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Head and neck (HN) cancer, which mainly presents in the form of squamous cell
carcinoma, was the seventh most common cancer worldwide in 2018, with approximately
890,000 new cases and 450,000 deaths [1]. Its incidence is rising in both less developed
countries, due to the increased exposure to classical risk factors (tobacco smoking and
alcohol), as well as in high-income nations, due to the spreading of high-risk serotypes
of human papillomavirus (HPV-16 and HPV-18) [2]. Survival rates range from 70–80%
at five years for early HN cancer (i.e., with neither nodal metastasis at presentation nor
evidence of extra-organ extension) to an estimated overall survival of 30–40% at advanced
stages [1,2]. Unfortunately, the latter is the most common clinical presentation, and a recent
study from the USA showed that the age-adjusted incidence rates for stage IV HN cancer
have significantly increased by 26.1% over the last two decades [3].

The first historical report of such a disfiguring disease dates back to the Ancient
Egyptians and Greeks (with the first description of a case of oral cancer); it was in the
Roman Empire, though, that Aulus Cornelius Celsus was credited to have performed the
first HN operation in the form of a lip tumor excision [4,5]. Back to the present day, we
know that the surgical removal of HN cancer remains a cornerstone of its management,
along with chemo-radiation “organ-preserving” strategies [6]. More interestingly, the recent
literature suggests that HN surgery must be performed shortly after a cancer diagnosis
because time-to-surgery may represent an independent prognostic factor [7].

The field of head and neck surgery has been profoundly revolutionized, like many
others, by the technological advances in recent decades, and open, microscopic, endoscopic,
and robotic techniques have allowed us to achieve unprecedented results [8–10]. Many
overlapping areas now exist in the HN surgery discipline, and otolaryngologists must
work with (and learn from) plastic surgeons, neurosurgeons, and maxillofacial surgeons.
For example, we are now capable of performing a totally endoscopic transnasal removal
of sinonasal malignancies, even when invading the dural membrane; we can offer our
patients “scarless” transaxillary or transoral thyroidectomy; or we can perform robotic
transoral pharyngectomy and partial/total laryngectomies, or even endoscopic-assisted
lateral skull base dissections [11–15].

As the boundaries of HN surgery expand, the chance of impairing or even perma-
nently damaging critical structures (cranial nerves, major vessels, brain, etc.) and related
physiological functions (swallowing, phonation, sense of smell and taste, etc.) increase [16].
The intratemporal and extratemporal facial nerves during otological and parotid surgery,
and the superior and inferior laryngeal nerves during thyroid and parathyroid surgery,
respectively, are well-known anatomical examples of this. The extensive demolition of
oral, pharyngeal, and sinonasal structures instead requires a fine application of regional or
free flaps in order to at least partially regain the functionality of the upper aerodigestive
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tract. Sometimes, and despite all efforts, permanent tracheostomy and gastrostomy tube
dependency rates are non-negligible (up to 64% in some series), a fact which is unavoidably
associated with a poor quality of life [17,18]. There are some surgical complications that
we must prevent and manage, sometimes by applying classical techniques: for instance,
in transoral robotic surgery, bleeding is a very common event, and the transcervical liga-
tion of the lingual artery has been shown to reduce the risk of fatal hemorrhage but not
its incidence [19]. For skull base tumors, instead, the preoperative embolization of the
internal carotid artery along with a deep knowledge of the microscopic and endoscopic
landmarks now permit a safe dissection for previously considered unresectable tumors (e.g.,
endoscopic nasopharyngectomy operations for post-RT nasopharyngeal carcinoma) [20].

Many patient-related predictive factors of complications have been identified, such as
age or the presence of comorbidities; on the other hand, because HN surgery is being more
commonly performed as a salvage strategy, we tend to operate on previously irradiated
patients who are, by definition, fragile [21]. Preoperative screening for patients who
are most at risk and a rigorous surgical technique are the mainstay for reducing these
complications, which can sometimes be managed in a conservative (medical) manner [22].
In conclusion, the prognosis of HN cancer has not improved by a large extent in the last
century, and if we exclude oropharyngeal HPV-related cases, a little over half of the patients
who are diagnosed with this disease will survive beyond 5 years. As we are continuously
refining our diagnostic and therapeutic approaches to HN disorders, the aforementioned
risks and complications are, and will always be, present. Optimistically, we believe that by
following sound evidence-based clinical recommendations, and thanks to the diffusion of
novel technologies, devices, and surgical expertise, the incidence of these adverse events
will be brought nearly to zero. As Guest Editors of this Special Issue, we would like to
conclude this Editorial by thanking the authors who have submitted their excellent papers
so far, the reviewers for their punctual remarks, and all the staff of the Journal of Clinical
Medicine for their constant support.
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Non-Surgical Strategies for Assisting Closure of
Pharyngocutaneous Fistula after Total Laryngectomy:
A Systematic Review of the Literature
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Abstract: Background: Pharyngocutaneous fistula (PCF) is a frequent complication after total laryn-
gectomy, with an incidence of up to 65%. Many conservative or invasive approaches are available
and the choice among them is usually made on a case-by-case basis. The aim of the present review is
to critically summarize the available evidence of the effectiveness of the non-surgical management of
PCF. Methods: A systematic review and a meta-analysis of the literature were conducted, according
to the PRISMA guidelines. Studies investigating botulinum toxin therapy, scopolamine transdermal
patch, hyperbaric oxygen therapy (HBOT), and negative pressure wound therapy (NPWT) were
assessed. Complete fistula closure after the initiation of non-surgical treatment was the main out-
come. Results: After the application of selection criteria, a total of seven articles and 27 patients
were included in the present review. All the eligible studies were descriptive case series, while
only one article used a standard group as a comparison. The mean age was 63.3 and 14 patients
(51.9%) had previously received RT. The reported comorbidities were diabetes, ischemic heart disease,
hypertension, dyslipidemia, COPD, and atrial fibrillation. With a mean healing time of 25.0 days,
the overall success rate was 92.6%. Conclusions: Non-surgical treatment of PCF is only based on the
experience of small series. Although success rates seem promising, the absence of properly designed
comparative studies does not allow us, at present, to identify ideal candidates for these non-invasive
management strategies for PCF.

Keywords: head and neck; fistula; complications; non-surgical treatment; otorhinolaryngology

1. Introduction

Pharyngocutaneous fistula (PCF) is a frequent complication after total laryngectomy,
with a reported incidence between 3% and 65% [1]. This event considerably increases the
length of hospital stay and costs, may delay the start of postoperative radiotherapy (RT),
and can heavily affect the patient’s psychological status [2]. PCF is usually diagnosed
7 to 11 days after surgery [2], and while there is still no gold standard test (e.g., blue dye
test, etc.) for an early diagnosis [3], fever in the early postoperative period represents an
excellent predictor of its development [4].

Once PCF is diagnosed, standard wound treatment is usually implemented, in terms
of compressive dressings, antibiotics coverage, and artificial nutrition. Closure can be
expedited by invasive/surgical approaches (use of pedicled or free flaps, endoscopic repair)
or by non-surgical strategies, such as the use of hyperbaric oxygen therapy, botulinum
toxin injection, or negative pressure (or vacuum-assisted) therapy [1,5]. While excellent
reviews have been published on the management of post-reconstructive head and neck
salivary fistulas [5], or about the reduction strategies of salivary flow in head and neck
cancer patients [6], no specific paper has ever focused on non-surgical treatment of PCF,
which remains largely empirical and anecdotal. In the present review, we want to critically
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summarize the available evidence on the efficacy of the non-surgical treatments of PCF
after total laryngectomy.

2. Materials and Methods

2.1. Literature Search

Following the preferred reporting items for systematic reviews and meta-analyses
(PRISMA) guidelines [7], we conducted a literature search on articles published from
January 1980 up to July 2021, using the PubMed database in order to identify all the studies
reporting the outcomes of non-surgical strategies for the treatment of PCF.

The following keywords were used: “treatment AND pharyngocutaneous fistula”
(596 results, 517 in English, 1 in Italian); “Management AND pharyngocutaneous fis-
tula” (185 results, 167 in English, 0 in Italian); “Closing AND pharyngocutaneous fis-
tula” (78 results, 67 in English, 1 in Italian); “Botulinum AND pharyngocutaneous fistula”
(2 articles, 2 in English); “Botulinum AND salivary fistula” (47 articles, 40 in English, 0 in
Italian); “Botulinum AND saliva” (172 articles, 149 in English, 0 in Italian); “Hyperbaric
oxygen therapy AND pharyngocutaneous” (4 articles, 3 in English, 0 in Italian); “Oxy-
gen AND pharyngocutaneous fistula” (4 articles, 3 in English, 0 in Italian); “HBOT AND
pharyngocutaneous fistula” (1 article, 1 in English); “Vacuum Assisted Closure Therapy
AND pharyngocutaneous fistula” (11 results, 9 in English, 0 in Italian); “Negative pressure
wound therapy AND pharyngocutaneous fistula” (16 results, 13 in English, 0 in Italian);
“Scopolamine AND pharyngocutaneous fistula” (0 results); “Scopolamine AND fistula”
(13 results, 13 in English, 0 in Italian).

Only studies describing the clinical outcomes of patients presenting with a PCF and
who were exclusively treated with non-surgical methods were selected. Articles were
excluded based on the following criteria: studies describing other types of fistulas or
wounds in the head and neck region (e.g., oro-cutaneous fistulas, post-parotidectomy
fistulas, etc.); cases with the concurrent implementation of an invasive approach (for
example, vacuum-assisted closure therapy/VAC and the associated need for returning to
the operating room, or the need of general anesthesia); and articles written in languages
other than Italian and English. In order to avoid unnecessary bias, cases reporting combined
medical treatments for a single-treatment-resistant fistula were also excluded. Bibliographic
research and the removal of duplicates were performed by the reference management
software Mendeley Version 1.19.8 for macOS.

2.2. Data Collection

Titles and abstracts of the extracted papers were carefully evaluated according to the
aforementioned criteria. Full texts were then analyzed in order to extract the following
data: patients’ age; sex; previous RT on head and neck region; the presence of medical
comorbidities; TNM stage; type of head and neck surgery (total laryngectomy or pharyngo-
laryngectomy) and the possible use of a free or pedicled flap for reinforcing the pharyngeal
suture; time elapsed (expressed in days) from surgery to fistula presentation; time from
fistula appearance to its closure; and other associated postoperative complications.

2.3. Definition of the Outcome and Statistical Methods

The aim of this study was to quantify the success rate, defined as complete fistula
closure, after the initiation of a non-surgical strategy and in addition to standard wound
therapy. Standard descriptive statistics were used to summarize the extracted data and
Microsoft® Excel (Version 16.52, Redmond, WA, USA) was used to perform the calculations.

3. Results

After the application of selection criteria, a total of seven articles were included in
the present review and the PRISMA flowchart is represented in Figure 1. Non-surgical
strategies for PCF closure included botulinum toxin therapy (2 studies), HBOT (2 studies),
and NPWT/VAC (3 studies) for a total of 27 patients. In all cases, these treatments were
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specifically added to the standard PCF care that included compressive dressings, systemic
broad-spectrum antibiotics administration, and enteral artificial nutrition, usually by a
nasogastric feeding tube.

Figure 1. PRISMA flow diagram depicting the selection of the papers included in the present review.

In the whole cohort, there was only one female and the mean age was 63.3. Primary
tumors’ stages ranged from T2N0 to T4N2, and 14/27 patients (51.9%) had previously
received RT. PCF was diagnosed a mean of 9.6 days after surgery and it healed about
25.0 days after its appearance. Comorbidities were seldom reported and only a few (3)
studies have specifically investigated them: diabetes mellitus (2), ischemic heart disease (2),
hypertension (2), dyslipidemia (3), COPD (1), and atrial fibrillation (1).

The detailed outcomes for the use of HBOT, NPWT, and botulinum toxin therapy are
presented in Tables 1–3, respectively. The overall success rate was 92.6% but no formal
comparison with a control group was ever made. In most cases, conservative treatments
were used primarily, but in 11% of cases, they were also used after failed surgical treatment
(2 pectoralis major flap, 1 radial forearm free flap). The reason for choosing one therapeutic
process rather than another was never explicitly motivated. Finally, we have stratified
patients according to previous RT status: those who have never been irradiated (13) had
a mean healing time of 14.5 days versus 35.4 days in the RT group. Success rates were
therefore 100% versus 85.7%, but the statistical comparison could not be performed due to
missing data.
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4. Discussion

The optimal management of PCF begins preoperatively, with a proper assessment of
the risk factors in each patient: poor nutritional status (measured by hypoalbuminemia),
previous head and neck radiation therapy, or systemic chemotherapy can all increase the
chance of PCF development [15]. These findings are probably due to the exacerbation
of the obliterative endarteritis and fibrosis induced by the (chemo) radiation itself in
local tissues [16]. While malnutrition should be aggressively corrected during the whole
perioperative period [17], in the setting of a salvage laryngectomy/pharyngolaryngectomy
the prophylactic use of a reinforcing flap has been shown to significantly decrease PCF
risk [18]. In addition, while early oral feeding seems to increase PCF risk according to a
recent meta-analysis [19], early oral hydration may actually reduce this probability (by a
possible mechanical detersion of infected fluids and saliva on pharyngeal suture) [20].

Another point to remember is that preventing PCF development remains of the utter-
most importance: a recent interesting experience has presented a “fistula-zero project” after
total laryngectomy which is mainly based on a watertight horizontal pharyngeal closure,
the reinforcing flap for post-RT patients, and the use of salivary bypass tubes [21]. Besides
prevention, a key aspect is to make an early diagnosis of fistula. For instance, blue dye
oral testing can help in intraoperative and early postoperative periods, with the advantage
of being low in cost and easily administered [3]. Another early predictive test for PCF is
represented by the presence of wound amylase in drains [22].

Once PCF appears, it is known that between 60% and 80% of cases will heal with
“conservative treatments” [23]. Conventionally, a broad-spectrum antibiotic therapy is set
up, along with compressive wound care, and enteral nutritional support through a naso-
gastric tube. Although they are not formally supported by the evidence, these treatments
appear to be plausible and somehow even obvious [23,24]. Surgical repair remains the most
effective and rapid way to close PCF, which, if left untreated, can favor deep neck infections
and carotid blowout syndrome [5,25]. A recent multicenter study has even shown an
independent association between PCF and the development of distant metastases, but the
authors did not include in their model the delayed start of adjuvant treatments [26].

In the present review, we have shown that additional non-surgical strategies, such as
HBOT, VAC, or botulinum toxin therapy, might yield an overall satisfactory PCF closure
rate. Even though no side effects were reported with these strategies, we think that this
result is heavily weakened by the lack of a control group, the fact that confounding factors,
such as preoperative comorbidities or previous RT, were not evaluated, and the very low
number of cases available. Furthermore, we strongly believe that these strategies should
be reserved only in very particular cases and, whenever judged to be clinically necessary,
prompt surgical closure should be performed [1,5].

HBOT is based on the favorable effects of repetitive periods of hyperoxia (and subse-
quent hypoxia) on the wound healing process and mainly thanks to the production of the
vascular endothelial growth factor (VEGF) by macrophages [27]. The treatment is quite safe,
even though some side effects were reported, including reversible myopia, barotrauma in
the form of tympanic membrane perforation, tracheobronchial symptoms (from a simple
cough to pneumothorax), and even seizures [28]. While the use of HBOT has become a
cornerstone in other fields of head and neck surgery, such as in the case of mandibular
osteonecrosis [29], we retrieved no satisfactory study for PCF treatment. In addition, HBOT
for treating PCF raises some questions, such as the yet unassessed cost-benefit ratio, or
the risk of promoting tumor progression, since oxygen was shown to promote cellular
and vascular proliferation in wounds [30]. However, according to a review of the liter-
ature conducted some years ago, this latter risk remains more theoretical than clinically
meaningful [31].

The efficacy of NPWT/VAC therapy for all kinds of head and neck wounds has
been recently reviewed in an excellent paper [32]. One problem is the definition of the
outcome. For example, one study using NPWT considered “success” the mere formation of
granulation tissue in the PCF tract, without specifying any further [33]. Another issue arises
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from the difficulty to understand when NPWT can be applied non-invasively or when it
needs to be placed in the operating room along with open surgical wound revision [34–37],
or even by an endoscopic insertion [38]. Not all the patients of the considered articles
were, therefore, included for this study. In two papers, for example, for some patients
of the cohorts, an explicitly invasive surgical procedure was associated with VAC [10,11].
Furthermore, maintaining the necessary hermetic seal is notably difficult because of the
proximity of the PCF to the tracheal stoma, whose secretions also complicate VAC adherence
to the skin [11]. On the other hand, NPWT has got very few side effects other than
pain/discomfort [39], or hemorrhage if vessels are not properly protected [40]. Regarding
costs, it was shown they are comparable to those of conventional wound dressing, because
of the need for fewer dressing changes and a shorter duration of hospitalization [41].

Botulinum toxin therapy represents one of the many pharmacological strategies to
reduce salivary flow, which is a major culprit in PCF formation and persistence [6 bomeli].
This molecule has been extensively used in the treatment of sialorrhea for many neurological
syndromes [42–45]. Botulinum toxin starts to reduce the salivary secretion from 72 h after
the periparotid infiltration and it has a more noticeable effect after 5 to 7 days [46]; its action
is reversible and it lasts about 2–4 months, and with minimal systemic side effects [47].
A study conducted some years ago demonstrated, by the use of 99 mTc pertechnetate
scintigraphy, a reduction of up to 80% total salivary flow of secretion. However, it should be
noted that some residual flow remains nonetheless important against oral cavity infections
and xerostomia [48]. In addition, botulinum toxin use for PCF is currently off-label, and a
comprehensive and written informed consent to the procedure should be obtained (as done
by one [13] of the two aforementioned studies). Another potentially useful antisecretory
drug would be constituted by scopolamine patches, which, however, are not free from
anticholinergic side effects (e.g., blurred vision and urinary retention) [49,50]. However, in
our literature search anticholinergic drugs were reported for the treatment of neurological
chronic drooling [51,52], or for the prevention of sialocele or the treatment of salivary
fistulas following parotid surgery [53,54], while no mention as a possible treatment for PCF
was found. For the sake of completeness, we found that successful use of combination
treatments, such as scopolamine + botulinum toxin for a post-parotidectomy fistula [55], or
scopolamine + NPWT for treating an entero-cutaneous fistula after esophagectomy [56],
was also presented in case reports.

