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ARTICLE INFO ABSTRACT

Article history: Introduction: Over the recent years, there has been increased interest in the use of transradial (TR) access for per-
Received 30 April 2018 cutaneous coronary intervention (PCl), including rotational atherectomy (RA). However, a large proportion of
Received in revised form 7 June 2018 operators seem to be reluctant to use TR access for complex PCI including rotational atherectomy for heavily cal-

Accepted 7 June 2018 cified coronary lesions.

Methods: We searched MEDLINE, ClinicalTrials.gov and the Cochrane Library for studies comparing radial versus
Radial femoral access in patients undergoing RA. Studies were included if they reported at least one of the following out-
Femoral comes in each group separately: major adverse cardiac events (MACE), major bleeding, stent thrombosis, myo-
Rotational Atherectomy cardial infarction (MI), hospital length of stay, radiation exposure, procedure time, procedure success and all-
Rotablation cause mortality. Odds ratio (OR) or mean difference (MD) with 95% confidence interval (CI) were calculated
and a p-value of <0.05 was considered as a level of significance.
Results: This meta-analysis included 5 retrospective studies with 3315 patients undergoing RA via radial access
and 5838 patients via femoral access. Radial access was associated with lower major access site bleeding (OR:
0.45, 95% CI: 0.31-0.67, p < 0.001), and radiation exposure (MD: —16.1, 95%Cl: —25.4-—6.7 Gy cm?, p =
0.0007). There were no significant differences observed in all-cause in-hospital mortality (OR: 0.92, 95% CI:
0.69-1.23, p = 0.58); MACE (OR: 0.80, CI: 0.63, 1.02, p = 0.08), stent thrombosis (OR: 0.28, 95%Cl: 0.06-1.33
p = 0.11); and MI (OR: 0.43, 95%CI: 0.15-1.24, p = 0.12). There were no significant differences in hospital
stay, procedure time or procedure success between the two groups (p > 0.05).
Conclusion: This meta-analysis of 9153 patients from observational studies demonstrates similar all-cause mor-
tality, MACE, procedural success and procedural time during RA performed using TR access and TF access. How-
ever, TR access was associated with decreased access site bleeding and radiation exposure. Given the
observational nature of these findings, a randomized controlled trial is warranted for further evidence.

© 2018 Elsevier Inc. All rights reserved.
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1. Introduction increasing octogenarian population, patients with heavily calcified le-
sions are frequently being referred for percutaneous coronary interven-
Heavily calcified coronary lesions continue to pose therapeutic chal- tions (PCI). Rotational atherectomy (RA) provides an important means
lenges during coronary interventions. With better survival and an of treatment for such lesions. First performed in 1989 [1], the procedure
has since evolved and is being used more as a plaque modifier for calcific
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Fig. 1. Study selection process.

perception among operators that TR access may not provide sufficient
support for the treatment of complex coronary disease including
heavily calcified lesions and chronic total occlusions. In addition, many
interventionalists feel limited in their options to choose larger burrs
with the TR approach because of the small radial artery diameter that
may only allow a maximum guiding catheter size of 6 Fr. There is limited
data available in current literature supporting the role of TR access for
RA. We sought to compare the short-term outcomes of patients under-
going RA via TR versus transfemoral (TF) access.

2. Methods

Electronic databases including MEDLINE, ClinicalTrials.gov and the
Cochrane Library were searched for all clinical studies published until
February 1, 2018 comparing the safety and efficacy of RA via radial
versus femoral access. Articles not published in English language were
excluded. The following key words were used for the search: “high
speed rotational atherectomy”, “HSRA”, “radial”, “femoral”, “rotablation”,
“rotational”, “atherectomy”, and “rotablator”. Additionally, references of
key articles were manually searched. This Meta-analysis is being
reported in accordance with the PRISMA statement [3] and MOOSE
Guidelines [4].

Independently two investigators (AK and SZ) screened all studies
and articles were selected that satisfied the following inclusion criteria:
a) the study compared radial and femoral approach for RA for calcified

Table 1
Baseline characteristics.

native coronary artery lesions, b) the study reported at least one of the
following outcomes: major bleeding, all-cause mortality, stent throm-
bosis, myocardial infarction (MI), major adverse cardiovascular events
(MACE), hospital stay, radiation exposure, procedure time and proce-
dure success. Studies were excluded if they were reviews, abstracts
from conferences, or letters to the editor, and had less than five patients.
Disparities and disagreements were resolved by consensus or group dis-
cussion with a third author (HBP).

