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The Consultant Site

The Tandberg 880 portable videoconference unit (Tandberg, New
York, NY) (fig. 1) is mounted on a mobile stand and is located in the
anesthesia preadmission clinic. The setup incorporates a monitor, a
camera, a desktop computer, and a digital stethoscope. When con-
nected to the remote site, the anesthesiologist can visualize, hear, and
auscultate the patient using the digital stethoscope system (AMD-
3550). The anesthesiologist inserts the digital stethoscope earpieces in
exactly the same manner as a conventional stethoscope. The audible
frequency range can be varied manually, depending on whether high-
pitched or low-pitched sounds are being auscultated.

Identification of Candidates and Prearrangements

Institutional research ethics board approval was obtained for the
study. Patient referrals were made by the surgeon’s office. Potential
candidates were identified by the preadmission booking clerk if their
address was located outside of the Greater Toronto Area and if a
telemedicine center was located near their home. The patient was then
contacted by telephone and asked whether he or she wished to
participate. An anesthesiologist with a special interest in telemedicine
was then contacted regarding the suitability for telemedicine consul-
tation. Patients who were mentally challenged, those who did not
reside near a telemedicine facility, and those with complex medical
issues that required additional preoperative investigations that were
unavailable at the distant telemedicine site were excluded.

For agreeable candidates, medical information was then requested
from the patient using the institutional preoperative patient question-

naire and from their family physician using the institutional preopera-
tive history and physical examination form.

Telemedicine Consultation

An anesthesiologist was present at the consultant site while a nurse
accompanied the patient at the remote site during anesthesia consul-
tation. The anesthesiologist took a history from the patient as in a
conventional consultation. Examination of the airway and respiratory
and cardiovascular systems was performed. Mouth opening and the
Mallampati score were assessed using the airway camera. The patient
was then turned, and a side-view visual assessment of the airway
profile, thyromental distance, and neck movement was made using the
room camera. The digital stethoscope was used to auscultate the heart
and lung sounds. The nurse at the remote center was instructed on the
positioning of the stethoscope on the patient’s chest and precordium.
The rest of the consultation was conducted as per a conventional
consultation.

Data Collection

Data were collected by an anesthesia research fellow. Degree of
satisfaction by the patient and consulting and attending anesthesiolo-
gist were graded on five-point Likert response scales.5 Postoperatively,
the patient was visited by the anesthesia research fellow and asked
whether he or she was satisfied with the telemedicine consultation.
The consulting anesthesiologist was asked to rate his satisfaction with
the telemedicine format after completion of the consultation. The
attending anesthesiologist was asked on the day of the operation to
rate his satisfaction with the telemedicine anesthesia consultation.

Results

Results from the first 10 consecutively completed tele-
medicine preadmission anesthetic consultations per-
formed in 2003 were shown. Two patients were male,
and eight were female. Four were had an American
Society of Anesthesiologists (ASA) physical status classi-
fication of II, and six had an ASA physical status classifi-
cation of III. The age of the patients was 58 ! 14 yr. The
time to complete the telemedicine anesthetic consulta-
tion was 31 ! 7 min.

Nine of 10 patients stated that they were highly satis-
fied, and 1 of 10 were satisfied with telemedicine anes-
thesia consultation. Four anesthesiologists performed
the telemedicine anesthesia consultation. Telemedicine
consultation was satisfactory to both the consulting an-
esthesiologist and to the attending anesthesiologist.
Eight of 10 consulting anesthesiologists were highly sat-
isfied, and 2 of 10 were satisfied with the telemedicine
consultation format. Ten of 10 attending anesthesiolo-
gists were highly satisfied with the preoperative anesthe-
sia consultation. There were no reports of missing infor-
mation from the attending anesthesiologists.

During preoperative screening, one patient was
deemed inappropriate for telemedicine anesthesia con-
sultation because he had obesity and inadequately inves-
tigated sleep apnea. The patient was assessed in person,
and additional investigations were performed. One pa-

Fig. 1. Portable telemedicine unit with the viewing monitor and
camera mounted on the unit.
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very popular in Europe, with a probable prevalence of
10–25% in cases of total intravenous anesthesia [6!!].
Delivery of the hypnotic or analgesic agent is achieved
using several pharmacokinetic algorithms, which control
infusion syringe pumps. Those algorithms are based on
the commonly used three-compartment model of distri-
bution and elimination of any given drug to and from its
receptor or target site (Fig. 1). Generally, they use the
bolus elimination transfer principle. These algorithms are
based on population studies correlating drug blood con-
centrations with target site concentrations. However,
TCI systems function as open-loop systems, in which
drugs are infused following pharmacokinetic algorithms
but the actual effect is not measured. The first TCI
system was the Diprifusor (Fresenius, Bad Homburg,
Germany; Fig. 2), a microprocessor-controlled infusion
pump, which necessitated the use of a special propofol
syringe, also manufactured by Fresenius. Until recently,
TCI systems were not available in North America; now,
Cardinal Health (Somerset, New Jersey, USA) has
received Canada Health approval for their newest TCI
pump. In comparison with the first generation TCI
systems, they are more sophisticated, offering the infu-
sion of propofol and opioids using a variety of pharma-
cokinetic models. The two most commonly used phar-
macokinetic models for the TCI infusion of propofol are
the Marsh and the Schnider models. Whereas the (older)
Marsh model does not use the patient’s age for dose
calculations, the Schnider model integrates BMI and age
for its calculations. One major difference between the
Marsh model and the Schnider model is the size of the
central compartment, with the Marsh model calculating

