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Background

• Estimates on annual incidence of AMI 
• ~ 595,000

• Longer ischemic time is associated with increased cell death and 
adverse outcomes
• Accelerating the process of restoring flow
• Key goal of ACC and other professional societies
• D2B now a metric of success and quality 

of care



Why is It Important to Address  this Problem?

Gersh et al: JAMA 293:979, 2005
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For every 30-minute delay in time to treatment
• 7.5% increase in mortality
• 8.7% increase in low EF leading to CHF (rate almost doubles post recurrent MI)

HF is the most costly DRG in the USA
• Late arrival is costly not only to patient’s life and heart but to our country’s health care system

Hours from symptom onset to reperfusion therapy

Critical time-dependent period goal: Myocardial salvage
Time-independent period goal: Open infarct-related artery
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Ischemia to Balloon Time

Onset of symptoms First medical contact Door to balloon timeIschemia

ECG changes
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Standardization and equalizing  Access to care
Physician shortage

Anticipated 90,000 physicians shortage in the US until 2025



Concannon et al. Circulation: Cardiovasc Quality Outcomes

Original Articles

A Percutaneous Coronary Intervention Lab in
Every Hospital?

Thomas W. Concannon, PhD; Jason Nelson, MPH; Jessica Goetz, MPH; John L. Griffith, PhD

Background—In 2001, 1176 US hospitals were capable of performing primary percutaneous coronary intervention (PCI),
and 79% of the population lived within 60-minute ground transport of these hospitals. We compared these estimates with
data from 2006 to explore how hospital PCI capability and population access have changed over time.

Methods and Results—We estimated the proportion of the population 18 years of age or older, living in 2006 within a
60-minute drive of a PCI-capable hospital, and we compared our estimate with a previously published report on 2001
data. Over the 5-year period, the number of PCI-capable hospitals grew from 1176 to 1695 hospitals, a relative increase
of 44%; access to the procedure grew from 79.0% to 79.9% of the population, a relative increase of 1%.

Conclusions—Our data indicate a large increase in the number of hospitals capable of performing PCI from 2001 to 2006, but this
increase was not associated with an appreciable change in the proportion of the population with access to the procedure. In the future,
more attention is needed on changes in PCI capacity over time and on the effects of these changes on outcomes of interest such as
service utilization, expenditures, patient outcomes, and population health. (Circ Cardiovasc Qual Outcomes. 2012;5:14-20.)

Key Words: angioplasty ! catheterization ! mapping ! myocardial infarction ! population

For patients with ST-segment elevation–myocardial infarc-
tion (STEMI), percutaneous coronary intervention (PCI) is

better than fibrinolytic therapy at reducing mortality1 if admin-
istered in a timely manner.2,3 However, PCI is available only at
hospitals with cardiac catheterization labs, and fibrinolytic ther-
apy remains the standard of care in the majority of US hospitals.
The optimal distribution of PCI-capable hospitals has long been
debated, and currently there is considerable interest in increasing
access to the procedure for patients with STEMI.4–8

Editorial see p 9
A previous study estimated that 79% of the US population in

2001 lived within a 60-minute drive of a PCI-capable hospital.9

To explore how PCI capacity and access to the procedure have
changed over time, we set out to update estimates to 2006. We
also set out to make recommendations for sustaining a reliable
and continual update of hospital PCI capability in the future.

Methods
Following methods described in previous work on drive times to US
hospitals,9–13 we conducted a cross-sectional study of US hospital PCI
capability and the access of the US adult population with PCI in 2006.
Our data sources included the 2006 American Hospital Association
(AHA) Annual Survey Database of all 50 states and the District of
Columbia, the 2006 Health Care Cost and Utilization Project’s (HCUP)
State Inpatient Databases from 21 states, and the 2000 US Census. To
meet inclusion criteria, a hospital had to provide acute care to the US

adult (18 years of age or older) population. Government facilities,
hospital units within an institution, psychiatric and drug dependency
hospitals, long-term care facilities, and children’s hospitals were ex-
cluded from the analysis. All eligible hospitals were uniquely identified
through their AHA identification number and geo-coded within a
geographic information system, using latitude and longitude coordi-
nates. To assess the potential of PCI-capable hospitals to deliver timely
PCI to patients with STEMI, we used Census data to estimate the
percentage of the US population living within a 60-minute drive of one
of these hospitals. We compared results from our cross section with
results obtained in a previous cross section of 2001 data, matching our
data and methods of counting hospitals and estimating drive times as
closely as possible to those in the previous report.9 Further information
on how our data and methods compare with the previous report is
contained in online-only Data Supplement Appendix A.