The results of titles and abstracts of all relevant studies were merged
into the Endnote software, and all duplicates were removed. Pre-
specified data elements from all eligible studies were extracted on to a
standardized dataset. The extraction was checked by another author
(MP) independent of the first two (AK and SZ). The data included
study characteristics, population under study, clinical outcomes and
procedural characteristics.

The ‘Newcastle-Ottawa Scale’ was used to assess the quality of
studies. This scale is recommended by the Cochrane Non-Randomized
Studies Methods Working Group. The scale grades each study on three
criteria; study group selection (maximum of four stars), comparability
of the groups (maximum of 2 stars) and outcome assessment
(maximum of 3 stars). Two independent reviewers performed the
Newcastle-Ottawa Scale grading. Discrepancies were resolved with
mutual consensus.

Mean difference (MD) or odds ratio (OR) were estimated with 95%
confidence intervals (CI) for continuous and categorical variables

Study Country Study  Population Number of Mean age (years) Male (%) ACC/AHA lesion type Diameter stenosis %
design  type participants
RAD FEM RAD FEM RAD FEM RAD FEM RAD FEM
Watt 2017 [8] UK Obs RA 3069 5553 7254+0.17 7304012 751 703 N/A - - -
Kotowycz 2015[12] Canada  Obs HSRA 52 67 71.0+102 7134105 83 64 A/B1:0 A/B1: 1 - -
B2:33 B2:18
C: 67 C: 81
Yin 2015 [14] China Obs HSRA 59 67 693+13 729416 71 51 AllgradeC  AllgradeC 80.54+5.78 80.8 +5.93
Kassimis 2014 [11] UK Obs HSRA 60 75 749438 746 £ 10 70 74 - - - -
Watt 2009 [13] UK Obs HSRA 75 76 682+80 682+100 733 592 B1/B2:27.1 B1/B2:426 926+65 91.74+55
C:729 C:574

Obs: observational study, RA: rotational atherectomy, HSRA: high speed rotational atherectomy, RAD: radial, FEM: femoral.

ACC/AHA: American College of Cardiology/American Heart Association.
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Collaboration Copenhagen, Denmark) [10]. =
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3. Results g = £ £ £
Study selection process is shown in Fig. 1. Five studies [8,11-14] met
inclusion criteria and were selected for further analysis. The baseline ﬁ
study characteristics are presented in Table 1. Procedural characteristics 5 g‘ g § o
and definitions of outcomes are outlined in Table 2 and Table 3 respec- =5 = H HE j
tively. A total of 9153 patients were included. None of the studies were = s B S R g ~
conducted in the United States or were randomized. The mean age of I el Rl - o -
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Table 5. There was no evidence of publication bias for primary 2z =& - - -
outcomes. The funnel plots are provided as supplementary material.
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With the growing number of elderly patients with coronary artery é < o S ‘E
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onary lesions referred for PCI [15]. RA has been used for treating com- g g < 43 I oo E :j 2
plex calcified coronary lesions with excellent outcomes. The present < z o~ © ©o e © T
meta-analysis demonstrates that TR access is safe and effective ap- §
proach to support the use of RA for heavily calcified lesions, with a sim- = ? § g § E’ 5g g
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Table 3

Definitions of outcomes.
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Watt 2017 [8]
Kotowycz 2015 [12]
Yin 2015 [14]

Kassimis 2014 [11]
Watt 2009 [13]

Watt 2017 [8]
Kotowycz 2015 [12]
Yin 2015 [14]
Kassimis 2014 [11]
Watt 2009 [13]

Watt 2017 [8]

Yin 2015 [14]
Kotowycz 2015 [12]
Kassimis 2014 [11]
Watt 2009 [13]

Watt 2017 [8]

Kotowycz 2015 [12]
Yin WH 2015 [14]
Kassimis 2014 [11]
Watt 2009 [13]

Watt 2017 [8]
Kotowycz 2015 [12]
Yin WH 2015 [14]
Kassimis 2014 [11]
Watt 2009 [13]

Watt 2017 [8]
Kotowycz 2015 [12]
Yin WH 2015 [14]

Kassimis 2014 [11]
Watt 2009 [13]

Watt 2017 [8]
Kotowycz 2015 [12]
Yin WH 2015 [14]
Kassimis 2014 [11]
Watt 2009 [13]

MACE

Composite of 30-day mortality, in-hospital myocardial infarction, in-hospital target vessel revascularization, or in hospital cerebrovascular event
Composite of death, MI, and urgent bypass surgery (CABG).

