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BACKGROUND: Robotic-assisted percutaneous coronary intervention (rPCI) has proven to be feasible and safe. 
Comparative analyses of rPCI versus manual PCI (mPCI) are scarce. 

AIMS: We aimed to investigate procedural aspects and outcomes of rPCI using the second-generation CorPath GRX 
Vascular Robotic System compared with mPCI in patients with chronic coronary syndrome and non-ST-segment 
elevation myocardial infarction acute coronary syndrome.

METHODS: From January to April 2021, 70  patients underwent rPCI at the University Heart & Vascular Center 
Hamburg-Eppendorf and were recruited into the INTERCATH study. By propensity score matching, a  control 
cohort of 210  patients who underwent mPCI from 2015-2021 was identified. Co-primary endpoints were one-
year all-cause mortality and major adverse cardiovascular events (MACE) as a composite of cardiovascular death, 
unplanned target lesion revascularisation, myocardial infarction, and stroke.

RESULTS: The median age of the patients (n=280) was 70.7 (25th percentile-75th percentile: 62.0-78.0) years, and 
24.6% were female. The Gensini score (28.5 [16.2-48.1] vs 28.0 [15.5-47.0]; p=0.78) was comparable between 
rPCI versus mPCI. During the PCI procedure, total contrast fluid volume did not differ, whilst longer fluoroscopy 
times (20.4 min [13.8-27.2] vs 14.4 min [10.4-24.3]; p=0.001) were documented in the rPCI versus mPCI cohort. 
After 12 months of follow-up, neither all-cause mortality (p=0.22) nor MACE (p=0.25) differed between the groups.

CONCLUSIONS: rPCI was associated with longer fluoroscopy times compared with mPCI, though without increased 
use of contrast medium. One-year follow-up revealed no differences in all-cause mortality or MACE, supporting the 
safety of a robotic-assisted approach.
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Percutaneous coronary intervention (PCI) has become rou-
tine in the treatment of atherosclerotic coronary artery 
disease (CAD), both in chronic and acute settings1. Next 

to manual PCI (mPCI), robotic-assisted PCI (rPCI) has proven 
to be feasible and safe whilst reducing radiation exposure for 
the operator since its implementation in 20052,3. These results 
have also been illustrated in multicentre studies such as the 
Percutaneous Robotically Enhanced Coronary Intervention 
(PRECISE) and Complex Robotically Assisted Percutaneous 
Coronary Intervention (CORA-PCI) studies4,5. More recently, 
the practicability of second-generation robotic assistance incor-
porating automated guidewire movements and the opportunity 
to remotely guide catheter manipulation have been demon-
strated6,7. Whilst comparative analyses of procedural aspects 
and outcomes of rPCI versus mPCI have been described for the 
first-generation robotic system, to the best of our knowledge, 
no prospective data are available for the contemporary second-
generation rPCI platform8,9.

Our aim, therefore, was to investigate differences in pro-
cedural characteristics and one-year outcomes in patients 
undergoing rPCI compared with mPCI at a  tertiary refer-
ral centre. 

Editorial, see page 19

Methods
STUDY COHORT
From January to April 2021, a  total of 70  patients under-
going rPCI at the University Heart & Vascular Center in 
Hamburg-Eppendorf, Germany, were included in the 
INTERCATH cohort (ClinicalTrials.gov: NCT04936438). 
The INTERCATH study is a  contemporary, single-centre, 
prospective cohort of patients admitted for coronary angi-
ography at our centre and has previously been described 
in detail10-12. An ethics vote from the Ethics Chamber in 
Hamburg, Germany, was obtained (PV4303). Inclusion cri-
teria were broad, requiring an age >18 years, ability to give 
written informed consent and adequate knowledge of the 
German language. We excluded individuals presenting with 
cardiogenic shock or haemodynamic instability due to other 
causes, including arrhythmias. All patients gave written and 
informed consent before inclusion. From 2015-2021, a total 
of 3,012 patients were recruited in the INTERCATH study. 
For current analyses, all patients with CAD treated by PCI 
were included, whilst conservatively treated CAD, patients 
without CAD, and presentation with an ST-segment eleva-
tion myocardial infarction (STEMI) were excluded, leav-
ing 2,186  patients. Using propensity score matching (see 
the statistical methods section for further details) in a  3:1 
fashion, a  control cohort of mPCI patients was identified. 
At baseline, clinical, laboratory and procedural variables 
(fluoroscopy time, dose area product and total contrast vol-
ume) were obtained using patient charts and a standardised 
questionnaire.