The possible role of previous RT as a risk factor is well known since many years: the
scientific evidence has been strengthened by several meta-analyses, even though some
studies have shown contradictory results [1,15,57]. Furthermore, it has been shown that
chemo-radiotherapy increases the risk of developing a PCF compared to radiotherapy
alone [16]. It should be recalled that the group receiving salvage RT may receive more
extensive procedures because of the higher recurrent T/N stage and the need for larger
resection margins, and this latter aspect can increase, by itself, the risk of complications [58].
Since the publication of the aforementioned meta-analyses, it has become almost imperative
to reinforce pharyngeal closure with a vascularized flap and many choices are available (pec-
toralis major flap, supraclavicular artery island flap, fasciocutaneous free flaps, mammary
artery, perforator propeller flap, latissimus dorsi flaps, or facial artery-based cutaneous
island flap) [59–62]. In a large multicenter study conducted by the American Academy of
Otolaryngology-Head & Neck Surgery, vascularized tissue augmentation was shown to
significantly reduce the overall fistula rate and fistula requiring reoperation, but, also, to
possibly impair speech and swallowing outcomes [63].

Limitations of our study include the heterogeneity in terms of elapsed time from
PCF diagnosis and the start of the therapy, in terms of indications, and in the definition
of the outcome. For instance, Steffen et al. reported six patients with PCF and treated
with botulinum toxin, speaking only of “improvement of the patients’ conditions”, and
without mentioning the fistula closure [64]. Another issue arises from the lack of a control
group: only the study by Neovius et al. had a reference group, but the authors did not
make any statistical comparison between the two cohorts [8]. The diffuse underreporting
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(of comorbidities, of previous RT, etc.) of all of the available studies is the major reason for
the low level of evidence of the present work. In addition, since it is based mostly on case
series/reports, it is very probable that the success rate is high for the simple fact that only
successful treatments have been reported (i.e., publication bias). Moreover, concomitant or
subsequent multiple non-surgical treatments would not allow us to draw any conclusion
on what, in the end, has helped in the healing process, such cases are, therefore, not useful
for comparison against other surgical or single non-surgical treatments. Hopefully the
present review will prompt future research in this field and we suggest that a basic set of
clinical information must be reported with these treatments if we want to draw stronger
clinical conclusions.

5. Conclusions

The outcomes of non-surgical strategies for expediting the closure of PCF seem appar-
ently promising, but they are derived from only a few non-randomized and retrospective
studies. The very low level of evidence available does not currently justify the use of
these strategies in the current clinical management of PCF and further well-designed and
exhaustive studies are needed in this field of head and neck surgery.
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Abstract: Total thyroidectomy (TT) in patients with Graves’ disease is challenging even for an
experienced thyroid surgeon. This study aimed to investigate the accumulation of experience and
applying newly developed devices on major complications and voice outcomes after surgery of a
single surgeon over 30 years. This study retrospectively reviewed 90 patients with Graves’ disease
who received TT. Forty-six patients received surgery during 1990–1999 (Group A), and 44 patients
received surgery during 2010–2019 (Group B). Major complications rates were compared between
Group A/B, and objective voice parameters were compared between the usage of energy-based
devices (EBDs) within Group B. Compared to Group B, Group A patients had higher rates of recurrent
laryngeal nerve palsy (13.0%/1.1%, p = 0.001), postoperative hypocalcemia (47.8%/18.2%, p = 0.002),
and postoperative hematoma (10.9%/2.3%, p = 0.108). Additionally, Group A had one permanent
vocal cord palsy, four permanent hypocalcemia, and one thyroid storm, whereas none of Group B
had these complications. Group B patients with EBDs had a significantly better pitch range (p = 0.015)
and jitter (p = 0.035) than those without EBDs. To reduce the major complications rate, inexperienced
thyroid surgeons should remain vigilant when performing TT for Graves’ disease. Updates on
surgical concepts and the effective use of operative adjuncts are necessary to improve patient safety
and voice outcome.

Keywords: Graves’ disease; total thyroidectomy; major complications; voice outcome; experience
and newly developed devices; energy-based device (EBD)

1. Introduction

Graves’ disease is the most common cause of persistent hyperthyroidism. The annual
prevalence rate is approximately 20 to 30 cases per 100,000 individuals, and the lifetime
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prevalence rates in women and men are 3% and 0.5%, respectively [1]. Depending on the
preferences and clinical features of the patient, treatment for Graves’ disease may include
anti-thyroid drugs, radioactive iodine therapy, and thyroidectomy [2].

The suggested indications for surgical treatment of Graves’ disease include large
goiters, lesions causing tracheal compression, moderate-to-severe ophthalmopathy, current
pregnancy or breastfeeding, poor control of hyperthyroidism after radio-iodine ablation or
after anti-thyroid drug therapy, and suspected malignancy of a coexisting nodule [3]. In
the literature, two surgical managements for Graves’ disease can be considered—subtotal
or total thyroidectomy (TT). Subtotal thyroidectomy leaves 4 to 7 g of thyroid and provides
patients with adequate thyroid function without requiring thyroxin replacement. Another
advantage is that the procedure reduces the risk of hypoparathyroidism [4]. However, in a
study of 415 consecutive Graves’ disease patients treated by subtotal thyroidectomy with
a mean thyroid remnant weight of 5.1 g, 28.7% (119 patients) had persistent or recurrent
hyperthyroidism, over 50% had hypothyroidism, and 19.3% achieved an euthyroid state [5].
Furthermore, a second surgery for recurrence may be more difficult than a first surgery
owing to distortion of tissue planes by scar tissue formation and may have a higher risk of
injury to the recurrent laryngeal nerve (RLN) and parathyroid glands (PGs) [6]. Therefore,
TT is a preferred surgical treatment option because of several advantages, including (1) low
recurrence rate, (2) rapid and reliable control of hyperthyroidism and its related symptoms,
(3) radical resection of coexisting malignant thyroid tumor, (4) optimal release of airway
compression, (5) absence of side-effects such as those in radio-iodine and anti-thyroid drug
therapy, and (6) possible elimination of further progression of ophthalmopathy [7–9].

Compared to patients with euthyroid multiple nodular goiters, TT for Graves’ disease
patients has significantly higher rates of vocal cord palsy, postoperative hypocalcemia (PH),
and hematoma requiring reoperation [10]. Graves’ disease patients tend to have a larger
thyroid size and an adhesive thyroid capsule to the surrounding neck structure, Palestini
et al. [11] reported that voice changes or neck discomfort were reported by 29% and 8% of
patients after thyroidectomy for Graves’ disease patients. Therefore, high levels of surgical
experience and technical knowledge may have important roles in lowering the occurrence
of the major complications and preventing voice impairment. To the best of our knowledge,
this study is the first to investigate the surgical performance on major complications and
voice outcome after TT for Graves’ disease of a single surgeon over 30 years.

2. Materials and Methods

This retrospective study enrolled patients with Graves’ disease who had received TT
performed by a single thyroid surgeon (F.-Y.C.) within a 30 year period (1990–2019) in
Kaohsiung Medical University Hospital. The surgeon performs more than 200 thyroid
surgeries every year, and the surgical complications in recent years are presented in [12,13].
Ethical approval of this study was obtained from the Kaohsiung Medical University Hospi-
tal Institutional Review Board (KMUHIRB-E(II)-20200026). The surgeries were divided into
two groups according to the time of surgery: Group A included 46 consecutive patients
who had received TT during 1990–1999, and Group B included 44 consecutive patients
who had received TT during 2010–2019. Thyroid surgeries with or without energy-based
device (EBD) assistance in Group B were evaluated; in this study, the LigasureTM small jaw
(Medtronic, Covidien, CO, USA) was applied as the EBD in Graves’ disease surgery.

The surgical indications for patients with Graves’ disease included refractory hyper-
thyroidism, suspected thyroid malignancy, local compression symptoms caused by Graves’
disease, and Graves’ ophthalmopathy. A different surgical strategy for preserving RLNs
and PGs was used in each group. In Group A, all RLNs were identified and preserved
by visualization alone, and preferably at least one PG was autotransplanted. In Group B,
RLNs were routinely identified and preserved by visualization with the adjunct of intermit-
tent intraoperative neuromonitoring (IONM), and PGs were preserved in situ whenever
possible. Autotransplantation was the least preferred option for devascularized PGs.
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In both groups of patients, vocal cord mobility was video-recorded with a flexible
laryngo-fiberscope before and after surgery. If vocal cord palsy occurred, the patient was
followed up until complete recovery of vocal cord function. An RLN palsy was considered
permanent if vocal cord dysfunction persisted longer than 6 months after surgery. The RLN
palsy rate was based on the number of nerves at risk.

Preoperative and postoperative (12, 24, 48, and 72 h after surgery) serum ionized
calcium (iCa) levels were measured in each group. Normal iCa was defined as the mean (±
2SD) preoperative iCa. In Group A, PH was defined as iCa under 4.0 mg/dL in at least
two measurements. In Group B, PH was defined as iCa under 4.2 mg/dL in at least two
measurements. Permanent PH was defined as a persistent PH that required treatment with
calcium supplements more than 12 months after surgery [13]. Postoperative hematoma
was defined as progressive neck swelling that required emergent surgical intervention.

Objective voice analysis included the Multidimensional Voice Program (model 5105,
version 3.1.7; KayPENTAX, NJ, USA) and Voice Range Profile (model 4326, version 3.3.0;
KayPENTAX, NJ, USA). Objective voice parameters were obtained, including maximum
pitch frequency (Fmax), minimum pitch frequency (Fmin), pitch range (PR), mean funda-
mental frequency (Mean F0), jitter, shimmer, and noise-to-harmonic ratio (NHR). The PR
was defined as the number of semitones between Fmax and Fmin.

All patients received anti-thyroid drugs and were controlled to euthyroid state before
surgery, and no patients in the two groups were given Lugol’s solution preoperatively.

Variables were analyzed by the t-test and chi-square test performed using SPSS (ver-
sion 18.0 for windows; SPSS Inc., Chicago, IL, USA). A two-tailed p value less than 0.05
was considered statistically significant.

3. Results

Table 1 shows the demographic and clinical characteristics of the patients. There was
no significant difference in gender, age, or pathology results between Group A and Group
B. Among the patients in Group B, 3 of 7 patients having a malignant pathology result
received radioactive iodine treatment, and none of the 7 patients received re-intervention
or had cancer recurrence. However, the two groups significantly differed in the number of
patients with at least one PG autotransplantation; forty (87.0%) patients in Group A and
twenty-two (50.0%) patients in Group B had at least one PG autotransplantation (p = 0.001).

Table 1. Demographic and clinical characteristics of Group A and Group B.

Group A
(46 Patients)

Group B
(44 Patients)

p Value

Gender
0.697Women 35 35

Men 11 9

Age (Year, Mean ± SD) 35.8 ± 13.8 40.8 ± 14.1 0.096

Pathology
0.489Benign (%) 41 (89.1) 37 (84.1)

Malignancy (%) 5 (10.9) 7 (15.9)

PG autotransplantation * (%) 40 (87.0) 22 (50.0) 0.001
* The number of patients with at least one parathyroid gland (PG) autotransplantation.

Table 2 compares the major complication rates in the two groups. The RLN palsy
rate was significantly higher in Group A compared to Group B (13.0% vs. 1.1%, p = 0.001).
Group A had 11 temporary palsies and one permanent palsy while Group B had only
one temporary RLN palsy. Group A also had a significantly higher PH rate compared to
Group B (47.8% vs. 18.2%, p = 0.002). Additionally, Group A had 18 (39.1%) patients with
temporary PH and 4 (8.7%) patients with permanent PH, whereas Group B only had 8
(18.2%) patients with temporary PH and no patients with permanent PH.
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Five (10.9%) patients in Group A and one (2.3%) patient in Group B developed postop-
erative hematoma, which showed no significant difference (p = 0.108). Only one patient in
Group A had a thyroid storm.

Table 2. Major complications of total thyroidectomy in Graves’ Disease.

Group A
(46 Patients)

Group B
(44 Patients)

p Value

RLN palsy a,b (%) 12/92 (13.0) 1/88 (1.1)
0.001Temporary (%) 11 (11.9) 1 (1.1)

Permanent (%) 1 (1.1) 0 (0.0)

Postoperative hypocalcemia (%) 22/46 (47.8) 8/44 (18.2)
0.002Temporary (%) 18 (39.1) 8 (18.2)

Permanent (%) 4 (8.7) 0 (0.0)

Postoperative hematoma (%) 5/46 (10.9) 1/44 (2.3) 0.108

Thyroid storm (%) 1/46 (2.2) 0/44 (0.0) 0.323
a Recurrent laryngeal nerve (RLN) palsy was considered permanent if vocal cord dysfunction persisted longer
than 6 months after surgery. The incidence was based on the number of RLNs at risk. b No occurrence of bilateral
RLN palsy.

Table 3 compares the changes in objective voice parameters between preoperative and
6 week postoperative periods in Group B with (n = 22) or without (n = 22) EBD assistance.
The patients that received surgery with EBDs had a significantly lower proportion of PR
decrease >30% (40.9% vs. 9.1%, p = 0.015) and Jitter increase >30% (63.6% vs. 31.8%,
p = 0.035) compared to the without-EBD group.

Table 3. Six-week postoperative objective voice analysis in Group B with or without EBD.

Without EBD
(22 Patients)

With EBD
(22 Patients)

p Value

Fmin decrease > 30% 2 (9.1) 3 (13.6) 0.635
Fmax decrease > 30% 10 (45.5) 5 (22.7) 0.112
PR decrease > 30% 9 (40.9) 2 (9.1) 0.015 *
Mean F0 decrease > 30% 2 (9.1) 2 (9.1) 1.000
Jitter increase > 30% 14 (63.6) 7 (31.8) 0.035 *
Shimmer increase > 30% 6 (27.3) 5 (22.7) 0.728
NHR increase > 30% 5 (22.7) 3 (13.6) 0.434

Abbreviation: EBD = Energy-based devices; Fmin = Minimum frequency; Fmax = Maximum frequency; PR = Pitch
range; Mean F0 = Mean fundamental frequency; NHR = Noise-harmonic ratio. * p < 0.05 was considered
statistically significant.

4. Discussion

In comparison with Group A, Group B showed less incidence of major complications,
particularly RLN palsy and PH. In Group B, surgery with EBD assistance showed better
voice outcomes. Surgical experience, updates on surgical concepts, and effective use of
operative adjuncts show a strong association to the surgical performance after TT in patients
with Graves’ disease.

Duclos et al. [14] reported a permanent RLN palsy rate of 2.08% in 2357 patients under
thyroid procedures, and the patients’ thyroid disease consisted of 69.8% (n = 1645) non-toxic
nodule, 10.7% (n = 253) hyperthyroidism, 9.7% (n = 228) Grave’s disease, and 9.8% (n = 231)
malignant neoplasm. In the group of Graves’ patients, the permanent RLN palsy rate
was 3.5%. They demonstrated that the successful RLN preservation may be challenging
even for experienced, high-volume surgeons. Wagner and Seiler also reported that, after
thyroidectomy, patients with Graves’ disease had a higher rate of permanent RLN palsy
compared to those with euthyroid nodular goiter (4% vs. 1.7%, respectively) [15]. All Group
A patients in this study had received surgery performed by a single surgeon in his first
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decade of clinical practice. The RLN palsy rate reached as high as 13.0% when the surgeon
had a relatively low experience level and did not use innovative surgical techniques such
as IONM. Although the RLN was visually identified in all cases in Group A, 11 temporary
palsies and one permanent palsy occurred. In other words, the visual integrity of the RLN
is not consistent with the functional preservation, especially the temporary nerve injuries.
In contrast, the RLN palsy rate decreased to 1.1% in Group B patients who received the
surgeon’s third decade of practice and with the aid of IONM. The comparison suggests
that the accumulated experience of the surgeon and the assistance of IONM provided the
accuracy in identifying RLN, understood the mechanism of nerve injury, and improved the
surgical technique, which resulted in a reduced RLN palsy rate in Group B.

Patients with thyroiditis do not have abnormal perceptual vocal evaluation or acoustic
findings compared with controls [16]; however, the mass effect of Graves’ disease can be a
negative factor for patients’ voice. Voice changes or neck discomfort were not uncommon
after thyroidectomy for Graves’ disease patients [11]. For better surgical field exposure,
Ko et al. [17] reported U-shape muscle flap (USMF) surgical methods and included two
patients with large Graves’ disease in that study. They concluded that voice and swallowing
functions after USMF are comparable to those obtained by the midline approach. Liu
et al. [12] reported a 1000 neuro-monitored thyroidectomies series compared the surgical
outcomes between the EBD group (Ligasure) and conventional group, including 23 patients
with Graves’ disease. The EBD group had overall lower surgical complication rates in
comparison with the conventional group. Effective hemostasis helps to avoid excessive
muscle retraction and reduce the injury of the extralaryngeal muscles, thereby avoiding the
influence of the extralaryngeal muscles on the fine control of voice production after thyroid
surgery. In the current study, applying EBDs in modern thyroid surgery for Graves’ disease
brought a better objective voice outcome in PR and Jitter. The continuous developments of
novel nerve monitoring and hemostasis devices can further change the surgical procedures;
in addition, the anti-adhesive material/technique also show great potential for improving
surgical outcomes.

