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Abstract

Objective. Transoral robotic surgery total laryngectomy is a promising procedure. We con-
ducted a systematic review to study the indications, surgical techniques and complications
of this procedure.
Methods.We followed the guidelines outlined in the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis statement.
Results. We concluded with 5 studies and 27 surgeries. The main indications of transoral
robotic surgery total laryngectomy were selected recurrent laryngeal squamous cell carcin-
omas, dysfunctional larynx, and specific primary non-squamous cell carcinoma laryngeal can-
cers. The rate of pharyngocutaneous fistula was 20 per cent overall. In every reported cancer
case, the specimen was excised within negative surgical margins. The average time of the pro-
cedure was 282.6 minutes.
Conclusion. Transoral robotic surgery total laryngectomy is a safe procedure of high value.
The preservation of strap muscles and hyoid bone as well as the sacrifice of less mucosa com-
pared to the traditional technique reduces the risk of certain complications and improves the
swallowing outcome.

Introduction

Laryngeal cancer is one of the most common head and neck cancers, accounting for over
150,000 new cases per year globally.1 The vast majority of cases are squamous cell carcin-
omas (SCCs) and often patients present in advanced disease stage with severe obstruction
and dyspnea.2

Advanced laryngeal cancer is mainly treated surgically. Total laryngectomy is strongly
recommended for salvage cases or Stage IV locally advanced laryngeal SCC.2 In addition,
laryngeal sarcomas or salivary gland tumours of the larynx are treated surgically even in
their early stages.3 The loss of the larynx is considered a major disability with implications
for the quality of life. Therefore, a variety of minimally invasive procedures such as partial
laryngectomies (when oncologically sound) have been developed to avoid aphonia (which
may be restored partially with a speaking valve, oesophageal speech, or electrolarynx) and
permanent tracheostomy.4 Preservation of part of the laryngeal apparatus may be bene-
ficial for the patient, reducing the negative effect on their quality of life. However, total
laryngectomy is often inevitable for oncological or functional purposes. Post-radiation
larynges often have to be sacrificed because of chondronecrosis even in cases with no
recurrent or residual disease. Organ preservation strategies with concomitant chemoradia-
tion have also been suggested,5 but they should not be considered safe for Stage IV SCC,
as they negatively affect survival outcome.6

Advances in technology have been integrated into laryngeal surgery. Transoral laser
microsurgery is considered for cordectomies and partial laryngectomies with excellent
results.7 Transoral robotic surgery offers even more advantages in laryngeal cancer.
Wristed instruments and flexible endoscopes allow better exposure, magnification and
visualization of the field than transoral laser microsurgery, and enhance the dexterity
of the surgeons and filtrate their tremor when present.8 Transoral excision of the larynx
is not the future but the present for a minor patient group with certain indications. Our
systematic review aims to shed light on the current outcomes of transoral robotic surgery
total laryngectomy, assessing its value and demonstrating its limitations.

Materials and methods

We examined patients who underwent total laryngectomy (population) with the assistance
of transoral robotic surgery (exposure) for their indications, the surgical techniques and
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complications (outcome).9 We conducted this systematic review
according to the statement of the Preferred Reporting Items for
Systematic Reviews and Meta-Analysis (‘PRISMA’) and as
recommended by the Cochrane Collaboration. Case series of
patients who underwent robotic total laryngectomy were iden-
tified. Searching did not include language or time restrictions.

A comprehensive electronic search of MEDLINE, Google
Scholar, and Cochrane Library electronic databases was per-
formed from 1 September 2023 to 30 September 2023 to identify
publications relevant to the research question. The reference list
of every relevant original study about robotic or robotic-assisted
total laryngectomy and all full-text articles detected for inclusion
were also meticulously searched and evaluated for relevance to
increase the sensitivity of our study. Informed consent and eth-
ical approval from our institution was not required because of
the nature of our study (systematic review).

