]=100) or the LRA
group (n=100). The baseline characteristics of the population
are summarized in Table 1. There were no significant differ-
ences in patient demographics and risk factors.

The rate of procedural success, considered as the pos-
sibility to completely carry out PCI via the radial access
point of choice, was similar between both radial approaches
(98 of 100 [98%] patients for left versus 94 of 100 [94%]
patients for right; P=0.28). Six patients in the RRA group
and two patients in the LRA group required crossover to

Table | Baseline characteristics of the study population

Variable Right radial Left radial P-value
approach approach
(n=100) (n=100)

Age (years) 59.6t12.3 60.9£10.9 0.41
Male 79 (79%) 82 (82%) 0.59
Height (cm) 167.9+6.2 167.947.4 0.98
Weight (kg) 72.8+10.8 71.1£10.9 0.28
BMI (kg/m’) 25.943.1 25.412.8 022
Creatinine (Lmmol/L) 71.8£19.9 67.6:14.8 0.10
Peak CK-MB (IU/L) 225.4+189.6 179.5£170.3 0.07
Peak cTnl (ng/mL) 16.9£12.6 14.7+11.8 0.19
LVEF (%) 56.9+10.3 57.318.7 076
Hypertension 64 (64%) 55 (55%) 0.20
Diabetes mellitus 22 (22%) 31 31%) 0.15
Dyslipidemia 16 (16%) 10 (10%) 0.21
Current smoking 60 (60%) 56 (56%) 0.57
Anterior Ml 52 (52%) 54 (54%) 0.78
Inferior MI 48 (48%) 46 (46%) 0.78
Killip class 0.29

Killip | 72 (72%) 69 (69%)

Killip 2 26 (26%) 31 (31%)

Killip 3 2 (2%) 0 (0%)

Killip 4* 0 (0%) 0 (0%)

Notes: Data are expressed as the mean £ SD or number (%). *Excluded by study
design.

Abbreviations: n, number; BMI, body mass index; CK-MB, creatinine kinase MB
isoenzyme; cTnl, cardiac troponin I; LVEF, left ventricular ejection fraction; MI,
myocardial infarction; SD, standard deviation.

the contralateral approach due to an inability to cannulate
the radial artery. Finally, 192 patients (98 in the LRA
group and 94 in the RRA group) were included and inves-
tigated in the present study (Figure 1 for a flow diagram of
this study).

The angiographic and interventional data are shown in
Table 2. Stents were used in all cases except for four in the
RRA group and one in the LRA group. There were no differ-
ences in the number of stents used between both approaches,
with an average of one stent per case. Intracoronary tirofiban
was administered during the primary PCI procedure in more
than 70% of the cases. Thrombus aspiration was applied in
23% of the LRA and 28% of the RRA cases (P=0.41). Final
thrombolysis in myocardial infarction (TIMI) 3 flow was
achieved in more than 96% of the patients (96% for RRA
versus 97% for LRA; P=0.72). No significant difference was
observed in the contrast volume between both approaches
(128.8+£17.2 mL for the RRA versus 125.8£19.6 mL for the
LRA; P=0.31).

The details of the procedural durations and radiation
exposure are depicted in Table 3. The LRA was associ-
ated with a significantly shorter needle-to-balloon time
(16.0+4.8 minutes versus 18.016.5 minutes; P=0.02) and
fluoroscopy time (7.4£3.4 minutes versus 8.813.5 minutes;
P=0.01) when compared with the RRA, respectively. As
for the radiation dose, although CAK was similar between
both radial approaches, CAK DAP was significantly lower
with the LRA than with the RRA (51.9£30.4 Gy cm? versus
65.3149.1 Gy cm?; P=0.04).

Thirty days’ follow-up was complete in all patients. One
patient suffered from severe congestive heart failure in the
RRA group, whereas one patient died in the LRA group due
to cardiac rupture and tamponade. No patients experienced
reinfarction and stroke, and no patients required re-PCI or
bypass surgery.

Discussion

The major finding of this study is that earlier blood flow
restoration in infarct-related artery and lower radiation expo-
sure can be achieved through the LRA in STEMI patients
undergoing primary PCI when compared to those undergo-
ing the RRA.

Transradial primary PCI has been proven as a valid
alternative to the transfemoral approach, with fewer bleed-
ing complications and major adverse events in the STEMI
setting.'>' Moreover, it is also feasible and safe to perform
complex coronary interventions, such as chronic total
occlusions, via the bilateral radial approach for experienced
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Assigned to right radial (n=100)
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y

94 patients were analyzed for endpoints
except for six patients due to radial
access failure

98 patients were analyzed for endpoints
except for two patients due to radial
access failure

Figure | Flow diagram of the study.

Notes: Comparison between the left and right radial approach for primary coronary intervention in patients with ST-elevation myocardial infarction.