PH is one of the most common complications after TT [18], particularly in Graves’
disease [19–21]. Graves’ disease patients usually have a large thyroid volume and a
vigorous vessel supply. Dissecting the thyroid lobe in a narrow space is susceptible to
bleeding and increases the risk of PG damage due to poor visualization, especially in
procedures performed by low-volume surgeons [22]. In a study of 42 Graves’ disease
patients, Nair et al. [20] reported temporary and permanent hypocalcemia in 42.85% and
9.52% of patients, respectively. Similarly, in another study of 165 Graves’ disease patients,
Guo et al. [21] reported temporary and permanent hypocalcemia in 18.8% and 3.6% of
patients, respectively. In the current study, Group A patients treated by the surgeon in
his first decade of practice had high rates of temporary and permanent PH (39.1% and
8.7%, respectively). In Group B, the improved outcomes on the temporary and permanent
PH rates (18.2% and 0.0%, respectively) may be attributable to improvements in surgical
technique and strategies for preserving PG function. In Group A patients, we preferred
the strategy of at least one PG autotransplantation, which in the 1990s, was believed
to have a low risk of permanent hypoparathyroidism [23,24]. Our current principles
of intraoperative PG management is in situ preservation, and the procedures include
(1) division of individual blood vessels near the thyroid gland to avoid interference with
the blood supply to PGs, (2) careful inspection of the thyroid capsule to determine whether
PGs had adhered to the capsule, (3) routine check of PG blood supply with stabbing
test (stabbing PG with a 23 G needle to check if fresh blood flowed out) or nick test
(incision made on PG capsule with fine scissors to check if fresh blood flowed out) when
a disturbance of blood supply was suspected, and (4) PG autotransplantation only in the
case of devascularization [13].

Weiss et al. reported a 1.34% postoperative hematoma rate and a 0.32% mortality
rate in 150,012 thyroid surgery patients [25]. The thyroid gland is a highly vascularized
organ [26], particularly in Graves’ disease. Hematoma is reported in a large proportion of
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Graves’ disease patients who undergo thyroid surgeries [27]. In the current study, Group A
had a higher hematoma rate compared with Group B, but the difference was not statistically
significant (10.5% vs. 2.3%, p = 0.108). Some studies have reported that the use of EBDs
decreases the occurrence of hematoma after thyroidectomy [28,29]. However, others have
shown that hematoma does not significantly differ between EBDs and the conventional
clamp-and-tie technique [30–32]. Therefore, the advantage of EBDs needs further study in
a high volume of Graves’ disease patients.

Surgeon performance can be evaluated by the occurrence of postoperative compli-
cations, and the experience of surgeons can be roughly estimated by their age or their
years of surgical practice. For young surgeons, the importance of education and training to
gain experience is obvious [33]. To achieve the best results, surgeons need time to acquire
the necessary technical background and to master routine procedures [34,35]. Experts
typically reach their peak performance after approximately 10 years of experience in their
specialty [36]. However, the surgical performance of older surgeons might decline over
time due to mental fatigue from performing repetitive procedures, physiological factors,
lack of updated knowledge, and poor adherence to principles of evidence-based medicine
and new techniques, all of which can contribute to reduced safety and poor treatment
outcomes [14,37].

According to some studies, thyroid surgeries performed by experienced surgeons
tend to have low complication rates, short lengths of hospital stay [38,39], and low costs of
treating complications [39]. However, defining an experienced thyroid surgeon is difficult
and requires the consideration of factors other than age, years of practice, and number
of thyroidectomy procedures performed [33]. For example, Duclos et al. demonstrated
high rates of complications after thyroidectomy in procedures performed by inexperienced
surgeons and older surgeons [14]. Generally, an experienced thyroid surgeon can be
defined as a surgeon who has (1) has at least 10 years of experience in thyroid surgery,
(2) an average annual volume of 100 thyroidectomies with a low complication rate [40],
and (3) familiarity with new technologies, e.g., IONM and EBDs. This study showed that,
as surgeon experience increases, the rate of major postoperative complication rates in TT
for Graves’ disease decreases.

Talent and experience are insufficient to ensure a safe surgery if a surgeon lacks the
motivation and willingness to progress [41]. To maintain a high level of performance for
the rest of their careers, surgeons must continuously evaluate the quality of the care they
deliver and update their surgical concepts. As the result in this study, we suggest that the
inexperienced surgeons should improve the technique to safely preserve the function of
RLN and PGs in regular thyroid surgeries before performing operations on Graves’ disease
patients.

This study had some limitations. As this was not a prospective or randomized study,
bias resulting from comparisons of patients treated in different periods and by different
techniques and instruments was unavoidable. However, the data were collected from
a single surgeon over his 30 years of experience in performing surgery in patients with
Graves’ disease. This study was indeed comparing the different experience levels with
surgical performance from the same surgeon. The description about “peak performance”
in this article is the general situation of the surgeon’s career. However, in the development
of thyroid surgery, the progress in IONM and EBDs in the past decade was too remarkable,
which had a very positive impact on the surgical outcomes. Therefore, accumulation of
surgical experience and the utilization of newly developed devices are the indispensable
factors for thyroid surgeons in this era to improve patient safety. This was also the specific
reason for choosing the two time periods (Group A and Group B) for comparison.

5. Conclusions

TT for Graves’ disease is a challenging procedure with a high rate of major compli-
cations. To reduce the major complications rate, inexperienced thyroid surgeons should
remain vigilant when performing total thyroidectomy for Graves’ disease. It is also sug-

22



J. Clin. Med. 2022, 11, 1298

gested that inexperienced surgeons should improve the technique to safely preserve the
function of RLN and PGs in regular thyroid surgeries before performing operations on
Graves’ disease patients. Updates on surgical concepts and the effective use of operative
adjuncts (i.e., EBD) are necessary to improve patient safety and functional outcomes.
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Abstract: Objective: The aim of this study was to investigate the long-term oncologic outcome and
review the state of the art in the management of olfactory neuroblastomas. Material and Methods:
The records of all patients treated for olfactory neuroblastomas in two academic departments between
1975 and 2012 were evaluated retrospectively. Data on epidemiological parameters were collected
(age, gender), along with staging (Kadish, Morita), histologic grading (Hyams), time and form
of treatment, locoregional control, and disease-specific and overall survival. Patients with other
malignant diseases, distant metastases of olfactory neuroblastomas at the time of initial diagnosis,
a follow-up time of less than 5 years, or insufficient clinical-pathological data were excluded from
further analysis. Results: In total, 53 cases made up our final study sample (26 men, 27 women;
male–female ratio 0.96:1). Their mean age was 48.6 years (range: 10–84 years). The mean follow-up
time was 137.5 months (4–336 months, SD: 85.0). A total of 5 out of 53 study cases (9.4%) showed
metastatic involvement of the neck at the time of initial presentation. Local recurrence was detected
in 8/53 (15.1%) and regional recurrence in 7/53 of our study cases (13.2%). Three patients (42.8%)
from the group of cases with surgery as the sole form of management (7/53, 13.2%) died due to the
disease. The cumulative disease-specific survival and overall survivalfor the whole group of patients
were 88.6% and 63.6%, respectively. The cumulative disease-specific survival stratified by Kadish
A/B vs. Kadish C/D as well as Hyams I/II vs. Hyams III/IV showed superior results for limited
tumors, albeit without significance, and low-grade tumors (highly significant difference). Conclusion:
Craniofacial or sometimes solely endoscopically controlled resection can warrant resection of the
olfactory neuroblastoma with wide margins. However, locoregional failures and distant metastases
can occur after a long period of time. The non-negligible incidence of regional recurrences, partly in
unusual localizations, leads us to consider the need to identify the “recurrence-friendly” cases and to
perform individualized elective irradiation of the neck in cases with high-risk features.

Keywords: olfactory neuroblastoma; esthesioneuroblastoma; Kadish; Hyams; recurrence; survival;
endoscopic surgery

1. Introduction

The neuroectodermal malignancy of olfactory neuroblastoma (ON), which was dis-
covered less than 100 years ago and initially named “esthesioneuroepitheliome olfactif ” [1],
has an incidence of about 0.4 cases per million and accounts for 3–6% of all sinonasal
malignancies [2]. The vague symptomatic and demanding anatomic localization (“rhino-
neurosurgical border”), the extremely variable and hardly predictable biologic
behavior [3–5] (cases with slow evolution and late recurrences as well as aggressive and
metastatic forms with fulminant behavior already at onset [6,7]) in combination with the
extremely low prevalence constitute the challenging profile of this lesion. In our view,
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almost no other malignant entity in the head and neck region is complicated by such a
large number of open, controversial clinical and surgical issues: the various staging sys-
tems [4,8–14] (as well as the absence of an official AJCC (The American Joint Committee on
Cancer)/UICCC (Union internationale contre le cancer) staging system [11]); the debatable
prognostic role [13,15–17]; the subjectivity as well as the sampling dependence [18] of
histopathology-based Hyams grading; the possibility of reducing therapeutic invasive-
ness (single-modality surgical treatment) in carefully selected “low-risk” cases [19]; the
role of local irradiation as well as elective nodal irradiation of a cN0 neck in “low-risk”
lesions [7,20,21], e.g., in teenagers and young adults [6]; and the ideal imaging modality
for the follow-up [22] as well as the long-term course of the disease [12,23] dominate the
relevant literature. In the last three decades, the establishment of endoscopically controlled
approaches (as the first or sole surgical step in tumors confined to the nasal cavity) as well
as new irradiation modalities (e.g., intensity-modulated radiation therapy) opened new
horizons in the “quality-of-life”-oriented but still oncologically sufficient management of
these tumors [24,25].

The aim of this study was to present the experience of two academic centers in the long-
term outcome of patients with ON over a period of 42 years (1975–2017) with a minimum
follow-up of 5 years as well as review the state of the art in the relevant literature regarding
the aforementioned controversial clinical and therapeutic issues of this demanding entity.
The motivation behind this study lay in the need to optimize our patient counseling
by enriching it with long-term feedback and perhaps by thoroughly reconsidering our
management philosophy.

2. Materials and Methods

This study was performed at two academic tertiary referral centers (Department
of Otorhinolaryngology, Head and Neck Surgery, University of Erlangen–Nuremberg,
Erlangen, Germany and Department of Otorhinolaryngology, Head and Neck Surgery, Uni-
versity of Thessaloniki, Thessaloniki, Greece). The records of all patients treated curatively
for ON before 2012 were studied retrospectively. Patients with other malignant diseases,
distant metastases of ON at the time of initial diagnosis, a follow-up time of less than
5 years, or insufficient clinical-pathological data were excluded from further analysis. Data
was collected on epidemiological parameters (age, gender), staging (Kadish [8], modified
Kadish–Morita [26]), histologic profile (Hyams [13]), time and form of management, lo-
coregional control, and disease-specific and overall survival. The specimens of all cases
managed before introduction of Hyams’ grading in 1988 [13] were evaluated retrospec-
tively for histopathologic grading from an experienced head and neck pathologist in our
department. Staging was performed using information from patients’ surgical archives or
imaging data (CT and/or MRI). The five-year overall survival estimate (OS) was defined as
the percentage of patients who were still alive within 5 years divided by the total number
of patients. The five-year disease-specific survival rate estimate (DSS) was defined using
the time from the date of diagnosis to death from the cancer or from complications of
treatment. Regional recurrence was defined as histologically confirmed ON in the neck
after completion of initial treatment. DSS and OS were calculated using the Kaplan–Meier
method. Univariate comparisons between subgroups were performed using the Log-Rank
test. The association of 5-year-DSS with Kadish–Morita staging, Hyams grading, and initial
N status was examined by means of multivariate linear regression analysis. A p-value < 0.05
indicated statistical significance. SPSS for Windows v. 25.0 (SPSS, Inc., Chicago, IL, USA)
was used for statistical analysis. Approval was obtained from the institutional review
boards of both hospitals.

3. Results

In total, 53 cases made up our final study sample (26 men, 27 women; male–female
ratio 0.96:1). Their mean age was 48.6 years (range: 10–84 years). The mean follow-
up time was 137.5 months (4–336 months, SD: 85.0). Detailed information on patients’
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demographics, tumor characteristics, treatment form, and oncologic outcome is given in
Tables 1 and 2. A total of 5 out of 53 study cases (9.4%) showed metastatic involvement of
the neck at the time of initial presentation. Local recurrence was detected in 8/53 (15.1%)
and regional recurrence in 7/53 of our study cases (13.2%). Three patients (42.8%) from
the group of cases with surgery as the sole form of management (7/53, 13.2%) died of
the disease. The cumulative 5-year-DSS and OS for the whole group of patients were
88.6% and 63.6%, respectively Figures 1 and 2. The cumulative DSS stratified by Kadish
A/B vs. Kadish C/D as well as Hyams I/II vs. Hyams III/IV showed superior results
for limited tumors, albeit without significance, and low-grade tumors (highly significant
difference, Table 3, Figures 3 and 4). Multivariate linear regression analysis showed that
among the examined factors (Kadish–Morita staging, Hyams grading, initial N status), only
Hyams grading was an independent prognostic for survival (p = 0.05). The 5-year-DSS was
significantly higher in the group of patients treated in the 2001–2017 period compared to
the patients treated in the 1975–2000 period (100% vs. 72.2%, p = 0.002).

Table 1. Patient, tumor, and treatment characteristics of all patients of our study sample (ESS:
endoscopic sinus surgery, TFA: transfacial approach (lateral rhinotomy), BFC: bifrontal craniotomy,
aRT: adjuvant irradiation, RCT: Radiochemotherapy, AND: alive and free of disease, AWD: alive with
disease, DOD: dead because of disease, DAD: dead for non-disease-relevant reason).

ID Gender Age (y)
Stage

(Kadish)

Stage
(Kadish–
Morita)

Histologic
Grading
(Hyams)

N Status Treatment
Recurrence
(After . . .
Months)

Outcome
(Follow-Up in

Months)

1 Female 10 B B IIII N0 Neoadjuvant RCT +
BFC Local AND (144)

2 Male 56 B B III N0 Neoadjuvant RT +
BFC Local DAD (259)

3 Female 22 C D IV N3 Neoadjuvant RCT +
BFC No DOD (4)

4 Female 38 C C III N0 Neoadjuvant
RT + TFA Locoregional DOD (21)

5 Male 59 A A II N0 ESS No AND (199)
6 Male 54 B B I N0 ESS No AND (156)
7 Female 63 B B II N0 ESS No AND (120)
8 Female 77 B B IV N0 TFA Local DOD (14)
9 Female 46 C C III N0 BFC No AND (122)
10 Female 50 B B III N0 BFC Locoregional DOD (8)
11 Male 50 C C III N0 BFC No DOD (4)
12 Male 28 B B II N0 ESS + aRT No AND (214)
13 Female 67 B B II N0 ESS + aRT No DAD (131)
14 Male 16 B B III N0 ESS + aRT No AND (141)
15 Male 52 B D III N1 ESS + aRT No AND (124)
16 Male 36 C C III N0 ESS + aRT No AND (208)
17 Male 48 C C III N0 ESS + aRT Regional AND (189)
18 Female 55 C C III N0 ESS + aRT No AND (154)
19 Female 41 C C III N0 ESS + aRT No AND (115)
20 Male 71 B B III N0 ESS + aRT No DAD (132)
21 Male 27 B B II N0 ESS + aRT Regional AND (180)
22 Female 56 B B III N0 ESS + aRT No AND (120)
23 Female 64 C D II N1 ESS + BFC+ aRT No AND (205)
24 Female 62 C C I N0 ESS + BFC+ aRT No AND (75)
25 Male 80 B B I N0 ESS + BFC + aRT No DAD (143)
26 Male 57 A A II N0 ESS + BFC + aRT No AND (264)
27 Female 53 B B II N0 ESS + BFC + aRT No AND (300)
28 Male 32 C C III N0 ESS + BFC + aRT Local DOD (26)
29 Male 15 B B II N0 TFA + aRT No AND (288)
30 Male 51 B B I N0 BFC + aRT Local AND (156)
31 Male 48 C C I N0 BFC + aRT No AND (264)
32 Female 57 C C I N0 BFC + aRT No AND (252)
33 Male 62 C C I N0 BFC + aRT No DAD (117)
34 Female 38 B B II N0 BFC + aRT Regional AND (192)
35 Female 31 B B II N0 BFC + aRT No AND (180)
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Table 1. Cont.

ID Gender Age (y)
Stage

(Kadish)

Stage
(Kadish–
Morita)

Histologic
Grading
(Hyams)

N Status Treatment
Recurrence
(After . . .
Months)

Outcome
(Follow-Up in

Months)

36 Female 84 B B II N0 BFC + aRT No DAD (16)
37 Male 36 C C III N0 BFC + aRT No AND (336)
38 Female 34 C D III N3 BFC + aRT Regional AND (180)
39 Female 45 C C III N0 BFC + aRT No AND (123)
40 Female 43 C C III N0 BFC + aRT No AND (126)

41 Male 68 C C III N0 BFC + aRT Distant
recurrence AND (144)

42 Female 69 C C IV N0 BFC + aRT No AND (259)
43 Female 17 B B III N0 ESS + aRT No AND (96)
44 Male 51 C C III N0 ESS + aRT No AND (84)
45 Male 24 C C IV N0 ESS + BFC + aRT No AND (70)
46 Female 44 B B III N0 ESS +aRT No AND (64)
47 Male 62 A A II N0 ESS + aRT No AND (58)

48 Male 55 C C III N2 Neoadjuvant RCT +
ESS No AND (47)

49 Female 65 C C II N0 ESS + BFC + aRT No AND (61)
50 Male 53 B B II N0 ESS + aRT No AND (84)
51 Female 67 B B III N0 ESS + aRT No AND (93)

52 Female 43 C C III N0 ESS + BFC + aRT Local,
distant AWD (104)

53 Male 47 B B III N0 ESS + aRT Regional AND (124)

Table 2. Detailed information of all study patients and treatment characteristics.

Gender (n, %)
Male 26 (49.1)

Female 27 (50.9)
Kadish [8] stage (n, %)

A 3 (5.7)
B 25 (47.2)
C 25 (47.2)

Kadish–Morita [26] grading (n, %)
A 3 (5.7)
B 24 (45.3)
C 22 (41.5)
D 4 (7.5)

Hyams [13] (n, %)
I 7 (13.2)
II 1 (28.3)
III 26 (49.1)
IV 5 (9.4)

Nodal stage (n, %)
N0 48 (90.6)
N+ 5 (9.4)

Therapeutic approach (n, %)
Surgery only 7 (13.2)

Surgery + adjuvant irradiation 41 (77.3)
Neoadjuvant R(C)T + surgery 5 (9.4)

Surgical approach (n, %)
Endoscopic only 22 (41.5)

Endoscopic + open (craniofacial) 22 (41.5)
Open (craniofacial) 9 (17)
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Table 3. Disease-specific survival estimates for all study patients stratified by Kadish–Morita stage
and Hyams grading.