much bigger central compartment volumes. This differ-
ence results in a big difference when bolus or rapid
infusions are used. This results in less propofol infused
with the Schnider model, mostly during the initial period
of drug administration. In general, the clinical effects
occur more rapidly with the Marsh model (given the same
TCI effect-site concentration is chosen). The Schnider
model might be suitable for elderly patients.

First generation TCI pumps also only offered blood-
targeted TCI; in order to reach sufficient effect-site
concentrations, anesthesiologists often chose higher
(blood) TCI concentrations and reduced them after
the induction period; with the newer models, the actual
effect-site TCI can be chosen and adjustments need no
longer be made. As most TCI anesthesiologists also use
some kind of clinical effect monitor, for example a level
of consciousness monitor, these differences are less
important because they usually titrate the TCI concen-
tration to effect.

A recent review [7!!] demonstrated that the main
advantage of propofol TCI systems versus manual infu-
sion is the reduction in manual interventions needed to
maintain anesthesia titrated to clinical endpoints. There
is a small increase in total propofol consumption but no
advantage in terms of speed of induction, recovery time
or movements.

Recently, the concept of TCI of volatile anesthetics
has been made technically feasible by the creation of
two new anesthesia workstations, the ZEUS (Draeger
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Figure 1 Illustration of a pharmacokinetic three-compartment
model

Central compartment¼blood or plasma; second compartment¼drug
distribution into tissues of high perfusion; third compartment¼drug
distribution into tissues of poor perfusion; k21, k12, k31, k13, and
k1e¼distribution rate constants; k10¼ elimination rate from central
compartment; keo¼ elimination rate from effect site.

Figure 2 Illustration of a user interface of a typical target-
controlled infusion pump

Note the estimated time of emergence if the infusion is stopped.
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respiratory rate, to guarantee safe and secure operating
conditions.

In fact, the first commercial closed-loop sedation system
has just been presented and been considered as appro-
vable by the US Food and Drug Administration
(FDA). The SEDASYS (Johnson & Johnson, Los
Angeles, California, USA) is intended for the intravenous
administration of propofol for the initiation and
maintenance of minimal to moderate sedation in adult
patients [American Society of Anesthesiologists (ASA)
physical status I or II] undergoing colonoscopy and
endoscopy of the esophageogastroduodenal tract
(EGD) (http://www.asahq.org/news/asanews060409.htm).
The device continually monitors and records six patient
parameters, including oxygen saturation, respiratory
rate, heart rate, blood pressure, end-tidal carbon dioxide
and patient responsiveness. It automatically detects and
responds to signs of oversedation (oxygen desaturation
and low respiratory rate/apnea) by stopping or reducing
delivery of propofol, increasing oxygen delivery and
automatically instructing patients to take a deep breath.
Tests have been successfully performed in 1000 patients
in a pivotal study versus manual sedation using midazo-
lam and fentanyl or meperidine in patients undergoing
endoscopic procedures of the gastrointestinal tract (http://
www.jnj.com/connect/NewsArchive/all-news-archive/
20080520_000000). (No scientific publication is avail-
able yet for the SEDASYS system; this is the most

concise web-based information of a novel system creating
much debate.) Future studies –upon FDA approval –
need to confirm whether this device is safe in everyday
clinical use.

Pain control during decreased levels of consciousness
It is difficult to assess pain when communication with the
patient is impaired (sedation) or impossible (general
anesthesia). It is, therefore, necessary to use objective
parameters as an adequate reflection of pain in order to
design adequate closed-loop systems. Hemodynamic
parameters have mostly been used and found to be useful
in administering opioids during surgery [18]. A novel
score was recently presented [19] which uses blood
pressure and heart rate to create a score of !9 to 9
indicating either insufficient or too deep analgesia with
a zone of 3 to !3 regarded as optimal analgesia for
patients undergoing a variety of surgeries. This score
was successfully used for closed-loop remifentanil admin-
istration in a few patients and testing in a greater number
of patients should prove the more general usefulness of
such a score.

