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Feasibility and safety of robotic PCI in China: first in man experiencein Asia
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Abstract

Objectives To evaluate the feasibility and safety of a second generation robotic percutaneous coronary intervention (R-PCl) systemin
China. Background Robotic PCI has been shown to be an effective method for conducting coronary interventions. It has further benefits of
more accurate lesion measurement, improved stent deployment, reduced incidence of geographic miss and reduction of operator radiation
exposure. Methods This single center evauation enrolled 10 consecutive patients who had been selected for PCI. Clinical success was
defined asresidual stenosis < 30% and no in-hospital major adverse cardiovascular events. Learning curve effect was assessed by comparing
efficiency metrics of early vs. later cases. Results  Eleven lesions were treated al successfully without manual interruption or MACE events.
Most lesions (63%) were ACC/AHA class B2 and C. Mean procedure time was 57.7 + 26.4 min, however two procedures were part of live
demonstrations. Excluding the two live cases, the mean procedure time was 51.8 + 23.7 min. Procedura efficiency tended to improve from
early casesto later cases based on PCI time (48.3 £ 32.9 vs. 25.5 + 13.0 min, P = 0.27), fluoroscopy time (20.3 + 8.2 vs. 125+ 4.6 min, P =
0.16), contrast volume (145.0 £ 28.9 vs. 102.5 + 17.1 mL, P = 0.05) and Air Kerma dose (1932 + 978 vs. 1007 = 70 mGy, P = 0.31).
Conclusions Second generation robotic PCl was safe, effective and there were trends toward improvements in procedural efficiency during
this early experiencein China
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velopment of a second-generation device, GRX, which in-

1 Introduction Pt _ _
corporates a 3" joystick for active control of the guide

The use of robotics for performing coronary and periph-
era vascular procedures has been shown to be safe and ef-
fective and their use is becoming more widespread.'
Reported benefits of robotic percutaneous coronary inter-
vention (R-PCI) over standard manual PCI (M-PCl) proce-
dures include improved lesion measurement,' more accu-
rate stent placement reducing geographic miss!® and reduc-
tion in radiation exposure for operating physicians!¥ The
previously published data on R-PCl were based on experi-
ences with the first generation CorPath 200 (Corindus Vas-
cular Robotics, Waltham, MA) System. As with any new
technology, there are incremental improvements based on
collective experience and user feedback. This led to the de-
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catheter; modifying the robotic arm to provide additional
reach for access, e.g., left radial; and an improved monitor
to provide better resolution. We provide the first report of
the clinical use of the GRX system and R-PCl in Asia. The
objectives of the present study are to evauate the feasibility
and safety of R-PCI, and describe the early learning curve.

2 Methods

This study was conducted as a single-center first in hu-
man evaluation of a second generation R-PCl system, the
CorPath GRX System (Corindus Vascular Robotics, Wal-
tham, MA) in patients undergoing PCl. The study was ap-
proved by Ingtitutional Review Board Central Committee at
Fuwai Hospital and al patients were provided written in-
formed consent prior to PCI procedure.

2.1 Patients

There were no formal incluson/exclusion criteria for
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Figurel. CorPath GRX robotic system components.

study participation. We enrolled ten patients who were
scheduled to undergo PCI procedures.

2.2 Procedures

Robotic PCl was conducted by two operators using the
CorPath GRX System from March 15, 2017 to April 26,
2017 (Figure 1). All devices used in conjunction with R-PCI
were commercialy available devices and were used per
physician preference. The general features of R-PCl have
been previously described in detail” Briefly, the GRX
System consists of a bedrail mounted robotic drive and ster-
ile cassette. The cassette can be loaded with commercialy
available PCl devices including 0.014” guidewires, rapid
exchange baloons and stent delivery systems. Operators con-
duct the procedure from a seated position in radiation-
shielded interventional cockpit. Within the cockpit is the
console consisting of three joysticks and a touchscreen
(Figure 2), which are used to manipulate the intravascular
devices aswell as video displays for monitoring fluoroscopy,

Touchscreen *

Turbo button

Balloon/stent joystick '

eectrocardiography, and hemodynamics. Operator manipu-
lations to the joysticks and touchscreen are trandated to the
sterile cassette via a communication cable to control the
guidewire and rapid exchange catheters (Figure 3).

2.3 Datacollected and statistical analysis

Data collected included patient demographic and medical
history, lesion characteristics, procedure characteristics and
clinical success. Description of lesion characteristics in-
cluded percent stenosis assessed visualy; grading severity
using the American College of Cardiology/American Heart
Association (ACC/AHA) lesion classification.!® Procedure
characterigtics included reporting of radiation exposure by
use of a bedside monitor. Clinical success was defined as
residual stenosis < 30% and no in-hospital major adverse
cardiovascular events (MACE). Data presented as descrip-
tive satistics (frequency and percentage for categorical
variables and number of observations, mean, and standard
deviation for continuous variables) were used to present
results. We further evaluated whether there was a learning
curve effect by evauating the procedural efficiency of early
vs. later cases. For this evaluation we used unpaired t- and
chi-squared tests for continuous and categorical variables,
respectively.