Death, recurrent non-fatal MI, recurrent

non-fatal stroke, and TVR

Undefined

Death and/or MI

Target Vessel Revascularization

Undefined

Need for CABG surgery

Need for a new revascularization, either percutaneous or surgical

Undefined

Repeat percutaneous or surgical intervention of the treated lesion

Procedure Success Rate

Defined by local operator

TIMI flow grade 3 and reduction of the target lesion to <20% luminal diameter by visual angiographic assessment in the absence of complications
TIMI flow grade 3 and reduction of the lesion to <30% luminal diameter by visual angiographic assessment in the absence of complications
Undefined

Reduction of the target lesion to <30% luminal diameter by visual angiographic assessment in the absence of complications

Major Bleeding

Gastrointestinal, intracranial or retroperitoneal bleeding, pericardial bleeding causing tamponade, or any bleeding requiring blood or platelet
transfusion or resulting in surgery.

Bleeding causing hemodynamic compromise or blood transfusion

Hemodynamic compromise and/or blood transfusion.

Hemodynamic compromise and/or blood transfusion.

Bleeding requiring blood transfusion

All-Cause Mortality

30 Day In hospital mortality

All cause In-hospital mortality

All cause In-hospital mortality

All causes of mortality during the index admission.

All causes of mortality during the index admission

Myocardial Infarction

Undefined

Creatine kinase rise of greater than twice the upper limit of normal

Clinical evidence of new myocardial ischemia following the index procedure accompanied by new

pathological Q-waves on EKG and/or an increase in CK-MB > 3 times upper limit of normal

Undefined

New myocardial ischemia accompanied by electrocardiographic changes after index procedure confirmed with Troponin I elevation
Stent Thrombosis

Undefined

Unavailable

Defined according to the Academic Research Consortium criteria.

Acute coronary syndrome (ACS) with angiographic evidence of stent occlusion.

Acute coronary syndrome with angiographic evidence of stent occlusion.

TIMI: Thrombolysis in Myocardial Infarction, CABG: Coronary Artery Bypass Graft, TVR, MI: Myocardial Infarction CK-MB: Creatine kinase — muscle brain, EKG: Electrocardiogram.

Table 4

Newecastle-Ottawa scale quality assessment.

Because of the small size of the radial artery, TR access may only
allow the use of relatively smaller burr sizes (up to 1.75 mm with a

6Fr guiding catheter). However, the TR procedural success rate was

Study Study type Selection Comparability Outcome/exposure .
- - comparable to the TF approach with the added benefit of lower access

Watt 2017 [8] ~ Observational "/ - site bleeding and vascular complications. The recent advent of
Kotowycz 2015  Observational s “ » s

[12] sheathless guiding catheters or “slender” introducer sheaths has
Yin WH 2015 [14] Observational *** * allowed accommodation of larger burrs without compromising safety
Kassimis 2014~ Observational ™" ) - and comfort with respect to the relatively small radial artery. The 7.5

(11 . . Fr sheathless guide has an outer diameter of 2.49 mm, which is smaller
Watt 2009 [13] Observational

than the outer diameter of a standard 6 Fr sheath of 2.70 mm [18,19].

Table 5

Test of heterogeneity and publication bias (funnel plot) for each outcome.

Outcomes Chi-square df p-Value [ Square (%) Results Publication bias
Major bleeding 4.46 4 0.35 10 Homogenous Yes
Myocardial infarction 0.83 2 0.66 0 Homogenous No
Stent thrombosis 0.46 2 0.79 0 Homogenous Yes
In hospital mortality 1.19 3 0.75 0 Homogenous No
MACE 6.70 3 0.08 55 Heterogeneous Yes
Procedural success rate 343 4 0.49 0 Homogenous No
Radiation exposure 3.71 2 0.16 46 Homogenous No
Procedure time 1.32 1 0.25 24 Homogenous No
Hospital stay 1.51 1 0.22 34 Homogenous No

MACE: Major adverse cardiac events; df: Degrees of freedom.
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Radial Femoral Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% CI
Watt 2009 0 75 1 76 1.6% 0.33[0.01, 8321] 2008
Kassimis 2014 4] [ 0 73 Mot estimable 2014
Yin WH 2015 0 54 1 67 1.5% 037001, 932] 2015
Kotowscz 2015 1 52 3 67 2.7% 0,42 [0.04, 4.14] 2015
Watt 2017 67 3069 127 5553 94.2% 0.95[0.71, 1.29] 2017
Total (95% CI) 3315 5838 100.0% 0.92 [0.69, 1.23]
Total events 3353 132
Heterogeneity: Chi®? = 1.19, df = 3 (P = 0.75); I* = 0% I } f !
Test for overall effect: Z = 0.55 (P = 0.58) a0l Fa?.r'olurs RadiaIlFavours Felr?'loral 100
Fig. 2. Meta-analysis comparison of in hospital mortality rates between radial and femoral routes for rotational atherectomy.
Radial Femoral Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Kotowncz 2015 4 52 G &7 4.8% 0.54 [0.16, 1.85] —
Watt 2009 1 75 & 76 3.9% 0.16 [0.02, 1.34]
Watt 2017 44 2969 191 5401 B&.0% 0.89[0.659, 1.15] .
Yin WH 2015 1 54 G &7 5.4% 0.11[0.01, 0.91]
Total (95% CI) 3155 5611 100.0% 0.80 [0.63, 1.02]
Total events 100 215
; 2 = & 2= | } t i
Heterogeneity, Chic = &.70, df = 3 (P = 0.08); | 5o o1 o1 1} o 100

