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Abstract: The advent of trans-oral robotic surgery (TORS) has facilitated removal of

tumors previously deemed unresectable, by providing access to the deep structures of the

head and neck. Despite this, the wider dissemination of TORS has been restricted due to

issues with line of access, as the da Vinci robot was never designed with head and neck

surgery in mind. Flexible instruments and novel energy delivery devices offer great potential

in overcoming some of the existing challenges surrounding TORS. This review aimed to

summarize the existing literature surrounding energy delivery in TORS and highlight areas

of future innovation. MEDLINE was searched for studies relating to energy delivery in

TORS in November 2019. The existing literature surrounding monopolar and bipolar

electrocautery, LASER (CO2, Tm:YAG and blue LASER), Ligasure and Harmonic was

reviewed. Additionally, the latest iteration of the da Vinci; the SP, and the FLEX robot

were evaluated as novel methods of energy delivery in TORS. Overall, these novel energy

devices and robotic systems are predicted to further improve energy delivery to the head and

neck. The use of flexible LASER in particular is well substantiated in the literature. This has

the potential to achieve treatment de-escalation, based on the excellent outcomes demon-

strated for disease-free margins and post-operative morbidity.
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Introduction
The dawn of robotics in Ear, Nose and Throat Surgery (ENT) within the last 15

years has revolutionized treatment for head and neck malignancy. Trans-oral robotic

surgery (TORS) thus far has provided surgeons with access to the deep structures of

the head and neck through the natural orifice of the mouth to facilitate tumor

resection using the most widely disseminated da Vinci robotic system (Intuitive

Surgical®, Sunnyvale, California). TORS has armored the surgeon with a tool

which can offer both improved functional preservation and reduced morbidity,

compared to conventional treatment.

Since the patent on the da Vinci recently expired, this has paved the way for

new systems to enter the market. In addition to its substantial cost, wider diffusion

of TORS has been restricted by the lack of flexibility and limited instrumentation

offered by the da Vinci. The system was never designed with the head and neck in

mind, giving rise to a number of criticisms surrounding its ergonomics. Newer

systems, in addition to later iterations of the da Vinci, have set out to provide

a more fit-for-purpose machine for use in head and neck surgery, through the use of

single-port access, flexible instruments and novel energy delivery devices. This

dissertation intends to review the existing literature surrounding energy delivery in
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existing and novel robotic systems and highlight potential

areas for future innovation.

A Brief History of Robotic Surgery
in ENT
Prior to the 1990s, open surgery was the mainstay of treat-

ment for head and neck malignancies.1 Due to the poor

results of such radical open surgery, this was later replaced

by chemoradiotherapy, which appeared to achieve equiva-

lent locoregional disease control and survival outcomes,

with less associated morbidity. Despite its advantages, con-

cerns began to arise about chemoradiotherapy-related toxi-

cities and the vast functional implications on speech and

swallowing.

This era of head and neck cancer treatment coincided

with a dramatic increase in the incidence of HPV-related

head and neck malignancy. Prognostically, being HPV

positive appears to offer patients an advantage over their

HPV negative counterparts.2 The notion, however, of the

typically younger non-smoking and non-drinking cohort of

patients affected by HPV being afflicted with the drastic

functional implications of existing treatment gave rise to

the concept of treatment de-escalation. The aim of treat-

ment de-escalation was to minimize treatment intensity

and hence reduce the rate of treatment-related toxicities,

with their ensuing impact of speech and swallowing.1

Interest in surgery as first-line treatment was thereby rein-

vigorated, which corresponded with the advent of TORS.

TORS was first introduced in 2005, when O’Malley

and Weinstein at the University of Pennsylvania completed

the first trans-oral resection of a tongue base tumor using

the da Vinci robot,3 after demonstrating proof-of-concept

with a supraglottic laryngectomy in a canine model.4 The

use of TORS subsequently expanded to laryngeal, oro-

pharyngeal, hypopharyngeal and parapharyngeal sites.

Using the mouth as a natural orifice has pioneered natural

orifice trans-luminal endoscopic surgery (NOTES) in ENT,

thereby obviating the need for lip and jaw splitting. Over

time, TORS has also been incorporated into NICE gui-

dance for the management of carcinoma of unknown pri-

mary (CUP) tumors,5 in addition to its use in benign

disease such as obstructive sleep apnea (OSA), for those

intolerant to continuous positive airway pressure (CPAP).6

TORS has proven advantageous over its open prede-

cessor for a number of reasons. Firstly, it removes the need

for a mandibular split to provide access to the operative

site. TORS using the da Vinci also provides the surgeon

with a three-dimensional view and endo-wristed instru-

ments with seven degrees of freedom, thereby ameliorat-

ing surgical dexterity.7 In contrast to trans-oral LASER

microsurgery (TLM), where line-of-sight can be

a significant issue, tumors can be resected en-bloc using

TORS, maintaining the essential surgical oncology princi-

ple not to remove the tumor piecemeal. This also permits

better histopathological assessment of the tumor; of great

importance when considering treatment de-escalation.8

TORS has opened up the possibility of surgery for

many patients whose malignant disease may have been

previously unresectable.9 The advent of TORS for both

malignant and benign disease is therefore expanding sur-

gery to a new cohort of patients, and its uptake is predicted

to continue, replacing trans-oral LASER microsurgery as

the mainstay of treatment for selected patients.1,10 Its

uptake will further increase, however, if some of the

limitations of existing tools and instruments can be over-

come. Work has already begun in this area, which is

proving to be an exciting field of technological innovation

in surgical robotics.