The first step in the main analysis involved identifying hospitals that
were capable of performing PCI in 2006. To do this, we combined
reports of PCI laboratory ownership in the AHA survey with reports of
PCI utilization in HCUP administrative data. The AHA survey identifies
hospitals with the capability to perform adult interventional cardiac
catheterization in all 50 states and Washington, DC; we supplemented
AHA data with administrative discharge data from hospitals in 21 states
reporting to HCUP, covering 100% of hospital discharges in 2006 for
49.98% of the adult US population. We identified hospitals offering
primary PCI from ICD-9 codes (00.66, 36.06, 36.07, and 36.09)
collected in HCUP’s State Inpatient Databases. To be counted as
PCI-capable in our study, a hospital had to perform at least 4 procedures
over the course of the year. We therefore estimated the number of US
hospitals with a PCI program in 2006 by identifying any hospital that
reported ownership of an adult interventional cardiac catheterization
laboratory or reported performing a minimum of 4 PCI procedures.

Received March 8, 2011; accepted October 24, 2011.
From the Institute for Clinical Research and Health Policy Studies, Tufts Medical Center and Tufts University School of Medicine, Boston, MA

(T.W.C., J.N., J.L.G.); and Datamonitor, Inc, Boston, MA (J.G.).
The online-only Data Supplement is available with this article at http://circoutcomes.ahajournals.org/lookup/suppl/doi:10.1161/

CIRCOUTCOMES.111.963868/-/DC1.
Correspondence to Thomas W. Concannon, PhD, Institute for Clinical Research and Health Policy Studies, Tufts Medical Center, 800 Washington St,

No. 063, Boston, MA 02111. E-mail tconcannon@tuftsmedicalcenter.org
© 2011 American Heart Association, Inc.

Circ Cardiovasc Qual Outcomes is available at http://circoutcomes.ahajournals.org DOI: 10.1161/CIRCOUTCOMES.111.963868
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South Dakota (40.3%), Vermont (38.3%), West Virginia
(45.6%), Alaska (40.0%), Montana (45.3%), and Wyoming
(30.5%).

For a subset of the population, we saw mixed evidence of
improvement in potential times to hospital arrival. The
percentage of the population living closest to a PCI-capable
hospital improved from 42% to more than 51% in 5 years’
time, potentially reducing drive times to primary PCI for at
least 9% of the population. For the nation as a whole,
however, this benefit did not appear to make much difference
for drive times. In 2001, projected median drive time nation-
ally was 11.3 minutes, and this figure dropped to 10.5
minutes (interquartile range, 6.2–18.0) 5 years later, an
improvement of only 48 seconds for the typical patient (Table
1). Projected median elapsed time from 911 call to arrival at
the closest PCI hospital in 2006 was 25.6 minutes (interquar-
tile range, 21.2–33.8) (Table 1), a drop of only 30 seconds
compared with 2001.

Our primary purpose in this study was to estimate access to
PCI labs in 2006 and to compare this with a previously
reported estimate from 2001. Our secondary purpose was to
assess whether inexpensive, readily available AHA survey
data could be validated as the sole source of information on
PCI capability in future research. To accomplish this, we
conducted an analysis comparing AHA survey data with

HCUP administrative discharge data. This subanalysis
showed little meaningful difference between self-reports and
empirical reports of PCI capability (Table 2). In self-reported
survey data, we found a small negative bias in the count of
hospitals with PCI capability and small positive bias in timely
access to the procedure. Using HCUP data alone in 21 states,
we identified 710 hospitals that were capable of performing
PCI and estimated that 81.7% of the population had timely
access. Using AHA data alone in the same 21 states, we
identified 696 PCI-capable hospitals and estimated that 83.2%
of the population had timely access to PCI, an absolute differ-
ence of only 1.5% in access to the procedure. The gap between
self-reported and empirical data on access to PCI was largest in
North Carolina (approximately 10 percentage points; a relative
difference of 17%), but in most places it was very small.

