
Robotic Surgery

 → MOON 2020-2030 
A new era of human and robotic exploration
Draft programme



• Minimising exposure to hostile environment
• both patient and operator

• Increasing precision/decreasing human error

Why robotics in surgery?



• Atrial fibrillation 1-2% of population, 20% >80 
year olds

• Common in large mammals
• Heart failure, stroke, premature death
• Considered untreatable 15 years ago

The fall and rise of robotics in surgery
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The mechanism of AF



The source of AF



Surgical ablationA B



Surgical ablation

• The internal organs are exposed to hostile 
environment

• Access limited
• Expensive/complex



Internal catheter ablation

• Challenges to overcome
• Access to heart and left atrium
• Visualisation/localisation
• Manipulation
• Delivery of sufficient therapy at correct location



Access to the heart and left atrium



Localisation within the heart



• X-ray

Localisation



Localisation



Catheter ablation to isolate the 
pulmonary veins



Manipulation



Robot sheath with catheter



TS Sheath positioned in SVC



Sheath loaded onto robot arm



• Joystick controlled sheath
• Controlled remotely
• Wide range of reach and movement
• Indirect pressure sensing

Sensei - Robotic navigation



Manipulation



low risk environment
• Seated outside X-ray field
• Minimally invasive for patient



Patient home same or next day



Hansen robot ablation

• Randomised study 157 pts Manual vs 
robot

• Procedure times
• Complications
• Success rates (freedom from AF)

Ullah et al H Rhythm 2014



Hansen robot ablation procedure

Ullah et al H Rhythm 2014

Manual Robot p value

Procedure (min) 273 289 ns

Fluoroscopy (min) 50 46 ns

time to ablation 
start

31 43 <.0005

Catheter 
displacement

5 1 <.0005

1st time success 33% 24% ns



Catheter force sensing

Ullah et al PACE 2014

• Force sensor in catheter tip
• Feed-back on navigation interface
• No haptic feedback



Influence of contact force

• International multi-centre case cohort 
comparison 200 pts 

• Robot vs Manual, contact force vs no CF
• 1 year 1st time success

Ullah et al PACE 2014



CONTACT FORCE SENSING AND ABLATION

Figure 3. Kaplan-Meier curves for success rates over
12-month follow-up. CFS = contact force sensing;
RRN = remote robotic navigation.

case of the RRN group: dose for RRN no CFS was
4,013[2,695–6,881] cGy.cm2, and for RRN/CFS, it
was 1,022 [290–3,438] cGy.cm2 (P < 0.0005).

There were no significant differences between
groups in terms of complications (Table II).

CFS use significantly improved the procedu-
ral success rate over 12 months of follow-up for
RRN ablation (P = 0.037), but had no effect on
Manual ablation (P = 0.5; Fig. 3). At 12 months,
the success rates for the groups were 38% (19/50)
for Manual no CFS, 36% (18/50) for Manual/CFS,
36% (18/50) for RRN no CFS, and 64% (32/50)
for RRN/CFS. At this time point, the difference
between the RRN/CFS and RRN no CFS groups
was significant (P = 0.014), but this was not the
case for the Manual groups (P = 1).

Discussion
This international, multicenter study demon-

strated a significant improvement in the single
procedure success rate at 1 year for the first
time ablation of persistent AF in patients where
CFS was used with RRN compared with when
it was used with Manual ablation. There were
no significant differences in the procedure times
between the two CFS groups. The fluoroscopy
times were significantly lower when CFS was used
with RRN rather than Manual ablation. RRN/CFS
ablation was associated with a higher mean CF
and FTI than Manual/CFS ablation. Compared
with procedures performed without CFS, CFS use
was associated with a reduction in procedure
and fluoroscopy times for both manual and RRN
ablation, as well as an improvement in success
rates for RRN but not Manual ablation.

Primary Comparison—Manual/CFS versus
RRN/CFS

RRN/CFS was associated with a higher
success rate than Manual/CFS ablation. More of
the RRN/CFS patients had a CTI line ablated, but
the difference in success rates was not secondary
to a reduction in the incidence of atrial tachycardia
in the RRN/CFS group. A difference in success
rates between RRN and Manual ablation has
not previously been described.8–11 One possible
explanation may be the lower CFs with Manual
ablation observed in this study, where optimal CF
targets were not specified for any patient group.
Low CF in a WACA region predicts reconnection
acutely3 and at 3 months follow-up.4 Recent work
also suggests the ablation FTI may also be of
relevance to target during ablation.4,23 Adequate
CF during ablation is therefore important for the
efficacy of the AF ablation procedure. Ablation
with RRN in the current study was associated
with a higher mean CF. RRN ablation also was
associated with a higher FTI, driven by a higher
CF. We suspect the difference in CF is secondary to
the increased stiffness of robotic sheaths compared
with manual sheaths.

While the above is certainly one reason for
the improvement in success rates, if use of RRN
is associated with higher CF per se then one must
question why the results for ablation without CFS
have not been found to differ between the two
navigation modes in previous studies. While it
is recognized that indirect markers of catheter
contact such as tactile feedback and catheter
behavior on fluoroscopy are poor indicators of
CF in Manual ablation,6 in robotic ablation these
markers are likely even less reliable. It may be
here that without CFS, RRN use is associated
with extremes of CF, with suboptimal lesions in
poor contact or lesions in good (or perhaps even
excessive) contact being delivered: the use of CFS
data may therefore allow the operator to avoid
extremes of CF. This would therefore suggest that
the sheath-based Intellisense system incorporated
in RRN is inferior to catheter-tip-based CFS
technology. This does seem plausible as the former
has a lower CF sampling rate (4 Hz rather than 20
Hz) and is a proximal, sheath-based measurement
while the clinically relevant catheter contact
occurs distally, as measured directly by CFS.
Unfortunately, as CF information is not stored
by Intellisense, it is not possible to compare
measurements between the two technologies.

It may, therefore, be the case that the higher
success rates seen with RRN ablation were due
to fewer suboptimal lesions being delivered and
more lesions at adequate mean CF or FTI. Whether
it is simply the higher CF associated with RRN
ablation than Manual ablation that is important
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Influence of contact force

Ullah et al PACE 2014



What did we learn

• Keep robot simple
• Re-creating of humanoid experience may 

detract rather than enhance (e.g. haptics)
• Robotic manipulation only useful if combined 

with other “senses”



Future challenges

• Cost and complexity
• Limited applications



Human lung