Current Physical Challenges in TORS
There are a number of salient physical challenges that the

TORS surgeon will face when operating using the da

Vinci. Despite a number of tools being available with the

da Vinci, the variety of instruments offered are somewhat

more limited than in open surgery. Additionally, changing

tools intra-operatively can prove disruptive and slow, as

this involves the assistant de-mounting the first tool from

the robotic arm, and exchanging it (and re-aligning it) with

a new one. Naturally, this leads to intra-operative stagna-

tion, thereby increasing operating time and temporarily

diverting the operating surgeon’s attention away from the

operative site.

In addition, historically, directing a carbon dioxide

(CO2) light amplification by stimulated emission of radia-

tion (LASER) through a metal endoscope has demon-

strated extremely limited access to the head and neck,

due to the rigid axis the LASER follows when used in

this way.11,12 As a result of the greater flexibility offered

with TORS, resection of previously inaccessible tumors

has now become possible, albeit however with associated

challenges. Principally, TORS instruments must be small

enough, flexible enough, and precise enough to achieve

accurate tissue dissection. Only two of the three arms can

be used with the standard da Vinci, however, due to the

space restrictions via trans-oral approach. Not only this,
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but tissue must be kept cool, to avoid thermal injury to

critical structures in surrounding areas in a limited space

with narrow safety margins.

Tissue preservation is essential in oropharyngeal can-

cer, so it is imperative that this is considered during

instrument selection. The “ideal” instrument for TORS

would allow dissection of the tumor en-bloc, permitting

clear histopathological analysis. Both lymphovascular

invasion and invasion front can be more easily evaluated

in a cleanly dissected specimen, as can resection margins.

Achieving disease-free margins whilst minimizing

damage to healthy tissue is therefore an essential balance

needed to treat malignant disease, whilst preserving func-

tion. Additionally, achieving good surgical margins with-

out requiring extra tissue dissection due to thermal artifact

is essential in terms of functional preservation. Current

instruments used in TORS offer a compromise between

these factors, in addition to speed of operating, reducing

primary and secondary bleeding, cost, and local availabil-

ity. Therefore, the innovation of an “ideal” energy device

that can feasibly be implemented into everyday practice

remains theoretical.

Research Question
Given the limitations of currently used robotic energy

delivery devices, novel innovations have plenty of scope

to ameliorate existing technology. As such, the following

research question was generated:

How do new robotic systems and instruments aim to

improve access and energy delivery to target tissues?

Aims
1. To review existing literature to evaluate existing

energy delivery methods in robotic head and neck

surgery.

2. To identify key areas of development in energy

delivery, through new energy devices and new

robotic systems.

3. To discuss potential future innovations in “the ideal

robotic energy delivery device”.

Search Strategy
MEDLINE was searched in November 2019 and two sepa-

rate searches were carried out. From preliminary literature

scoping, LASER was cited as a key energy device to review;

therefore, a search was performed focusing on this.

Similarly, a separate search was carried out to obtain litera-

ture surrounding next-generation robots used in TORS.

For the LASER search, keywords used were:

1. Transoral* or TORS or trans-oral*

2. Head adj2 neck

3. Head and neck surgery

4. Robotic surgical procedures

5. Robot*

6. 1 or 2 or 3

7. 4 or 5

8. Laser

9. 6 and 7 and 8

For the next-generation robots search, keywords used were:

1. Transoral* or TORS or trans-oral*

2. Head adj2 neck

3. Head and neck surgery

4. Robotic surgical procedures

5. Robot*

6. Flex or Versius or Verb or Sport or da Vinci SP

7. (((Cambridge medical or Johnson) adj1 Johnson) or

Titan or Intuitive or Medrobotics) and robot*

8. 1 or 2 or 3

9. 4 or 5

10. 6 and 9

11. 8 and 10

12. 7 and 8 and 9

13. 11 or 12

MeSH terms were trialed in initial design of the search

strategy; however, due to the relative novelty of the sub-

ject area, MeSH terms available were generating inferior

search results compared to keywords alone. A decision to

search using keywords only was therefore made, to max-

imize search quality and inclusion of relevant studies.

Results were restricted to English-language studies

only. Covidence was used for screening, removal of dupli-

cate studies, and subsequent exclusion of papers by

abstract screening. Studies were excluded from both

searches if they included pediatric patients, did not pertain

to head and neck surgery, did not discuss energy devices,

or did not include TORS patients. Full-text articles were

screened after short-listing, prior to commencing the

review.

Figures 1 and 2 show results breakdowns of both

searches.
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Additional literature was identified by evaluating the

references in included papers through snowballing.

Finally, a search of gray literature was carried out to

ensure that the latest available data concerning TORS

were included that may not have been previously pub-

lished in peer-reviewed journals.

Importance of Disease-Free Margins
There is great emphasis on the importance of negative

margins in patients undergoing TORS for head and neck

cancer. Over one-third of surgical cases have positive

margins due to tumor infiltration or due to anatomical

restrictions on the resection secondary to nearby critical

Figure 1 LASER search.

Figure 2 Next-generation robots search.
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structures.13 If positive margins are seen, residual disease

may lead to locoregional recurrence, and therefore subse-

quently directs decisions regarding treatment escalation.

As a result, there has been abundant interest in the impact

of surgical approach on margin status.

A systematic review and meta-analysis by Gorphe and

Simon was published in November 2019, which assessed

the incidence of positive surgical margins in TORS for

oropharyngeal cancer and attempted to identify the factors

associated with positive margins.14 Amongst a rather het-

erogeneous 42 articles included, the total rate of positive

margins in conventional trans-oral surgery, TLM, and

TORS was 7.8%; however, there was a broad range of

what defined a positive margin. Four articles reported

specific margins of disease-free tissue around the tumor

of between 10 and 15 mm, another 14 papers classified

margins as “positive”, “close”, or “negative”. Definitions

of even these terms varied, however, or were even absent,

and the final 28 studies reported margins as just “positive”

or “negative”. Positive margins were associated with

poorer locoregional control (OR 3.651 [1.691, 7.882]),

although the five included studies which provided data

on this were heterogenous, with an I2 value = 93.4%.