We used a ! statistic to measure the extent of agreement
between the 2 data sources, where perfect agreement is
indicated by !!1 and perfect independence is indicated by
!!0. We used it to test a null hypothesis of independence in
the classification of PCI capability, after using the 2 data sets
as alternative sources of information. For the 21 states in
which we had both data sources, the summary ! statistic was
0.72, representing strong agreement between the 2 data sets.
In 7 states, agreement was excellent, above 0.80, and in 3
states agreement was moderate, at 0.47–0.60. There were 137

Figure. This map illustrates 60-minute drive times surrounding percutaneous coronary intervention (PCI) programs at US hospitals and
shows state-by-state data sources that were used to estimate PCI capability. Access to PCI is depicted in black for areas in which the
closest hospital was PCI-capable, in dark gray for areas lying within a 60-minute drive of a PCI-capable hospital, in light gray for areas
served only by a part-time PCI hospital, and in white for areas lying beyond a 60-minute drive to a PCI-capable hospital. States without
a hatch-marked background are those in which only American Hospital Association (AHA) data were available. States with a single-
hatched background are those in which AHA and Health Care Cost and Utilization Project (HCUP) data (with time stamps) were avail-
able. States with a double-hatched background are those in which both AHA and HCUP data (without time stamps) were available.

16 Circ Cardiovasc Qual Outcomes January 2012
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From 2001 to 2006, 
hospital capability to 
perform
PCI grew by 44%, whereas 
timely access to the
procedure grew by only 
1%.

Dark Areas: <60-min Drive to PCI Hospital 



Where are the Future Opportunities in the Cardiovascular 
Field?

Unmet 
Patients’ need Technology

Military Technology
Academic Centers

Mash up

a mixture or fusion of disparate elements.
Remote & Robotic



If you can not bring the patients to the cath lab: 
bring the cath lab to the patients 

• Challenges
• Mash up: Remote Robotic
• Robotic
• Safety and Feasibility
• Reaction time

• Remote
• Face to face interaction



Robotic Revolution; across all industries

The Wall Street Journal. Feb 2015

Automatic NationsWorld-wide industrial robot installations
Top 5 markets for industrial robot sales

Source: International Federation of Robots



We now drive cars, have vision & vacuum robotically…we will not be manually 
controlling catheters in the future...

Robotics predicts consistency…



Robotics in the Cath Lab
Second Generation Robotic-assisted PCI System

BEDSIDE UNIT

•Optimized 
bedside unit for 
radial access

•Simple setup & 
in-procedure 
workflow

•Devices fixed 
during 
intervention

• Imaging and 
device agnostic

INTERVENTIONL 
COCKPIT

•Precise robotic 
control of 
üGuide catheter
üGuidewire
üBalloon/stent 

catheter

•Radiation-
shielded 
workstation

•4K resolution 
monitor

CorPath® GRX System



The synchrony of imaging and catheter movement
…practice, plan and perfect…



Operators and patients’ safety

SCAI 2003 Survey
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Robotically Assisted PCI: Feasibility and Safety

Demonstration of the Safety and
Feasibility of Robotically Assisted
Percutaneous Coronary Intervention
in Complex Coronary Lesions
Results of the CORA-PCI Study (Complex Robotically
Assisted Percutaneous Coronary Intervention)

Ehtisham Mahmud, MD, Jesse Naghi, MD, Lawrence Ang, MD, Jonathan Harrison, MD, Omid Behnamfar, MD,
Ali Pourdjabbar, MD, Ryan Reeves, MD, Mitul Patel, MD

ABSTRACT

OBJECTIVES The aims of this study were to evaluate the feasibility and technical success of robotically assisted

percutaneous coronary intervention (R-PCI) for the treatment of coronary artery disease (CAD) in clinical
practice, especially in complex lesions, and to determine the safety and clinical success of R-PCI compared with

manual percutaneous coronary intervention (M-PCI).

BACKGROUND R-PCI is safe and feasible for simple coronary lesions. The utility of R-PCI for complex coronary lesions

is unknown.

METHODS All consecutive PCI procedures performed robotically (study group) or manually (control group) over

18 months were included. R-PCI technical success, defined as the completion of the procedure robotically or with

partialmanual assistance andwithout amajor adverse cardiovascular event, was determined. Procedures ineligible for R-PCI

(i.e., atherectomy, planned 2-stent strategy for bifurcation lesion, chronic total occlusion requiring hybrid approach) were
excluded for analysis from the M-PCI group. Clinical success, defined as completion of the PCI procedure without a major

adverse cardiovascular event, procedure time, stent use, and fluoroscopy time were compared between groups.