McSleepy: the first completely automatic anesthesia
delivery system
McSleepy is a closed-loop control system that monitors
the patient’s depth of consciousness, level of pain and
muscle movements throughout surgery and intrave-
nously administers appropriate doses of the respective
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Figure 3 Illustration of a typical closed-loop system

As an example, the elements of the McSleepy system are shown: PMG¼phonomyography; BIS¼bispectral index; Analgoscore.
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TECHNICAL COMMUNICATION

Robot-Assisted Regional Anesthesia:
A Simulated Demonstration
Patrick J. Tighe, MD,* S. J. Badiyan, MD,* I. Luria, MS,* Andre P. Boezaart, MD, PhD,*†
and S. Parekattil, MD‡

Recent advances in robotically assisted telesurgery offer expert surgical care for the geographi-
cally remote patient. Similar advances in teleanesthesia will be necessary to bring comparable
perioperative care to the geographically remote patient. Although many preliminary investi-
gations into teleanesthesia are underway, none involve remote performance of anesthesia-
related procedures. Herein, we describe the placement of ultrasound-guided nerve blocks into
an ultrasound phantom using the da Vinci multipurpose surgical robotic system (Intuitive
Surgical, Sunnyvale, CA). Both single-injection and perineural catheter techniques were
successfully performed by an operator who was not physically present at the bedside. (Anesth
Analg 2010;111:813–6)

Telemedicine has improved access to consultant-level
medical care by minimizing geographic limitations.
Similar advances in telesurgery may offer expert

surgical care for the geographically remote patient. Current
technologies allow expert surgeons to operate either in the
same room, or simply along the same data connection as
the patient.1–3 Historically, such surgical advances were
preceded by similar advances in anesthesia.

True to this paradigm, early investigations into telean-
esthesia are already underway. Remote vital sign monitor-
ing, automated anesthetic drug titration, and delivery,
herald exciting forays into teleanesthesia.4 However, none
of these efforts involve remote performance of regional
anesthesia-related procedures.

Herein, we report the first demonstration of a robotically
assisted simulated nerve block placement under ultrasound
(US) guidance. This effort culminated in the simulated
placement of a single-injection nerve block, and placement
of a perineural catheter, into a US phantom under real-time
US guidance.

METHODS
Equipment Compatibility
Instead of a procedure-specific device, this simulation used
the multipurpose da Vinci Surgical System Type S (DVS)
(Intuitive Surgical, Sunnyvale, CA). This system incorpo-
rates 4 separate robotic arms, with 1 that is mated to a
high-definition stereoscopic camera. The workstation al-
lows the person performing the procedure to view the

robot’s camera output, control the limbs, and receive simul-
taneous video input from third-party sources. At our
institution, the DVS operator console remains within the
same room as the DVS, but is located in a corner facing
away from the DVS and patient. The DVS is already in
widespread clinical use for a variety of urologic, gyneco-
logic, and cardiothoracic surgical procedures.5

Before simulated nerve block placement, we first
verified the ability of the DVS to grasp, manipulate, and
appropriately connect equipment involved in a periph-
eral nerve block. The DVS was able to grasp and ma-
nipulate the needle (StimuQuik 90 mm, 21 gauge; Arrow
International, Reading, PA), connect a luer-lock syringe
to the needle’s injection port, attach the needle’s stimu-
lator lead to a peripheral nerve stimulator (Stimuplex-
HNS12; B-Braun Medical, Inc., Bethlehem, PA), and operate
the peripheral nerve stimulator. The DVS was able to
stabilize and provide minor adjustments to the US probe
(S-Nerve, HFL38x transducer; SonoSite, Bothell, WA).
However, initial placement of the US probe required
manual assistance.

Single-Injection Simulation
After this test of equipment compatibility with the DVS, we
next attempted a simulated, US-guided single-injection
nerve block into a US phantom (Select Series Nerve Block
Ultrasound Phantom BPNB150; Blue Phantom, Red-
mond, WA). The US phantom was placed underneath the
DVS on an operating room stretcher. After manual
placement of the US probe, the simulated perineural
structures within the phantom were identified, and the
US probe was stabilized with the DVS. Manual control of
the US probe was then relinquished to the DVS for
further stabilization and fine-movement localizations of
pertinent structures.