The use of intra-operative frozen sections reduced the

risk of positive margins. Conversely, T4 disease was

related to an increased risk of positive margins. Due to

the short-term follow-up periods in most studies included

in the review, the impact of margins on disease-free survi-

val and overall survival was not available for analysis. An

evaluation of the energy device used for tumor dissection

was not performed in terms of effect on margins and the

review regrettably did not directly compare the difference

in margin status between different surgical approaches

(trans-oral versus TLM versus TORS).

A further evaluation was subsequently carried out by

Hanna et al to compare negative margins and overall

survival rates between patients undergoing TORS, TLM,

and conventional trans-oral surgery.15 This retrospective

analysis of 1780 patients in the US National Cancer

Database with T1 and 2 laryngeal squamous cell carci-

noma found that TORS patients had a lower rate of posi-

tive margins than open surgery (when compared to open

surgery [TORS: HR 1.56, p = 0.05], [TLM: HR 1.52, p =

0.05]). The highest 5-year overall survival was in the

TORS cohort. The authors therefore concluded that the

impact of TORS on negative margins was similar to that

of TLM, demonstrating both feasibility and an impact on

overall survival.

A further recent retrospective analysis of the US

National Cancer Database (2010–2014) by Li et al also

aimed to compare oncological outcomes for patients who

underwent TORS with those having conventional trans-

oral surgery or TLM.16 Of the 2224 patients with orophar-

yngeal squamous cell carcinoma, TORS patients were less

likely to have positive margins than conventional trans-

oral surgery, however still more likely than TLM patients

([conventional trans-oral surgery: HR 1.51, p<0.001],

[TLM: HR 1.13, p = 0.582]). Furthermore, TORS patients

were less likely to require post-operative chemoradiother-

apy than TLM and conventional trans-oral surgery ([con-

ventional trans-oral surgery: HR 2.07, p<0.001], [TLM:

HR 1.65, p<0.001]). As a consequence, the authors con-

cluded that TORS patients are less likely to require adju-

vant treatment, resulting from their lower rate of positive

margins.

An instrument used in TORS that can minimize the

rate of positive margins would therefore be highly desir-

able, for its impact on treatment de-escalation, and ensuing

impact on survival rates. Due to the properties of different

energy devices, this review will go on to discuss the

impact on margins of the various instruments compatible

with TORS.

Energy Delivery in Trans-Oral
Surgery
Monopolar Energy
Monopolar energy remains the most widely used dissec-

tion tool in TORS.3 It is widely recognized, however, to

cause significant collateral tissue damage, which can in

turn affect nearby structures and resultant clinical

outcomes.11 Secondary to energy transmission to tissue,

pain and tongue swelling can be a significant challenge.

Additionally, tissue sticking to the spatula tip can prove

problematic, as frequent cleaning of debris every few cuts

substantially increases operating time.17 Monopolar can be

incorporated into the existing da Vinci through either

monopolar scissors or spatula, both of which are widely

used in TORS.

Bipolar Energy
Bipolar electrocautery has also proven a useful tool in

TORS. It facilitates good hemostasis; however, this can

be limited by the relative size of the instrument in relation

to space confines of the deep tissues of the head and neck.

On the other hand, less energy is transmitted through the
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body of the instrument, enabling more precision when

bipolar forceps are utilized.

Radiofrequency Energy
Radiofrequency is cited as an alternative modality for

facilitating dissection and hemostasis in trans-oral surgery.

Due to the reduced tissue resistance compared to CO2

LASER and monopolar, a narrower coagulation zone is

produced.11 It can be used in volume-reduction surgery,

where tissue bulk is of importance; obstructive sleep apnea

surgery is a prime example of this. Radiofrequency uvu-

lopalatoplasty and/or tongue base reduction have been

well described.18

Radiofrequency has been further demonstrated in a 25

patient case series, with both benign and malignant lesions.19

In this study, intra-operative bleeding and tissue sticking

were minimal, and the area of collateral coagulation was

negligible. The authors also reported that specimens could

be better assessed by their blinded histopathologist than their

LASER counterparts (p<0.001). A significant limitation of

this study, however, was that the operating surgeon self-

reported their results, leading to an element of reporting bias.

LASERs
LASER is a widely utilized tool in surgery, harnessed for

its cutting precision. Before discussing the use of LASERs

in TORS, it is imperative to hold a basic understanding of

how they work. Via stimulated emission, excited electrons

release energy inside a chamber with mirrors at each

end.20 To prevent energy decay as light bounces between

the two mirrors, a gain medium is required to add energy

back into the system. Eventually, some light escapes as

a focused beam, which provides the action of the LASER.

Gain media are typically solids or gases. Solid crystal

structures are heat resistant and stable, such as YAG.20

Gases do not distort the LASER beam in the same manner

as solids do and can be easier to create. CO2 is a widely

used gas LASER in ENT.

As a LASER operates at incredibly high power, natu-

rally an element of energy is lost as heat, reducing the

efficiency of the LASER. This also has the potential to

heat up surrounding tissue causing collateral thermal

injury.

Prior to the introduction of hollow wave guides, CO2

LASER could not be used in TORS, as a microscope was

required for attachment to the delivery system. Now,

LASER can be easily used in TORS and has been har-

nessed for its ability to dissect tissue without direct

contact. Feasibility with the da Vinci was first demon-

strated in 2007, in cadaver and animal models by Solares

et al,21 followed by human use in 2012.22 It is thought to

be easy to use, has a good hemostasis profile, and causes

less tissue injury compared to cold steel or

electrocautery.23,24 It is, however, relatively more costly

than traditional electrocautery, due to the expense of

LASER fiber maintenance and calibration. Furthermore,

there is no aiming beam when used with the da Vinci and

no coherence, greatly impacting on LASER precision.