ROBOTIC-ASSISTED AND MANUAL PCI
The rPCI procedure has been described previously7. Briefly, 
for rPCI, the second-generation CorPath GRX Vascular 
Robotic System (Corindus/Siemens Healthineers) was used. 
The robotic system was installed on the Artis zee floor 
(Siemens Healthineers) platform. Whilst the first opera-
tor guided the procedure via the robotic arm from a  radia-
tion-shielded interventional cockpit, the assistant, who was 
scrubbed in at bedside, set up the robotic arm, fed the system 
with guidewires and delivery systems, engaged the coronary 
ostia and injected contrast medium. All the rPCI procedures 
were performed by two experienced interventional cardi-
ologists alternating as the first or second operator. Within 
the control cohort, mPCI procedures were conducted manu-
ally by gaining vascular access, engaging the coronaries, and 
advancing guidewires, balloons, and stents over the lesion 
by a  team of experienced interventional cardiologists dur-
ing clinical routine. In both arms, the treatment of coronary 
lesions, periprocedural care and further medical management 
were at the discretion of the treating interventionalist, adher-
ing to contemporary guidelines1.

ASSESSMENT OF CAD SEVERITY AND LESION COMPLEXITY
CAD severity was graded using three different scoring algo-
rithms. The CAD classification was used to define CAD as 
1-, 2-, or 3-vessel disease according to the number of affected 
major epicardial vessels with ≥50% diameter stenosis or his-
tory of PCI. Residual Gensini, i.e., the current Gensini score 
for patients with previously treated CAD segments, was 
defined and scored as published. Furthermore, the residual 
SYNTAX score, i.e., current SYNTAX score for patients 
with previously treated CAD, was calculated using the online 
SYNTAX calculator13,14.

Blinded for patient characteristics, each coronary angio-
gram and PCI were analysed including grading of the 
lesion type (A, B1/2, C) according to the American College 
of Cardiology/American Heart Association (ACC/AHA) 
lesion morphology classification, as well as the subsequent 
modified ACC/AHA classification, and Thrombolysis in 

Impact on daily practice
Whilst robotic-assisted PCI has been shown to be feasi-
ble using the first- and second-generation robotic plat-
forms, outcome data and a comparison to manual PCI are 
lacking. In the current study, a well-matched comparison 
between rPCI and mPCI for chronic coronary syndromes 
and non-STEMI patients with CAD was carried out. The 
authors demonstrated that rPCI using the second-gener-
ation CorPath GRX Vascular Robotic System represents 
an efficacious and safe treatment option, even in complex 
lesions, with similar outcomes compared to mPCI. 

Abbreviations
CAD coronary artery disease

MACE major adverse cardiovascular events

mPCI manual percutaneous coronary intervention

PCI percutaneous coronary intervention

rPCI robotic-assisted percutaneous coronary intervention 

STEMI ST-segment elevation myocardial infarction
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Myocardial Infarction (TIMI) flow before and after PCI15,16. 
Angiographic success (defined as residual diameter stenosis 
<20% of the target lesion and TIMI 3 flow) and complica-
tions of PCI (coronary dissection graded by the National 
Heart, Lung and Blood Institute [NHLBI] classification 
system and/or coronary perforations [categorised by Ellis 
classification]) were independently assessed by two inter-
ventional cardiologists using digitally recorded coronary 
angiograms17,18. Bifurcations were classified according to the 
Bifurcation Academic Research Consortium, with a  signifi-
cant (≥50%) diameter stenosis both in the main vessel and 
side branch (i.e., Medina 1,1,1; 1,0,1; or 0,1,1) defined as 
a true bifurcation lesion19.

FOLLOW-UP AND OUTCOME 
Follow‐up was carried out by telephone and mail interviews 
using a  standardised questionnaire. Census follow-up was 
carried out for the rPCI cohort after 12 months. Using medi-
cal records, all incident endpoints were validated by physi-
cians blinded to the initial procedure. All‐cause mortality was 
determined from the death registry. Co-primary endpoints 
were all-cause mortality and major adverse cardiovascular 
events (MACE) − the composite of cardiovascular death, 
unplanned target lesion revascularisation (TLR), non-fatal 
myocardial infarction and non-fatal stroke − during one year 
of follow-up (including all-cause mortality and MACE during 
the index stay). Myocardial infarction, including periproce-
dural infarction, was classified using the 4th universal defini-
tion20. 