Two authors conducted the literature search separately. The
free-text terms used for the MEDLINE, Google Scholar, and
Cochrane Library databases search were:

(total laryngectomy) OR (salvage laryngectomy) OR (primary laryn-
gectomy) OR (laryngeal cancer) OR (functional laryngectomy) AND
(TORS) OR (robotic surgery)

The inclusion of each study was decided independently by the
two authors, and in case of any disagreement, the solution was
achieved after consensus. Inclusion and exclusion criteria were
determined before searching the literature as the recom-
mended guidelines. The inclusion criteria were: (1) studies
reporting transoral robotic surgery laryngectomy and (2)

studies reporting transoral robotic surgery-assisting laryngect-
omy. Exclusion criteria were: (1) cadaveric studies, (2) animal
studies, and (3) studies with insufficient data.

All identified case series were evaluated separately for eligi-
bility by the reviewers according to the selected criteria for
inclusion or exclusion. Every eligible original article was
retrieved. An extraction sheet was employed to record the fol-
lowing characteristics of the included data: demographic char-
acteristics, first author, year of publication, country of the
study, indications, surgical techniques and time of surgery, sta-
ging in cases of cancer, comorbidities, indications, surgical
techniques and time of surgery, outcome, complications, hos-
pital stay, and follow-up information.

Indications, surgical techniques, and complications were
the primary outcomes to evaluate the role of transoral robotic
surgery in total laryngectomy. The Murad et al.10 assessment
tool was used to assess the methodology of the included case
series.10 After consensus and analysis, studies were evaluated
for their potential risk of bias.

Results

The initial literature search of our systematic review resulted in
a total of 5854 articles. After excluding the duplicates (859),
the remaining articles (4995) were evaluated for eligibility
according to their title and abstract. After meticulous screen-
ing, 4850 articles were excluded because they were irrelevant
to our pre-determined inclusion criteria or belonged to our
exclusion criteria. One hundred forty-five studies were selected
for extraction, but four of them could not be retrieved. The full
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analysis (‘PRISMA’) 2020 flow diagram for updated systematic reviews which included
searches of databases, registers and other sources.
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texts of the remaining 141 studies were evaluated and finally, 5
eligible publications were chosen. In addition, six studies were
detected through the reference lists of the retrieved studies but
none of them was finally deemed for inclusion. Figure 1
depicts the flow chart of our systematic review which ended
with five selected articles.11–15

The studies were performed in America, Europe, and
Oceania and published between 2013 and 2021. The popula-
tion of transoral robotic surgery total laryngectomies ranged
from 2 to 10. The overall number of laryngectomies was 27.
The largest study included 10 cases and was performed by
Hans et al. in 2021.15 The average age of patients who under-
went a transoral robotic surgery total laryngectomy was 59.6
years and ranged from 22 to 80 years. The male-to-female
ratio was 19:6. The demographic characteristics of the study
are shown in Table 1.

The most common indication for transoral robotic surgery
total laryngectomy was the recurrence of a laryngeal SCC (sal-
vage laryngectomy) (44.4 per cent), followed by laryngeal dys-
function after conservative treatment (33.3 per cent), and
laryngeal non-SCC (adenoid cystic carcinoma or chondrosar-
coma) (22.2 per cent). All cases were presented with clinically

negative neck and 46.2 per cent of them were staged as T3, fol-
lowed by T2 (38.4 per cent), T1 (7.7 per cent), and T4a (7.7 per
cent). Sixty-eight per cent of patients had no comorbidities
while 32 per cent of patients had either pathologic comorbid-
ities or a second primary. Table 2 shows the preoperative
characteristics of the included studies.

Total laryngectomies were primary in 37 per cent of cases
and salvage in 62.3 per cent. Three out of 27 cases were con-
verted to open procedures because of inadequate exposure.
The mean time of surgery was 282.6 minutes and ranged
from 226 to 370 minutes. The histopathology (when reported)
demonstrated in all cases negative resection margins. Table 3
lists the perioperative characteristics of the studies.