All relevant equipment for nerve block placement was
placed adjacent to the phantom, within reach of the DVS.
Using small graspers, the block needle was then picked up
from the operating room bed and advanced at a 45-degree
angle to the phantom in-line with the US transducer (Fig.
1). To permit simultaneous visualization of US and DVS
camera video output, the US was connected to the DVS
using the TilePro video system (Intuitive Surgical). The
DVS operator could thus monitor the needle position in

From the *Department of Anesthesiology and the †Department of Ortho-
paedics and Rehabilitation, University of Florida College of Medicine,
Gainesville, Florida; ‡Department of Urology, University of Florida COM.
Accepted for publication March 26, 2010.
Supported by the Department of Anesthesiology, University of Florida
College of Medicine, and National Institutes of Health (NIH) grant UL1
RR029890 Clinical and Translational Science Award, NIH (NCRR).
Disclosure: The authors report no conflicts of interest.
Supplemental digital content is available for this article. Direct URL citations
appear in the printed text and are provided in the HTML and PDF versions
of this article on the journal’s Web site (www.anesthesia-analgesia.org).
Address correspondence and reprint requests to Patrick J. Tighe, MD,
University of Florida College of Medicine, PO Box 100254, Gainesville, FL
32610-0254. Address e-mail to ptighe@anest.ufl.edu.
Copyright © 2010 International Anesthesia Research Society
DOI: 10.1213/ANE.0b013e3181e66386

September 2010 • Volume 111 • Number 3 www.anesthesia-analgesia.org 813

Tighe PJ, Badiyan SJ, Luria I, Boezaart AP, Parekattil S. Technical communication: robot-assisted regional anesthesia: a simulated demonstration. Anesth 
Analg. 2010 Sep.;111(3):813–816.  

Robots and Nerve Blocks 

Tighe PJ, Badiyan SJ, Luria I, Boezaart AP, Parekattil S. Technical communication: robot-assisted regional anesthesia: a simulated demonstration. Anesth 
Analg. 2010 Sep.;111(3):813–816.  

Robots and Nerve Blocks 

both real space and US space without turning away from
the DVS console (Figs. 2 and 3). The phantom did not
permit modeling of nerve stimulation thresholds, although
the DVS video capabilities permit input of additional video
sources that may be directed toward relevant anatomic
structures.

Perineural Catheter Placement Simulation
Having simulated placement of a single-injection nerve
block, we attempted placement of a perineural catheter. We
first manually opened a 60-cm, 19-gauge stimulating cath-
eter kit (StimuCath; Arrow International) and manually
removed all packaging from this kit. No medication am-
poules were opened via the DVS because of concern for
damage to the DVS. The DVS then unwound the stimulat-
ing catheter and removed its cap. A stimulating clip was
placed on the Tuohy needle. US transducer placement on
the phantom proceeded as noted above, and the Tuohy
needle was advanced at a 45-degree angle to the phantom

using an approach out of plane with the US transducer.
After entry into the phantom, the Tuohy needle was
directed by the DVS to a cavitary structure within the
phantom under real-time US guidance. Visualization was
again assisted by the TilePro video system as described
above. The stylet was then removed, and the perineural
catheter advanced into the needle 4 cm beyond the needle
tip. The needle was then removed from the phantom over
the catheter while the catheter remained fixed in position.
The catheter stylet was then removed from the catheter to
permit complete removal of the Tuohy needle from the
indwelling perineural catheter. An injection port adaptor
was then manually placed over the free end of the
perineural catheter (Video 1 clip, see Supplemental Digi-
tal Content 1, http://links.lww.com/AA/A159).

DISCUSSION
This simulation proved that robotic-assisted regional anes-
thesia is feasible using existing clinical equipment. The DVS
easily adapted off-the-shelf equipment for US-guided
placement of both single-injection and perineural catheter-
based nerve blocks. Additionally, the DVS easily connected
and adjusted nerve stimulation equipment, suggesting that
similar techniques could be applied to a stimulating needle
or catheter-based approach to robotically assisted nerve
block. No permanent modifications to robotic or nerve
block equipment were required for successful completion
of this simulation.

The geographic independence of the DVS lies in part
with its video system. Aside from the stereoscopic high-
definition display, we were easily able to add video from
the US video output directly to the workstation viewport.
We displayed the workstation view on a supplemental
monitor to assist with communication during this simula-
tion. As with prior experience with robotic urologic proce-
dures involving multiple sensory modalities, the robot
operator did not have to divert attention away from the
workstation to check on the robot’s status when using this
multiple-input video system.6,7

Although the DVS completed the majority of tasks
without manual intervention, several steps were not roboti-
cally feasible. Most of these tasks, such as initial placement
of the US transducer, were limited by graspers that were

Figure 1. The da Vinci system permitted
simultaneous visualization of both ultra-
sound imagery and needle manipulation
external to the phantom surface, and
this video output was portable to addi-
tional external displays as seen here.