KERRYPNX 5-Year Disease-Specific Survival Estimates p-Value

Kadish–Morita [26] stage
A–B 92.6% 0.377
C–D 84.6%

Hyams [13] grading
I–II 100%

III–IV 80.6% 0.32

Figure 1. Overall survival estimates for all patients included in the study.

Figure 2. Disease-free survival estimates for all patients included in the study.
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Figure 3. Estimated disease-free (D) survival stratified by Kadish–Morita stage.

Figure 4. Estimated disease-free survival stratified by histologic grading (Hyams).
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4. Discussion

A thorough search of the relevant literature reveals that prospective data remain
elusive because of the extremely low incidence of this entity [27]. The increased incidence
in the literature of recent years mirrors the improved diagnostic capacity and underlines
the necessity for well-designed treatment algorithms [28]. The first issue to deal with
is the form of management of the primary tumor. A review of the literature, as well as
an investigation of our data, revealed a shift of paradigm from the “gold standard” of
craniofacial resection in recent decades of the last century to the continuously increasing
performance of endoscopic resection (as a sole or adjunct approach), with some centers even
employing endoscopic techniques for the resection of selected tumors with intracranial
extension (Figures 5 and 6) [29,30]. In any case, a multimodal approach (surgery with
adjuvant irradiation) is thought to be the “gold standard” for high-risk cases (e.g., R1
situation, advanced Kadish stages, aggressive Hyams subtypes) in treatment protocols
intended to cure. While the role of chemotherapy is not well defined [30], it could, however,
play a role in neoadjuvant settings for locally advanced tumorous lesions [19,31] and cases
with primary distant metastases or distant recurrences [32]. Several literature reports
point out the possibility of surgery as the sole form of treatment in very carefully selected
cases [19]. Examining the subgroup of our study patients with surgery as the sole form of
management (6/42, 14.3%), we saw that three patients (50%) died of the disease (among
them, one with Kadish stage C and one with Hyams IV). Meerwein et al. saw a potential
reduction in therapeutic invasiveness (surgery as a single-modality treatment) in cases with
the following profile: limited local tumor extension (Kadish stage A–B), absence of brain
involvement, Hyams grade up to III, and microscopically clear surgical margins (based on
a definitive histopathological workup) [19]. An investigation of our data revealed a shift of
paradigm in the treatment of these tumors following the development and expansion of the
spectrum of endoscopic surgery for this indication three decades ago. It seems that surgery
alone could only be an equal alternative to multimodal treatment in carefully selected
patients with a lack of risk factors and after a thorough discussion of each case with an
interdisciplinary tumor board.

A reasonable treatment algorithm should be based on thorough knowledge of the
biologic (metastatic) behavior of the disease. In this context, Koch et al. detected local
recurrences in 23% of their study cases [3]. Similarly, Constantinidis et al. found local
recurrences in 19.2% of their patient sample [33]. In our study, local recurrence was detected
in 8/53 of the study cases (15.1%). The vast majority of these cases (7/8) had a Kadish stage
higher than B and a Hyams grade higher than III. Three cases were managed (in the first
years of the study) by means of neoadjuvant radio(chemo)therapy and two with adjuvant
irradiation after primary surgery. Reasonably, local recurrence reflects a highly aggressive
form of the disease, with the majority of the cases (4/8) dying within a short period of time
(8–26 months) after the initial diagnosis of the tumor.

According to the relevant literature, 5–8% of patients with ON show metastatic in-
volvement of the neck at the time of initial presentation [3,34,35]. In our study sample,
regional involvement at the time of the first diagnosis was almost 10%. This percentage
scale is certainly below the “20% law” for elective treatment of the regional lymphogenous
network that was described by Weiss et al. [36], pointing to the fact that a possible “wait-
and-scan” policy without management of the lymphatic stations might be sufficient in the
majority of cases. However, this percentage does not justify complacency and makes a
thorough scan of the neck within the initial diagnostic workout inevitable. Admittedly, the
involvement of the neck gains much more importance in the form of regional recurrence at
a later stage in the course of disease, with an incidence as high as 25% [34]. The incidence of
this parameter in our long-term analysis (7/53, 13.2%) was almost the same as that seen in a
systematic review by Naples et al. [12]. A careful investigation of this subgroup of patients
revealed the consistent presence of “high-risk” tumor characteristics, namely higher Kadish
stages (three cases with Kadish stage B and three with C) and advanced Hyams grades
(higher than II) in all cases. Six out of these seven cases had received irradiation of the
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primary lesion (neoadjuvant in one case with Kadish stage C and Hyams grade III, adjuvant
in the remaining five cases). In two cases, the regional failure was combined with local
relapse, and the disease showed massive progression with subsequent distant metastases
and the patient’s death after 8 and 21 months after initial diagnosis. In the remaining
five cases with solitary regional recurrences, the mean time to regional recurrence was
83 months (68–96 months). Our data showed that management of the invaded lymph
nodes by means of neck dissection with adjuvant radio (chemo) therapy could achieve an
acceptable long-term oncologic result (Table 1).

The ongoing controversy in the management of a clinically negative neck in ON [7]
is reflected, among others, in a popular radiation oncology textbook that states, on the
one hand, that “the available data do not justify routine elective nodal treatment”, but
recommends in another Section, 123 pages later, that “with advanced-stage disease, cervical
lymph nodes should be initially managed by irradiation, radical neck dissection, or a
combination of both” [37]. Elective neck irradiation was not administered routinely to a
cN0 neck in either of the departments involved in the present study. However, as patients
with regional recurrences tend to have higher mortality [12] (worse survival outcomes) and
given that “prevention is the best treatment”, our aforementioned observations sustain the
reasonability of elective neck management (e.g., irradiation) in specific cases in which risk-
stratified adjuvant irradiation of the primary tumor site is indicated [38]. In other words, if
a local finding has such aggressive features that it has to be irradiated, then a cN0 neck will
probably also have to be irradiated, as both the primary tumor and the regional lymphatic
network belong to the same case of a “high-risk” profile! Eighteen years ago, Constantinidis
et al. pointed to the frequent development of regional recurrences, sometimes long after
initial therapy, independent of any type of aggressive therapy [33]. Another interesting
observation was that in 2/7 cases with regional recurrence, the positive lymph node was
localized in the retro- and parapharyngeal space (Figure 7). The already described rather
rare tendency of the olfactory neuroepithelium tumor cells to metastasize in the lymphatic
network of the retro- and parapharyngeal space [39,40] necessitates radiologic vigilance
both in the initial staging and in the follow-up. In a relevant literature report [39], as well
as in one of our cases, the pathologic changes in the lymph nodes, in retrospect, were
already present on the first images of the axial datasets and were initially overlooked on
routine MRI evaluation of the neck. Potential involvement of the retro- or parapharyngeal
lymph nodes (Figure 7) has both a clinical relevance as well as a radiologic implication:
First of all, it seems reasonable that primary management of the cN0 neck, if indicated, has
to take the form of irradiation, as an elective neck dissection alone cannot easily address
the (in case of recurrence frequently usually involved) retro- and parapharyngeal space
without a significant increase in surgical morbidity [41]. Secondly, it gives computer
tomography, MRI, or FDG-PET/CT the lead over ultrasound in the imaging of the neck.
Considering the fact that an N+ situation changes the stage to Kadish–Morita D [26],
worsens the prognosis [12,35], and definitively justifies adjuvant irradiation in the initial
phase [42], it cannot be emphasized enough that a thorough initial scan of the patient is of
major importance.
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Figure 5. Imaging of a patient with an olfactory neuroblastoma. (A) Computed tomography (axial
section) shows involvement of the ethmoid cells on the right side. (B) Magnetic resonance imaging
(coronal section) and (C) sagittal section shows a marked “nodular” intracranial extension of the
tumor. (D) Follow-up: magnetic resonance imaging (coronal section) without sign of local recurrence
on follow-up.
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Figure 6. Intraoperative photos of the same case with olfactory neuroblastoma. (A) Endoscopic
picture of the tumorous lesion (black arrows) in the right nasal cavity. (B) Surgical situs after sole
endoscopic resection of the olfactory neuroblastoma, bilateral resection of the olfactory bulbs, and the
remaining intracranial portion of the tumor (black arrows).

Figure 7. Axial contrast-enhanced computed tomography (A) and T1-weighted MRI (B) of a patient
with regional recurrence in the right parapharyngeal space (white asterisk) 68 months after initial
craniofacial resection and adjuvant irradiation in olfactory neuroblastoma Kadish–Morita stage
B/Hyams grade III.
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5. Conclusions

Firstly, the survival analysis of our study showed superior cumulative DSS for limited
lesions (no significance) and low-grade tumors (highly significant). A review of the relevant
literature reveals a more consistent position concerning the prognostic importance of the
Kadish staging system [19] but more variability concerning the prognostic impact of the
histologic grading [16]. Secondly, a statistically better survival was detected in the group
of patients being treated in the latter study period (with cases of advanced stage as well
as a higher grade being homogeneously distributed in both study groups), pointing to
the positive impact of the increasing experience in the oncologic outcome of our cases.
Thirdly, the non-negligible incidence of regional recurrences, partly in unusual localizations
(e.g., retro- and parapharyngeal space), leads us to consider the need for identifying the
“recurrence-friendly” cases and for primary elective irradiation of the neck in cases with
high-risk features. Interestingly, the present long-term study confirms the reliability of
the results of an analysis of one of the involved departments 18 years ago [33]. Last but
not least, individualization of this indication with consideration of other factors (e.g., age)
is needed.
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Abstract: Background: In the present study, we assess the feasibility and success outcomes of
voice prosthesis (VP) changes when performed by a speech-language pathologist (SLP). Methods:
Patients treated with total laryngectomy (TL) from January 2020 to December 2020 were prospectively
recruited from our medical center. Patients benefited from tracheoesophageal puncture. The VP
changes were performed by the senior SLP and the following data were collected for each VP change:
date of placement; change or removal; VP type and size; reason for change or removal; and use of a
washer for periprosthetic leakage. A patient-reported outcome questionnaire including six items was
proposed to patients at each VP change. Items were assessed with a 10-point Likert-scale. Results:
Fifty-two VP changes were performed by the senior SLP during the study period. The mean duration
of the SLP consultation, including patient history, examination and VP change procedure, was 20 min
(range: 15–30). The median prosthesis lifetime was 88 days. The main reasons for VP changes were
transprosthetic (n = 34; 79%) and periprosthetic (n = 7; 21%) leakages. SLP successfully performed all
VP changes. He did not change one VP, but used a periprosthetic silastic to stop the periprosthetic
leakages. In two cases, SLP needed the surgeon’s examination to discuss the following indication:
implant mucosa inclusion and autologous fat injection. The patient satisfaction was high according
to the speed and the quality of care by the SLP. Conclusions: The delegation of VP change from the
otolaryngologist–head and neck surgeon to the speech-language pathologist (SLP) may be achieved
without significant complications. The delegation of VP change procedure to SLP may be interesting
in some rural regions with otolaryngologist shortages.

Keywords: total laryngectomy; cancer; voice; voice prosthesis; otolaryngology; head neck surgery;
speech language therapists

1. Introduction

Total laryngectomy (TL) is a common oncological surgery in head and neck surgery.
The post-TL voice rehabilitation is challenging for both patients and practitioners due to
the complex nature of patient presentation and the involvement of many motivational and
oncological factors [1,2]. To date, tracheoesophageal speech is considered the gold standard
for post-TL voice rehabilitation [1,2]. The mean voice prosthesis (VP) lifetime ranges
from 3 to 6 months, which supports the need of adequate follow-up and VP changes 3. In
most countries, the VP changes are performed by physicians because it is considered as a
medical act.
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In the present study, we assessed the feasibility and success outcomes of VP changes
when performed by a speech-language pathologist (SLP).

2. Materials and Methods

2.1. Ethical Consideration

The local institutional review board approved the study protocol (APHP-HEGP-2018).
A waiver of informed consent of participants was granted because participant data were
protected and anonymized.

2.2. Subjects and Setting

Patients treated with TL from January 2020 to December 2020 were prospectively
recruited from our medical center. Patients benefited from a tracheoesophageal puncture
and 1-month post-TL VP. The surgeon used the Provox® 2 type prosthesis (Atos Medical AB,
Hörby, Sweden). Patients were followed by an experienced otolaryngologist and SLP for
the voice rehabilitation and the oncological follow-up. The first VP change was performed
by the senior SLP (GD) who was supervised by the senior head and neck surgeon (SH).
The rest of the VP changes were performed by the same SLP without surgeon supervision.
However, the surgeon was called in the case of problems.

2.3. Practitioner and Patient Outcomes

The following outcomes were considered: gender; age; primary tumor site; cTNM
classification; primary treatment; TL indication (primary, salvage, second primary, and
dysfunctional larynx); surgical characteristics (e.g., neck dissection and flap reconstruction);
driving distance to the hospital; and survival outcome. The following data were collected
for each VP change: date of placement; change or removal; VP type and size; reason for
change or removal; and use of a washer for periprosthetic leakage.

A patient-reported outcome questionnaire including 6 items was proposed to patients
at each VP change. Items were assessed with a 10-point Likert-scale.

3. Results

Ten patients completed the evaluations. The epidemiological and clinical outcomes
of patients are available in Table 1. There were eight males and two females, respectively.
The median age was 63.2 yo (range of 48–79 yo). TL was performed for the following
indications: low-grade cricoid chondrosarcoma (n = 2), recurrent laryngeal cancer after
radiation (n = 3), or chemoradiation (n = 5).

Table 1. Characteristics of patients followed by the speech therapist.

Patient
Number

Age (year) Gender Comorbidities
Initial

Treatment
Indications cTNM VP (nb) Complications

1 75 F Tobacco RT Rec. LSCC T3N0 4 -

2 79 M Tobacco RT Rec. LSCC T2N0 3 -

3 64 M Tobacco,
HTA CRT Rec. LSCC T3N1 5 -

4 58 M HTA - CS - 7 -
5 61 F Tobacco CRT Rec. LSCC T3N0 4 -

6 68 M Tobacco CRT Rec. LSCC T2N1 4 -
HTA

7 57 M Tobacco RT Rec. LSCC T1N0 4 -
8 48 M Tobacco CRT Rec. LSCC T3N0 5 -

9 52 M Tobacco CRT Rec. LSCC T3N0 3 -

10 70 M - - CS - 4 -

Abbreviations: CS = chondrosarcoma; RT: radiation therapy; CRT = chemoradiation; F/M = female/male;
HTA = hypertension; m = minutes; Rec. LSCC = recurrent laryngeal squamous cell carcinoma; VP = Voice
prosthesis; nb: number of prosthesis during the study period.
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Fifty-two VP changes were performed by the senior SLP during the study period. The
mean duration of the SLP consultation, including patient history, examination, and VP
change procedure, was 20 min (range: 15–30). The median prosthesis lifetime was 88 days.
The main reasons for VP changes were transprosthetic (n = 34; 79%) and periprosthetic
(n = 7; 21%) leakages. SLP successfully performed all VP changes. He did not change
one VP, but used a periprosthetic silastic to stop the periprosthetic leakages. In two cases,
the SLP needed the surgeon’s examination to discuss the following indications: implant
mucosa inclusion and autologous fat injection.

The patient satisfaction was high according to the speed and the quality of care by the
SLP (Table 2).

Table 2. Responses to questionnaires.

Questions/Answers 1 2–3 4–5 6–7 8–9 10

Early appointement 39 (93) 2 (5) 1 (2) - - -

Speed and availability of practitioner 39 (93) 2 (5) 1 (2) - - -

Quality of care 40 (96) 1 (2) 1 (2)

Voice prosthesis change speed 39 (93) - 2 (5) - 1 (2) -

Discomfort during change 32 (75) 4 (10) 4 (10) 2 (5)

Speech therapist for voice prosthesis
change in the future 40 (95) 1 (5) 1 (5) - - -

The numbers in brackets are %. Forty-two patients completed a 10-point evaluation of quality and speed of care,
ranging from 1 (very high satisfaction) to 10 (very low satisfaction).

4. Discussion

Voice rehabilitation after TL is an important postoperative issue for the patient quality
of life [3–5]. In practice, the VP change is a simple procedure that is usually performed
by residents or board-certified physicians. In this study, we reported adequate SLP and
patient-reported outcome perception about the SLP-related VP change. The delegation of
some clinical tasks from the otolaryngologist–head and neck surgeon to the SLP is a current
topical issue that may be associated with many advantages.

First, it is commonly accepted that the development of post-TL tracheoesophageal
speech involves important speech rehabilitation work and adequate follow-up for the man-
agement of VP leakage, which may be time-consuming for the physician [4]. Currently, the
number and the availability of otolaryngologists in rural areas may be limited in some Euro-
pean regions regarding some government hospital reforms that led to significant reductions
in medical centers and physicians [6,7]. In our country, the shortage of otolaryngologists
in rural regions may lead to patient proposition of post-TL esophageal speech rather than
tracheoesophageal speech to limit the need of post-TL care [8]. In that way, the availability
of SLPs in the management of VP changes may, therefore, be an advantage for the patient
accessibility to health care and follow-up. Second, in some world regions, SLPs already
perform routine videolaryngostroboscopy, which was associated with the enhancement
of the SLP role in the decision-making process in voice restoration [9]. According to the
voice rehabilitation process, SLPs know their patients well, and a trusting relationship may
develop throughout the rehabilitation sessions. In the present study, more than 90% of
patients reported a high rate of satisfaction outcomes about the SLP-VP change procedure,
which may be explained by the trusting relationship between the SLP and patient and the
feasibility of the procedure.

The delegation of VP changes to SLP makes particular sense in our country because
SLPs have been able to prescribe respiratory or phonatory rehabilitation equipment for TL
patients for the past 4 years (law of 30 March 2017). Interestingly, a recent Italian study
reported that physicians were not opposed to the delegation of this task to other health
professionals, which strengthens the need of debate about this task delegation issue.
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The primary limitations of the present study are the low number of procedures per-
formed by the SLP (42 procedures) and the low number of patients, which limited the
realization of statistical analysis. The lack of use of validated patient-reported outcome
questionnaires assessing the VP change procedure is an additional limitation. To the best
of our knowledge, there is no similar study available in the literature, which is the main
strength of this preliminary study.