RESULTS A total of 315 patients (mean age 67.7 ! 11.8 years; 78% men) underwent 334 PCI procedures (108 R-PCIs,

157 lesions, 78.3% type B2/C; 226 M-PCIs, 336 lesions, 68.8% type B2/C). Technical success with R-PCI was 91.7% (rate

of manual assistance 11.1%, rate of manual conversion 7.4%, rate of major adverse cardiovascular events 0.93%). Clinical

success (99.1% with R-PCI vs. 99.1% with M-PCI; p ¼ 1.00), stent use (stents per procedure 1.59 ! 0.79 with R-PCI vs.

1.54 ! 0.75 with M-PCI; p ¼ 0.73), and fluoroscopy time (18.2 ! 10.4 min with R-PCI vs. 19.2 ! 11.4 min with M-PCI;

p ¼ 0.39) were similar between the groups, although procedure time was longer in the R-PCI group (44:30 ! 26:04
min:s vs. 36:34 ! 23:03 min:s; p ¼ 0.002). Propensity-matched analysis confirmed that procedure time was longer in the

robotic group (42:59 ! 26:14 min:s with R-PCI vs. 34:01 ! 17:14 min:s with M-PCI; p ¼ 0.007), although clinical success

remained similar (98.8% with R-PCI vs. 100% with M-PCI; p ¼ 1.00).

CONCLUSIONS This study demonstrates the feasibility, safety, and high technical success of R-PCI for the

treatment of complex coronary disease. Furthermore, comparable clinical outcomes, without an adverse effect

on stent use or fluoroscopy time, were observed with R-PCI and M-PCI. (J Am Coll Cardiol Intv 2017;10:1320–7)

© 2017 by the American College of Cardiology Foundation.

From the Division of Cardiovascular Medicine, University of California, San Diego, Sulpizio Cardiovascular Center, La Jolla,
California. Dr. Mahmud has received consulting fees and research support from Corindus. All other authors have reported that
they have no relationships relevant to the contents of this paper to disclose.

Manuscript received December 15, 2016; revised manuscript received March 19, 2017, accepted March 23, 2017.
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Safety and Feasibility of
Robotic Percutaneous Coronary Intervention
PRECISE (Percutaneous Robotically-Enhanced Coronary Intervention) Study

Giora Weisz, MD,* D. Christopher Metzger, MD,† Ronald P. Caputo, MD,‡ Juan A. Delgado, MD,§
J. Jeffrey Marshall, MD,! George W. Vetrovec, MD,¶ Mark Reisman, MD,# Ron Waksman, MD,**
Juan F. Granada, MD,§ Victor Novack, MD, PHD,†† Jeffrey W. Moses, MD,* Joseph P. Carrozza, MD‡‡

New York and Syracuse, New York; Kingston, Tennessee; Medellin, Colombia; Gainesville, Georgia;
Richmond, Virginia; Seattle, Washington; Washington, DC; Beersheba, Israel; and Boston, Massachusetts

Objectives The aim of this study was to evaluate the safety as well as the clinical and technical effectiveness of robotic-
assisted percutaneous coronary intervention.

Background Robotic systems have been suggested to enhance the performance of cardiovascular procedures, as well as to
provide protection from the occupational hazards that are associated with interventional practice.

Methods Patients with coronary artery disease and clinical indications for percutaneous intervention were enrolled. The coro-
nary intervention was performed with the CorPath 200 robotic system, which consists of a remote interventional
cockpit and a bedside disposable cassette that enables the operator to advance, retract, and rotate guidewires and
catheters. The primary endpoints were clinical procedural success, defined as !30% residual stenosis at the comple-
tion of the robotic-assisted procedure without major adverse cardiovascular events within 30 days, and device techni-
cal success, defined as the successful manipulation of the intracoronary devices using the robotic system only.