Figure 2. The simulated robotically assisted nerve block required 2
robotic arms. One arm was used for needle manipulation, and the
second supported and provided minute adjustments of the ultra-
sound probe. A third arm was available to assist with manipulation
with other equipment used during nerve block placement. The
robotic camera angle permitted simultaneous visualization of the
ultrasound probe–phantom interface, and needle position.
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both real space and US space without turning away from
the DVS console (Figs. 2 and 3). The phantom did not
permit modeling of nerve stimulation thresholds, although
the DVS video capabilities permit input of additional video
sources that may be directed toward relevant anatomic
structures.
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needle was advanced at a 45-degree angle to the phantom
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After entry into the phantom, the Tuohy needle was
directed by the DVS to a cavitary structure within the
phantom under real-time US guidance. Visualization was
again assisted by the TilePro video system as described
above. The stylet was then removed, and the perineural
catheter advanced into the needle 4 cm beyond the needle
tip. The needle was then removed from the phantom over
the catheter while the catheter remained fixed in position.
The catheter stylet was then removed from the catheter to
permit complete removal of the Tuohy needle from the
indwelling perineural catheter. An injection port adaptor
was then manually placed over the free end of the
perineural catheter (Video 1 clip, see Supplemental Digi-
tal Content 1, http://links.lww.com/AA/A159).
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This simulation proved that robotic-assisted regional anes-
thesia is feasible using existing clinical equipment. The DVS
easily adapted off-the-shelf equipment for US-guided
placement of both single-injection and perineural catheter-
based nerve blocks. Additionally, the DVS easily connected
and adjusted nerve stimulation equipment, suggesting that
similar techniques could be applied to a stimulating needle
or catheter-based approach to robotically assisted nerve
block. No permanent modifications to robotic or nerve
block equipment were required for successful completion
of this simulation.

The geographic independence of the DVS lies in part
with its video system. Aside from the stereoscopic high-
definition display, we were easily able to add video from
the US video output directly to the workstation viewport.
We displayed the workstation view on a supplemental
monitor to assist with communication during this simula-
tion. As with prior experience with robotic urologic proce-
dures involving multiple sensory modalities, the robot
operator did not have to divert attention away from the
workstation to check on the robot’s status when using this
multiple-input video system.6,7

Although the DVS completed the majority of tasks
without manual intervention, several steps were not roboti-
cally feasible. Most of these tasks, such as initial placement
of the US transducer, were limited by graspers that were

Figure 1. The da Vinci system permitted
simultaneous visualization of both ultra-
sound imagery and needle manipulation
external to the phantom surface, and
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Figure 2. The simulated robotically assisted nerve block required 2
robotic arms. One arm was used for needle manipulation, and the
second supported and provided minute adjustments of the ultra-
sound probe. A third arm was available to assist with manipulation
with other equipment used during nerve block placement. The
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too small for the target objects. Other actions, such as
opening of medication ampoules, required too much force
for the DVS to safely apply, and other procedures would
have benefited from more robotic arms.

Although most robotic actions were intuitive for the DVS
operator, several actions easily completed with the human
hand were not so easily mimicked by the robotic grasper.
Those tasks requiring in-line manipulation of rigid structures,
such as styletting the Tuohy needle, required both proper
camera angles and advanced 3-dimensional movement skills.
Repetitive movements over short distances, especially rota-
tional movements such as luer-lock connections, required
considerable dexterity. However, the ability to lock a DVS
arm in position proved most helpful in many situations. For
instance, this capability improved removal of the Tuohy

needle over the catheter, and successfully stabilized the US
image once transducer placement was optimized.

Despite the considerable capabilities demonstrated in
this study by the DVS, obvious questions concerning cost,
efficiency, and feasibility abound. Indeed, the multimillion
dollar price tag of the DVS system presents a significant
barrier to widespread deployment. Two engineers, an
anesthesiologist, and a urologist were required to engineer
this simulated exercise, underscoring the human support
necessary to complete these tasks. Continual patient moni-
toring, a critical feature during any nerve block placement,
was not addressed during this demonstration. Clearly,
physician presence would be required for such robotically
assisted anesthetic procedures to provide ongoing patient
care and manage potential complications. Even if opti-
mized for anesthetic practice, robotic-assisted anesthetic
procedures are not likely to become a part of routine
anesthetic practice.

This study demonstrated that a multipurpose surgical
robot could be adapted for simulated nerve block place-
ment. However, significant limitations limit robotically
assisted nerve block placement to the strictly experimen-
tal realm for the foreseeable future. Simultaneous devel-
opment of task-specific robots, and methods for use with
generalized robotic platforms, may be warranted in view
of the contradictory features inherent to each approach.
Regardless of the approach, future studies will be neces-
sary to optimize robotic interfaces with other nerve block
equipment.

APPENDIX: VIDEO CAPTION
Video 1: Video demonstrating the manipulation and placement of a
perineural catheter. Stabilization of the needle, catheter, and guide-
wire was significantly enhanced by the third arm, which could be
locked into position during coordinated movements with the other
robotic arms. Such stabilization was also quite helpful during
removal of the Tuohy needle over the catheter.
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hand were not so easily mimicked by the robotic grasper.
Those tasks requiring in-line manipulation of rigid structures,
such as styletting the Tuohy needle, required both proper
camera angles and advanced 3-dimensional movement skills.
Repetitive movements over short distances, especially rota-
tional movements such as luer-lock connections, required
considerable dexterity. However, the ability to lock a DVS
arm in position proved most helpful in many situations. For
instance, this capability improved removal of the Tuohy

needle over the catheter, and successfully stabilized the US
image once transducer placement was optimized.