5. Conclusions

The VP change is a feasible procedure for SLP associated with few complications, rare
need of physician intervention and adequate patient-reported outcome perception. Future
controlled studies are needed to compare VP change outcomes between physicians and
SLPs and to evaluate its cost-effectiveness.
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Abstract: Background: Post-operative infections in head and neck cancer (HNC) surgery represent a
major problem and are associated with an important increase in mortality, morbidity, and burden
on the healthcare system. The aim of this retrospective observational study was to evaluate post-
operative infections in HNC surgery and to analyze risk factors, with a specific focus on different sites
of infection. Methods: Clinical data about 488 HNC patients who underwent surgery were recorded.
Univariate and multivariate analyses were performed to identify risk factors for post-operative
infections. Results: Post-operative infections were observed in 22.7% of cases. Respiratory and
surgical site infections were the most common. Multiple site infections were observed in 3.9% of cases.
Considering all infection sites, advanced stage, tracheotomy, and higher duration of surgery were
risk factors at multivariate analysis. Median hospital stay was significantly longer in patients who
had post-operative infection (38 vs. 9 days). Conclusions: Post-operative infections may negatively
affect surgical outcomes. A correct identification of risk factors may help the physicians to prevent
post-operative infections in HNC surgery.

Keywords: head and neck surgery; head and neck cancer; post-operative infection; surgical site
infection; pneumonia; bacteremia; urinary tract infection

1. Introduction

Healthcare-associated infections (HAIs) are reported to be associated with an impor-
tant increase in mortality, morbidity, and burden on the healthcare system, especially in
the post-operative setting. In the clinical practice, the most frequent types of HAIs are:
surgical site infection (SSI), bloodstream infection, respiratory infection, and urinary tract
infection [1].

Post-operative HAIs in head and neck cancer (HNC) surgery represent a critical
problem and may affect oncological results. Indeed, they can determine a delay in adjuvant
radiotherapy (RT) and/or chemotherapy (CT) [2]. Despite the use of prophylactic antibiotics
and the best pre- and post-operative care, HAIs incidence is still high due to the expanding
microbial resistance [3].

SSIs following head and neck oncological surgery are the main post-operative HAIs
and range from 10 to 50% [2–21]. Respiratory infection after HNC surgery ranges between
7 and 40%, urinary tract infection between 2.1 and 6.1%, and bacteremia from 0.7 to
13.8% [2,22–27]. HAIs are associated with prolonged hospitalization, readmission rates,
poor cosmetic results and mortality [2,3,18,22,24,27]. Consequently, direct costs rise [25].

Risk factors for SSIs have been analyzed in a number of studies and included higher
American Society of Anesthesiologists (ASA) score, comorbidities, smoking, alcohol con-
sumption, previous RT or CT, advanced tumor stage, longer duration of surgery, blood
loss and/or anemia, hypoalbuminemia and/or malnutrition (weight loss), presence of
tracheotomy, flap reconstruction, and clean-contaminated surgery [4,6,10–12,14–21,28].
Although different authors analyzed these risk factors, significant disagreements with
heterogeneous results exist in the literature.
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Only a few studies investigated risk factors for respiratory infections and identified
age, chronic obstructive pulmonary disease (COPD), tumor stage, smoking, weight loss
as significant factors for infections occurrence [2,22–24,27]. Only two studies evaluated
risk factors for infections from different sites considered together (all HAIs) [2,22]. In
particular, previous radiotherapy, anemia, salvage surgery, tracheotomy, longer surgery
duration, microvascular reoperation < 72 h, and flap loss were identified as risks factors for
HAIs [2,22]. Finally, to the best of our knowledge, risk factors for multiple site infections
have never been investigated.

The aim of this retrospective observational study was to evaluate post-operative
infections in HNC surgery and to analyze risk factors identifying the patients at higher risk,
with a specific focus on different sites of infection.

2. Materials and Methods

The study sample included 488 patients who underwent HNC surgery at our Division
between January 2015 and May 2022. Inclusion criteria were: age > 18 years, and surgery for
cancer of oral cavity, pharynx, larynx, paranasal sinuses, salivary glands. Minor procedures,
such as biopsies, were excluded from the study. The study was conducted in accordance
with the Declaration of Helsinki and approved by the Institutional Review Board (protocol
code 0021433, date of approval 26 February 2021). All the patients were contacted and
provided written informed consent.

We collected the following clinical data: age, sex, tumor site, smoking, alcohol con-
sumption, body mass index (BMI), comorbidities (allergies, diabetes mellitus, COPD,
chronic kidney disease—CKD, cirrhosis), chronic systemic corticosteroid and/or immuno-
suppressive therapy, tumor node metastasis (TNM) stage, previous RT and/or CT for head
and neck cancer, American Society of Anesthesiologists (ASA) score, type of surgical proce-
dure (clean or clean-contaminated surgery), flap reconstruction, tracheotomy, duration of
surgery, presence of peripherally inserted central catheter (PICC) or other central venous
catheter (CVC), presence of nasogastric feeding tube, post-operative Intensive Care Unit
(ICU) stay, pre- and postoperative hemoglobin (Hb), hospitalization length, and site of the
infection (surgical site, respiratory system, urinary system, bloodstream, other sites). An-
tibiotic prophylaxis was performed in clean-contaminated surgery. Intravenous amoxicillin
with clavulanic acid 2.2 g was usually used during surgical procedure and every 8 h for at
least 3 days after surgery. Intravenous clarithromycin 500 mg was administered to patients
who were allergic to amoxicillin.

HAIs are defined according to the United States Centers for Disease Control and
Prevention (CDC) guidelines, until the 30th post-operative day [1].

All statistical analyses were carried out using the Statistical Package for Social Sci-
ences, version 20.0 (IBM Corporation, Armonk, NY, USA). The Kolmogorov–Smirnov test
demonstrated a non-Gaussian distribution of variables, so non-parametric tests were used.
A descriptive analysis of all data was performed, and they were reported as medians and
interquartile range (IQR), or percentages. The Mann–Whitney U test was used to assess
differences between groups in the mean of continuous variables, while the Chi-squared
test was used for categorical variables. Logistic regression (forced entry method) was used
for multivariate analysis. If less than 10 cases per each variable were present, multivari-
ate analysis was not performed because of insufficient statistical power. A p < 0.05 was
considered statistically significant.

3. Results

Median age was 66 years (IQR 15 years). Fifty-one percent of patients was older than
65 years. Median BMI was 24.44 (IQR 5.31). Tables 1 and 2 report patient and tumor
characteristics. In particular, 226 (46.3%) patients had an ASA score of 1 or 2, while 262
(53.7%) cases had an ASA score of 3 or 4. Tumors were diagnosed in early stage (I–II) in
53.2% of cases, whereas 46.8% of patients had an advanced tumor (stage III–IV).
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Table 1. Patients’ characteristics.

Patient and Tumor Characteristics N◦ (%)

Sex
Male 381 (78.1)
Female 107 (21.9)

BMI
Low (<18.5) 24 (4.9)
Normal (18.5–25) 246 (50.4)
High (>25) 218 (44.7)

Smoking
Never 104 (21.3)
Former 211 (43.2)
Active 173 (35.5)

Alcohol consumption * 243 (49.8)

Allergies ** 99 (20.3)

COPD 64 (13.1)

Cirrhosis 13 (2.7)

CKD 18 (3.7)

Diabetes mellitus 64 (13.1)

Previous transplantation *** 6 (1.2)

Chronic systemic corticosteroid therapy **** 16 (3.3)

Immunosuppression 3 (0.6)

Previous radiation therapy 118 (24.2)

Previous chemotherapy 71 (14.5)

ASA score
1 44 (9.0)
2 187 (38.3)
3 235 (48.2)
4 22 (4.5)

* Refers to current alcohol consumption (>2 drinks per day for men and >1 drink per day for women). ** Refers
to any type of allergy (environmental, drugs, foods) proven by prick tests and/or serological exams. *** Three
patients had solid organ transplantation and underwent immunosuppression, while three patients had stem cell
transplantation. **** For allergic diseases (13 cases; prednisone 5–10 mg per day for more than 30 days/year) or
previous solid organ transplantation (3 cases; prednisone 25 mg per day). BMI, body mass index; COPD, chronic
obstructive pulmonary disease; CKD, chronic kidney disease; ASA, American Society of Anesthesiologists.

Table 2. Tumor characteristics.

Patient and Tumor Characteristics N◦ (%)

Tumor site
Nasal cavities and paranasal sinuses 36 (7.4)
Nasopharynx 1 (0.2)
Oral cavity 145 (29.6)
Oropharynx 57 (11.7)
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Table 2. Cont.

Patient and Tumor Characteristics N◦ (%)

Larynx 177 (36.3)
Hypopharynx 23 (4.7)
Salivary glands 37 (7.6)
Unknown primary 12 (2.5)

T
0 28 (5.7)
1 199 (40.8)
2 102 (20.9)
3 93 (19.1)
4 66 (13.5)

N
0 344 (70.5)
1 44 (9.0)
2 76 (15.6)
3 24 (4.9)

Stage
I 190 (38.9)
II 70 (14.3)
III 94 (19.3)
IV 134 (27.5)

T, tumor; N, node.

Surgical treatments are highlighted in Table 3. Eighty-one (16.6%) patients went to
ICU after surgery. ICU stay ranged between 1 and 3 days. Surgery was classified as clean
in 83 (17.0%) cases and clean-contaminated in 405 (83%) cases. PICC/CVC was used in 190
(38.9%) patients, while nasogastric feeding tube was positioned in 269 (55.1%) cases.

Table 3. Surgical procedures.

Surgery N◦ (%)

Ethmoido-maxillectomy 6 (12.3)
Partial maxillectomy 25 (51.2)

Subtotal/total maxillectomy 10 (2.0)
Partial glossectomy 43 (8.8)
Hemiglossectomy 27 (5.5)

Subtotal/total glossectomy 8 (1.6)
Glossectomy with mandibulectomy 10 (2.0)

Oral floor cancer removal 16 (3.3)
Cheek mucosa cancer removal 10 (2.0)

Lip cancer removal 11 (2.3)
Retromolar trigone cancer removal 9 (1.8)

Partial pharyngectomy 43 (8.8)
Cordectomy 65 (13.3)

Partial laryngectomy 41 (8.4)
Total laryngectomy/pharyngolaryngectomy 82 (16.8)

Parotidectomy 31 (6.4)
Submandibular gland cancer removal 2 (0.4)

Neck dissection 263 (53.9)
Reconstruction with pedicled flap 70 (14.3)

Reconstruction with free flap 30 (6.1)
Tracheotomy 242 (49.6)
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Median duration of surgery was 195 min (IQR 210 min), and median hospital stay was
13 days (IQR 21 days). Median pre-operative Hb was 14.2 g/dL (IQR 2.0 g/dL), while it
was 12.0 g/dL (IQR 2.8 g/dL) at first post-operative day.

Post-operative infections were observed in 111 (22.7%) patients, after a median time
of 10 days (IQR 10.25 days). Respiratory infections were the most common (Figure 1).
Moreover, multiple site infections were observed in 19 (3.9%) cases, with bacteremia and
respiratory infection being the most frequent association. Other sites of infection included
gastrointestinal tract (three cases) and male genital system (one case).

 

Figure 1. Sites of post-operative infections (percentages on 488 patients).

Significant risk factors for post-operative infection (all the sites) at univariate analyses
were higher ASA score, advanced stage, longer duration of surgery, tracheotomy, clean-
contaminated surgical procedure, flap reconstruction, ICU stay, lower post-operative Hb
(first day after surgery), nasogastric feeding tube, and presence of PICC/CVC (p < 0.05).
Median Hb at the days of infection diagnosis was 10.2 g/dL (IQR 2.4 g/dL), lower than
levels at first post-operative day (1.8 g/dL lower on average). Table 4 reports the percent-
ages of infections for each site and categorical risk factor, while Table 5 shows statistical
significance for risk factors according to infection sites. Older patients had a higher risk
of SSIs.

Table 4. Percentage of post-operative infection for each risk factor in different sites.

Risk Factors All Infections
Surgical Site

Infections
Respiratory
Infections

Bloodstream
Multiple Site

Infection

Age > 65 years (yes/no) 23.7/21.8 7.2/11.3 14.4/10.5 4.0/3.3 3.6/4.2
Sex (male/female) 23.8/18.7 9.7/7.5 12.9/11.2 3.9/2.8 4.2/2.8

Smoking (active/former or never) 25.4/21.3 11.5/7.9 12.1/12.7 4.6/3.2 4.0/3.8
Alcohol consumption 25.9/19.6 10.7/7.7 14.4/10.6 3.3/4.1 4.9/2.8

BMI (high/low or normal) 22.0/23.3 6.9/11.1 12.3/12.6 3.2/4.1 3.2/4.4
Allergies (yes/no) 28.3/21.3 11.1/8.7 15.1/11.8 5.0/3.3 3.0/4.1

COPD (yes/no) 21.9/22.9 10.9/8.9 12.5/12.5 1.6/4.0 4.7/3.8
Cirrhosis (yes/no) 30.8/22.5 7.7/9.3 15.4/12.4 7.7/3.6 0.0/4.0

CKD (yes/no) 11.1/23.2 5.5/9.4 0.0/12.9 5.5/3.6 0.0/4.0
Diabetes mellitus (yes/no) 26.6/22.2 9.4/9.2 18.7/11.5 3.1/3.8 6.2/3.5

Previous transplantation (yes/no) 33.3/22.6 0.0/9.3 0.0/12.6 16.7/3.5 0.0/3.9
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Table 4. Cont.

Risk Factors All Infections
Surgical Site

Infections
Respiratory
Infections

Bloodstream
Multiple Site

Infection

Chronic corticosteroid therapy (yes/no) 37.5/22.2 6.2/9.3 18.7/12.3 6.2/3.6 0.0/4.0
Immunosuppression (yes/no) 33.3/22.7 0.0/9.3 0.0/12.6 0.0/3.7 0.0/3.9

Previous radiation therapy (yes/no) 17.8/24.3 7.6/9.7 10.2/13.2 5.1/3.2 5.9/3.2
Previous chemotherapy (yes/no) 26.8/22.1 8.4/9.3 16.9/11.7 8.4/2.9 8.4/3.1

ASA score (III–IV/I–II) 26.3/18.6 9.5/8.8 14.5/10.2 5.3/1.8 5.3/2.2
Stage (advanced/early) 36.1/10.8 13.5/5.4 20.4/5.4 5.6/1.9 6.1/1.9

PICC/CVC (yes/no) 36.8/13.7 13.7/6.4 21.0/7.0 8.4/1.0 7.9/2.0
Nasogastric feeding tube (yes/no) 35.3/7.3 15.2/1.8 18.6/5.0 5.6/1.4 6.3/0.9

Surgical procedure (clean-cont./clean) 26.7/3.6 11.1/0.0 14.6/2.4 4.4/0.0 4.7/0.0
Tracheotomy (yes/no) 39.2/6.5 14.5/4.1 22.7/2.4 7.0/0.4 7.4/0.4

Flap reconstruction (yes/no) 42.7/17.9 18.7/6.9 26.0/9.2 5.2/3.3 8.3/2.8
ICU stay (yes/no) 45.7/18.2 14.8/8.1 25.9/9.8 9.9/2.4 9.9/2.7

BMI, body mass index; COPD, chronic obstructive pulmonary disease; CKD, chronic kidney disease; ASA,
American Society of Anesthesiologists; PICC, peripherally inserted central catheter; CVC, central venous catheter;
ICU, intensive care unit.

Table 5. Risk factors for different sites of post-operative infections (p values at univariate analyses).

Risk Factors All Infections
Surgical Site

Infections
Respiratory
Infections

Bloodstream
Multiple Site

Infection

Age 0.839 0.015 * 0.147 0.364 0.468
Sex 0.258 0.480 0.649 0.583 0.510

Smoking (active) 0.294 0.186 0.858 0.416 0.897
Alcohol consumption 0.095 0.261 0.205 0.644 0.235

BMI 0.565 0.140 0.685 0.807 0.865
Allergies 0.141 0.467 0.372 0.421 0.619

COPD 0.858 0.611 1.000 0.333 0.725
Cirrhosis 0.484 0.847 0.750 0.438 0.462

CKD 0.230 0.584 0.102 0.668 0.384
Diabetes mellitus 0.435 0.964 0.105 0.797 0.296

Previous transplantation 0.534 0.432 0.352 0.090 0.620
Chronic corticosteroid therapy 0.152 0.676 0.442 0.580 0.413

Immunosuppression 0.661 0.580 0.511 0.734 0.727
Previous radiation therapy 0.141 0.492 0.379 0.355 0.189

Previous chemotherapy 0.383 0.808 0.225 0.021 * 0.032 *
ASA score 0.014 * 0.782 0.215 0.001 * 0.050 *
Tumor site 0.008 * 0.458 0.536 0.985 0.893

Stage <0.001 * <0.001 * <0.001 * 0.105 0.003 *
PICC/CVC <0.001 * 0.007 * <0.001 * <0.001 * <0.001 *

Nasogastric feeding tube <0.001 * <0.001 * <0.001 * 0.014 * 0.002 *
Type of surgical procedure <0.001 * 0.001 * 0.002 * 0.050 * 0.044 *

Tracheotomy <0.001 * <0.001 * <0.001 * <0.001 * <0.001 *
Flap reconstruction <0.001 * <0.001 * <0.001 * 0.381 0.012 *
Duration of surgery <0.001 * <0.001 * <0.001 * <0.001 * <0.001 *

ICU stay <0.001 * 0.057 <0.001 * 0.001 * 0.002 *
Pre-operative Hb 0.440 0.855 0.255 0.801 0.993

Post-operative Hb (1st day) <0.001 * 0.006 * <0.001 * 0.186 0.182

* p < 0.05 (Mann–Whitney U test for continuous variables and Chi-squared test for categorical variables). BMI,
body mass index; COPD, chronic obstructive pulmonary disease; CKD, chronic kidney disease; ASA, American
Society of Anesthesiologists; PICC, peripherally inserted central catheter; CVC, central venous catheter; ICU,
intensive care unit; Hb, hemoglobin.