Thulium: yttrium, aluminum, and garnet (Tm:YAG)

LASER was first reported in endolaryngeal surgery in

2006.25 This continuous flexible LASER generated a 50%

more collateral heat damage than the CO2 LASER, but

importantly, less than electrocautery. Zeitels et al found that

Tm:YAG was superior to CO2 in inducing hemostasis. Tm:

YAG therefore offers an excellent compromise by being

superior to other cutting and ablating LASERs for hemosta-

sis, whilst minimizing the excessive collateral heat damage

seen with electrocautery. It works similarly to the CO2

LASER, where the chromophore is water.26 This results in

rapid absorption by target tissue, thereby limiting thermal

damage to surrounding tissue. Feasibility has since been

demonstrated in TORS patients.27 The presence of an aiming

beam is thought to be a major advantage compared to CO2

LASER. The fiber needs to be very close to target tissue,

however, and burns frequently, requiring refreshing of the

cutting tip. Precision is also reduced compared to CO2

LASER.

Ligasure
In comparison to the aforementioned energy delivery

devices used for a combination of dissection and hemos-

tasis, Ligasure is primarily a vessel sealant device. Its

mechanism of action is through applying pressure and

lower bipolar energy over a vessel to achieve vessel

fusion. Its manufacturer states that it can be used in vessels

up to 7 mm in diameter.28

Although direct comparison studies of Ligasure versus

other energy devices in robotic surgery are somewhat limited

in the head and neck, other specialties have evaluated its use.

In their in vitro study evaluating lateral heat spread using

Ligasure versus monopolar, Ligasure was found to have less

critical thermal spread compared to monopolar.29 The study

also found that the use of a Maryland clamp as a means of

containing heat spread was effective; however, the applica-

tion of this to TORS is somewhat limited, due to the space
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confines when operating in the head and neck and require-

ment for a thicker arm.

Similarly, although there are no known studies compar-

ing the effect of Ligasure to other energy devices used in

the head and neck on tissue margins, a small non-

randomized study of 30 patients compared Ligasure to

cold steel, monopolar, and bipolar dissection for breast

malignancies.30 Ligasure was found to be non-inferior to

the other instruments used in terms of thermal damage.

The need for a well-designed study in a cohort of patients

undergoing TORS is therefore highlighted, given the huge

importance of protecting surrounding delicate structures in

the head and neck, and the relationship between this and

the consequential impact on post-operative function.

Currently, Ligasure is only compatible with the da Vinci

X and XI, but not the latest SP model. It is also difficult to

use as a cutting tool, especially for mucosa, given that its

tip is short and thick.

Harmonic Scalpel
The Harmonic scalpel is another novel device that has

proved popular as a vessel sealant, whose properties have

been harnessed for use in TORS. Unlike previously dis-

cussed devices, it works using ultrasound. Ultrasound

waves cause tissue friction at a cellular level, giving rise

to changes in protein structure, denaturation, and even-

tually causing coagulation. Similarly to the Ligasure, it

can be used in vessels up to 5 mm.31

When compared to other vessel sealing devices, the

Harmonic achieves faster sealant.32 In thyroidectomy,

this has been shown to lead to a reduction in operating

time, compared to the Ligasure.33,34 In a cadaver study on

tongue tissue, however, Hanby et al showed increased

thermal damage using the Harmonic, compared to CO2

LASER (p = 0.003),24 indicating that perhaps shorter

operating time sacrifices improved tissue resection mar-

gins and less collateral thermal damage.

Currently, there is a Harmonic attachment that is com-

patible with the da Vinci X and XI, but not the latest SP

model.

Novel Developments in LASERs
CO2 LASER has proved to be a predictable and precise

instrument to use in the head and neck, achieving good

hemostasis with minimal collateral heat damage.

A previously recognized significant limitation of the use of

CO2 LASER in TORS lay in delivering it outside the line

of sight. In its conventional design, a CO2 LASER could

only travel in a straight line, in contrast to Tm:YAG

LASER.

As CO2 LASER lies in the (non-visible) infra-red part

of the electromagnetic spectrum, directing the beam

requires a small joystick attached to a microscope joined

with a visible guidance beam, to represent the desired

point of LASER contact.35 Should the target site be out

of direct sight due to anatomical confines (eg, large ton-

gue, obesity, spinal immobility), the CO2 LASER becomes

an unsuitable instrument to use. Tm:YAG LASER offers

an alternative energy source, through the use of a flexible

fiber to direct its beam around a corner, however, proves

more costly and less precise when compared to CO2. Due

to the heat generated and loss of energy to surrounding

regions, it was previously not possible to incorporate CO2

LASER delivery into a fiber.

A photonic bandgap fiber was therefore developed by

OmniGuide (OmniGuide, Cambridge, MA, USA) in 1998

to circumvent this difficulty.12 It works by delivering LASER

energy through a reflective tube with a hollow core. This tube

is lined by a dielectric mirror, made of a combination of high

and low refractive index substances, which directs light along

the hollow core of the fiber.35 A metal sheath protects the end

of the fiber from debris. Helium also runs through it, to

further minimize debris and smoke, in addition to cooling

both the fiber and target tissue. OmniGuide permits LASER

use in both pulse and continuous modes. CO2 LASER energy

is then taken up by water inside the tissue, leading to vapor-

ization of surface cells.

The FlexGuide ULTRA (OmniGuide, Cambridge, MA,

USA) is a later iteration of the tube used specifically in

TORS. It offers articulation with robotic instrument arms

and is suitable for multiple usage. A BeamPath fiber lies

inside the FlexGuide ULTRA to deliver CO2 to the target

tissue. In a small case series of six patients, Mattheis et al

evaluated the feasibility of this flexible CO2 LASER for

treatment of head and neck malignancy.36 They compared

cutting properties, duration of surgery and hemostasis to

retrospective data on 17 patients who had undergone

resection with electrocautery or Tm:YAG LASER. The

authors demonstrated feasibility of the flexible CO2

LASER and showed a smaller zone of coagulation,

thereby facilitating clear resection margins without com-

promising healthy tissue.