Despite the considerable capabilities demonstrated in
this study by the DVS, obvious questions concerning cost,
efficiency, and feasibility abound. Indeed, the multimillion
dollar price tag of the DVS system presents a significant
barrier to widespread deployment. Two engineers, an
anesthesiologist, and a urologist were required to engineer
this simulated exercise, underscoring the human support
necessary to complete these tasks. Continual patient moni-
toring, a critical feature during any nerve block placement,
was not addressed during this demonstration. Clearly,
physician presence would be required for such robotically
assisted anesthetic procedures to provide ongoing patient
care and manage potential complications. Even if opti-
mized for anesthetic practice, robotic-assisted anesthetic
procedures are not likely to become a part of routine
anesthetic practice.

This study demonstrated that a multipurpose surgical
robot could be adapted for simulated nerve block place-
ment. However, significant limitations limit robotically
assisted nerve block placement to the strictly experimen-
tal realm for the foreseeable future. Simultaneous devel-
opment of task-specific robots, and methods for use with
generalized robotic platforms, may be warranted in view
of the contradictory features inherent to each approach.
Regardless of the approach, future studies will be neces-
sary to optimize robotic interfaces with other nerve block
equipment.

APPENDIX: VIDEO CAPTION
Video 1: Video demonstrating the manipulation and placement of a
perineural catheter. Stabilization of the needle, catheter, and guide-
wire was significantly enhanced by the third arm, which could be
locked into position during coordinated movements with the other
robotic arms. Such stabilization was also quite helpful during
removal of the Tuohy needle over the catheter.
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both real space and US space without turning away from
the DVS console (Figs. 2 and 3). The phantom did not
permit modeling of nerve stimulation thresholds, although
the DVS video capabilities permit input of additional video
sources that may be directed toward relevant anatomic
structures.

Perineural Catheter Placement Simulation
Having simulated placement of a single-injection nerve
block, we attempted placement of a perineural catheter. We
first manually opened a 60-cm, 19-gauge stimulating cath-
eter kit (StimuCath; Arrow International) and manually
removed all packaging from this kit. No medication am-
poules were opened via the DVS because of concern for
damage to the DVS. The DVS then unwound the stimulat-
ing catheter and removed its cap. A stimulating clip was
placed on the Tuohy needle. US transducer placement on
the phantom proceeded as noted above, and the Tuohy
needle was advanced at a 45-degree angle to the phantom

using an approach out of plane with the US transducer.
After entry into the phantom, the Tuohy needle was
directed by the DVS to a cavitary structure within the
phantom under real-time US guidance. Visualization was
again assisted by the TilePro video system as described
above. The stylet was then removed, and the perineural
catheter advanced into the needle 4 cm beyond the needle
tip. The needle was then removed from the phantom over
the catheter while the catheter remained fixed in position.
The catheter stylet was then removed from the catheter to
permit complete removal of the Tuohy needle from the
indwelling perineural catheter. An injection port adaptor
was then manually placed over the free end of the
perineural catheter (Video 1 clip, see Supplemental Digi-
tal Content 1, http://links.lww.com/AA/A159).

DISCUSSION
This simulation proved that robotic-assisted regional anes-
thesia is feasible using existing clinical equipment. The DVS
easily adapted off-the-shelf equipment for US-guided
placement of both single-injection and perineural catheter-
based nerve blocks. Additionally, the DVS easily connected
and adjusted nerve stimulation equipment, suggesting that
similar techniques could be applied to a stimulating needle
or catheter-based approach to robotically assisted nerve
block. No permanent modifications to robotic or nerve
block equipment were required for successful completion
of this simulation.

The geographic independence of the DVS lies in part
with its video system. Aside from the stereoscopic high-
definition display, we were easily able to add video from
the US video output directly to the workstation viewport.
We displayed the workstation view on a supplemental
monitor to assist with communication during this simula-
tion. As with prior experience with robotic urologic proce-
dures involving multiple sensory modalities, the robot
operator did not have to divert attention away from the
workstation to check on the robot’s status when using this
multiple-input video system.6,7

Although the DVS completed the majority of tasks
without manual intervention, several steps were not roboti-
cally feasible. Most of these tasks, such as initial placement
of the US transducer, were limited by graspers that were

Figure 1. The da Vinci system permitted
simultaneous visualization of both ultra-
sound imagery and needle manipulation
external to the phantom surface, and
this video output was portable to addi-
tional external displays as seen here.