Test for overall effect: £ = 1.77 (P = 0.08)

Favours Radial Favours Femoral

Fig. 3. Meta-analysis comparison of Major Adverse Cardiac events (MACE) between radial and femoral routes for rotational atherectomy.

These guides have been successfully used to perform complex interven-
tions requiring large burrs of up to 2.0 mm [11,20]. With the recent em-
phasis on plaque modification rather than debulking, increasingly more
operators find the maximum burr size of 1.75 mm to be adequate to
meet their needs. Thus a burr-to-artery ratio of <0.7 is often sufficient,
allowing for the use of smaller burrs and guides [21]. Although proce-
dural success and hospital length of stay both numerically favored the
TR group, there was no statistically significant difference between the
two groups. While recognizing that these results can mostly be applied
to centers with sufficient operator experience, there appears to be no
procedural disadvantage to the TR approach.

In contrast with previous studies [22], procedural radiation exposure
was significantly lower in the TR group. Kuiper et al. [23] and Geijer et al.
[24] reported similar procedural radiation exposure in patients under-
going complex PCI with the TR and TF approaches. These findings may
be limited to high-volume and skilled operators that frequently perform
RA. As a matter of fact, the RIVAL trial showed that radiation exposure
was lowest, without differences between TR and TF interventions in
high volume centers with high volume operators [25]. Delawi et al. re-
ported no significant difference in radiation exposure between femoral
and radial cases when performed by experienced radial operators [26].
Although none of the studies analyzed had major differences in the se-
verity of coronary artery disease, it is possible that operators that

performed the TR RA were more experienced and patients had lesser
extent of disease severity and complexity, accounting for the differences
observed in our meta-analysis. Patients in the TF group were also noted
to have a higher body mass index and may have also accounted for the
increased radiation exposure. Overall, the lower radiation exposure
with TR access in this and other contemporary studies is likely multifac-
torial, and related to better operator expertise, less sick patients and ad-
vances in technology [27]. (See Figs. 2-10.)

5. Limitations

The results of this study need to be interpreted in light of the study
limitations. The baseline differences between the two groups could
not be compared due to the inherent nature of the meta-analysis. The
follow-up period was short in most studies, preventing us from
reporting long-term outcomes. Power analysis was lacking for most
studies, and most of these studies may have been underpowered. All in-
cluded studies are retrospective in nature as there are no published ran-
domized controlled trials assessing TR access for RA. Meta-analysis of
non-randomized aggregated data including this work should be
interpreted with caution due to the presence of inherent confounding
and selection biases. Such biases may compromise the validity of the re-
sults due to imbalance in factors associated with outcomes of interest

Radial Femoral Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% CI
Watt 2009 70 75 72 76 2.5% Q.78 [0.20, 2.02] 2009 —
Kassimis 2014 &0 &0 72 76 0.2% 7.51[0.40, 142.29] 2014 +
¥in WH 2015 57 58 313 67 1.1% 0.42 [0.04, 4 89] 2015
Kotowcz 2015 50 52 &l &7 1.1%  2.46 [0.48, 12.72] 2015 —
Watt 2017 2906 2052 5172 5449 95 0% 1.06 [0.86, 1.20] 2017
Total (95% CI) 3298 5735 100.0% 1.08 [0.89, 1.32]
Total events 3143 5444
Heterogeneity, Chi® = 3.43, df = 4 (P = 0.49); 7 = 0% ; } } |
Test for overall effect: 2 = 0.77 (P = 0.44) 008 gt FemoraIiRadiaI &0 =0