The surgical incision was always shorter than 5 cm.
Exposure was mainly achieved with a Feyh–Kastenbauer
retractor. Crow–Davies and Maryland retractors were also
used. In four out of five studies, the strap muscles were pre-
served (the only exception was the study of Krishnan and
Krishnan.13) Three studies12,14,15 reported formal intra-oral
ligation of the superior laryngeal artery while the other two
sttudies11,13 did not report how they dealt with the artery.
Larynges were designed to be delivered intra-orally in every
study except the Krishnan and Krishnan cases.13 Pharyngeal
closure was performed intra-orally, mostly with 3-0 Vicryl
sutures (Ethicon, Bridgewater, New Jersey, USA). The unique

Table 1. Demographic characteristics of the included studies

Authors Year Country n Mean age years (range) Gender (male/female)

Dowthwaite et al.11 2013 Canada 3 55.3 (38–65) 2/1

Smith et al.12 2013 USA 7 61.9 (38–79) 6/1

Krishnan and Krishnan13 2017 Australia 5 54 (22–80) 3/2

Lawson et al.14 2018 Belgium 2 N/R N/R

Hans et al.15 2021 France 10 62.2 (48–70) 8/2

Total — — 27 59.6 (22–80) 19/6

n = population size; N/R = not reported

Table 2. Individual characteristics of cases

Gender Mean age years (range)

– Male 59.8 (41–80)

– Female 50 (22–65)

Indication n (%)

– Recurrent SCC 12 (44.4)

– Dysfunctional larynx 9 (33.3)

– Non-SCC laryngeal cancer 6 (22.2)

Clinical staging (SCC or AdCC)

– T1N0M0 1 (7.7)

– T2N0M0 5 (38.4)

– T3N0M0 6 (46.2)

– T4aN0M0 1 (7.7)

Comorbidities

– Hepatic 2 (8.0)

– Pulmonary 3 (12.0)

– Diabetes 1 (4.0)

– Neurologic 1 (4.0)

– Second primary 1 (4.0)

– No 17 (68.0)

*n = population size; SCC = squamous cell carcinoma; AdCC = adenoid cystic carcinoma

Table 3. Treatment modalities

Prior therapy n (%)

– No 10 (37.0)

– Radiation 6 (22.2)

– Chemoradiation 11 (40.7)

Conversion to open surgery

– Yes 3 (11.1)

– No 24 (88.9)

Time of procedure Minutes

– Mean 282.6

– Range 226–370

Type of surgery

– Primary 10 (37.0)

– Salvage 17 (62.3)

Surgical margins (in case of cancer)

– Negative 17 (100.0)

– Positive 0 (0.0)

n = population size
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surgical techniques of every transoral robotic surgery total
laryngectomy are presented in Table 4.

The main serious complication of transoral robotic surgery
total laryngectomy was the development of a pharyngocuta-
neous fistula in 20 per cent of cases. Pharyngocutaneous fis-
tulas were presented with the same frequency in primary
and salvage laryngectomies. Bleeding was reported in only 8
per cent of cases, and only 1 case needed surgical manage-
ment. No patient needed a permanent gastrostomy, and the
average hospital stay was 12.9 days. Table 5 lists the complica-
tions and postoperative characteristics of the included studies.

The Murad et al.10 evaluation tool was used to assess the
reliability and quality of the included articles. Our evaluation
tool indicated that four studies11–13,15 have a low risk of bias,
while one study has an unclear risk of bias.14 Table 6 presents
the evaluation of every included study.

Discussion

Classic total laryngectomy is a transcervical procedure requir-
ing a large skin incision, transection of the strap muscles and
excision of the hyoid bone. The location of the tumour deter-
mines the surgical steps used to save as much healthy tissue as
possible. Therefore, open laryngeal surgery approaches the
tumour from the “blind side” and, lacking the depth of infor-
mation that can be extracted intra-operatively, the surgeon is
not able to recognize the lesion until the late stages of the
procedure.2

In contrast, transoral robotic surgery total laryngectomy
provides immediate exposure of the tumour and helps the sur-
geon to save as much mucosa as possible. The strap muscles
and hyoid bone are not violated. The field is magnified and tis-
sues maintain a standard position. Theoretically speaking, all
these modifications may lead to lower rates of pharyngocuta-
neous fistulas and better cosmetical and functional out-
comes.12,15 It should be noted that narrow field total
laryngectomy also does not violate the hyoid bone and the
integrity of the strap muscles.