Results A total of 164 patients were enrolled at 9 sites. Percutaneous coronary intervention was completed successfully
without conversion to manual operation, and device technical success was achieved in 162 of 164 patients
(98.8%). There were no device-related complications. Clinical procedural success was achieved in 160 of 164
patients (97.6%), whereas 4 (2.4%) had periprocedural non–Q-wave myocardial infarctions. No deaths, strokes,
Q-wave myocardial infarctions, or revascularization occurred in the 30 days after the procedures. Radiation expo-
sure for the primary operator was 95.2% lower than the levels found at the traditional table position.

Conclusions This pivotal multicenter study with a robotic-enhanced coronary intervention system demonstrated the safety
and feasibility of the system. The robotic remote-control procedure met the expected technical and clinical per-
formance, with significantly lower radiation exposure to the operator. (Evaluation of the Safety and Effectiveness
of the CorPath 200 System in Percutaneous Coronary Interventions [PCI] [PRECISE]; NCT01275092) (J Am
Coll Cardiol 2013;61:1596–600) © 2013 by the American College of Cardiology Foundation

A remote-controlled robotic system was designed to
address some of the procedural challenges and occupa-
tional hazards associated with traditional percutaneous
coronary intervention (PCI) in addition to enhancing the
degree of precision and control for the interventional

procedure. We report the first large-scale, multicenter
study evaluating the safety and efficacy of a novel robotic
system for PCI.

A list of the participating institutions and staff(s) appears
in the Online Appendix.

From the *Center for Interventional Vascular Therapy, New York Presbyterian Hospital,
Columbia University Medical Center, New York, New York; †Wellmont Holston Valley,
Kingsport, Tennessee; ‡Saint Joseph’s Hospital, Syracuse, New York; §Corbic Cardio
Neurovascular Institute, Medellin, Colombia; !Northeast Georgia Heart Center, Gaines-
ville, Georgia; ¶Virginia Commonwealth University, Richmond, Virginia; the
#Swedish Heart & Vascular Institute, Seattle, Washington; **Washington Heart
Center, Washington, DC; ††Clinical Research Center, Soroka University Med-
ical Center, Beersheba, Israel; and the ‡‡Saint Elizabeth’s Medical Center, Boston,

Massachusetts. This study was sponsored by Corindus, Inc. Dr. Caputo is a consultant
for Medtronic, Inc., Boston Scientific Corporation, and Terumo Medical Corporation.
Dr. Marshall has received research support from Corindus, Inc. Dr. Vetrovec is an
investigator for Corindus, Inc. Dr. Novack is a paid consultant to Corindus. Dr. Carrozza
has received research support from Corindus. All other authors have reported that they
have no relationships relevant to the contents of this paper to disclose.

Manuscript received August 2, 2012; revised manuscript received November 20,
2012, accepted December 19, 2012.
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exact tests were used to compare categorical mea-
surements as appropriate. A p value <0.05 was
considered to indicate statistical significance. Com-
parisons were made in the full group and the pro-
pensity score–matched samples. Logistic regression
was used to estimate the propensity score. Factors
entered in the propensity score analysis included age,
sex, diabetes mellitus, hypertension, presentation
with an acute coronary syndrome, history of angina,
previous coronary artery bypass grafting, history of
congestive heart failure, history of peripheral artery
disease, primary lesion stenosis and length, propor-
tion of type B2/C lesions, lesion complexity score,
SYNTAX (Synergy Between PCI With Taxus and Car-
diac Surgery) score, and the number of lesions
treated. A nearest-neighbor greedy match technique
with caliper size one-quarter the SD (caliper ¼ 0.0452)
was used to match each R-PCI patient to the nearest
M-PCI patient as long as the scores differed by no
more than the caliper (15). Matching was conducted
without replacement.

RESULTS

During the study period, a total of 413 individual PCI
procedures (108 R-PCIs, 305 M-PCIs) were performed.
Among the M-PCI group, 79 cases (24%) were
excluded because of the presence of pre-determined
exclusion criteria (Figure 2). Among the R-PCI
cohort, the procedure was completed entirely robot-
ically in 81.5% of the patients. In this cohort, MA and
MC rates of 11.1% and 7.4%, respectively, were

observed, with a single procedure-related MI, result-
ing in a technical success rate of 91.7% (Figure 3).
Reasons for MA or MC were categorized as follows: 1)
adverse event (n ¼ 3); 2) technical limitation of the
robotic platform (n ¼ 8); or 3) limited guidewire or
catheter support (n ¼ 9).