Figure 2. The simulated robotically assisted nerve block required 2
robotic arms. One arm was used for needle manipulation, and the
second supported and provided minute adjustments of the ultra-
sound probe. A third arm was available to assist with manipulation
with other equipment used during nerve block placement. The
robotic camera angle permitted simultaneous visualization of the
ultrasound probe–phantom interface, and needle position.
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Robot-Assisted Airway Support: A Simulated Case
Patrick J. Tighe, MD, S. J. Badiyan, MD, I. Luria, BS, MS, S. Lampotang, PhD, and S. Parekattil, MD

Recent advances in telemedicine and robotically assisted telesurgery may offer advanced
surgical care for the geographically remote patient. Similar advances in tele-anesthesia will be
necessary to optimize perioperative care for these patients. Although many preliminary
investigations into tele-anesthesia are underway, none involves remote performance of
anesthesia-related procedures. Here we describe simulated robotically assisted fiberoptic
intubations using an airway simulation mannequin. Both oral and nasal approaches to
fiberoptic intubation were successful, but presented unique opportunities and challenges
inherent to the robot’s design. Robotically assisted airway management is feasible using
multipurpose surgical robotic systems. (Anesth Analg 2010;111:929–31)

Telemedicine has improved access to consultant-level
medical care by minimizing geographic obstacles.
Similar advances in telesurgery could offer expert

surgical care for the geographically remote patient. Such
surgical advances have been historically preceded by simi-
lar advances in anesthesia. True to this paradigm, early
investigations into tele-anesthesia are already underway.1

However, none of these efforts has tackled one of the
central tenets of anesthesiology: airway management.

In this report we present what we believe to be the first
description of a simulated robotically assisted fiberoptic
intubation. Instead of a procedure-specific device, we used
the multipurpose DaVinci Surgical System type S (DVS)
(Intuitive Surgical, Sunnyvale, California). This system
incorporates 4 separate robotic arms, 1 of which is mated to
a high-definition stereoscopic camera. The workstation
allows the person performing the procedure to view the
robot’s camera output, control the limbs, and receive simul-
taneous video input from third-party sources.2,3 The DVS is
already in widespread clinical use for a variety of urologic,
gynecologic, and cardiothoracic surgical procedures.4 In
this study involving an airway mannequin, we successfully
used the DVS for both oral and nasal fiberoptic intubation.

METHODS
An adult airway mannequin was placed at the head of a
standard operating room bed. A stereoscopic video camera
(DaVinci Surgical System, Intuitive Surgical) was mated to
the first robotic arm. This arm was situated above the
mannequin in a sagittal plane, angled to view the manne-
quin from a caudal to rostral fashion. The second and third
arms were equipped with large and small graspers (Figs. 1
and 2). The fourth arm was equipped with a standard

fiberoptic bronchoscope (Karl Storz Endoscopy, El Seg-
undo, California). The trocars used for mounting standard
robotic instruments were removed from this arm, allowing
the bronchoscope handle to slide into the mounting
bracket. The bronchoscope handle was oriented to keep the
tip actuator lever facing away from the arm, with the
suction port positioned to the side (Fig. 3). An external
brace was required to keep the bronchoscope firmly seated
within the arm during manipulation of the actuator.

We manually loaded the endotracheal tube onto the
bronchoscope. A camera was attached to the bronchoscope
and connected to the DVS Tilepro multivideo input system
(Intuitive Surgical, Sunnyvale, California), allowing simul-
taneous viewing of both the robot camera and broncho-
scope camera in a single three-dimensional view (Fig. 4).

Before attempting intubation, the urologist spent ap-
proximately 2 hours performing robotic dexterity exercises
with the robotic surgical instruments and operator console.
After training was complete, an anesthesiologist manually
placed the bronchoscope tip within the oropharnyx, and a
urologist (S. Parekattil) used robot arms 2 and 3 to adjust
the bronchoscope actuator and steer the bronchosc-
ope tip into the hypopharynx and through the vocal
cords (Video 1; see Supplemental Digital Content 1,
http://links.lww.com/AA/A171; see the Appendix for
video legend). Next the bronchoscope tip was placed
external to the nare, an anesthesiologist manually ad-
vanced and rotated the bronchoscope, and an urologist
used the robot to steer the tip into the hypopharynx and
through the vocal cords.

RESULTS
Two intubation attempts were completed for this dem-
onstration. During oral intubation, it took 75 seconds to
advance the bronchoscope tip from the oropharynx to
carinal visualization. For nasal intubation, it took 67
seconds to advance the tip from nasal entry to carinal
visualization.