STATISTICAL ANALYSES
Matching was carried out without reusing controls and 
with a variable ratio of cases and controls (R statistical soft-
ware, version 4.2.1 [R Foundation for Statistical Computing] 
and the MatchIt package, version 4.4.0 [R Foundation for 
Statistical Computing])21. Optimal pair matching, with the 
Mahalanobis distance in a 3:1 fashion, was performed using 
the rPCI cohort as cases to identify a cohort of matched mPCI 
patients as controls. Variables used for matching were age, 
sex, body mass index, diabetes mellitus, arterial hypertension, 
active smoking, low-density lipoprotein cholesterol, Gensini 
score quintiles and history of coronary artery bypass grafting. 
The average absolute standardised difference was 0.09 before 
matching and 0.03 after matching.

Categorical variables are displayed as absolute numbers 
and percentages and were compared using Fisher’s exact test. 
Continuous variables are shown as median (25th percentile, 
75th percentile) or as mean±standard deviation (SD) and were 
compared with the Mann-Whitney U test or with the t-test, 
respectively. 

The follow-up period for the rPCI group was 12 months; 
hence, the follow-up time for the mPCI control group was 
limited to 12 months. Kaplan-Meier curves for all-cause mor-
tality, MACE and each individual MACE endpoint were 
plotted. For survival curve differences, the log-rank test was 
used, and event rates were calculated with the Kaplan-Meier 
estimator. 

A two-sided p-value of <0.05 was considered statistically 
significant. All statistical analyses were carried out utilising R 
statistical software, version 4.2.1.

Results 
STUDY POPULATION AND BASELINE CHARACTERISTICS
From 2015-2021, a total of 3,012 patients were recruited into the 
INTERCATH study; the exclusion criteria left 2,186 patients for 
propensity score matching. After executing the matching algo-
rithm, a total of 280 patients (median age 70.7 years [62.0-78.0]; 
24.6% female) were included for the current analyses. Of these, 
70 patients underwent rPCI and 210 mPCI. Cardiovascular risk 
factors and the comorbidity burden were comparable between 
these groups (Table 1). CAD severity quantified by the Gensini 
(rPCI: 28.5 [16.2-48.1] vs mPCI: 28.0 [15.5-47.0]; p=0.78) and 
SYNTAX scores (11.5 [7.0-18.6] vs 12.5 [7.0-19.8]; p=0.86) did 
not differ for rPCI or mPCI, respectively. Most patients received 
PCI due to chronic coronary syndrome, whereas the indication 
for PCI was non-STEMI in 14.3% of rPCI and 12.9% of mPCI 
patients (p=0.84). A summary of baseline and coronary charac-
teristics is displayed in Table 1.

LESION, PROCEDURAL AND SAFETY CHARACTERISTICS
In 280  patients, 311 coronary lesions were treated, 85 in the 
rPCI cohort and 226 in the mPCI cohort, respectively. No 
between-group differences were observed in the treated coronary 
artery. Most target lesions were in the left anterior descending 
artery (40.0% vs 38.9%; p=0.90) or the right coronary artery 
(34.1% vs 28.8%; p=0.41). Further target lesions were found 
in the left circumflex artery (21.2% vs 31.0%; p=0.09), the left 
main coronary artery (4.7% vs 4.9%; p=1.00) and coronary 
artery bypass grafts (2.4% vs 2.2%; p=1.00) for rPCI versus 
mPCI. Most lesions were complex (Type B2: 18.8% vs 14.2%; 
p=0.38; Type C: 69.4% vs 60.2%; p=0.15) and a chronic total 
occlusion was treated in 8.2% vs 10.6% (p=0.67) of patients, 
using an antegrade approach in 100% vs 79.2% for rPCI ver-
sus mPCI (p=0.56). A higher number of true bifurcation lesions 
were treated in the rPCI versus mPCI (25.9% vs 13.3%; p=0.01) 
group. Additional lesion and procedural characteristics are dis-
played in Table 2. In both cohorts, transradial access was utilised 
in most patients, albeit somewhat more often in the rPCI sub-
group (75.7% vs 61.9%; p=0.04). No other procedural aspects 
differed between rPCI versus mPCI, including the similar num-
ber of stents implanted per PCI (1.6±0.9 vs 1.5±1.0; p=0.25). 
Angiographic success was achieved in 100% and 94.2% 
(p=0.02), respectively. Manual assistance in the course of rPCI 
was needed in 25.9% of all rPCIs, whilst in 5.9%, manual con-
version was necessary. Dose area product and the total amount 
of contrast fluid used showed no differences, whilst significantly 
longer fluoroscopy times (20.4 min [13.8-27.2] vs 14.4 min 
[10.4-24.3]; p=0.001) were observed in the rPCI subgroup. In 
both cohorts, only a  few severe complications occurred, with 
an overall incidence of 1.4% for coronary dissections (1.4% 
vs 1.4%; p=1.0) and 0.7% for coronary perforations (1.4% 
vs 0.5%; p=0.44). Detailed information about the procedural 
aspects is displayed in Table 3.