Neck involvement is often in laryngeal SCC, making neck
dissection imperative in cases with cN1+ neck. In addition,
almost every primary total laryngectomy for SCC should be
accompanied by at least ipsilateral neck dissection, even in
cN0 cases.2 Therefore, the advantage of the short incision dur-
ing transoral robotic surgery total laryngectomy cannot be
exploited in cases requiring neck management. According to
our systematic review, transoral robotic surgery total laryngect-
omy has never been performed in cases where neck manage-
ment was mandatory. Indications of transoral robotic

surgery total laryngectomy include salvage cases for selected
cT3 or less, N0M0, dysfunctional larynx after organ preserva-
tion strategies, and some rare laryngeal neoplasms of the lar-
ynx with very low regional metastatic potential such as
low-grade adenoid cystic carcinomas and low-grade chondro-
sarcomas. Most T3 and almost all T4a tumours should not be
considered for transoral robotic surgery total laryngectomy,
because the infiltration of laryngeal cartilages, pre-epiglottic
space invasion, and every extralaryngeal extension are absolute
contradictions.11–15

Surgical time is a major limitation in transoral robotic sur-
gery total laryngectomy. The presented data report time ranges
from 226 to 370 minutes.11–15 Classic open total laryngectomy
without neck dissection is a much shorter procedure.17

However data should be interpreted carefully. The specimens
of transoral robotic surgery total laryngectomy are much smal-
ler than they are in classic open surgery.15 A smaller specimen
limits the application of transoral robotic surgery to smaller
tumours but offers the advantage that a prophylactic flap is
not required. Preserved strap muscles consist of a natural
enhancement of the neopharynx. Because most cases of trans-
oral robotic surgery total laryngectomies are salvage cases or
cases with a dysfunctional larynx after radiation failure, the
time of a classic open procedure often included the routine
use of a regional flap.18 Therefore, the time to harvest a
prophylactic flap is saved.

Pharyngocutaneous fistula formation after total laryngect-
omy is a serious and dangerous complication with high

Table 4. Surgical techniques of transoral robotic surgery total laryngectomy

Authors Cervical incision Retractors
Strap

muscles SLA
Laryngeal
delivery

Pharyngotomy
closure

Dowthwaite
et al.11

5-cm stomal incision FK Preserved N/R Intra-orally T-shaped transoral
3-0 Vicryl

Smith et al.*12

Hans et al.*15
Small incision between cricoid
cartilage and suprasternal
notch

FK or CD Preserved Intra-oral
clipping

Intra-orally Horizontal transoral
3-0 Vircryl

Krishnan &
Krishnan13

2-cm stomal incision FK Transected N/R Transcervically Transoral
3-0 V-lock sutures

Lawson et al.14 4-cm stomal incision Maryland Preserved Intra-oral
clipping

Intra-orally Horizontal 3-0
braided sutures

*Smith et al.12 and Hans et al.15 used the same technique; N/R = not reported; SLA = superior laryngeal artery; FK = Feyh–Kastenbauer; CD = Crow–Davis

Table 5. Complications and postoperative outcomes

Complications n (%)

– Pharyngocutaneous fistula 5 (20.0)

– Bleeding 2 (8.0)

– No 18 (72.0)

Pharyngocutaneous fistula per surgery n (%)

– Primary 2 (20.0)

– Salvage 3 (20.0)

Permanent gastrostomy dependence n (%)

– Yes 0 (0.00

– No 25 (100.0)