Multivariate analysis (logistic regression) was performed only considering all the
infections, because there were too few cases for each infection site to perform statistical
analysis. Since the presence of nasogastric feeding tube was significantly associated with
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the type of surgery (quite all the patients who underwent major clean-contaminated surgery
had a feeding tube), it was removed from multivariate analysis. Significant risk factors for
post-operative infection were advanced stage, tracheotomy, and longer duration of surgery
(p < 0.05, Table 6).

Table 6. Multivariate analysis regarding risk factors for post-operative infection (all sites).

Risk Factor p-Value

ASA score 0.227
Tumor site 0.652

Stage 0.048 *
PICC/CVC 0.219

Type of surgical procedure 0.203
Tracheotomy 0.039 *

Flap reconstruction 0.965
Duration of surgery 0.001 *

ICU stay 0.402
Post-operative Hb (1st day) 0.224

* p < 0.05 (logistic regression). ASA, American Society of Anesthesiologists; PICC, peripherally inserted central
catheter; CVC, central venous catheter; ICU, intensive care unit; Hb, hemoglobin.

Infections were observed in 10.9% and 36.0% of cases in patients with early (stage I–II)
and advanced (stage III–IV) cancer, respectively (p = 0.048). Patients with tracheotomy had
infection in 39.3% of cases, compared to 6.5% in those without tracheotomy (p = 0.039).
Median duration of surgery was 320 and 150 min in patient with and without post-operative
infection, respectively (p = 0.001). Median hospital stay was significantly longer in patients
who had post-operative infection (38 vs. 9 days, p < 0.001, Figure 2).

Figure 2. Median hospital stay according to infection status. Outliers are present in the figure as
asterisks and circles.
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4. Discussion

Post-operative infections represent an important issue in HNC surgery, leading to
a longer hospital stay, a delay of adjuvant treatments, worse survival rates, and higher
costs [2,25]. The increase of microbial resistance is worsening HAIs, reducing the efficacy
of antibiotic prophylaxis. For example, methicillin-resistant Staphylococcus aureus (MRSA)
has been emerging as a major cause of SSIs in HNC patients [3].

SSIs following HNC surgery are the main post-operative HAIs and range from 10 to
50% [2–21]. Respiratory infection, bacteremia, and urinary tract infection were observed in
7–40%, 2.1–6.1%, and 0.7–13.8% of cases, respectively [2,22–27]. Our study showed HAIs
rates in agreement with the literature and located near lower range values. In particular,
we observed SSIs in 9.2% of cases, respiratory infections in 12.5%, urinary tract infections
in 1.4%, and bacteremia in 3.7%. Globally, we observed post-operative HAIs in 22.7% of
patients. The heterogeneous results present in literature are due to different selection of
patients in the studies. Indeed, some papers included only patients who underwent flap
reconstruction, with a specific focus on free flaps. Since several studies identified flap
reconstruction as a HAI risk factor, papers that included only patients who underwent
reconstructive surgery reported a higher rate of post-operative infections [2,6,14].

Risk factors have been investigated for SSIs in several studies and for respiratory
infections in some papers. However, there is no accordance among studies to identify
the same risk factors. Concerning SSIs, the most reported risk factors were ASA score,
comorbidities (e.g., diabetes mellitus), smoking, alcohol consumption, previous RT or CT,
tumor stage, duration of surgery, blood loss and/or anemia, hypoalbuminemia and/or
malnutrition (weight loss), tracheotomy, flap reconstruction, and clean-contaminated
surgery [4,6,10–12,14–21,28]. Therefore, some variables related to the patient and others
related to surgical procedure negatively impact on post-operative HAIs. In particular,
malnutrition incidence in HNC patients ranges from 30% to 50% and together with surgical
stress, lead to immunosuppression that results in a higher risk of infectious complications
and a decrease in survival rates [19].

Our univariate analysis regrading all the infections showed that higher ASA score,
tumor site (oral cavity and larynx/hypopharynx), advanced stage, presence of PICC/CVC
or nasogastric feeding tube, clean-contaminated surgery, tracheotomy, flap reconstruction,
higher duration of surgery, ICU stay, and lower post-operative Hb were potential risk
factors. Multivariate analysis confirmed advanced stage, tracheotomy, and higher duration
of surgery as risk factors for post-operative infections. The last two parameters were also
identified as risk factors by Ramos-zayas et al. in a sample of 65 patients who underwent
free flap reconstruction [2]. On the other hand, Tjoa et al. found that age > 65 years and
clean-contaminated surgery were risk factors in a large sample of 715 patients who had flap
reconstruction [22]. We did not find statistical significance for some clinical parameters,
such as comorbidities, immunosuppression and previous RT and/or CT. Our data suggest
that HNC surgery may be safe also for patients who underwent organ transplantation and
were immunosuppressed. However, no definitive conclusion can be drawn because of
small numbers.

Concerning infections of specific sites (surgical site, respiratory system, urinary tract,
bloodstream), univariate analyses highlighted slightly different potential risk factors com-
pare to all the infections. Our results about SSIs were in agreement with the literature. The
main difference compared to all the infections was the lack of significance for ASA score,
tumor site and ICU stay.

Respiratory infections had the same potential risk factors compared to SSIs, adding
ICU stay. This is in agreement with the literature. Indeed, a recent meta-analysis showed
a significant increase in the post-operative respiratory infections and sepsis in patients
admitted to ICU compared with non-ICU setting [29].

Bacteremia and multiple site infections had similar risk factors. In particular, previous
CT became significant, while post-operative anemia was not. Our study demonstrated that
multiple site infections were more frequent in patients with higher ASA score, advanced

52



J. Clin. Med. 2022, 11, 4969

tumor stage, previous CT, presence of PICC/CVC or nasogastric feeding tube, clean-
contaminated surgery, tracheotomy, flap reconstruction, higher duration of surgery, and
ICU stay.

According to literature, we found a longer hospitalization in patents with HAIs. In
particular, median hospital stay was 38 days in patients who had post-operative infection,
while it was 9 days in non-infected patients. As reported by Penel et al., post-operative
infections with longer hospital stay lead to higher direct costs [25].

The strength of this study is the analysis of post-operative HAIs from different sites
and the evaluation of multiple site infections. Indeed, at our knowledge, this is the first
study that investigated risk factors for each site, including multiple infections. The main
limit is the number of cases not sufficient for multivariate analysis for every infection site.

Further studies on large samples are mandatory to obtain reliable results from multi-
variate analyses. The exact identification of risk factors may help the physicians to prevent
post-operative HAIs in HNC surgery.

5. Conclusions

Surgery represents one of the main treatments for HNC. However, post-operative
infections may negatively affect surgical outcomes. Respiratory and surgical site infections
are the most frequent infectious complications. Advanced stage, tracheotomy, and higher
duration of surgery are risk factors considering all infection sites. Slight differences have
been observed for specific anatomical sites. Future studies are necessary to identify risk
factors exactly and thus help surgeons to reduce post-operative infections. In particular,
higher attention should be paid to patients with greater risk, who may benefit from longer
or different antibiotic prophylaxis.
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Abstract: Historically, surgery was the first-choice therapy for early, intermediate and advanced
laryngeal squamous cell carcinoma (LSCC). Partial laryngeal surgery has evolved in recent decades
and was influenced by many historic events and the development of new technologies. Partial
laryngectomies may be performed by open, endoscopic or transoral robotic approaches. In this
historic paper, we describe the evolution of open partial laryngectomy techniques, indications and
surgical outcomes. Since the first partial laryngectomy in 1788, many U.S., U.K. and European
surgeons, including Henry Sands, Jacob da Silva Solis-Cohen and Theodor Billroth, performed this
surgical procedure under local anesthesia for tuberculosis, cancer or syphilis. Partial laryngectomy
gained reputation in the medical community in 1888 due to the laryngeal cancer and death of the
prince of Prussia, Frederick III. Frederick III’s death represented the turning point in the history of
partial laryngectomies, calling attention to the importance of semiotics, biopsy and early diagnosis in
laryngeal cancers. Hemi-laryngectomy was indicated/proposed for lateral laryngeal tumors, while
thyrotomy was indicated for cancers of the middle part of the vocal fold. The second landmark in
the history of partial laryngectomies was the discovery of cocaine, novocaine and adrenaline and
the related development of local anesthetic techniques, which, together with the epidemiological
and hygienic advances of the 19th century, allowed for better perioperative outcomes. General
anesthesia was introduced in the second part of the 20th century and further improved the surgical
outcomes. The diagnosis of laryngeal cancer was improved with the development of X-rays and
direct laryngoscopies. The 20th century was characterized by the development and improvement of
vertical partial laryngectomy procedures and the development of horizontal partial laryngectomies
for both supraglottic and glottic regions. The history and the evolution of these techniques are
discussed in the present historical paper.

Keywords: larynx; laryngeal; cancer; partial laryngectomy; otolaryngology; head neck; surgery; history

1. Introduction

Head and neck squamous cell carcinoma is the sixth most common adult cancer
worldwide, accounting for 5.3% of all cancers [1]. Among head and neck cancers, laryngeal
squamous cell carcinoma (LSCC) is the second most prevalent carcinoma, corresponding
to 211,000 new cases and 126,000 deaths per year worldwide [2,3]. The treatment of
LSCC depends on tumor location, stage and patient comorbidities. Historically, surgery
was the first-choice therapy for early, intermediate and advanced laryngeal squamous
cell carcinoma (LSCC). Partial laryngeal surgery evolved over recent decades and was
influenced by several historically important cases as well as by technological events. At
present, partial laryngectomies may be performed through open, endoscopic or transoral
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robotic approaches. In this paper, we describe the evolution of the techniques, indications
and surgical outcomes of partial laryngectomies.

The existing literature describes dozens of types of open partial laryngectomies. In
our work, we choose to focus on a selection of publications that played an important role
in illustrating two therapeutic extremes: the transoral approach and total laryngectomy.
We also provide historical examples of partial laryngectomies to support examples. We
learned about these delicate surgeries in the “School of Laënnec” in contact with professors
Henri Laccourreye, Daniel Brasnu and Ollivier Laccourreye. Finally, we use the European
Laryngological Society (ELS) classification for open partial horizontal laryngectomies
(OPHL) [4].

2. The Pioneers

The first partial laryngectomy was carried out by the French surgeon Philippe-Jean
Pelletan (1747–1829) in 1788 [5]. Philippe-Jean Pelletan proceeded to perform a midline
thyrotomy to remove a laryngeal piece. The first partial laryngectomy performed for
a laryngeal cancer was reported in 1863 by Henry B. Sands (1830–1888), who was a faculty
surgeon at New York University [6]. The surgery consisted of a laryngeal fissure and
extirpation of a laryngeal tumor in a patient who died two years after the surgery without
evidence of recurrence [6]. In 1867, Jacob da Silva Solis-Cohen (1838–1927), a laryngologist
from Philadelphia, published the first long-term follow-up (20 years) of a patient who
underwent a median thyrotomy for a presumed laryngeal cancer. In that paper, the disease
was still controlled 20 years after the surgery [7].

The first open hemi-laryngectomy was carried out in 1878 by Theodor Billroth (1829–1894),
a few years after the first total laryngectomy (1873) [8]. At this time, total or partial
laryngectomies were performed for three main types of chronic ulcerative laryngitis: tuber-
culosis, cancer and syphilis. The surgeries were not preceded by a biopsy because surgeons
considered that biopsy increased the growth of cancer [9].

3. The Prince of Prussia

In January 1887, the prince of Prussia, Frederick III (1831–1888), was diagnosed with
a laryngeal cancer, which was a milestone in the diagnosis and the evolution of the surgical
treatment of laryngeal cancer [10,11]. The heir of the German Empire requested the expertise
of Karl Gerhardt, who reported a thickening of the left vocal fold and prescribed thermal
therapy at Bad Ems. On 15 May 1887, the doctor observed a left vocal fold movement
impairment. The heir was examined by Ernst Von Bergmann (1836–1907), who clinically
confirmed the possibility of laryngeal malignancy and proposed a laryngofissure. The
family of the heir, especially his wife, the princess Victoria, requested a second opinion
from Morell Mackenzie (1837–1892), an English laryngologist who suspected syphilis and
performed a laryngeal biopsy. The pathological analysis was carried out by Rudolf Virchow
(1821–1902), one of the leading physicians to Frederick III, who diagnosed “pachydermia”.
Based on this examination, the prince’s relatives opposed the laryngectomy. Meanwhile,
Emperor Guillaume I died, and Frederick III became Emperor. The reign of Frederick III
lasted 99 days, and he died from the evolution of his laryngeal cancer on 15 June 1888.
Before his death, physicians performed a tracheotomy and several additional biopsies
that were all negative. According to the clinical evolution of the laryngeal disease, Rudolf
Virchow and Heinrich W. Waldeyer (1836–1921) carried out an autopsy that supported the
laryngeal cancer diagnosis. Because Frederick III was a politically important and valued
person, the origin of his death led to debates and reflections regarding the importance of
semiotics, biopsy and the early diagnosis of laryngeal cancer in the consideration of partial
laryngectomies. The spread of these debates in Europe reinforced the importance of partial
laryngectomies and several procedures were carried out in the U.K. (1894) and France
(1895) by Sir Felix Semon (1849–1921) and Emile Jean Moure (1855–1941), respectively [8].
At this time, the discussions were focused on organ preservation via two main techniques:
thyrotomy and Billroth’s hemi-laryngectomy. However, the indications remained unclear.
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The median thyrotomy was proposed for cancers of the middle part of the vocal cord
without both anterior commissure invasion and laryngeal dysmotility. The lateral laryngeal
tumors required hemi-laryngectomy. One of the first studies was published in 1897 by John
Sendziak [12,13]. In this study, the author reported that the postoperative mortality rate and
3-year overall survival of midline thyrotomies (n = 88) were 9.8% and 8.7%, respectively,
while total laryngectomies (n = 188) were associated with a postoperative mortality rate
and overall survival of 44.7% and 5.85%, respectively [13]. At that time, many surgeons
proposed palliative tracheotomy rather than partial or total laryngectomies.

4. The First Part of the 20th Century

4.1. The Influence of Hygiene and Anesthesia Development

At the end of the 19th century, patient anesthetization was performed with ether or
chloroform. In the postoperative period, the prevalence of pneumonia, wound infections
and other complications was high. The discovery of cocaine, novocaine and adrenaline
led to the development of better local anesthetic techniques, and many laryngeal surgeries
were, therefore, carried out under local anesthesia. At the same time, European progress
in infectiology, hospital hygiene and epidemiology, achieved through the works of Ignace
Semmelweis (1818–1865), Louis Pasteur (1822–1895) and Joseph Lister (1827–1912), led to
better conditions in the operating room and better postoperative outcomes.

4.2. The Influence of X-rays

The discovery of X-rays in 1895 by Wilhelm Röntgen (1845–1923) is another event that
significantly influenced partial laryngeal surgery. This discovery provided laryngologists
and surgeons with a new imaging and exploration technique for the larynx. They performed
profile images or frontal tomograms, allowing the visualization and characterization of
both the epiglottis and the ventricle tumors. X-ray development improved the indications
of partial laryngectomies because for more than 50 years, the surgical indications were
based on palpation, indirect laryngoscopy and in-office biopsy under local anesthesia
with cocaine.

4.3. Classifications and Laryngoscopy

The study of the location and extensions of laryngeal cancers developed during the
second part of the 19th and throughout the 20th centuries. Emile Isambert (1827–1876)
and Maurice Krishaber (1836–1883) reported two types of laryngeal cancers: the ‘extrinsic
laryngeal cancer’, with cervical nodes and poor prognosis, and the ‘intrinsic laryngeal cancer’,
without neck extension and better prognosis [14]. A few decades after this first classification,
the laryngeal cancers were classified into subglottic, glottic or supraglottic according to
the studies of Henri Rouvière (1876–1952) and others [15,16]. Laryngeal dissections led
to a better understanding of the weak and resistant regions of the larynx and, therefore,
the potential extension pathways of cancer [17]. At this time, the laryngeal examination
was performed with the Garcia laryngeal mirror [18]. In 1895, Alfred Kirstein (1863–1922)
performed the first direct laryngoscopy a few years before Gustav Killian (1860–1921), who
also developed a laryngoscopy procedure (Figure 1) [19–21].

4.4. Vertical Partial Surgery

Many vertical partial surgery techniques appeared in the first part of the 20th century
and were popularized by Chevalier Jackson (1865–1958), St. Clair Thomson (1859–1943)
and others [16,22]. These approaches were developed to treat laryngeal cancer without
requiring a total laryngectomy, which was seen as a mutilating approach. Three types of
partial laryngectomy developed over time.

The first type consisted of thyrotomy with uni- or bilateral cordectomy, with potential
extension to the arytenoid cartilage.

The second type was the vertical partial laryngectomy (fronto-lateral type) (Figure 2),
which removed a part of the thyroid cartilage in the midline without cricoid cartilage resec-
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tion. Described in 1956 by Leroux-Robert (1907–1998) [23], the fronto-lateral laryngectomy
was indicated for cT1a tumors. This intervention included a monobloc resection of the
affected vocal fold, the anterior commissure, the anterior part of the contralateral vocal
fold and a part of the thyroid cartilage. To improve vocal function, glottic reconstruction
was performed with repair of the false vocal fold [24]. To date, indications of fronto-lateral
laryngectomy have decreased thanks to the development of transoral laser microsurgery.
However, we currently use this vertical partial laryngectomy for tumors of the middle third
of the vocal fold without involvement of the anterior commissure not exposed by TLM.

Figure 1. Killian laryngoscopy technique. This picture shows the technique of direct laryngoscopy
developed by Killian.

 

Figure 2. Fronto-lateral laryngectomy. Monobloc resection, removing a vertical fragment of the
thyroid cartilage, of the entire vocal cord, of the anterior commissure and of the anterior part of the
contralateral vocal cord.

The third type was hemi-laryngectomy, which was initially described by Billroth in
1878. This historical approach consisted of a median thyrotomy and the resection of the
hemi-thyroid and hemi-cricoid laryngeal region affected by the tumor. Anything less than
this resection was reported as a laryngofissure [9,16].