Fig. 4. Meta-analysis comparison of procedural success rates between radial and femoral routes for rotational atherectomy.
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Radial Femoral Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% CI
WWatt 2008 0 %5 4 76 5.1%  0.11[0.01, 2.02] 2009 ¢4
Kassimis 2014 0 &0 1 75 1.5% 0.41[0.02, 10.26] 2014
Kotowscz 2015 0 52 3 67 3.5% 018 [0.01, 3.47] 2015 +
¥in WH 2015 1 54 11 67  11.7%  0.08[0.01, 0.70] 2015
Watt 2017 29 2969 96 5402 78.1% 0.55[0.26, 0.83] 2017 . B
Total (95% CI) 3215 5687 100.0% 0.45 [0.31, 0.67] -
Total events 320 115
Heterogeneity. Chi® = 4.46, df = 4 (P = 0.35); 7 = 10% I } f !
Test for owverall effect: Z2 = 2.92 (P < 0.0001) .01 Fg'vlors RadiaIlFavors Fey;?)ral 1e0
Fig. 5. Meta-analysis comparison of major bleeding rates between radial and femoral routes for rotational atherectomy.
Radial Femoral Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% CI
Watt 2008 1 75 4] 7B 41.9% 0.19[0.02,1.68] 2008 B
Kagsimis 2014 1] 60 0 78 Mot estimable 2014
YinWWH 2015 1 59 2 67  15.8% 0.56 [0.05, 6.34] 2015
Kotowsyez 2015 3 52 4] 67  423% 0.62[0.158, 2.62] 2015 ——
Total (95% CI) 246 285 100.0% 0.43 [0.15, 1.24] o
Total events 5 13
?et?;ngenewylzl C#I Tgﬁ gf;FZ‘EF‘D:é.BE);I =0% o o1 10 100
ESLI0F ovelall Bt Lag (P =042 Favours Radial Favours Femoral
Fig. 6. Meta-analysis comparison of myocardial infarction rates between radial and femoral routes for rotational atherectomy.
Radial Femoral Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Kotowyez 2015 1] a2 3 67 41.3% 0.181[0.01,3.47] ¢ L
Watt 20049 1] 7a 2 TE  336% 0.20[0.01, 418 * =
YinWH 2015 1 a4 2 67 251% 0.56[0.05, 6.34] =
Total (95% CI) 186 210 100.0% 0.28 [0.06, 1.33] *-
Total events 1 7
Heterogeneity: ChiF=0.46, df =2 (P=0.79); F=0% 'IZI.IZI1 IZIH 1'IZI 1IZIIZI'

Testfor overall effect Z=1.60{F=0.11)

Favours Radial Favours Femoral

Fig. 7. Meta-analysis comparison of stent thrombosis between radial and femoral routes for rotational atherectomy.

[28]. Although the likelihood of increased heterogeneity resulting from
residual confounding and biases cannot be completely mitigated, we
used random effect modeling to overcome these issues. The study by
Watt et al. had significantly higher weight in the analysis due to rela-
tively larger sample size that may sway the pooled results in its favor.
We attempted to mitigate this by performing a sensitivity analysis ex-
cluding the study by Watt et al. No changes in included outcomes
were observed with the exception of MACE, which favors radial access

for atherectomy. However, this study had the largest sample size and
was therefore included in the analysis. Confounding and selection bias
due to cross over, underlying disease severity, operator experience
and difference in baseline characteristics could not be excluded. This
could have influenced radiation exposure and contrast volume, which
tend to vary from operator to operator. Despite all these limitations,
the results of this study should encourage operators to consider TR ac-
cess for complex PCl including RA.

Radial Femoral Mean Difference Mean Difference
Study orSubgroup  Mean  SD Total Mean  SD Total Weight IV, Fixed, 95%CI Year IV, Fixed, 95%CI
Wfatt 2009 12125 8373 75 12118 7831 76 13.1%  0.07([-25.80,25.94] 2008 —
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Fig. 8. Meta-analysis comparison of radiation exposure between radial and femoral routes for rotational atherectomy.
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Procedure Time

Radial Femoral Mean Difference Mean Difference
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Fig. 9. Meta-analysis comparison of procedure time between radial and femoral routes for rotational atherectomy.

Hospital Stay
Radial Femoral
Study or Subgroup Mean SD Total Mean

SD Total Weight
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Fig. 10. Meta-analysis comparison of hospital stay between radial and femoral routes for rotational atherectomy.

6. Conclusion

Radial approach for RA of calcified native coronary lesion is associ-
ated with lower rate of access site bleeding, and radiation exposure
but comparable procedural success, procedural time, all-cause mortal-
ity and MACE compared to femoral approach. With increasing operator
experience and higher volume, RA via radial artery and subsequent PCI
is a reasonable option in the treatment of heavily calcified coronary le-
sions. Randomized trials are needed for further evidence.
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