OUTCOMES
At 12-month follow-up, all-cause mortality rates were available 
for 98.6% and 100%, whilst MACE rates were known to be 
97.1% and 100% for the rPCI versus mPCI groups, respectively. 
During the follow-up time of 12 months, no statistically signifi-
cant differences were found for the co-primary endpoints of all-
cause mortality (rPCI 9.6% vs mPCI 4.8%; plog-rank=0.22) and 
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Table 1. Baseline characteristics of the rPCI and mPCI groups.

rPCI 
(n=70)

mPCI 
(n=210)

p-value

Age, years 71.5 (60.2-79.8) 70.6 (62.6-77.8) 0.89

Female sex 19 (27.1) 50 (23.8) 0.63

LDL-C, mg/dl 92.5 (64.2-120.2) 89.0 (68.0-119.0) 0.72

eGFR, ml/min 69.5 (46.0-82.89) 72.9 (53.3-85.6) 0.13

Body mass index, kg/m² 26.3 (24.2-29.1) 26.8 (24.3-29.1) 0.52

Arterial hypertension 61 (87.1) 184 (87.6) 1.00

Diabetes mellitus 27 (38.6) 72 (34.3) 0.56

Current smoking 14 (20.0) 38 (18.1) 0.72

History of smoking 46 (65.7) 114 (54.3) 0.12

History of peripheral artery 
disease 12 (17.1) 33 (15.7) 0.85

History of stroke 13 (18.6) 19 (9.0) 0.05

History of CAD 54 (77.1) 154 (73.3) 0.64

History of CABG 10 (14.3) 30 (14.3) 1.00

History of MI 29 (41.4) 76 (36.2) 0.48

History of PCI 41 (58.6) 103 (49.0) 0.21

NSTEMI at inclusion 10 (14.3) 27 (12.9) 0.84

SYNTAX score 11.5 (7.0-18.6) 12.5 (7.0-19.8) 0.86

Gensini score 28.5 (16.2-48.1) 28.0 (15.5-47.0) 0.78

Number of affected coronary 
vessels

1 vessel 11 (15.7) 31 (14.8) 0.85

2 vessels 27 (38.6) 59 (28.1) 0.10

3 vessels 32 (45.7) 120 (57.1) 0.10

Categorical variables are expressed as n (%); continuous variables are expressed as median (25th-75th percentile). CABG: coronary artery bypass grafting; 
CAD: coronary artery disease; eGFR: estimated glomerular filtration rate; LDL-C: low-density lipoprotein cholesterol; MI: myocardial infarction; 
mPCI: manual PCI; NSTEMI: non-ST-segment elevation myocardial infarction; PCI: percutaneous coronary intervention; rPCI: robotic-assisted PCI

Table 2. Lesion characteristics of the rPCI and mPCI groups.