For the 334 PCI procedures constituting the study
cohort, similar baseline demographics were observed
in the robotic and manually treated groups

FIGURE 2 Study Design

Inclusion and exclusion criteria. A total of 79 procedures (24%)
were excluded from the manual percutaneous coronary inter-
vention (PCI) cohort because of the presence of pre-determined
exclusion criteria, including any over-the-wire device, planned
simultaneous bifurcation stenting, antegrade wire escalation
or hybrid approach to a chronic total occlusion (CTO), or
ST-segment elevation myocardial infarction (STEMI).

FIGURE 3 Technical Success of Robotic Percutaneous
Coronary Intervention

Technical success, defined as a procedure performed
completely robotically or with partial manual assistance in the
absence of in-hospital major adverse cardiovascular events
*(MACE) (death, stroke, emergent coronary artery bypass
grafting, target vessel revascularization, nonfatal myocardial
infarction [creatine kinase-MB >5 times upper limit of normal
with evidence of myocardial injury or >10 times upper limit of
normal without myocardial injury]), was 91.7% in the robotic
percutaneous coronary intervention group.

TABLE 1 Baseline Demographic Characteristics of the
Study Cohort

Robotic Group
(n ¼ 108)

Manual Group
(n ¼ 226) p Value

Age (yrs) 68 " 11 67 " 12 0.91

Male 78% 78% 0.98

Diabetes mellitus 56% 54% 0.81

Hypertension 95% 95% 0.92

Dyslipidemia 97% 94% 0.29

Chronic kidney disease 20% 26% 0.34

Hemoglobin (g/dl) 12.9 " 1.9 13.1 " 1.9 0.72

Creatinine (mg/dl) 1.3 " 1.3 1.3 " 1.3 0.19

Acute coronary syndrome 20% 17% 0.54

Prior CABG 11% 15% 0.40

Congestive heart failure 9% 17% 0.07

Peripheral arterial disease 9% 22% 0.006

Ejection fraction (%) 57 " 11 58 " 13 0.53

Values are mean " SD or %.

CABG ¼ coronary artery bypass grafting.
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Feasibility and Safety of Robotic
Peripheral Vascular Interventions
Results of the RAPID Trial

Ehtisham Mahmud, MD,a Florian Schmid, MD,b Peter Kalmar, MD,b Hannes Deutschmann, MD,b

Franz Hafner, MD,c Peter Rief, MD,c Marianne Brodmann, MDc

ABSTRACT

OBJECTIVES The goal of this study was to evaluate the feasibility and safety of a robotic-assisted platform (CorPath

200, Corindus Vascular Robotics, Waltham, Massachusetts) for treating peripheral artery disease.

BACKGROUND A robotic-assisted platform for percutaneous coronary intervention is available for treating coronary
artery disease.

METHODS In this prospective single-arm trial, patients with symptomatic peripheral artery disease (Rutherford class 2

to 5) affecting the femoropoplital artery were enrolled. Endpoints evaluated were: 1) device technical success, defined as

successful cannulation of the target vessel with the robotic system; 2) device safety, defined as absence of device related

serious adverse event (hospitalization, prolonged hospitalization, life threatening, or resulted in death); and 3) clinical

procedural success, defined as <50% residual stenosis without an unplanned switch to manual assistance or device-

related serious adverse event in the periprocedural period.

RESULTS The study enrolled 20 subjects (65.5 ! 9.3 years of age; 70% male) with primarily Rutherford class 2 to 3
(90%) symptoms. A total of 29 lesions (lesion length: 33.1 ! 15.5 mm) were treated with the majority (89.7%) being

located in the superficial femoral artery. Device technical success, safety and clinical procedural success were all

100% with provisional stenting required in 34.5% of lesions. Fluoroscopy time (7.1 ! 3.2 min) and contrast use

(73.3 ! 9.2 ml) compared favorably with studies in similar patient cohorts. There were no adverse events associated with

the use of the robotic system.

CONCLUSIONS These data demonstrate the feasibility and safety of using a robotic-assisted platform for performing

peripheral arterial revascularization. (J Am Coll Cardiol Intv 2016;9:2058–64) © 2016 by the American College of

Cardiology Foundation.

S ince the advent of percutaneous cardiovascular
interventions, tremendous advances in adjunc-
tive pharmacotherapy and percutaneous

device technology have been made. However, the

fundamental technique of manually advancing intra-
vascular devices at the patient’s bedsidewhilewearing
heavy lead aprons in relative close proximity to the
x-ray radiation source remains largely unchanged.