Similarly, Durmus et al further demonstrated the feasi-

bility of the flexible CO2 LASER (OmniGuide, Cambridge,

MA, USA) with TORS for hypopharyngeal cancer in

a group of five patients in 2015,37 following a previous
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case report by Kucur et al using CO2 LASER with TORS

for hypopharyngeal cancer in 2014.38 Durmus et al reported

that all of their TORS resections using a flexible CO2

LASER were completed en bloc, with no positive margins

and minimal-associated peri-operative morbidity. On closer

inspection of the paper, however, only two of the five

patients included actually underwent LASER resection of

their tumor; the other three had their tumors dissected with

electrocautery. The rationale for choosing LASER versus

electrocautery for tumor dissection and the difference in

their subsequent functional outcomes was unclear.

The integration of improved CO2 LASER technology

into TORS has great potential. In a previously performed

direct comparison study between TLM and TORS using

electrocautery, TLM proved superior in terms of margin

evaluability, post-operative pain, and length of feeding

tube placement.39 This study, however, used electrocautery

for TORS dissection and reported significant issues with

resection margins due to collateral thermal damage. One

can postulate the effect of electrocautery also impacted

substantially on the amount of post-operative pain, and

preservation of swallow, as previously discussed. With

the advent of flexible CO2 LASER fibers that can be

integrated into the da Vinci, it is therefore likely that

these differences between TLM and TORS will be mini-

mized. Overall survival and disease-free survival have

already been shown to be equivocal amongst TLM and

TORS patients with supraglottic cancer in a non-

randomized study.40 Similarly, non-inferiority in terms of

survival has been demonstrated in a meta-analysis for

hypopharyngeal squamous cell carcinoma, comparing

TORS to TLM.41 Further randomized studies to assess

this are certainly required; however, lack of precision in

flexible CO2 LASER remains a problem.

Finally, new wavelength LASERs are undergoing clin-

ical feasibility studies to assess their use in head and neck

surgery. One particularly promising LASER is the so-

called “blue LASER”. At 445nm wavelength, it has been

well recognized for its dual photoangiolytic and cutting

properties; the first of its kind.42 It can also carry high

energy up to 15 Watts. This could therefore usurp the

current use for the CO2 LASER for vascular tissue, by

offering a superior device for not only cutting but also for

hemostasis. Although it is yet to be TORS compatible, this

would undoubtedly be a useful tool to incorporate into

new robotic systems. Beam divergence, however, has

been cited as a problem with the blue LASER, leading to

the LASER defocusing the further away it was from target

tissue. Similarly, a small coagulation zone was only seen

when the LASER was in close or direct contact with

tissue, akin to Tm:YAG LASER. This suggests the need

for integration with a flexible waveguide (should this be

feasible) to enable its use in TORS for cancer, by permit-

ting close contact with the deep tissues of the head and

neck.

Comparison of Current Energy
Devices Used with the da Vinci
Surprisingly, there is a paucity of literature comparing

existing TORS instruments that can be used for dissection,

perhaps due to the relative novelty of TORS in relation to

other approaches in head and neck surgery. The most well-

conducted study is from 2014 by Hoffmann et al which

aimed to compare dissection methods in an animal model,

looking at CO2 LASER versus Tm:YAG LASER versus

monopolar blade versus radiofrequency, commenting on

their advantages and disadvantages.11 The authors evalu-

ated the width of incision, in addition to the area of tissue

coagulated. Furthermore, performance (split into bleeding,

tissue sticking, coagulation, user-friendliness, and speed)

was assessed. Overall, they found that the radiofrequency

needle showed the best cutting profile, with a smaller

collateral heat dispersal, and was therefore superior in

preserving adjacent structures. The performance was best

using CO2 LASER and radiofrequency. The most bleeding

was seen when monopolar was used, and monopolar was

also the greatest culprit for tissue sticking to it, echoing

previously referenced studies. Conversely, radiofrequency

only required instrument activation to gently release stuck

tissue, although the frequency of stuck tissue was higher

than in other energy devices. More extensive collateral

coagulation was seen using radiofrequency, Tm:YAG

LASER and the monopolar blade, compared to minimal

coagulation using the CO2 LASER. Similarly, CO2

LASER and radiofrequency were the most time-efficient.

Financially, monopolar and radiofrequency were the

cheapest modalities. An important criticism of this paper

lies in its evaluation of performance. Two head and neck

surgeons evaluated the five measured domains on a visual

analog scale; however, there was no mention of the assess-

ment of inter-rater reliability in the article.11 There is

therefore risk of disparity between scores given, poten-

tially leading to heterogenous results.

In comparison to the previous paper which focused on

malignant resections, a non-randomized prospective study
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by Karaman et al compared flexible CO2 LASER to mono-

polar energy in tongue base surgery for obstructive sleep

apnea.17 In their small cohort of 20 patients who under-

went surgery using the da Vinci, intra-operative bleeding,

operating time, length of stay, duration until oral intake,

post-operative pain, post-operative airway complications,

Apnea–Hypopnea index scores (AHI), and Epworth

Sleepiness Scale scores (ESS) were assessed. Follow-up

was not standardized but had a mean of 12 months. CO2

LASER resulted in less bleeding (p<0.001), shorter dura-

tion of surgery (p<0.001), shorter length of stay (p<0.001),

faster resumption of oral intake (p<0.001), and less post-

operative pain (p<0.001), with a greater improvement in

AHI (p<0.001). There was no significant difference, how-

ever, between ESS in the CO2 LASER and monopolar

groups. The study was non-randomized and allocated

treatment arms based on patient preference; the first 10

patients who accepted the higher cost of the CO2 LASER

were placed in that arm, introducing a large element of

allocation bias.