rPCI 
(N=85)

mPCI 
(N=226)

p-value

Coronary artery treated
Left main 4 (4.7) 11 (4.9) 1.00

LAD 34 (40.0) 88 (38.9) 0.90

LCx 18 (21.2) 70 (31.0) 0.09

RCA 29 (34.1) 65 (28.8) 0.41

Coronary artery bypass graft 2 (2.4) 5 (2.2) 1.00

Treated lesion characteristics
Lesion type

Type A 1 (1.2) 9 (4.0) 0.30

Type B1 9 (10.6) 49 (21.7) 0.03

Type B2 16 (18.8) 32 (14.2) 0.38

Type C 59 (69.4) 136 (60.2) 0.15

CTO 7 (8.2) 24 (10.6) 0.67

Antegrade approach 7 (100) 19 (79.2) 0.56

True bifurcation intervention 22 (25.9) 30 (13.3) 0.01

Treated aorto-ostial lesion 9 (10.6) 11 (4.9) 0.07

Treated vessel in-stent restenosis 8 (9.4) 29 (12.8) 0.56

Lesion length, mm 24.0 (12.3-38.9) 19.0 (13.0-33.0) 0.44

Categorical variables are expressed as n (%); continuous variables are median (25th-75th percentile). Lesion type was defined according to the American 
College of Cardiology/American Heart Association (ACC/AHA) lesion morphology classification and the following modification15,16. Bifurcations were 
classified as true bifurcation lesions when a significant (≥50%) diameter stenosis was present both in the main vessel and a side branch (i.e., Medina 
1,1,1; 1,0,1; or 0,1,1)19. CTO: chronic total occlusion; LAD: left anterior descending artery; LCx: left circumflex artery; mPCI: manual PCI; 
PCI: percutaneous coronary intervention; RCA: right coronary artery; rPCI: robotic-assisted PCI
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MACE (10.5% vs 6.5%; plog-rank=0.25) for rPCI versus mPCI, 
respectively (Central illustration, Figure 1A-Figure 1B). Individual 
MACE components included 13 myocardial infarctions (9.1% vs 
3.5%; plog-rank=0.07), seven strokes (2.9% vs 2.4%; plog-rank=0.78), 
and five TLR (3.0% vs 1.5%; plog-rank=0.39), whereas no car-
diovascular deaths were recorded during the follow-up period 
(Figure 2A-Figure 2D). From the total of six registered myocardial 
infarctions in the rPCI group, one event was defined as a non-
target lesion myocardial infarction (Type 1), four events were 
classified as Type 2, and one event as a  Type 4b myocardial 
infarction. In the mPCI group, three myocardial infarctions were 
defined as non-target lesion myocardial infarctions, (Type 1), 
three as Type 4a, and one as a  Type 4c myocardial infarction 
(Supplementary Table 1).

Discussion
The present prospective matched-cohort analysis of patients 
undergoing rPCI compared to mPCI yielded the following 
findings:
1. Procedural characteristics were similar in both groups, 
except for longer fluoroscopy times in the rPCI group.
2. In both groups, predominantly complex coronary lesions 
were treated, and a  high angiographic success rate was 
documented.

3. No differences were noted in all-cause mortality or the 
composite MACE endpoint between the matched groups.

To the best of our knowledge, this is the first comparative 
analysis of procedural aspects and outcomes of rPCI versus 
mPCI with the latest second-generation rPCI CorPath GRX 
platform. The comparison was performed after matching for 
the most relevant clinical confounders, including CAD sever-
ity and baseline clinical variables. Since rPCI was introduced 
in clinical practice, several studies have focused on the reduc-
tion of radiation exposure5,7,22,23. Here, the hazard of ionis-
ing radiation has been shown to be clearly reduced for the 
first operator during rPCI, which may be mostly explained 
by the distance between the radiation-shielded interventional 
cockpit and the radiation source22. In addition, the second 
operator, placed at the patient’s bedside, may benefit from 
a high level of safety due to the now-possible, increased dis-
tance from the radiation source during fluoroscopy and angi-
ography7. However, the patient is still exposed to radiation 
during the procedure. In our study, similar patient radiation 
exposure (dose area product) was observed between the pro-
cedure types, despite a shorter documented fluoroscopy time 
in the mPCI group. This similarity could potentially be due 
to the use of different angiographic systems for mPCI and 
rPCI. It could be speculated that the shorter distance between 

Table 3. Procedural characteristics of the rPCI and mPCI groups.