3 Reaults

Table 1 summarizes patient and lesion characteristics. Ten
consecutive patients with 11 lesions were enrolled. The pa
tients were primarily males, 9/10 (90%) and the mean age
was 66.6 + 5.7 years. The treated lesions included 6/11
(54.5%) in the left coronary artery and 5/11 (45.5%) in the
right coronary artery. The mgority (7/11; 63.6%) of the treated
lesions were graded class B2 and C by the ACC/AHA clas-
sification system.

Emergency
stop

Guide catheter
joystick

Guidewire joystick

Figure2. Control console components.

Journal of Geriatric Cardiology | jgc@jgc301.com; http://www.jgc301.com



DOU KF, et al. Feasihility and safety of robotic PCI in China 403
Table2. Procedure characteristics.
Articulating arm
Access siteradial 10/10 (100%)
. PCI time, min
L /ﬁb All patients 443+297
( — ’ Excluding live cases 369+ 26.1
I | Total procedure time, min
o All patients 57.7+264
Excluding live cases 51.8+23.7
J Total fluoroscopy time, min
| All patients 182+ 80
Roboticdrive Excluding live cases 164+74
Single use cassette Total contrast volume, mL
All patients 127.0+ 403
Excluding live cases 123.8+ 31.6
Figure3. Extended reach and robaticdrive. Radiation—Air Kermadose, mGy
Tablel. Patient and lesion characteristics. gcrjctili:;t?ivecas% iiﬁii 3;8
Patient char acteristics, n =10 Pre-procedure percent stenosis 84.5%+ 5.7%
Age, yrs 66.6+5.7 Post-procedure percent stenosis 1.8% + 6.0%
Men 9 (90%) Clinical success 11/11 (100%)
Body massindex 265:16 All patients (n = 10), excluding live cases (n = 8). Results expressed as
Current/Recent smoker 5(50%) mean + SD unless other indicated.
Diabetes mellitus 4 (40%)
Hypertension 4 (40%)
Hyperlipidemia 8 (80%) no MACE events, and al cases achieved the criteria for
Prior myocardia infarction 1(10%) clinical success without conversion to manua operation.
Prior PCI 2 (20%) The mean PCI and fluoroscopy times were 44.3 = 29.7 and
Prior CABG 0 18.2 + 8.0 min, respectively. Two cases (numbers 5 and 10)
L esion characteristics, n = 11 were conducted as part of live demonstrations at interna-
Lesion location tional conferences where delays were incurred due to con-
Left circumflex 2 (18%) ference scheduling. Excluding the live demonstration cases,
Left anterior descending 4(36%) the mean PCI timewas 36.9 £ 26.1 min.
Right coronary 5 (45%) Learning curve effect analysis of early (patients 1-4) vs.
ACCIAHA lesion classification ) later (patients 6-9) cases, excluding the live cases, is sum-
E; ‘312%3 marized ih Table 3. Procedura efficiency me@Jres includ-
c 4(36%) ing PCI time (48.3 £ 329 vs. 255 + 13.0 min; P = 0.27
Vessd tortuosity should be same as the data in Table 3), fluoroscopy time
None 8 (73%) (20.3 £ 8.2 vs. 125 £ 4.6 min; P = 0.16), contrast volume
Mild 1(9%) (145.0 £ 289 vs. 102.5 + 17.1 mL; P = 0.05) and radiation
Moderate 2 (18%) exposure (1932 + 978 vs. 1007 + 70 mGy*cm?, P = 0.31)
Célcification were numerically lower in the later compared to earlier
None 7 (64%) cases.
m!jaate 21((13‘;) There were no safety issues associated with device use
0, . . . . . .
Sovere 1(9% and no patients experienced in-hospital major cardiac ad-

Results expressed as n (%) or mean + SD. CABG: coronary artery bypass
grafting; PCI: percutaneous coronary intervention.

Procedurd characteristics are described in Table 2. All
procedures were performed via right radial artery access.
The mean pre- and post-procedure percent stenosis were
84.5% + 5.7% and 1.8% * 6.0%, respectively. There were

verse events.

4 Discussion

The current study reports the first use of the next genera-
tion device, the CorPath GRX System in Asia and demon-
strates safety and efficacy of this system.
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Table 3. Lesion and procedure characteristics: early vs. late
cases.

Characterigtic Earlycases Latecases P-value
Lesion location
Left circumflex 1 0
. ) 0.6115
L eft anterior descending 0 3
Right coronary 3 1
ACC/AHA lesion classification
B1 2 1
1.0000
B2 0 2
C 2 1
Vessd tortuosity
None 3 4
. 0.2850
Mild 1 0
Moderate 0 0
Cadcification
None 3 4
Mild 0 0 0.2850
Moderate 0 0
Severe 1 0
PCl time, min 483+329 255+13.0 0.269
Total procedure time, min 633+279 403+134 0.206
Total fluoroscopy time, min 203+8.2 125+46 0.162

1450+289 1025+17.1 0.054
1932+978 1007+70 0312

Total contrast volume, mL
Radiation—air kerma dose, mGy

Early cases = case numbers 1-4; late cases = case numbers 6-9 (excludes
live cases). Results expressed as mean + SD or n. PCl: percutaneous coro-
nary intervention.