From the aDivision of Cardiovascular Medicine, Sulpizio Cardiovascular Center, University of California, San Diego, La Jolla,
California; bDivision of Interventional Radiology, Medical University, Graz, Austria; and the cClinical Division of Angiologie,
Medical University, Graz, Austria. Funding for the study provided by Corindus Vascular Robotics; independent data review and
statistical analysis. Dr. Mahmud has received research grant and consulting support from Corindus. The other authors have re-
ported that they have no relationships relevant to the contents of this paper to disclose.

Manuscript received April 13, 2016; revised manuscript received June 13, 2016, accepted June 30, 2016.
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If you can not bring the patients to the cath lab: 
bring the cath lab to the patients 

• Challenges
• Mash up: Remote Robotic
• Robotic
• Safety and Feasibility
• Reaction time

• Remote
• Face to face interaction



distance from the Earth to Mars is about 54.6 million kilometers
the communication time delay between Earth and Mars, which is about 20 minutes 
on average.
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Transcontinental Robot-Assisted Remote
Telesurgery: Feasibility and Potential Applications
Jacques Marescaux, MD, Joel Leroy, MD, Francesco Rubino, MD, Michelle Smith, MD, Michel Vix, MD, Michele Simone, MD,
and Didier Mutter, MD

From the IRCAD-EITS (European Institute of Telesurgery), Louis Pasteur University, Strasbourg, France

Objective
To show the feasibility of performing surgery across transoce-
anic distances by using dedicated asynchronous transfer
mode (ATM) telecommunication technology.

Summary Background Data
Technical limitations and the issue of time delay for transmission
of digitized information across existing telecommunication lines
had been a source of concern about the feasibility of performing
a complete surgical procedure from remote distances.

Methods
To verify the feasibility and safety in humans, the authors at-
tempted remote robot-assisted laparoscopic cholecystec-
tomy on a 68-year-old woman with a history of abdominal
pain and cholelithiasis. Surgeons were in New York and the

patient in Strasbourg. Connections between the sites were
done with a high-speed terrestrial network (ATM service).

Results
The operation was carried out successfully in 54 minutes without
difficulty or complications. Despite a round-trip distance of more
than 14,000 km, the mean time lag for transmission during the
procedure was 155 ms. The surgeons perceived the procedure
as safe and the overall system as perfectly reliable. The postop-
erative course was uneventful and the patient returned to normal
activities within 2 weeks after surgery.

Conclusions
Remote robot-assisted surgery appears feasible and safe.
Teletransmission of active surgical manipulations has the po-
tential to ensure availability of surgical expertise in remote lo-
cations for difficult or rare operations, and to improve surgical
training worldwide.

Remote surgical operations require both rapid and accu-
rate transmission of information. Factors that influence sig-
nificantly the rapidity and accuracy of this information are
the time required to convert video images and gestures into
electronic signals, and the bandwidth and time lag of exist-
ing telecommunication lines.1,2 Using current technology,
we recently showed the feasibility of performing remote
surgical operations in an experimental animal model.3 Re-
sults of our experimental tests allowed us to perform, for the
first time, remote robot-assisted surgery on a human. Here
we present the case and postoperative course and discuss the
current limitations and the potential clinical and social im-
pact of remote telesurgery.

METHODS

Patient

A 68-year-old woman with a history of recurrent abdom-
inal pain in the right hypochondrium and epigastrium un-
derwent abdominal ultrasound documenting the presence of
cholelithiasis. There was no dilatation of the common bile
duct, and laboratory findings were all in the normal range.
The patient was scheduled for laparoscopic cholecystec-
tomy. After approval was obtained from the Ethical Com-
mittee (Comité Consultatif de Protection des Personnes
dans la Recherche Biomedicale d’Alsace; 19 June 2001,
01/42) and from the U.S. Food & Drug Administration, the
patient gave her informed consent to the operation.