rPCI 
n=70/n=85

mPCI 
n=210/n=226

p-value

PCI details

Primary vascular access

Radial 53 (75.7) 130 (61.9) 0.04

Femoral 17 (24.3) 80 (38.1) 0.04

IVL preparation 3 (3.6) 1 (0.4) 0.06

Rotablation - 3 (1.3) 0.57

Use of intravascular imaging

OCT 0 (0) 11 (5.2) 0.07

IVUS 11 (15.7) 23 (11.0) 0.30

Number of stents used 1.6±0.9 1.5±1.0 0.25

Number of DCB used 0.0±0.3 0.2±0.5 0.07

TIMI 3 flow after PCI 85 (100) 218 (96.5) 0.11

Angiographic success rate 85 (100) 213 (94.2) 0.02

Manual assistance* 22 (25.9) - -

Manual conversion* 5 (5.9) - -

Procedural data

Dose area product, cGy.cm2 2,309.0 
(1,631.0-4,230.0)

2,135.5 
(1,230.8-3,733.8) 0.19

Fluoroscopy time, min 20.4 (13.8-27.2) 14.4 (10.4-24.3) 0.001

Total contrast fluid, ml 144.0 (104.8-188.8) 145.5 (98.5-190.0) 0.93

Complications

Coronary dissection 1 (1.4) 3 (1.4) 1.00

Coronary perforation 1 (1.4) 1 (0.5) 0.44

Categorical variables are expressed as n (%);  continuous variables are expressed as mean±standard deviation or median (25th-75th percentile). 
Percentages are either given per number of patients (overall: n=280; mPCI: n=210; rPCI: n=70) or per number of lesions (overall: n=311; mPCI: n=226; 
rPCI: n=85). *Only applicable to the rPCI cohort. Angiographic success was defined as residual diameter stenosis <20% of the target lesion and TIMI 3 
flow. DCB: drug-coated balloon; IVL: intravascular lithotripsy; IVUS: intravascular ultrasound; mPCI: manual PCI; OCT: optical coherence tomography; 
PCI: percutaneous coronary intervention; rPCI: robotic-assisted PCI; TIMI: Thrombolysis in Myocardial Infarction
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the operators’ eyes and the monitoring system may have 
led to smaller image sections in the rPCI group, leading to 
a lower dose area product despite a longer fluoroscopy time. 
Other studies found similar or slightly decreased dose area 
products for rPCI in less complex lesions, whereas fluoros-
copy times were unchanged in these studies5,8,23. The radia-
tion exposure in our study was considerably lower compared 
to previous reports, whereas fluoroscopy times in our rPCI 
group were comparable to other rPCI cohorts treating com-
plex lesions5,8,23. In the present analysis, matching was carried 
out for CAD severity using the Gensini score. Nonetheless, 
a higher percentage of bifurcations were treated in the rPCI 
group, potentially explaining the longer fluoroscopy times. 
Although our experiences suggest that the performance of 
rPCI can be learned in a short time frame, we cannot exclude 
that a  learning curve effect might partly explain its slightly 
increased fluoroscopy time compared to mPCI. As interven-
tionalists gain experience performing rPCI over time, it is to 
be expected that procedural time as well as fluoroscopy time 
will decrease. 

Radial access was used in the majority of the rPCI and 
mPCI cohorts. There was a  lower utilisation of radial access 

in the mPCI group, albeit not out of range compared to con-
temporary studies or registries from the past decade24. The 
slightly lower rate of radial access for mPCI versus rPCI in 
the present study may be explained by the different recruit-
ment periods, from 2015-2020 for the mPCI group compared 
to 2021 for the rPCI group.

Although the pivotal studies demonstrating the feasibility 
of rPCI in clinical practice primarily treated simpler lesions, 
recent results have also demonstrated its feasibility in the treat-
ment of anatomically complex coronary stenoses3-5,7,25. In our 
rPCI cohort, disease complexity was high: 88.2% of patients 
displayed Type B2/C lesions, and in 25.9% of patients a true 
bifurcation lesion was treated. Concerning CAD complex-
ity, we included a precise classification of coronary anatomy 
in our matching algorithm, using the Gensini score. After 
matching, ACC/AHA lesion morphology was analysed for all 
included patients, documenting no intergroup differences in 
the more complex Type B2 and Type C lesions. Furthermore, 
no differences were observed in the SYNTAX score or the 
classical CAD classification, underlining the quality of the 
propensity matching algorithm used. Even though the disease 
complexity was high, procedural success in complex lesions 
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was achieved, and there was an increased need for manual 
support during rPCI, as has been previously discussed4,5,7. 
This need is likely due to the inability of the current rPCI 
platform to deliver the specific armamentarium necessary 
for complex PCIs, such as microcatheters and atherectomy 
devices, or to execute a two-stent strategy in general, making 
manual assistance necessary during rPCI. 