Abbreviation: n, number.

transradial PCI operators.'”'® Recently, several studies
have shown that the LRA might be associated with shorter
procedural time and lower cerebrovascular complications
when compared with the RRA in elective PCL7*!" Since
mortality is increased with a time delay to reperfusion in
STEMI patients,?*?! it is essential to shorten the reperfusion
time when undergoing primary PCI. Thus, the choice of
transradial access site could be an important consideration
for primary PCI in patients with STEMI. However, it remains
undetermined whether the LRA provides a shorter procedural
time in STEMI patients undergoing primary PCI (similar to

Table 2 Angiographic and interventional characteristics of the
study population

Variable Right radial Left radial P-value
approach approach
(n=94) (n=98)
Procedural success rate 94/100 (94%)  98/100 (98%) 0.28
Infarct-related artery 0.84
Left anterior descending 51 (54%) 54 (55%)
Left circumflex 10 (11%) 8 (8%)
Right coronary artery 33 (35%) 36 (37%)
Initial TIMI flow (0-1/2/3) 78/12/4 78/11/9 0.39
Guiding catheter 0.42
Judkins 82 (87%) 91 (93%)
Amplatz 4 (4%) 2 (2%)
Extra backup 8 (9%) 5 (5%)
Thrombus aspiration 26 (28%) 22 (23%) 0.41
GP lIb/llla inhibitors 73 (78%) 76 (78%) 0.99
Final TIMI 3 flow 90 (96%) 95 (97%) 0.72
Contrast volume (mL) 128.8+17.2 125.8+19.6 0.31
Number of stents 1.1+0.4 1.240.4 0.22

what is observed in the setting of elective PCI). To date, only
a small retrospective study compared the LRA and RRA in
STEMI patients undergoing primary PCI, and it showed no
differences in the room-to-arterial cannulation time, room-
to-balloon time, and total procedural time between both
radial approaches.?

This is, to our knowledge, is the first prospective ran-
domized investigation providing insight into how different
transradial primary PCIs compare in patients with STEMI,
especially with respect to the effect of the left or right tran-
sradial approach on procedural time. In the present study,
we observed a significant reduction in the needle-to-balloon
time, with an average of 2 minutes via the LRA compared to
the RRA. According to our results, the LRA may contribute
to reduce blood flow restoration time in infarct-related arter-
ies for STEMI patients. Furthermore, the LRA is associated
with shorter fluoroscopy time and reduced radiation dose
when compared with the RRA. These results indicate that

Table 3 Procedural durations and radiation exposure of the
study population

Variable Right radial Left radial  P-value
approach approach
(n=94) (n=98)
Needle-to-balloon time 18.0+6.5 16.0+4.8 0.02
(minutes)
Total CAK (mGy) 720£359 7154478 0.92
Total CAK DAP (Gy cm?) 65.3149.1 51.9+304 0.04
Fluoroscopy time (minutes)  8.8+3.5 7.4+3.4 0.01

Note: Data are expressed as the mean + SD or number (%).
Abbreviations: n, number; TIMI, thrombolysis in myocardial infarction; GP,
glycoprotein; SD, standard deviation.

Note: Data are expressed as the mean £ SD.
Abbreviations: n, number; CAK, cumulative air kerma; DAP, dose area product;
SD, standard deviation.
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the LRA may be a safer approach when performing primary
PCI among STEMI patients than the RRA, and it can help to
decrease the radiation dose absorbed by patients.

Several factors may have played an important role in
the reduction of the needle-to-balloon time and fluoroscopy
time. Anatomical variations of the right radial and subclavian
arteries may lead to needing more time when performing
angiography and engaging the infarct-related artery with the
guide catheter. The catheters must be rotated to afford the
S-shaped geometry of the subclavian—innominate—aorta axis
in the RRA.*? Conversely, the LRA may have an anatomi-
cal advantage because the vascular anatomy of the epiaortic
vessels offers more direct access to the ascending aorta, thus
allowing for quicker and easier delivery of a PCI device, such
as a balloon or aspiration catheter. Therefore, the difficulties
of catheter manipulation and PCI device delivery may lead
to an increase in the blood flow restoration time in the RRA.
On the other hand, the operator’s experience is related to the
procedure’s success rate and duration. In this study, since all
operators have been well trained to perform the left radial PCI
procedure before the study, reperfusion time related to the
LRA was not prolonged for less experienced operators.

Study limitations

There are some potential limitations of this study. First, the
present study is a single-center research with a relatively
small sample size. Future larger scale investigations will be
necessary to confirm our findings. Second, the follow-up
period of this study was short. Longer follow-up periods
should be carried out to evaluate the safety of the transradial
approach. Third, radiation exposure was evaluated only
for the patients, whereas the radiation dose to the opera-
tors was not measured. A possible concern is that the LRA
may increase the operator’s radiation exposure. Finally, the
operators of this study are highly experienced in transradial
primary PCI, and the study subjects are Chinese populations
whose body sizes (average body mass index of 25 kg/m?)
are smaller than those of Caucasians. Therefore, our find-
ings had limited generalizability and were not applicable
to Caucasians.

Conclusion

Primary PCI can be performed via the LRA with earlier
blood flow restoration in the infarct-related artery and lower
radiation exposure when compared with the RRA. The clini-
cal implication of this study is that the LRA may become a
feasible and attractive alternative when performing primary
PCI for STEMI patients.
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