DISCUSSION
Fiberoptic intubation is feasible with robotic equipment.
We did not encounter significant differences between the
nasal and oral intubation routes. Even if optimized for
anesthetic practice, robotic-assisted anesthetic procedures
are not likely to become a part of routine anesthetic
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practice. Their optimal role may ultimately be for environ-
ments hazardous to routine anesthetic practice, such as the
battlefield or space-based environments.5

Our initial attempts at robotic-assisted intubation fo-
cused on direct laryngoscopy. However, we had consider-
able difficulty using the DVS robotic graspers to lift and
manipulate both Macintosh and Miller laryngoscope light
handles. Direct endotracheal tube manipulation with the
DVS was quite challenging. On the other hand, the focus of
the DVS on small-scale manipulation, coupled with its
multiaxis flexibility and unifying video input, suggested
that fiberoptic approaches to airway management would
capitalize on the capabilities of the DVS.

The robot operator controls the DVS through a dedi-
cated workstation in a corner of the operating room. The
workstation could easily be placed in another room, build-
ing, or continent.6,7 Traditionally, such distances have been
limited by latencies between user input, robot action, and
robot-user feedback.8 Progress in adapting data packet
transmission along existing telecommunication systems has
minimized such limitations,9 allowing long-distance ro-
botic telesurgery with acceptable latencies. 10

Ideally, this exercise would have required zero nonro-
botic interventions. However, because of the cost of the
bronchoscope, we elected to accept a loss in simulation
fidelity to minimize potential damage to the costly equip-
ment. Further work will be necessary to explore how well
the DVS can rotate and advance a bronchoscope tip.

Our experience indicates that because of the support and
preparation required for robotically assisted intubation, cur-
rent systems are not ready for such deployment into complex
operating environments. The bedside presence of the anesthe-
siologist was necessary even in this focused simulation to
assist with important maneuvers necessary during robotically
assisted fiberoptic intubation. Furthermore, this exercise did

Figure 1. Schematic depicting the arrangement of the DaVinci
Surgical System type S (DVS), bronchoscope, and airway
mannequin.

Figure 2. Schematic depicting the arrangement of the DaVinci
Surgical System type S (DVS), bronchoscope, and airway
mannequin.

Figure 3. The handle of the bronchoscope was positioned into a
robotic arm. Two other robotic arms were fitted with graspers and
used to control the flexion and extension of the bronchoscope tip.

Figure 4. Image from the DaVinci workstation during the roboti-
cally assisted fiberoptic intubation. The robot operator can simul-
taneously visualize video output from both the bronchoscope and
the robot’s main camera without turning attention away from the
workstation.
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handles. Direct endotracheal tube manipulation with the
DVS was quite challenging. On the other hand, the focus of
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multiaxis flexibility and unifying video input, suggested
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Ideally, this exercise would have required zero nonro-
botic interventions. However, because of the cost of the
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ment. Further work will be necessary to explore how well
the DVS can rotate and advance a bronchoscope tip.

Our experience indicates that because of the support and
preparation required for robotically assisted intubation, cur-
rent systems are not ready for such deployment into complex
operating environments. The bedside presence of the anesthe-
siologist was necessary even in this focused simulation to
assist with important maneuvers necessary during robotically
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Figure 1. Schematic depicting the arrangement of the DaVinci
Surgical System type S (DVS), bronchoscope, and airway
mannequin.

Figure 2. Schematic depicting the arrangement of the DaVinci
Surgical System type S (DVS), bronchoscope, and airway
mannequin.

Figure 3. The handle of the bronchoscope was positioned into a
robotic arm. Two other robotic arms were fitted with graspers and
used to control the flexion and extension of the bronchoscope tip.

Figure 4. Image from the DaVinci workstation during the roboti-
cally assisted fiberoptic intubation. The robot operator can simul-
taneously visualize video output from both the bronchoscope and
the robot’s main camera without turning attention away from the
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manipulate both Macintosh and Miller laryngoscope light
handles. Direct endotracheal tube manipulation with the
DVS was quite challenging. On the other hand, the focus of
the DVS on small-scale manipulation, coupled with its
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capitalize on the capabilities of the DVS.
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ing, or continent.6,7 Traditionally, such distances have been
limited by latencies between user input, robot action, and
robot-user feedback.8 Progress in adapting data packet
transmission along existing telecommunication systems has
minimized such limitations,9 allowing long-distance ro-
botic telesurgery with acceptable latencies. 10

Ideally, this exercise would have required zero nonro-
botic interventions. However, because of the cost of the
bronchoscope, we elected to accept a loss in simulation
fidelity to minimize potential damage to the costly equip-
ment. Further work will be necessary to explore how well
the DVS can rotate and advance a bronchoscope tip.

Our experience indicates that because of the support and
preparation required for robotically assisted intubation, cur-
rent systems are not ready for such deployment into complex
operating environments. The bedside presence of the anesthe-
siologist was necessary even in this focused simulation to
assist with important maneuvers necessary during robotically
assisted fiberoptic intubation. Furthermore, this exercise did
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used to control the flexion and extension of the bronchoscope tip.
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