Even though complex anatomical lesions dominated our 
study, angiographic success in the rPCI cohort was achieved 
in 100% of patients, somewhat higher compared to the 
94.2% in the mPCI cohort. Due to the non-randomised 
design of the current study, this finding may be the result of 
a selection bias, excluding patients deemed ineligible for rPCI. 
Nevertheless, the safety profile was excellent in both groups, 
with a  total of only six procedural complications, including 
coronary perforation and dissection, showing no differences 
between the rPCI and mPCI groups. Moreover, the two noted 
perforations (one in each cohort) occurred in patients who 
had previously undergone coronary artery bypass graft sur-
gery. The relatively higher risk of perforations is well known 
in this patient group.26.

Our study demonstrated comparable outcomes for 
patients undergoing rPCI in comparison to mPCI in terms of 
both all-cause mortality and cardiovascular endpoints dur-
ing their 12-month follow-up. Whilst higher rates of MACE 
(albeit not statistically significant) were observed in the 
rPCI cohort, this difference was driven by non-target site-
related myocardial infarctions during follow-up and was, 
thus, not attributable to the index intervention. Moreover, 
when analysing each myocardial infarction event in the 
rPCI group, the majority (66.6%) were noted to be Type 2 

myocardial infarctions (e.g., due to a critical aortic valve ste-
nosis or atrial fibrillation)20. All Type 2 myocardial infarc-
tions underwent re-angiography, where no culprit lesion 
was observed. Whilst a propensity score matching algorithm 
was used in this study, aiming to account for a multitude of 
variables with potential influence on procedural outcomes, 
other factors may predispose to Type 2 myocardial infarc-
tions (i.e., atrial fibrillation, aortic valve stenosis, and insuf-
ficient blood pressure control). Hence, we were not able to 
account for these baseline differences, potentially explaining 
the higher event rate of myocardial infarctions in the rPCI 
cohort. Previously available data also revealed no differences 
with regard to MACE in rPCI and mPCI. However, these 
data were limited to the use of the first-generation rPCI plat-
form, restricted to short-term follow-up, or excluded from 
matched analyses, thereby limiting the comparability of the 
investigated subgroups8,9. For the first time we can there-
fore provide a clinically relevant insight  comparing rPCI to 
mPCI using the latest commercially available rPCI platform 
in a well-matched prospective cohort.

Limitations
The current study has several strengths including the exact 
grading of CAD severity, full availability of periprocedural 
data, and high rates of 12-month follow-up. However, some 
limitations merit deliberation. Our analysis is based on a sin-
gle-centre study, thus, potentially limiting the transferabil-
ity of our findings. However, because our department acts 
as a tertiary referral centre, a highly diverse and complex set 
of cases was treated, and a representative subgroup of CAD 
patients including non-STEMI acute coronary syndromes was 
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Figure 1. Event-free survival in the robotic PCI (rPCI) and manual PCI (mPCI) groups for all-cause mortality and MACE. 
Kaplan-Meier survival curves and the number of patients at risk are shown for (A) all-cause mortality and (B) major adverse 
cardiovascular events (MACE),  which was defined as the composite of cardiovascular death, unplanned target lesion 
revascularisation (TLR), non-fatal myocardial infarction and non-fatal stroke. P-values are given for the log-rank test after 
12 months. PCI: percutaneous coronary intervention
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analysed. In addition, the rPCI cohort was recruited during 
a  short timespan, from January to April 2021, whereas the 
mPCI cohort was recruited over 6 years, from 2015 to 2021. 
Changes in the treatment of CAD during this time frame 
could potentially have had a  clinical impact. Furthermore, 
due to the study design, in which different angiographic plat-
forms were used (rPCI: Siemens Healthineers Artis zee floor 
platform; mPCI: mostly Philips Allura Xper FD10 platform), 
it cannot be ruled out that the longer fluoroscopy times found 
in the rPCI group may have increased the absorbed radiation 
dose in this group. Hence, the results of the reported radiation 
doses have to be interpreted with caution. We aimed, how-
ever, to limit bias by using propensity matching to account 
for potential confounders. Lastly, concerning procedural fac-
tors, the actual procedural time from gaining vascular access 
to vascular closure was not available for the mPCI cohort, 
limiting the comparability of the two chosen PCI methods. 
Nevertheless, our documented procedural times are in line 
with published data from other rPCI cohorts5,8.