Previous studies have demonstrated the feasibility and
safety of first-generation robotic system to treat complex
coronary artery disease!” However, approximately 1 in 5
patients with complex coronary artery disease required
manual conversion or partial manual assistance, and the
predominant reason for this was due to inadequate robotic
guide-catheter control. To decrease the rate of manual as-
sistance or manual conversion, several improvements have
been made, resulting in the second-generation robotic sys-
tem. Compared with the first-generation CorPath 200 sys-
tem, CorPath GRX added a third joystick for robotic ma-
nipulation of the guide catheter, and guide-catheter disen-
gagement can be corrected roboticaly. In addition, CorPath
GRX system has active rather than passive guide-catheter
control, which further provides support for device manipu-
lation. The cassette arm has aso been improved to provide
additional reach for arterial access. Taken together, all these
improvements are made with the intension to further eimi-
nate conversionsto M-PCI.

To our knowledge, the use of CorPath GRX System in
Asia has not been reported and this is the first in-human
report of second-generation robotic system in Asia. Al-

though small, in this early series we made three key obser-
vations. Firgt, dl ten cases, which were performed consecu-
tively and included 11 lesions were performed successfully
without MACE or manua assistance, which confirms that
implementation of a robotic program can be accomplished
in a safe and uniform manner by physicians experienced in
manual PCl procedures. Our results are consistent with
those of Smitson, et al,”® who reported their experience on
40 patients in the United States treated with the same device
and demonstrated the safety and efficiency of CorPath GRX
System. Further, the manufacturer provided a detailed train-
ing program in the device use including a didactic review of
the operator's manual, hands-on use of the system with a
model, and a post-training quiz to demonstrate proficiency.
Therefore, prior to our first patient use, we were well-versed
in the feature and capabilities of the robotic system. Still,
there were learning curve issues, as trends toward improved
procedural efficiency were demonstrated with continued use
of the device.

Of note, in our experience, there were no conversions to
M-PCI in our patient cohort. Conversion to manual proce-
dures can be of particular concern because of increased
procedure time leading to increased exposure to radiation
and contrast. In a recent report of the previous generation
device, CorPath 200, 20/108 (18.5%) procedures required
planned or unplanned manua assistance or conversion to
manual procedures!® We propose the improvements in
second-generation system contribute to the reduced conver-
sionsto M-PCI.

Other than learning curve issues associated with the use
of anew technology, we used the R-PCl system in the same
manner that we would perform M-PCI. This includes the
preferential use of radial access for al cases and the use of
common guidewires, catheters and stent delivery systems.
The mean overal procedure time of 57.7 = 26.4 min, would
be considered high when compared to contemporary M-PCl,
but these results were inflated by two cases presented as part
of international mesetings. The range of procedure times for
the other eight cases was 18-96 min, with the first case re-
quiring 96 min. All other cases required 42 min or less,
which is in line with procedure time reported for experi-
enced users of the R-PCl system which was reported at 42.2
+ 16.4 min.! Further, although not statistically significant,
there was a trend toward reduction of both procedure time,
fluoroscopy time and radiation exposure with the continued
use of the device indicating a learning curve toward in-
creased comfort with its use. Our experience is Smilar to
the reported learning curve experience in the PRECI SE trial
where there was a significant reduction in both procedure
time and fluoroscopy time from the first three cases to the
|ater cases.™”
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Additionally, we showed a near significant 42 mL reduc-
tion in the use of contrast volume in the later cases when
compared to the early cases. Although widedly used, contrast
agent is not benign and can lead to the development of an
iatrogenic complication, contrast-induced acute kidney in-
jury (CI-AKI). The occurrence of CI-AKI is associated with
increased patient morbidity, mortality, and health care
costs™! Patients with pre-existing co-morbidities including
renal disease, heart falure, diabetes, and > 75 years have
been shown to be particularly susceptible to developing Cl-
AKI1* The only modifiable risk factor for reducing the
incidence of CI-AKI isthe utilization of decreased volumes
of contrast!™™ If this trend toward reduced contrast vol-
ume use can be verified in alarger population, it could have
significant impacts on patient outcomes.

4.1 Limitations

This study was a single center evauation of a small
number of patients. Although the only inclusion criterion for
the study was that patients were scheduled to undergo PCI
procedures, the small sample size limits the generalizability
of the results. In addition, although there were no conver-
sions to manual in our cohort, a larger sample will be re-
quired to ascertain as to whether the use of the GRX system
improves this outcome when compared to the earlier device.
Finaly, athough our results showed the first four cases
were treated successfully and safe with the new robotic sys-
tem, it should be noted that more cases are required in future
study to further demonstrate the new system can be learned
by most interventional cardiologists.

4.2 Conclusion

The first use of the second generation robotic PCl was
safe and effective as al lesions were successfully treated
with no conversion to manual operations. We show trends
toward improvements in procedura efficiency during this
early experience in China.
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