A further study conducted by Van Abel et al compared

the outcomes of Tm:YAG LASER used in TORS for

patients with head and neck malignancy against

electrocautery.43 This prospective cohort study evaluated

15 patients having a TORS resection using Tm:YAG

LASER (Revolix Jr, LISA Laser, Katlenburg-Lindau,

Germany) with 30 control patients who had electrocautery

TORS. The study demonstrated feasibility for Tm:YAG in

achieving negative margins. Additionally, blood loss was

<150 mL for 87% of Tm:YAG patients versus in 63% of

electrocautery patients. Intra-operative pharyngotomy

occurred in 8% of Tm:YAG patients versus 42% electro-

cautery patients. Post-operative pain was also reported to

be significantly worse in the electrocautery group (p =

0.02). No significant difference in hemostasis was found.

Due to the reduced (albeit non-statistically significant)

collateral thermal damage seen in the Tm:YAG cohort (p

= 0.06), the authors hypothesized that this was the ratio-

nale behind reduced post-operative pain in the Tm:YAG

cohort.

Increased collateral thermal damage when using elec-

trocautery compared to LASER is also cited as the justifi-

cation behind the superior outcomes seen for LASER

TORS in another recent paper.44 In 2019, Benazzo et al

published a non-randomized retrospective study which

compared monopolar electrocautery against Tm:YAG

(Revolix Jr, LISA Laser, Katlenburg-Lindau, Germany)

and flexible CO2 LASER (OmniGuide, Cambridge, MA,

USA) for all 20 patients with T1 or T2 oropharyngeal and

supraglottic squamous cell carcinoma treated with TORS

in their unit between 2010 and 2019. Nine patients had

LASER-TORS (Tm:YAG n = 8, CO2 n = 1) and 11 under-

went monopolar TORS, both using the da Vinci, but were

not randomized to each arm. Positive or close margins

were more common in electrocautery patients (p =

0.028). Moreover, length of stay, duration of nasogastric

feeding, and tracheostomy removal were prolonged in the

monopolar cohort (p = 0.04, p = 0.04, and p = 0.05,

respectively). Given that only one patient underwent

LASER TORS using CO2, no comparison was made

between outcomes in this patient and others undergoing

Tm:YAG LASER TORS, which is a limitation of this

paper. In summary, this paper provides strong evidence

further endorsing LASER use in TORS, to minimize the

rate of positive margins and improve functional outcomes,

however it does not offer conclusive evidence regarding

choice of gain medium. Well-powered randomized con-

trolled trials are needed to generate higher-quality evi-

dence to further corroborate these conclusions.

Energy Delivery via the FLEX
Robotic System
Undoubtedly, the development of flexible LASER technol-

ogy has helped to overcome some pre-existing challenges

of acquiring surgical access to the deep structures of the

head and neck using the da Vinci robotic system. Since the

recent patent expiration of the da Vinci, newer robotic

systems have been released onto the market, showing

great promise in further overcoming the ongoing chal-

lenges seen with energy delivery in TORS.

One such system is the FLEX robotic system

(Medrobotics Inc, Raynham, MA), which has received

the most attention in recent literature. It is the first

machine developed specifically with TORS in mind, and

through a single port, it uses a rigid endoscope and two

flexible instruments, thereby improving surgical access.

Adjustment can be made to transition from semi-rigid to

flexible, through manipulating tension of the cables within

it.45 The system can be steered by the operating surgeon

by enabling the outer parts to protrude by further changes

in cable tension. This enhances the maneuverability of the

compatible instruments, facilitating access to the larynx

and hypopharynx.46 Both electrocautery and LASER can

be incorporated, permitting a choice of energy device.
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Its use in the larynx was first demonstrated in 2012

when Rivera-Serrano et al demonstrated trans-oral visua-

lization of the larynx without laryngeal suspension.47 The

FLEX robotic system has since received validation in

cadavers.48–50 After receiving a CE mark in Europe in

2014, the first human procedures were performed using

the FLEX robotic system,45,51 after which it subsequently

received FDA approval in 2015.

A case report by Schuler et al reported the successful

use of the FLEX robotic system for the treatment of a T2

squamous cell carcinoma of the lateral wall of the oro-

pharynx in a 54-year-old male.52 Monopolar was used for

dissection, achieving a margin of 5–10 mm. The authors

reported an episode of arterial bleeding in the bed of the

tumor, which was successfully controlled with further

monopolar. The tumor was successfully removed en bloc

and histopathological analysis revealed negative margins.

Given that this was one of the first case reports using the

FLEX, evaluation of coagulation zone, operating time, and

other such factors were not recorded, nor compared to the

effect of monopolar energy used with the da Vinci. The

authors astutely mentioned this in their discussion and

highlighted it as an area of future research.

In 2014–2015, a further study by Mattheis et al

recruited 40 patients and evaluated the feasibility and

performance of the FLEX in both benign and malignant

diseases in a prospective non-randomized study.53 Of the

40 patients, 11 underwent endoscopy and biopsy, and the

remaining 29 had a resection. Either monopolar or

a flexible CO2 LASER (Lumenis AcuPulse DUO,

Lumenis, Yokneam) was used for cutting; however, the

individual difference in outcomes between instruments

was not evaluated. One patient undergoing a resection

did have positive margins, and underwent subsequent sec-

ondary TLM; again, the method of dissection was not

specified.