Conclusions
In the current study, we demonstrated the comparable per-
formance of a  robotic-assisted versus manual approach in 
coronary artery interventions concerning procedural effi-
cacy and cardiovascular outcomes as well as mortality after 
12  months of follow-up. Our results suggest the broad 
applicability of rPCI using the newest-generation robotic 
platform in patients with chronic coronary syndrome and 
non-STEMI acute coronary syndrome across the spectrum 
of CAD complexity. Nonetheless, to fully investigate the 
potential of rPCI in comparison to mPCI in everyday clini-
cal routine, further patient-level data meta-analyses or bet-
ter randomised controlled clinical trials are needed.
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Supplementary Table 1. Incident myocardial infarctions during follow-up for the rPCI and mPCI 

groups. 

rPCI (n=6) 

 
Index PCI Lesion 

FU Revasc. 

Lesion 
Type of MI Comment 

Case 1 RCA  NSTEMI Type II 
Hypertensive crisis, no culprit-lesion 

in coronary angiography 

Case 2 LAD  NSTEMI Type II 
Hypertensive crisis, no culprit-lesion 

in coronary angiography 

Case 3 LAD  NSTEMI Type II 

Critical aortic valve stenosis, no 

culprit-lesion in coronary 

angiography 

Case 4 RCA  NSTEMI Type II 
Atrial fibrillation, no culprit-lesion in 

coronary angiography 

Case 5 LM/LAD M1 NSTEMI Type I Non TLR, PCI M1 carried out 

Case 6 LAD LAD STEMI Type IVb 

TLR, early (8 days after index PCI) in-

stent thrombosis due to 

subtherapeutic INR levels (Vitamin-K 

Antagonist+Clopidogrel, ASA only for 

index procedure), Re-PCI LAD 

mPCI (n=7) 

 Index PCI Lesion FU Revasc. Lesion Type of MI Comment 

Case 1 RCA LAD NSTEMI Type I Non TLR, PCI LAD carried out 

Case 2 LCx RCA NSTEMI Type I Non TLR, PCI LAD carried out 

Case 3 LAD LAD NSTEMI Type IVc 

TLR, in-stent restenosis (11 months 

after the index PCI), comorbidities 

included a dialysis dependent 

chronic kidney disease, CABG carried 

out 

Case 4 LAD - NSTEMI Type IVa 

Planned LAD intervention at index 

PCI, dissection of target lesion during 

index procedure with no-reflow. Due 

to rising Troponin levels and ST-



segment changes re-angiography 

with documentation of a unchanged 

coronary vessel situation. No further 

intervention attempted due to 

asymptomatic patient. 

Case 5 LAD - NSTEMI Type IVa 

Coronary perforation in index 

procedure with subsequent cardiac 

tamponade hours later, LAD after 

initial implantation of covered stents 

with good short-term result  

Case 6  RCA RCA NSTEMI typ IVa 

TLR, index PCI targeting a heavily 

calcified RCA stenosis using 

rotablation. During the index stay (1 

day after index PCI) rising Troponin 

levels, new ST-Segment depression 

and chest pain was noted. Re-

angiography with post-dilatation 

using high-pressure balloons and 

implantation of additional one DES 

due to suspected edge dissection. 

Case 7 LCx LAD NSTEMI Type I 

Index PCI with CFx intervention in 

the setting of a NSTEMI. During index 

stay persistent ST-Segment 

depression and chest pain with 

subsequent LAD PCI. 

 

Type of myocardial infarction was classified according to the 4th Universal definition.[20] CABG Coronary artery 

bypass grafting; LCx: Left circumflex artery; FU Follow-up; LAD Left anterior descending artery; LM Left main 

coronary artery; M1 First marginal branch of the left circumflex artery; MI Myocardial infarction; NSTEMI Non-

ST-Segment elevation myocardial infarction; PCI Percutaneous coronary intervention; RCA Right coronary artery; 

Revasc. Revascularisation; TLR Target lesion revascularisation. 

 


