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Introduction 

Head and neck cancer is the 5th most common cancer in 
men and 11th most common cancer in women in Australia 
accounting for over 5,200 new cases in 2019 (1). In 2020, 
laryngeal cancer alone accounted for 184,000 new cases 
worldwide and 99,840 deaths worldwide (2). The treatment of 
these cancers includes surgery, radiotherapy or chemotherapy, 
either as single modality treatment or in combination. The 
aim of all treatment strategies is to maximise disease-free 
survival, preserve function where possible and maintain 
the highest quality of life. The surgical management of 
head and neck cancers poses particular challenges due 
to the difficulty in achieving complete tumour excision 
with clear margins while preserving the integrity of the 
upper aerodigestive tract given that it is anatomically and 
functionally highly complex. Chemo-radiotherapy offers 
similar challenges due to its significant rate of both early 
and late morbidity affecting the head and neck region (3).

Transoral surgery has gained significant popularity as 
an alternative to morbid and disfiguring open surgery for 
certain cancers of the upper aerodigestive tract, whilst 
avoiding the long-term complications associated with 
radiotherapy. In particular in recent decades, the carbon 
dioxide (CO2) laser has become a valuable surgical tool 
in the head and neck surgeon’s armamentarium due to 
its unique physical properties. The CO2 laser was first 
proposed and successfully used by Strong & Jako in the 
1970s to treat selected tumours in the head and neck (4), 
and this minimally invasive technique has been continuously 
refined since then. Arguably the most important and 
significant pioneer in transoral CO2 laser surgery has been 
Professor Steiner, who over the past four decades has led 

the way in advocating and broadening the scope of its 
use (5). Furthermore, Professor Steiner’s techniques have 
challenged the oncologic principle by Hallstead of en-bloc 
tumour resection (6) by utilising the characteristics of the 
CO2 laser tissue interaction to allow piecemeal resection 
of tumours with excellent oncologic results. These surgical 
techniques have also increased the range and stage of 
tumour that can be resected with the CO2 laser, such 
that there is now a role for CO2 laser surgery in resecting 
both benign and malignant tumours from the trachea, 
hypopharynx, oropharynx, larynx and oral cavity (7-11).

There are currently a number of barriers to the 
successful implementation of a comprehensive endoscopic 
laser service, and whilst there is an Australian and New 
Zealand Standard for laser safety, to date there have been no 
Australasian guidelines to establishing this kind of service 
within a multidisciplinary head and neck service (12).  
The current review aims to provide an overview of the 
considerations which in our opinion are required to set 
up such a service, by sharing experiences from a large 
Australian tertiary head and neck cancer centre (Figure 1). 

Institutional support and infrastructure

Institutional support is vital in understanding and accepting 
the role of laser surgery in the management of upper 
aerodigestive tract neoplasia in order to ensure proper 
funding and the appropriate governance to provide this 
modality as part of a comprehensive and contemporary 
multi-disciplinary head and neck unit.

Minimally invasive transoral laser surgery (TOLS) for the 
management of upper aerodigestive tract cancers is a safe 
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and oncologically proven modality with well-maintained 
functional and quality of life outcomes (13,14). Health 
economics studies demonstrate that it is cost effective and 
in some scenarios such as in early larynx cancer, cheaper 
than the historically perceived “Gold Standard” of external 
beam radiotherapy (15,16). 

The use of a CO2 laser involves significant set-up 
and running costs, not only for the laser itself, but also 
for essential equipment such as the micromanipulator, 
smoke evacuator, dedicated surgical chair with arm 
supports, laser laryngoscopes, endoscopes and a variety of 
laryngeal instruments necessary to successfully perform 
minimally invasive surgery of the upper aerodigestive 
tract. Video capture technology is also a vital component 
of the management, particularly for laryngeal surgery in 
documenting the pathology, treatment, outcome and follow-
up. Pre-operative assessment of all laryngeal lesions should 
include as a minimum an assessment of tumour location, 
size and spread for staging. In addition, video stroboscopy 
and voice recording provide essential information to 
educate and adequately inform both the patient and 
surgeon with regard to the likely functional outcomes and 
assists in the recovery and rehabilitation. Intra-operative 
recording allows for a dynamic documentation of the area 
of resection and highlights areas of concern. It is also 
important to accurately document the area of resection 
which allows for a correlation with the pathology report 
and is vital for revision, salvage or second primary surgery. 
Post-operative recordings can also be important to monitor 
healing and assess upper aerodigestive tract function. One 

very important aspect of proper and professional video 
documentation is its use in education and training of the 
future workforce both nationally and internationally. 

The safety of any surgical technology is of paramount 
importance, and in the case of laser surgery there are 
significant risks, not only to the patient but also to all 
members of staff in the clinical area. There must therefore 
be adequate safety measures in place, including laser safety 
glasses, locks on operating room doors and laser-safe blinds 
on any windows. These protocols must be agreed at an 
institutional level, with input from a dedicated laser safety 
committee. Furthermore, training and support must be 
available for designated laser safety officers, whose role is to 
ensure the safe use of the laser on a day-to-day basis, and to 
ensure the competency of other laser practitioners.

Specialist medical staff

An integrated ,  comprehens ive  and h igh-volume 
multidisciplinary head and neck team who accept and 
support the role of TOLS is vital in order to run a 
successful head and neck laser service. A surgical team of 
at least two fellowship qualified surgeons is desirable, in 
order to enable peer experiential learning, facilitate case 
distribution and prevent long-term burnout. It also ensures 
continuity of service in times of illness or absence. Close 
working with oncology colleagues is a necessary prerequisite 
in order to provide prompt, personalised, empowered and 
informed consent and fully counsel patients regarding the 
risks and benefits of the varying treatment options. This is 
especially important when there are minimal differences in 
oncological outcomes when comparing TOLS with external 
beam radiotherapy for early glottic cancers (17,18). 