Lang et al have also published results of a multi-center,

prospective study evaluating the safety and efficacy of the

FLEX in 80 patients.54 Forty-one patients underwent com-

plete tumor resection, 31 patients had a biopsy only and

the remainder were converted to TLM primarily due to

inadequate access. For cutting, monopolar needle knife,

monopolar cautery, or a flexible CO2 LASER (Lumenis

AcuPulse DUO, Lumenis, Yokneam) were used with the

FLEX system. One patient with a lateral oropharyngeal

wall tumor experienced moderate intra-operative bleeding,

requiring abandonment of the FLEX system and hemosta-

sis with alternative rigid instruments. Otherwise,

hemostasis was achieved in all other patients using flexible

monopolar (either via monopolar spatula or Maryland dis-

sector) ± trans-oral rigid monopolar suction cautery or

endoscopic clips. No further detail was provided regarding

which patients required rigid instrumentation or clips to

achieve hemostasis, which would have been valuable. The

authors, however, did suggest future development of inte-

grated flexible bipolar tools and a clip applicator to mini-

mize the requirement of this (something also of potential

benefit to the da Vinci). Exploring the factors which led

the surgeons to switch to rigid monopolar or clips would

be beneficial scope for further research. The use of flexible

instruments was cited as being more ergonomic and seam-

less for intra-operative instrument exchange, compared to

the da Vinci. Furthermore, the flexible CO2 LASER and

monopolar knife permitted resections at varying angles;

not just limited to the line of sight. The flexible LASER

also facilitated guiding the tip close and parallel to the

target tissue, allowing the spot size of the LASER to be as

small as possible.

An additional retrospective, multi-center study in the

United States similarly evaluated outcomes in patients

undergoing surgery using the FLEX system between

2015 and 2017.55 Thirty-one out of 68 patients had

a resection, as opposed to biopsy. The authors demon-

strated superior results in terms of hemostasis in compar-

ison to previous TORS studies. Hemostasis was achieved

in all patients using primarily bipolar and monopolar suc-

tion cautery, which albeit were not integrated FLEX

instruments but none required removal of the robot to

permit usage. Some larger vessels needed surgical clips,

but again, robot removal was not required. Length of stay

in cancer patients was 2.45 days (inclusive of resections

requiring neck dissection and/or tracheotomy, in addition

to biopsies) and for benign disease, 0.64 days. Six patients

were readmitted in the first month after surgery, due to

dysphagia (n = 1) or post-operative bleeding (n = 5).

Overall, this large case series demonstrated that bipolar

cautery and endoscopic clips are feasible for insertion

alongside the FLEX system for hemostasis. Similar to

the aforementioned studies on the FLEX system, this high-

lights an area for ongoing research to investigate whether

improved agents for hemostasis can be incorporated into

the robot, thus alleviating the requirement for insertion of

rigid instrumentation when bleeding occurs.

In terms of impact on surgical margins, there are few

studies thus far using the FLEX that have commented on

this. Twenty patients who underwent surgery using the
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FLEX have been evaluated in a case series performed by

an experienced robotic center in Adelaide, Australia.56

Eleven patients had surgery for cancer, and of these, nine

had oropharyngeal squamous cell carcinoma. Monopolar

was used for dissection in all cases. This resulted in

a subjectively clear operative field and cleanly dissected

specimens for histopathological evaluation. Eight out of

nine patients had disease-free margins, and four out of

these nine did not require any adjuvant treatment, demon-

strating the importance of negative margins on treatment

de-escalation. In the future, direct comparison of margins

achieved with the FLEX system versus the more well-

established da Vinci technology would be helpful to

demonstrate equivalence or superiority. Likewise, compar-

ison between margins achieved with monopolar and CO2

LASER FLEX instruments would be of interest, and addi-

tionally, the consequent impact of these treatment escala-

tion/de-escalation.

Overall, the FLEX system is showing great promise in

overcoming some of the previous physical challenges in

energy delivery to the head and neck via TORS. Initial

studies have demonstrated encouraging results; however,

a number of important outcomes are yet to be adequately

measured. These include the impact of the FLEX system

on tissue margins in malignant disease and the effect of

different FLEX compatible instruments (namely monopo-

lar cautery versus CO2 LASER) on both zone of coagula-

tion and hemostasis.

Energy Delivery via the da Vinci SP
The original iterations of the da Vinci robot have thus far

proved a useful tool in head and neck surgery. The ratio

of the large instruments to the anatomical confines of the

head and neck, however, make for difficult ergonomics,

as the machine was never designed with the head and

neck in mind. A novel flexible single-port robot has now

been developed by Intuitive Surgical Inc. known as the

da Vinci SP (Intuitive Surgical®, Sunnyvale, California),

which was first tested in urological surgery in 201057 and

has since been further tested in pre-clinical studies in the

head and neck.58–60 These studies have demonstrated

that the da Vinci SP could be deployed with minimal

instrument collision or restriction of arm movement;

a promising feature for energy delivery to target tissues.

Currently, electrocautery using monopolar and bipolar is

permissible, but to our knowledge, LASER attachments

are yet to be developed for the da Vinci SP.

The surgeon console matches the standard da Vinci

system, except for an additional pedal for control of the

instrument arm. Similarly, the patient side cart is the same,

except the instrument arms have been modified to permit

single port access. The da Vinci SP’s instruments are

longer, have an extra joint to form an “elbow” and incor-

porate a serpentine configuration.

A non-randomized trial assessing 21 patients with lar-

yngeal and pharyngeal lesions undergoing TORS with the

da Vinci SP was carried out in Hong Kong, published in

2019.61 Eight of these patients had malignant disease,

seven of which were in the oropharynx. Of this cohort,

six out of seven patients had HPV positive squamous cell

carcinoma. They all achieved negative margins using

monopolar for dissection. Pain post-operatively was typi-

cally most intense after two weeks but subsided by 30 days

post-operatively. Swallowing outcomes evaluated using

the MDADI score were comparable to other studies

using the standard da Vinci.