Hospital stay Days

– Mean 12.92

n = Population
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morbidity.19 It is related to multiple predisposing factors
(prior radiation therapy, low haemoglobin levels, diabetes,
positive surgical margins, tension in pharyngeal closure and/
or T-closure of neopharynx). Intra-oral transoral robotic sur-
gery total laryngectomy eliminates some of these predisposing
factors by saving healthier mucosa than is done using trad-
itional transcervical total laryngectomy. The strap muscles
are preserved, and the pharyngeal closure is easier to be per-
formed in a more horizontal fashion, limiting the tension in
the neopharynx. According to the literature, the rate of phar-
yngocutaneous fistula formation is very high in salvage cases
even when a prophylactic flap is recruited.20,21 Our results
demonstrate a risk of 20 per cent in transoral robotic surgery
salvage total laryngectomies, but the data are not adequate to
draw safe conclusions. This percentage should be considered
high if we have in mind that the procedure is indicated in a
selected group and promises certain advantages.

The achievement of negative surgical margins of resection
is the cornerstone of the surgical oncologic practice. Positive
surgical margins are always associated with lower survival
rates. Transoral robotic surgery total laryngectomy resulted
in negative margins in every reported case. However, in the
series of Hans et al.15, one patient developed a local recurrence
of chondrosarcoma. This phenomenon was attributed to con-
tamination of the field due to the close incision of the thyroid
and cricoid cartilage.

• Transoral robotic surgery total laryngectomy is indicated in selected
salvage cases of squamous cell carcinoma cancers, in dysfunctional
larynges, and in rare primary carcinomas with low metastatic regional
potential

• Transoral robotic surgery total laryngectomy necessitates more time than
traditional total laryngectomy (median time 282.6 minutes); the larynx
was delivered intraorally in most cases

• The rate of pharyngocutaneous fistula is 20 per cent and no other major
complications have been reported

• The strap muscles and hyoid bone are preserved during transoral robotic
surgery total laryngectomy, theoretically leading to a better swallowing
outcome

Although there is much enthusiasm for the adaptation of
transoral robotic surgery in head and neck procedures, there
is still scepticism about the cost. The use of transoral robotic
surgery is not free, and surgeons must be aware of this.
According to a study by Dombrée et al.,22 transoral robotic
surgery total laryngectomies are significantly more expensive
than the traditional open procedures. Specifically, the overall
cost of a transoral robotic surgery total laryngectomy was cal-
culated at approximately €6767 compared to €3581 for an

open approach. The authors stated that the cost is mainly
affected by equipment purchase and maintenance.22

Our systematic review has certain limitations. Firstly, the
included studies are retrospective and present limited cases.
Sparse data in the literature reflect the difficulty of transoral
robotic surgery total laryngectomy and its restricted indica-
tions. The limited data make it difficult to compare transoral
robotic surgery total laryngectomy results to those of large
cohort studies of traditional total laryngectomies. In addition,
the presented studies had significant differences in important
surgical steps and therefore did not use the same technique
to excise the larynx. These differences reduce the homogeneity
of our data. Finally, the lack of information on swallowing out-
come, follow-up status and voice rehabilitation restricts our
conclusion regarding some very critical and interesting out-
comes of this procedure.

Conclusion

Our systematic review demonstrated the value of transoral
robotic surgery total laryngectomy as a minimally invasive
technique with multiple advantages in oncological, functional
and complication outcomes. The widespread use of transoral
robotic surgery should be undertaken with caution because
the indications are limited to selected recurrent SCC laryngeal
cancer, dysfunctional larynges and primary non-SCC laryn-
geal cancer with low or no regional metastatic potential.
Time of surgery should not be considered a main limitation
because transoral robotic surgery surgery does not require
flap reinforcement. Future research for swallowing and voice
outcomes should be conducted to further assess the value of
transoral robotic surgery total laryngectomy.

Data availability statement. This is a systematic review. The data were col-
lected after downloading the included studies. We worked with these data
using Excel. The data are available and can be provided upon request.
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