The postoperative outcomes of a vertical partial laryngectomy depended on the tumor
location. Authors reported adequate outcomes for tumors limited to the middle third of the
mobile vocal cord. They also noted that the closer the tumor was to the front or back of the
vocal cord, the lower the chances of a successful surgery. [16]. The procedure was performed
in Europe throughout the first part of the 20th century with the specification that the fixation
of the arytenoid cartilage was a contraindication to partial laryngectomies [25,26]. The
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failure rate of vertical partial laryngectomies ranged from 2% to 18% for cT1 and from
4% to 24% for T2 laryngeal cancer. The failure rate was more than 40% if the vocal fold was
fixed [16]. Since the spread of partial laryngectomy approaches in Europe in the first part of
the 20th century, many modified approaches were reported with adequate outcomes [27].
However, the limitations of these techniques lay in the concept of relative independence of
the two hemi-larynxes, which led to the advent of the horizontal laryngectomies.

5. The Second Part of the 20th Century

The second part of the 20th century included the development of horizontal partial
laryngectomies, such as supraglottic laryngectomy (OPHL type I), glottic partial horizontal
surgery (OPHL type IIa), and partial horizontal surgery of both glottic and supraglottic
regions (OPHL type IIb) (Figure 3) [4]. We do not discuss supratracheal laryngectomies
(OPHL type III) because they most often require a tracheotomy. In our opinion, the aim of
a partial laryngectomy is to obtain the same local control as that obtained through a total
laryngectomy, with oral swallowing (without a feeding tube), phonation and breathing
without a tracheostomy.

5.1. The Horizontal Partial Supraglottic Laryngectomy (OPHL Type I)

The concept of the horizontal partial laryngectomy was based on Hajek’s anatomical
studies of the lymph node, which were developed through the studies of Henri Rouvière
and Francois Baclesse (1896–1967) [28,29]. Initially, the first practical approaches for the
resection of tumors of the supraglottic larynx and lateral pharyngeal wall were published
by Wilfred Trotter (1872–1939) in a 1913 edition of The Lancet [30]. The techniques were
then developed by a number of French surgeons [16], while the Uruguayan surgeon Justo
M. Alonso (1886–1974) developed a voice-sparing supraglottic laryngectomy in 1947 [31].
Alonso’s techniques were modified and spread worldwide by important laryngeal surgeons
of the modern era, including Max L. Som (1904–1990), Joseph H. Ogura (1915–1983) and
Jean Leroux-Robert [22,23] in France and Ettore Bocca in Italy [32]. The procedures evolved
with the extension of the supraglottic laryngectomy to the base of the tongue, the arytenoid
cartilage and the piriform sinus [4,33]. Preserving the mobility of one arytenoid unit was
an important issue for supraglottic partial surgeries, while the postoperative course re-
quired a transient tracheostomy, feeding tube and hospital follow-up for nearly three weeks.
Currently, these surgeries are still carried out but the development of transoral microsurgery
or robotic approaches (early stages) or chemoradiotherapy (advanced stages) have reduced
the indication of open partial laryngectomy.

5.2. The Horizontal Partial Glottic Laryngectomy (OPHL Type IIa)

The horizontal partial glottic surgery included several procedures classified according
to the resection of the thyroid cartilage.

1. The first approach was developed by Tucker et al. (U.S.) [34] and consisted of a vertical
resection of the thyroid cartilage preserving the posterior part of the thyroid wings.
This approach was indicated for cT1–T2 laryngeal cancers with normal mobility of
the vocal folds and was particularly interesting for tumors with an involvement of
the anterior commissure.

2. The second approach is the supracricoid laryngectomy with crico-hyoido-epiglottopexy
(CHEP) (Figure 4) [35–37]. In this procedure, the surgeon removes the thyroid carti-
lage; conserves the cricoid cartilage, hyoid bone and at least one arytenoid unit; and
performs an epiglottopexy through a suture between the cricoid and hyoid (sure 4).
At least one cricoarytenoid unit (cricoid, arytenoid, cricoarytenoid joint/muscles and
the associated recurrent nerve) must be preserved for the functioning of the laryngeal
sphincter. The technique was proposed by Majer and Rieder in 1957 and spread by
Jean-Jacques Piquet et al. (1974), Henri Laccourreye and Daniel Brasnu under the
name supracricoid laryngectomy with reconstruction by CHEP [37]. The indications
were cT1–T2 tumors and some selected cT3 tumors with fixation of the vocal cord and
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normal mobility of the arytenoid cartilage. This approach was particularly interesting
for tumors with involvement of the anterior commissure.

Figure 3. European Laryngological Society Classification of Open Partial Laryngectomies. Authors
received the authorization of Pr. Marc Remacle to re-use the picture [4].
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Figure 4. Supracricoid laryngectomy with crico-hyoido-epiglottopexy. Resection of the entire thyroid
cartilage and both vocal folds with preservation of at least one arytenoid cartilage. Reconstruction:
the closing of the larynx is carried out by an impaction between the cricoid cartilage, the epiglottis,
the hyoid bone and the base of the tongue called a “crico-hyoido-epiglottopexy”.

The postoperative evolution of these two types of surgery required a transient tra-
cheostomy, feeding tube and hospital stay of 3–4 weeks. Such procedures were associated
with adequate local and regional control rates for selected vocal fold tumors [34,36,37].

5.3. The Horizontal Partial Procedures for Glottic and Supraglottic Regions

In this group of partial laryngectomies, two main procedures may be described,
depending on the type of resection of the thyroid cartilage.

1. The first approach consisted of a partial resection of the thyroid cartilage and was
known as the three-quarter laryngectomy. This approach was developed by Bocca et al.
in Italy (1971) [38] and Dedo in the U.S. (1975) [39].

2. Described in 1971 by Labayle and Bismuth [40], the second procedure consisted of
a complete resection of the thyroid cartilage followed by a reconstruction through
a crico-hyoido-pexy. The approach was called ‘supracricoid laryngectomy with recon-
struction by crico-hyoido-pexy’ by Laccourreye and Brasnu [41].
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Currently, both surgical approaches of the supraglottic and glottic regions are rarely
carried out due to the increase in organ preservation protocols indicating chemotherapy
and radiotherapy.

At the end of the 20th century, the 5-year local control rate and the 5-year laryngeal
preservation rate of vocal cord cancers were 92–95% and 95–100%, respectively. For supra-
glottic cancers, the 5-year local control rate and the 5-year laryngeal preservation rate were
92–94% and 92–95%, respectively [42].

Many studies have demonstrated that vocal quality after a partial laryngectomy is
related to the extent of the resection and the reconstruction methods. The spoken voice
is called the “neoglottic substitution voice” after a partial vertical laryngectomy [24,43]
and the “neolaryngeal substitution voice” after a supracricoid laryngectomy (OPHL type
IIa/IIb) [44–46]. For open partial laryngectomies, the voice characteristics will depend on
(i) the shape and nature of the remaining structures and the amount of effort and adapta-
tion required to reach a vibrating neoglottic/neolaryngeal voicing sphincter; (ii) collateral
constraints of external surgeries, such as a transient tracheostomy or nasogastric tube, that
modify and lengthen the dynamics of vocal recovery; and (iii) for endoscopic surgeries,
whether the physiological shape of the phonatory glottis is not modified. Thus, vocal
rehabilitation aims to improve the closure of the neoglottis and the quality of the mu-
cosal vibration with voice tone improvement (see Laryngeal Cancer Surgery—Part II). After
a partial laryngectomy, voice rehabilitation is long and requires the patient’s effort. In the
case of vertical partial laryngectomies, many techniques (e.g., flap) have been developed to
improve the voice [24,43]. According to our experience and the data in the literature, vocal
progress is achievable even several months after a partial laryngectomy [45,46].

5.4. Evolution of Partial Laryngectomies over the Last Thirty Years

In the past thirty years, there has been a major transformation in the way we treat
LSCC, including a decline in the use of open surgery as first-line treatment for a certain
proportion of these tumors [47–49]. This evolution was made possible by several factors.

First, the incidence of LSCCs has decreased in most developed countries, partially
as a result of public health agencies’ efforts to decrease tobacco consumption. Second,
advances in chemotherapy and radiation therapy (RT) have led to highly effective non-
surgical regimens for patients with advanced laryngeal cancers, with the added advantage
of laryngeal preservation in many cases. The Veterans Administration Study published in
1991 established the fact that the response to a neoadjuvant CT scan predicts the response of
a tumor to RT. Patients with advanced tumors that responded either partially or completely
to CT were treated with RT, and total laryngectomy was reserved for non-responders. This
made it possible to preserve the larynx in a significant number of patients with locally
advanced laryngeal cancer, while achieving local control and overall survival results equiv-
alent to those achieved with initial total laryngectomy. By 2003, the results of the RTOG
93-11 trial, utilizing CCRT as initial treatment, were published, demonstrating a higher rate
of laryngeal preservation with this protocol. Surgery was reserved for treatment failures.
This concept changed the paradigm for management of advanced laryngeal cancer, greatly
reducing the number of laryngectomies performed. While partial supracricoid laryngec-
tomy has been employed for selected patients, total laryngectomy is the usual procedure
for salvage or failure after nonsurgical treatment.

Third, technological advances with widespread availability, such as operating micro-
scopes; endoscopes; lasers; image-guided surgery; and more recently, robotics, are trans-
forming our surgical approaches, with transoral minimally invasive techniques greatly
improving the postoperative course and functional outcomes for selected tumors (see
Laryngeal Cancer Surgery—Part II).

5.5. Current Indications for Partial Laryngectomies

From our experience and recently published articles, the current indications for partial
laryngectomies are laryngeal tumors with inadequate transoral exposure, certain tumors of
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the anterior commissure with vertical development (see Laryngeal Cancer Surgery—Part II)
and selected salvage LSCCs, after radiation therapy failure. However, the experience of
many contemporary surgeons with partial laryngectomy is quite limited. For the treatment
of localized RT-resistant laryngeal cancer, the surgeon must be perfectly familiar with the
type of extension of the tumor as well as with the indications for partial laryngectomies.
Nevertheless, partial laryngectomy should be used with caution in patients requiring
salvage surgical therapy for a recurrent or persistent laryngeal tumor. Recurrences after RT
tend to be submucosal and difficult to evaluate. The only type of partial laryngectomies
reported in the literature are the supracricoid partial laryngectomies [50,51]. In a systematic
review, De Virgilio reported eleven papers (251 patients from 1990 to December 2017) with
2-year local control and 5-year overall survival rates of 92 and 70%, respectively. The
larynx preservation rate was 85.2%. The decannulation rate was 92.1%, and the swallowing
recovery rate was 96.5% (PEG dependance and the aspiration pneumonia rate were 3.5%
and 6.4%, respectively) [51].

6. Conclusions

Throughout the 20th century, many surgical techniques were developed to avoid total
laryngectomies. These procedures were developed through progress in anesthesiology,
hygiene and infectiology, as well as due to the expertise of many laryngologists. These open
partial laryngectomies led to the preservation of many larynxes around the world while
reporting adequate oncological and functional outcomes (voice, breathing and swallowing).
Although promising/beneficial for the patient, these approaches have some limitations.
First, they require a transient tracheostomy and the use of feeding tubes and are associated
with long hospital stays. The voice and swallowing rehabilitation program is long and
requires patient motivation. Moreover, the surgery is associated with aesthetic sequelae,
such as cervical scars.

In the past thirty years, major modifications in the way we treat LSCC, due to the
decreasing incidence of tobacco-related LSCC in the West, as well as advances in technology
(Transoral Laser Microsurgery, Transoral Robotic Surgery) and medical oncology, have led
to a decline in the use of partial laryngectomy as a first-line treatment of LSCC.

7. In Tribute

This paper is a tribute to Professor Henri Laccourreye, Head of the ENT and Head and
Neck Surgery Department at Laënnec Hospital from 1978 to 1992; we also thank Associate
Professor Ollivier Laccourreye and Madeleine Ménard.

This paper is also a tribute to Professor Daniel Brasnu, Head of ENT and Head and
Neck Surgery at Hôpital Laënnec from 1992 to 2000, and then Head of ENT and Head and
Neck Surgery at Hôpital Européen Georges Pompidou from 2000 to 2015.

Author Contributions: Conceptualization, validation, resources, review and editing: J.R.L., S.H. and
R.B.; methodology: F.C., M.P.C., L.C.-B. and Q.L. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The study did not report any data.

Conflicts of Interest: The authors declare no conflict of interest.

63



J. Clin. Med. 2022, 11, 5352

References

1. Global Burden of Disease Cancer Collaboration. Global, Regional, and National Cancer Incidence, Mortality, Years of Life Lost,
Years Lived with Disability, and Disability-Adjusted Life-Years for 29 Cancer Groups, 1990 to 2017: A Systematic Analysis for the
Global Burden of Disease Study. JAMA Oncol. 2019, 5, 1749–1768.

2. Bradley, P.J. Laryngeal cancer in nondrinker nonsmoker young patients: A distinct pathological entity? Curr. Opin. Otolaryngol.
Head Neck Surg. 2016, 24, 140–147. [CrossRef] [PubMed]

3. Aupérin, A. Epidemiology of head and neck cancers: An update. Curr. Opin. Oncol. 2020, 32, 178–186. [CrossRef] [PubMed]
4. Succo, G.; Peretti, G.; Piazza, C.; Remacle, M.; Eckel, H.E.; Chevalier, D.; Simo, R.; Hantzakos, A.G.; Rizzotto, G.; Lucioni, M.; et al.

Open partial horizontal laryngectomies: A proposal for classification by the working committee on nomenclature of the European
Laryngological Society. Eur. Arch. Otorhinolaryngol. 2014, 271, 2489–2496. [CrossRef]

5. Silver, C.E. Survey for Cancer of the Larynx and Related Structures; Churchill Livingstone: New York, NY, USA, 1981.
6. Sands, H.B. Case of cancer of the larynx, successfully removed by laryngotomy; With an analysis of 50 cases of tumors of the

larynx, treated by operation. N. Y. Med. J. 1865, 1, 110–126.
7. Solis-Cohen, J. Modern procedures in excision of intrinsic malignant growths of the larynx. Laryngoscope 1907, 17, 365.
8. Moure, E.J. Maladies du Larynx; Octave Doin: Paris, France, 1890.
9. Kirchner, J.A. A historical and histological view of partial laryngectomy. Bull. N. Y. Acad. Med. 1986, 62, 808–817.
10. Pack, G.T.; Campbelle, R. Historical case records of cancer: Laryngeal cancer of Frederick III of Germany. Ann. Med. Hist. 1940,

2, 151–170.
11. Laurenson, R.D. The Emporor who smoked a pipe. J. Laryngol. Otol. 1995, 109, 1–4. [CrossRef]
12. Germain, H.H. Laryngectomy for cancer. JAMA 1904, 42, 954–955. [CrossRef]
13. Sendziak, J. The Malignant Laryngeal Tumours Carcinomata, Sarcomata; Their Diagnosis and Treatment; Bergmann: Wiesbaden, Germany,

1897; Volume 3.
14. Lombard, E. Indications et Techniques de Laryngectomie pour Cancer; Rapport de la Société Française d’Oto-rhino-laryngologie;

Société Française d’Oto-rhino-laryngologie: Paris, France, 1914.
15. Hajek, J. Anatomische untersuchungen uber das larynxo edem. Arch. Klin. Chir. 1891, 42, 46–93.
16. Laccourreye, H. Evolution of surgical treatment for cancer of the larynx in the 20th century. Ann. Otolaryngol. Chir. Cervicofac.

2000, 117, 237–247. [PubMed]
17. Kirchner, J.A. Two hundred laryngeal cancers: Patterns of growth and spread as seen in serial section. Laryngoscope 2015, 125, 281.

[CrossRef]
18. Garcia, M. Physiological observations on the human voice. Proc. Roy. Soc. 1855, 7, 399–410.
19. Reinhard, M.; Eberhardt, E. Alfred Kirstein (1863–1922)—Pioneer in direct laryngoscopy. Anasthesiol. Intensivmed. Notfallmed.

Schmerzther. 1995, 30, 240–246. [CrossRef]
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Abstract: Objective: To investigate oncological and functional outcomes in patients treated with
salvage partial laryngectomy (SPL) after failed radio/chemotherapy. Study design: Retrospective
multicenter chart review. Methods: Medical records of patients treated with SPL from January
1998 to January 2018 in two University Medical centers were retrieved. The SPL included horizon-
tal supraglottic laryngectomy, hemi-laryngectomy and crico-hyoido-epiglottopexy. The following
outcomes were investigated: histopathological features; overall survival (OS); recurrence-free sur-
vival (RFS) local and regional controls; post-operative speech recovery; and the oral diet restart
and decannulation. Results: The data of 20 patients with cT1–cT3 laryngeal cancer were collected.
The mean follow-up of patients was 69.7 months. The mean hospital stay was 43.0 days (16–111).
The following complications occurred in the immediate post-operative follow-up: neck fistula
(N = 6), aspiration pneumonia (N = 5), and chondronecrosis (N = 2). Early or late total laryngectomy
was carried out over the follow-up period for the following reasons: positive margins and local
recurrence/progression (N = 7), chondronecrosis (N = 2) and non-functional larynx (N = 1). The
restart of the oral diet was carried out in 12/15 (80%) SPL patients (five patients being excluded for
totalization). All patients recovered speech, and decannulation was performed in 14 patients (93%).
The 5-year OS and RFS were 50% and 56%, respectively. The 5-year local and regional control rates
were 56% and 56%, respectively. Conclusions: Partial laryngectomy is an alternative therapeutic
approach to total laryngectomy in patients with a history of failed radiation.

Keywords: otolaryngology; head neck surgery; laryngectomy; partial; cancer; oncological; survival;
voice; swallowing

1. Introduction

Head and neck squamous cell carcinoma (HNSCC) is the 6th most common adult
malignancy worldwide, accounting for 5.3% of all cancers [1]. Laryngeal squamous cell
carcinoma (LSCC) is the second most prevalent HNSCC, corresponding to 211,000 new cases
and 126,000 deaths per year worldwide [2,3]. According to the stage and location of tumor,
the main therapeutic options include surgery, radiotherapy or concurrent chemoradiotherapy.
Radiotherapy may achieve local control rates of 77% to 100% of cT1, 62% to 83% of cT2, and
50% to 76% of cT3 supraglottic SCCs [4]. In cases of local failure, the most common therapeutic
option remains total laryngectomy, which may be associated with complications and poor
quality of life outcomes [5]. However, a recent systematic review of the literature suggested
that the realization of salvage partial laryngectomy (SPL) in place of total laryngectomy may
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be an option in selected cases of glottic or supraglottic SCC recurrence or post-radiotherapy
failure, reporting adequate local control and survival outcomes [6].