A similar study encompassing the previous

Hong Kong cohort, in addition to three US centers,

evaluated 47 patients undergoing TORS with the da

Vinci SP.62 40 of these patients had cancer. There were

no intra-operative complications and intra-operative

blood loss was minimal. Two patients had a post-

operative bleed, requiring a return to theatre; however,

both of these were on antiplatelet therapy so were at

higher risk of bleeding. As high as 96% of patients

were feeding orally within 30 days. Only one patient

had a positive margin (3%). The authors cited that

a significant limitation of the da Vinci SP was that the

instruments required further refinement to adapt to

TORS. They recommended improvement of instrumenta-

tion for cutting soft tissue and hemostasis and suggested

this could be achieved through a finer monopolar needle.

Furthermore, they endorsed the development of

a compatible CO2 LASER to assist with cutting mucosa

and hemostasis; a principle well supported by the pre-

viously discussed literature concerning the standard da

Vinci and FLEX.

Thus far, the da Vinci SP has demonstrated feasibility

and non-inferiority to the previously released da Vinci

robot; however, further development is required to adapt

the machine for cutting soft tissue in the head and neck.

Ongoing modifications might facilitate improved hemos-

tasis, which could be achieved through integration of

a compatible CO2 LASER.
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Energy Delivery via Other Robots in
Development
There are number of other new robots in development that

offer potential to improve energy delivery to the head and

neck during TORS. These innovations are still at early

stages in their development but already show great pro-

mise in overcoming existing challenges in energy delivery.

Johnson and Johnson have made multiple announce-

ments surrounding the launch of its new surgical robot, the

Verb.63 They claim to have miniaturized existing robotic

technology to a machine 20% of the size of current plat-

forms, allowing the surgeon to get closer to the target

tissue. Exactly what this will entail for head and neck

surgery remains unclear, but a smaller machine with com-

patibility for a variety of energy devices would be an area

of interest to further overcome ongoing physical chal-

lenges in energy delivery.

The Versius (Cambridge Medical Robotics,

Cambridge) is now entering early clinical testing in

India, including head and neck surgery.64 Although not

specifically developed with the head and neck in mind, it

offers a smaller, more portable machine for a significantly

lower cost than the da Vinci. An array of compatible

energy devices will be available; therefore, the Versius

may offer improved methods of delivering energy to tissue

in the head and neck. Although there is yet to be any

published literature surrounding the Versius, this will be

of great interest once preliminary data are available.

A final robotic system in development is the SPORTrobot

(Titan Medical Inc., Toronto, Ontario).65 Similar to the da

Vinci SP and FLEX, the SPORT is a single-port robot which

offers small diameter flexible instrumentation that could

prove successful in the head and neck. Both monopolar and

bipolar electrocautery are available for dissection and hemos-

tasis. It has thus far undergone pre-clinical evaluation and is

currently proceeding into next stages of testing.66

In general, although peer-reviewed literature is yet to

become available on the above robotic systems, they offer

some promise in advancing the field of TORS. If feasibil-

ity can be been demonstrated using these machines, further

evaluation of their individual assets in energy delivery

should be achievable.

Comparison of Energy Delivery by
Platform
Table 1 compares energy devices compatible with the

currently available trans-oral surgery platforms.

Table 2 reports the advantages and disadvantages of

energy devices compatible with trans-oral surgery platforms.

Conclusion
Since the advent of TORS in the early 2000s, there is now

a plethora of literature to support the use of various energy

devices in the head and neck in both benign and malignant

disease. The ability to improve the line of access for novel

energy devices has revolutionized robotic surgery in the

head and neck, demonstrating a significant impact on both

mortality and function. Optimizing energy delivery to the

head and neck offers great potential in identifying patients

with malignancy who are amenable to treatment de-

escalation, given the good outcomes demonstrated for

margins, post-operative swallow, length of stay, etc.,

when appropriate energy delivery methods are selected.

There is a particularly strong body of evidence to

support the use of LASER in TORS. There is no conclu-

sive data, however, to endorse the use of CO2 over Tm:

YAG LASER, with both gain media showing superior

hemostatic properties, reduced post-operative pain, mini-

mized collateral thermal damage, and most importantly,

lower rates of positive margins when compared to electro-

cautery. Furthermore, early literature suggests that newer

LASERs in development, such as the blue LASER, have

the potential to be integrated into existing robotic technol-

ogy, by providing an energy device that not only cuts

precisely but also delivers excellent hemostasis.

Next-generation robotic systems are also offering signifi-

cant potential in overcoming some of the previous challenges

in energy delivery to the head and neck. The FLEX robot is

now offering unparalleled access to the target tissue, and

early studies have demonstrated feasibility for its use. As

the FLEX is a less well-established system compared to its da

Vinci counterpart, there are no comparison studies yet to

Table 1 Comparison of Energy Devices for Different Trans-Oral

Surgery Platforms

Platform TLM Da

Vinci X

Da

Vinci XI

Da

Vinci SP

Flex

Device

Monopolar ✓ ✓ ✓ ✓ ✓

Bipolar ✓ ✓ ✓ ✓ ✓

Tm:YAG LASER ✓ ✓ ✓

CO2 LASER ✓ ✓ ✓ ✓

Blue LASER ✓

Ligasure ✓ ✓

Harmonic ✓ ✓
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demonstrate the superiority of FLEX LASER over electro-

cautery or other methods of energy delivery. The existing

literature does support the future development of miniatur-

ized energy devices, particularly LASER, to be incorporated

into the arms of the FLEX, to alleviate the current require-

ment for using external instrumentation alongside the robot

to provide additional hemostasis. Similarly, literature regard-

ing the da Vinci SP also corroborates the need for integration

of LASER technology into its existing design (which cur-

rently only offers electrocautery) to facilitate less collateral

thermal damage, reduced rates of positive margins, and

improved hemostasis. Finally, the integration of a clip appli-

cator into existing and novel systems would also be of great

benefit to enhance hemostasis.
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