Robot Setup

The ZEUS system (Computer Motion, Galeta, CA) con-
sists of two physically separated subsystems named “sur-
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A transatlantic robotic laparoscopic cholecystectomy

The operation was carried out successfully in 54 minutes without 
difficulty or complications. Despite a round-trip distance of more than 
14,000 km, the mean time lag for transmission during the procedure 
was 155 ms.
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Is Telestenting Even Feasible?
The REMOTE-PCI Study
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REMOTE-PCI

Still connected 
with cables



REMOTE-PCI:
Primary Endpoints

Pre-specified primary endpoints:
1) Technical success 

• successful intracoronary advancement and 
retraction of guidewires, angioplasty balloons, 
and stents by the robotic system without 
conversion to manual operation 

2) Procedural success
• <30% residual stenosis upon completion of the 

procedure in the absence of death or repeat 
revascularisation prior to hospital discharge
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Consistency & Reliability
Reduce variability in operator skills and clinical outcomes 
(best clinical practices)

Improve 
patient 

care
Access for all patients 
Medical care at all times at any [rural] location

Protection for Staff
Physician and staff health concerns are rising as more 
evidence is generated on cath lab occupational hazards

The Need for Robotics in the Cath Lab
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Building a remote  PCI
• Multi stage protocol
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South Dakota (40.3%), Vermont (38.3%), West Virginia
(45.6%), Alaska (40.0%), Montana (45.3%), and Wyoming
(30.5%).

For a subset of the population, we saw mixed evidence of
improvement in potential times to hospital arrival. The
percentage of the population living closest to a PCI-capable
hospital improved from 42% to more than 51% in 5 years’
time, potentially reducing drive times to primary PCI for at
least 9% of the population. For the nation as a whole,
however, this benefit did not appear to make much difference
for drive times. In 2001, projected median drive time nation-
ally was 11.3 minutes, and this figure dropped to 10.5
minutes (interquartile range, 6.2–18.0) 5 years later, an
improvement of only 48 seconds for the typical patient (Table
1). Projected median elapsed time from 911 call to arrival at
the closest PCI hospital in 2006 was 25.6 minutes (interquar-
tile range, 21.2–33.8) (Table 1), a drop of only 30 seconds
compared with 2001.

Our primary purpose in this study was to estimate access to
PCI labs in 2006 and to compare this with a previously
reported estimate from 2001. Our secondary purpose was to
assess whether inexpensive, readily available AHA survey
data could be validated as the sole source of information on
PCI capability in future research. To accomplish this, we
conducted an analysis comparing AHA survey data with

HCUP administrative discharge data. This subanalysis
showed little meaningful difference between self-reports and
empirical reports of PCI capability (Table 2). In self-reported
survey data, we found a small negative bias in the count of
hospitals with PCI capability and small positive bias in timely
access to the procedure. Using HCUP data alone in 21 states,
we identified 710 hospitals that were capable of performing
PCI and estimated that 81.7% of the population had timely
access. Using AHA data alone in the same 21 states, we
identified 696 PCI-capable hospitals and estimated that 83.2%
of the population had timely access to PCI, an absolute differ-
ence of only 1.5% in access to the procedure. The gap between
self-reported and empirical data on access to PCI was largest in
North Carolina (approximately 10 percentage points; a relative
difference of 17%), but in most places it was very small.

We used a ! statistic to measure the extent of agreement
between the 2 data sources, where perfect agreement is
indicated by !!1 and perfect independence is indicated by
!!0. We used it to test a null hypothesis of independence in
the classification of PCI capability, after using the 2 data sets
as alternative sources of information. For the 21 states in
which we had both data sources, the summary ! statistic was
0.72, representing strong agreement between the 2 data sets.
In 7 states, agreement was excellent, above 0.80, and in 3
states agreement was moderate, at 0.47–0.60. There were 137

Figure. This map illustrates 60-minute drive times surrounding percutaneous coronary intervention (PCI) programs at US hospitals and
shows state-by-state data sources that were used to estimate PCI capability. Access to PCI is depicted in black for areas in which the
closest hospital was PCI-capable, in dark gray for areas lying within a 60-minute drive of a PCI-capable hospital, in light gray for areas
served only by a part-time PCI hospital, and in white for areas lying beyond a 60-minute drive to a PCI-capable hospital. States without
a hatch-marked background are those in which only American Hospital Association (AHA) data were available. States with a single-
hatched background are those in which AHA and Health Care Cost and Utilization Project (HCUP) data (with time stamps) were avail-
able. States with a double-hatched background are those in which both AHA and HCUP data (without time stamps) were available.
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