TOLS presents unique anaesthetic challenges, due to the 
use of specialised laser-safe endotracheal tubes, or tubeless 
anaesthesia with jet ventilation, and the risk of airway fire. 
It is therefore important that the anaesthetist is competent 
to deal with these challenges and that good communication 
exists between both teams. There should be an agreed and 
documented airway fire protocol in all theatres using the 
CO2 laser that all staff are aware of. Close liaison and a 
good working relationship with a dedicated head and neck 
anaesthetist is therefore vital in order to maintain a safe and 
effective endoscopic laser service.

The cutting characteristics of the CO2 laser and the 
piecemeal nature of the resection present a particular 
diagnostic and unique management challenge to the 
tissue pathologist. This is due to the nature of the 
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Figure 1 Essential components for a successful head and neck 
endoscopic laser service. 
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margins of resection, the intentional narrow margins, 
difficulty orientating the specimen, tissue dehydration 
and margin shrinkage. This has resulted in reports of 
false positive margin status rates on histopathology of up 
to 80% (19). These issues can be addressed by accurate 
photodocumentation, both of the tumour in situ and 
following excision, by inking the specimen margins 
following excision, and by fixing the specimens on a mount 
such as desiccated cucumber prior to immersion in formalin 
(20,21). Furthermore, a dedicated head and neck pathologist 
should be a part of any endoscopic laser service, and it is 
very important that there exists a close working relationship 
between the surgeon and pathologist to facilitate accurate 
labelling, surgeon input regarding the clinical scenario, and 
identification of critical resection margins for a successful 
oncologic outcome. This can be achieved by personally 
sitting down with the pathologist and together discussing, 
reviewing and auditing tissue specimens after TOLS. 

Allied health staff and nursing

In addition to the staff directly involved in the procedure, 
many allied members of staff are involved in the patient 
journey. Perhaps most important is the role of the speech 
pathologist, due to the impact of TOLS on voice and 
swallowing outcomes. The impact on objective voice 
outcomes following TOLS for early glottic cancers is 
well established (18), and voice therapy has been shown 
to improve both subjective and objective voice outcomes 
post-operatively (22). It is vital that objective measures of 
voice quality are employed in the management of patients 
undergoing TOLS in order to facilitate research, as the 
oncological effectiveness of TOLS in many circumstances 
has been established and the focus moves to long term 
quality of life. Swallowing therapy and dietitian input may 
also be required following TOLS for oral, oropharyngeal 
and supraglottic tumours, and the relevant health 
professionals must have an understanding of the principles 
and techniques of TOLS in order to maximise the 
functional outcomes of patients. 

Specialist operating theatre nursing staff are also vital in 
the provision of a safe, expedient service. They are trained 
not just in surgical procedural aspects, reducing unnecessary 
operative time and improving case turnover, but also vitally 
versed in laser safety to be an additional set of eyes while 
the surgeon is using the operating microscope. 

Training and education

As with any surgical technique, adequate training is of 
tantamount importance, with TOLS requiring unique 
equipment and fundamentally different principles of 
tumour excision as compared to traditional open surgical 
approaches. Training in a high-volume centre with an 
experienced mentor allows for the development of a 
lifelong learning relationship, and to this end, fellowship 
training is advocated by many. This must be supplemented 
by simulation training on cadaveric laser surgery courses. 
Furthermore, surgeons, as well as operating room staff 
need, to be adequately trained in handling equipment and 
coordinating safety procedures (23). This training should be 
ongoing to ensure that all staff are up to date with current 
equipment and safety principles, and new staff are educated 
and trained effectively in a timely manner. Registrars and 
fellows entering the training pathway are sequentially 
progressed from case observation to assisted operating 
and eventually to supervised procedural independence. 
Our recommendation would be a minimum of 50 cases 
before embarking on independent case surgery with a 
collegial approach to case selection, allowing for scope in 
development of advanced skills and confidence. 

Audit and research

A laser service is an ongoing and evolving treatment 
pathway and requires continual evaluation. All aspects 
of treatment should be regularly audited to ensure that 
optimal care is being provided. A record of all ‘near-miss’ 
and adverse events must be kept and discussed in order to 
learn from mistakes and improve safety, and a dedicated 
clinical database for laser surgery is advisable in order to 
facilitate meaningful evaluation of oncological outcomes 
as well as quality of life and functional outcomes. This 
is vital in order to effectively counsel patients regarding 
the risks and benefits of TOLS as opposed to alternative 
treatment modalities, with the added advantage that with 
the appropriate ethical approval, the data may be used to 
add to the evidence base on TOLS to the benefit of the 
wider medical community. Quality of life may be measured 
using one of the many assessment tools available, such 
as the Voice Related Quality of Life Tool (V-RQOL), 
the Voice Handicap Index (VHI) (24), University of 
Washington quality of life (UW-QOL) (25) or the MD 
Anderson Dysphagia Inventory (MDADI) (26). The Royal 
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Australasian College of Surgeons (RACS) governance 
framework is  uti l ised to faci l i tate improvements, 
benchmarking and quality assurance.

Conclusions

The oncological and functional benefits of TOLS have been 
studied extensively and are firmly established for selected 
tumours of the upper aerodigestive tract. However, the 
implementation of an endoscopic laser service requires not 
only financial and infrastructure support, but also a great 
deal of integration between the surgical team and a wide 
range of medical and allied health professionals, as well as 
non-medical staff. 
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