In this study, we retrospectively reviewed the oncological, histopathological and
functional outcomes of patients who benefited from SPL after failed radiotherapy.

2. Materials and Methods

The data of patients treated with post-radiotherapy SPL for glottic or supraglottic SCC
from 1998 to 2021 were retrieved. Patients were recruited and treated in two University
medical centers (CHU Saint-Pierre and Jules Bordet Institute, Brussels, Belgium). The SCCs
were located in glottic or supraglottic region. The SPL indication was based on cTNM
tumor (cT1–cT3), medical history of patients, the MRI/CT-scan findings and swallowing
tests. All patients underwent diagnostic preoperative workup with laryngeal fibroscopy,
in-suspension laryngoscopy (biopsy) and injected tomodensitometry or Pet-CT. The SPL
was considered as a therapeutic option if it was possible to preserve one cricoarytenoid
unit after the surgery. The SPL was not recommended for the following patient/tumor
outcomes: cricoid invasion; large invasion of laryngeal posterior commissure or thyroid
cartilage; and pharyngeal or prevertebral invasion (cT4). The SPL decision was approved
by the multidisciplinary oncological board. The local institutional review boards of both
centers approved the study design (CE171211 et CE2849).

2.1. Procedures

Surgeries were performed under general anesthesia. According to the European
Laryngological Society classification [7], the following SPL were considered: open partial
horizontal supraglottic (hemi) laryngectomy (type I), supracricoid laryngectomy with
cricohyoidoepiglottopexy (type IIa) or cricohyoidopexy (type IIb; Appendix A). Note that
in all procedures, surgeons performed extemporaneous analyses. In the case of positive
margins, the surgeon completed the surgery with recut of the positive tissue section. We
did not extend the resection from one type of open partial laryngectomy to another. Only
the definitive margin analyses were considered for the follow-up decisions. The surgical
techniques were described in previous studies [7]. According to the tomodensitometry
findings, unilateral or bilateral selective neck dissection(s) of levels II-IV were carried out
in cT3 and selected cT2 patients.

Patients had tracheostomies and feeding tubes. All patients benefited from post-
operative speech therapy (3- to 5 sessions weekly), which was started 7 days after the
surgery. All patients received 7-day antibiotics and 1-month proton pump inhibitors. An
oral diet was restarted from 7 days post-SPL depending on the speech therapist and oto-
laryngologist’s agreement. Regarding the evolution of swallowing, speech and breathing,
patients were decannulated and discharged as soon as possible after a fiberoptic endoscopic
evaluation of swallowing.

The total laryngectomy was considered in patients with (i) positive margins at the
post-SPL histopathological analysis, (ii) post-operative chondronecrosis or non-functional
larynx, or (iii) for local recurrence. If the salvage total laryngectomy was performed in the
6-month post-SPL follow-up, the total laryngectomy was considered as an early procedure,
while when the surgeon carried out the total laryngectomy after 6 months of follow-up,
the salvage laryngectomy was considered as late. Note that positive margins (R1) were
followed before the decision of total laryngectomy according to the difficulties to have
reliable histopathological findings in radiation tissues.

The neck dissection was proposed by the multidisciplinary oncological team in
patients with suspicion of positive nodes at the tomodensitometry even if the cTNM
classification reported cN0 (<1 cm diameter). Unilateral neck dissection was proposed
for suspicion of unilateral node(s), while bilateral neck dissection was proposed for
suspected bilateral nodes.
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2.2. Outcomes

The following postoperative outcomes were retrieved: infectious complications; fistula;
chondronecrosis; aspiration pneumonia; death. The functional outcomes included the post-
operative speech recovery; restart of an oral diet; and the removal of the tracheostomy tube.
Post-operative speech recovery was defined as the ability of the patient to be understood
by other people without repetition. The usual voice and speech clinical tools (e.g., speech
rate; GRBASI, voice handicap index) were not used because they are inappropriate for post-
partial laryngectomy voice and speech evaluations and there was no systematic use of clinical
voice/speech tools in our centers. The following oncological outcomes were considered: 3- and
5-year overall survival (OS); recurrence-free survival (RFS); and local and regional control rates.

3. Results

3.1. Setting and Patients

Twenty patients underwent SPL after failed radiotherapy (N = 17) or concurrent
chemoradiotherapy (N = 3), including supracricoid laryngectomy with cricohyoidoepiglot-
topexy (type 2a, N = 11); open partial horizontal supraglottic laryngectomy (type 1, N = 6),
and open partial horizontal hemi-laryngectomy (type 1, N = 3). The flow chart of the study
is described in Figure 1.

Figure 1. Flow chart.

There were 14 males and the mean age was 54.0 years old. Eighteen patients (90%) reported
a history of tobacco consumption prior to the initial radiation treatment, while 14/16 (88%)
had a history of chronic alcohol consumption (>3 IU/day). The radiotherapy doses of initial
treatment are reported in Appendix A. Two patients had chemoradiation prior to salvage surgery
(cisplatin). The surgeons performed six unilateral and five bilateral neck dissections. There were
7, 10, and 3 cT1, cT2, and cT3N0M0 glottic or supraglottic SCC, respectively (Table 1).

Synchronous cancer was detected in two patients (esophagus and lung cancer).
The histopathological findings are reported in Table 1. Frozen sections were positive

in 7 cases, leading to preoperative revision. Among them, four definitive histopathological
examinations reported R1, which led to a follow-up approach and total laryngectomy for
recurrence (Appendix A). Three of eleven neck dissections were positive. Among them, two
patients had extra-capsular node invasion; which led to post-operative chemo-radiotherapy
and palliative chemotherapy, respectively. As described in Appendix A, the initial cTNM
assessment was lower than the pTNM for five patients with two with pT4 cancer at the
histopathological examination.
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Table 1. Epidemiological, clinical and surgical features.

Outcomes Mean/N

Age (mean, range) 54 (40–69)
Gender (F/M) 6/14

Tumor features
Second location (N, mean month delay) 4 (52.5)

Recurrence (N, mean month delay) 16 (34.8)
Locations

Supraglottic 7 (35)
Glottic 10 (50)

Laryngopharyngeal 3 (15)
Stages

cT1N0M0 7 (35)
cT2N0M0 10 (50)
cT3N0M0 3 (15)
Surgeries

Cricohyoidoepiglottopexy 11 (55)
Horizontal supraglottic laryngectomy 6 (30)

Horizontal hemi-laryngectomy 3 (15)

Tracheostomy 20 (100)
Feeding tube 20 (100)

Histopathological Findings N (%)

Margins
R0 13 (65)
R1 7 (35)

Management of R1
Re-intervention 5 (71)

Total laryngectomy 2 (29)

Neck dissection
pN+ 3 (27)
pN0 8 (73)

Management of N+
Follow-up 1 (33)

Chemoradiotherapy 1 (33)
Palliative chemotherapy 1 (33)

Functional Outcomes N (%)

Early total laryngectomy 5 (25)
Chondronecrosis 2 (10)
Positive margins 2 (10)

Non-functional larynx 1 (5)
Late total laryngectomy 5 (25)

Positive margins 2 (10)
Recurrences 3 (15)

Oral diet rehabilitation
Success of restart 12 (80)

Definitive gastrostomy 3 (20)
Delay (mean, days) 49.0

Cricohyoidoepiglottopexy 34.3
Horizontal supraglottic laryngectomy 163.0

Horizontal hemi-laryngectomy 58.5

Speech rehabilitation
Success 15 (100)

Delay (mean, days) 60.7
Cricohyoidoepiglottopexy 52.8

Horizontal supraglottic laryngectomy 90.0
Horizontal hemi-laryngectomy 56.6

Tracheostomy
Decannulation 14/15 (93)

Delay (mean, days) 11.2
Cricohyoidoepiglottopexy 10.4

Horizontal supraglottic laryngectomy 13.8
Horizontal hemi-laryngectomy 7.6

Abbreviations: F/M = female/male; R = margin status; N = number of cases.
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The mean hospital stay was 43.0 days (16–111). The following complications occurred
in the immediate post-operative follow-up: neck fistula (N = 6), aspiration pneumonia
(N = 5), and chondronecrosis (N = 2). There was no local infection (abscess) or death
during the post-operative course. Three patients with fistula required re-intervention and
the following flaps were used: pectoral (N = 1), supraclavicular (N = 1) and temporal
(N = 1) flap. Two patients with chondronecrosis, one patient with positive margins and
rapid (<6-month) progression (R1) and one patient with non-functional larynx were treated
with an early total laryngectomy (<6-month post-SPL). Late total laryngectomy (>6 months
of follow-up) was carried out in six patients (Figure 1). Two had positive margins but
refused the total laryngectomy and three had late recurrences. Finally, total laryngectomy
was carried out in 10 patients (50%) for the following reasons: positive margins and follow-
up recurrence/progression (N = 7); chondronecrosis (N = 2); and non-functional larynx
(N = 1; Appendix A).

3.2. Functional Outcomes

The functional outcomes are summarized in Table 1. The restart of an oral diet was
carried out in 12/15 (80%) SLP patients without early total laryngectomy with a mean
delay of 49.0 days. Three patients did not restart an oral diet because of severe aspiration
(N = 2) or malnutrition related to synchronous chest cancer. These patients benefited
from permanent gastrostomy. The speech rehabilitation was successfully completed in
all patients with a mean delay of 60.7 days (mean of speech session: three times weekly).
Decannulation was carried out in 14 patients (93%) with a mean delay of 11.2 days. The
restart of oral diet, speech rehabilitation and decannulation delays varied between surgeries
(Table 1).

3.3. Oncological Outcomes

The mean follow-up of patients was 69.7 months (6–178). The 3- and 5-year OS were
50.0% and 50.0%, respectively. The 3- and 5-year local control rates were 55.5% and 55.5%,
respectively. The 3- and 5-year RFS were 55.5% and 55.5%, respectively. At the end of
the follow-up, five patients were alive and five were lost of follow-up (after the 5-year
initial follow-up). The causes of death of the 10 remaining patients were local recurrence or
distant metastasis (N = 5); non-oncological origin (N = 3); and metachronous non-head and
neck cancer (N = 2). Note that 3/6 patients who underwent salvage total laryngectomy
were alive at the end of the follow-up period (five patients were lost of follow-up). In the
SPL group, 5/10 patients were alive at the end of the follow-up period (Appendix A).

4. Discussion

Residual or recurrent LSCC after failed radiotherapy is a challenging issue. The
salvage total laryngectomy was the main option for post-radiation LSCC and only a few
case series with a low number of patients investigated the oncological and functional
outcomes of SLP [6].

The primary finding of the present study was the demonstration of adequate func-
tional post-operative outcomes, including decannulation, speech rehabilitation and oral diet
restart. All patients with SPL were successfully decannulated after 60 days. Our decannula-
tion rate was slightly above that of those found in the literature despite a longer delay of
decannulation in the present study [8–12]. The oral restart was possible in 80% of patients
with a mean delay of 49 days. Kim et al. reported oral restart rates of 100% versus 74.2% in
patients who underwent salvage supraglottic laryngectomy or TL, respectively [12]. The
mean removal time of the feeding tube was 25 days in the study of Kim et al., which was,
however, substantially shorter than our delay [12]. In the study of Philippe et al., 15/20
(75%) patients treated with SPL for LSCC after failed radiotherapy were able to restart an
oral diet in the post-operative few months [11]. Others reported similar rates of the restart
of an oral diet with delays ranging from 15 to 74 days [6,8–10,12,13]. Our study reports an
adequate post-operative speech rehabilitation rate despite longer delays than those of some
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studies in which authors started speech exercises 3 days after the SLP [6,10]. The functional
outcome in comparison with other studies is still limited regarding the heterogeneity across
studies about the types of SPL, the patient comorbidities, and the TNM features. Moreover,
as supported by Paleri et al., the differences between world regions in speech therapy
access and program may support different speech rehabilitation outcomes [14].

The complications after salvage partial laryngectomy depend on the type of surgery
and the features of the population (comorbidities), and include most commonly fistula,
hemorrhage, wound infection, aspiration pneumonia and dysphagia [10–17]. In this case
series, aspiration pneumonia (25%), fistula (15%) and chondronecrosis (10%) were the main
complications. The rate of fistula in SPL patients after failed radiotherapy ranged from
2% to 81% [15–18] and was influenced by the radiotherapy doses rather than the type
of surgery [15]. The tobacco and the reflux histories are additional contributing factors
to fistula [19]. In these case series, Philippe et al. carried out total laryngectomy in two
patients (10%) with a non-functional larynx and recurrent aspiration pneumonia, which
corroborates our rate of a non-functional larynx [11]. Aspiration pneumonia occurred in
20% of our patients. The literature rate of aspirations ranges from 3% to 40% [8,11,20,21].

In the present study, the 5-year OS and RFS were 50% and 55%, respectively. The
OS and RFS data in the literature substantially vary from one study to another. Overall,
both OS and RFS ranged from 52% to 95% but depend on the features of patients (comor-
bidities), tumor stage and treatment [10,11,16,17,21–23]. According to Kim et al., the OS
and DFR were non-significantly higher in the salvage SPL than in the salvage TL [12].
Authors reported 5-year OS and RFS of 87.5% and 41.9% in their SPL patients, which were
significantly higher for OS than our rate. Interestingly, they highlighted the importance of
margin status in survival and recurrence outcomes, which supports the need for a close
follow-up in patients with post-SLP positive margins or re-intervention. In the study of
Makaieff et al., the 5-year OS was 69% [20], while Philippe et al. reported a 3-year OS of
66% [11]. As for other studies of the literature [9,10,15], the main cohort difference between
our case series and these studies was the inclusion of cT3 LSCC in the present study, which
is known to be associated with poorer OS and RFS data [15]. Interestingly, our study
reported that the initial cTNM assessment may be biased according to the radiation history.
Indeed, for six patients, the pTNM was higher than the cTNM, both having a T4 LSCC at
the histopathological examination. The tissue fibrosis related to radiation may influence
the clinical and imaging staging leading to the inclusion of patients with more advanced
disease. This point is an additional factor supporting the low but literature-comparable OS
and RFS rates.

The main limitations of the present study were the retrospective design and the low
number of patients. However, the SPL after failed radiotherapy remains a rare surgical
approach because the current trend in head and neck oncology is to propose salvage total
laryngectomy for patients with such LSCC. However, since the possible risk of conversion
in total laryngectomy exists, appropriate information about the patient is a mainstay in this
therapeutic approach.

5. Conclusions

The salvage partial laryngectomy after radiotherapy failure is an alternative therapeu-
tic option to total laryngectomy for patients with cT1-T3 LSCC. Otolaryngologists had to
be careful about the risk of preoperative mis-staging. Aspiration and fistula were the most
common complications occurring in 15% to 20% of cases.
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Appendix A

Figure A1. European Laryngological Society Classification of Partial Laryngectomy. a = coronal plan,
b = saggital plan.
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Abstract: Only three laryngeal transplants have been described in the literature to date, and none
of the techniques has enabled a completely satisfactory functional result to be obtained. This article
presents a new model of laryngeal transplantation, with quality of revascularisation of the transplant
being the principal objective and optimisation of the various steps of the procedure, with the inte-
gration of a new reinnervation technique as a secondary objective. We present a preclinical animal
study. Three pig larynges removed in vivo underwent allotransplantation according to the same
protocol. The quality of the revascularisation was examined immediately after the surgery as well as
by endoscopy for one animal on the fourth day after the operation. The mean time of cold ischaemia
was 3 h 15 min. The anaesthetic tolerance of the pigs was excellent. Revascularisation was achieved
and judged to be excellent for the three transplants immediately after the operation and the endoscopy
performed for one pig on the fourth day after the operation confirmed this result. The anatomical
similarities also enabled the application and integration of an innovative technique of laryngeal
reinnervation into the various phases of the operation. We describe a reliable and reproducible animal
model for laryngeal transplantation. Its application in humans can be envisaged.

Keywords: larynx; allotransplantation; model; preclinical; laryngeal transplantation; allograft

1. Introduction

Since the 1960s, much progress has been made in the field of organ transplantation,
which enables transplants to be performed today in the treatment of handicaps; hand and
face transplants, for example, enter into this field of application [1,2]. Despite this progress,
there are scarce data concerning laryngeal transplantation and, to our knowledge, only few
cases have been published in the English language literature [3,4].

The first larynx allotransplant dates to 1969 and was performed by Kluyskens on a
patient who had had a total laryngectomy due to epidermoid carcinoma [5]. The patient
no longer required tracheotomy and survived eight months until relapse of the carcinoma.
This first surgery cannot really be considered as a vascularised allotransplant but more as
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a graft of allogenic tissue. There was no true vascular anastomosis, with the larynx only
being “nursed”. It was in 1998 that Strome [6] performed the first true larynx allotransplant,
but the patient’s tracheotomy tube was never removed, and the larynx had to be removed
14 years later due to chronic rejection of the graft [7]. The second published larynx allo-
transplant is more recent, but in this case as well the patient was still tracheotomised four
years after the operation [8]. These positive results prove the feasibility of allotransplanta-
tion, but the procedure needs to be optimised to render it functional, as none of the three
transplanted larynx has regained normal or subnormal mobility and the patients remained
tracheotomised in the latter two cases.

The complexity of the vascularisation and innervation of this organ is responsible in
part for the difficulties encountered in obtaining a reliable model for laryngeal transplantation.

Nevertheless, there is a unique and very interesting experiment that has passed
completely unnoticed in the field of laryngeal transplantation, as it was only published
indirectly: the article concerns the management of 13 larynx or trachea donors [9]. This
Colombian team describe a reliable and reproducible model of laryngeal removal and trans-
plantation that enables one of the major difficulties concerning the problem of vascularisation.

The second difficulty concerns the reinnervation of the larynx, and the Colombian
model does not allow an intrinsic mobility of the larynx. We have therefore conceived
of a model of laryngeal transplantation combining the Colombian model and the laryn-
geal reinnervation model described by J.P. Marie et al. in the rehabilitation of laryngeal
diplegia [10].

Thus, herein, an animal model is presented, using pigs, the animal which presents the
closest anatomical similarity with the human larynx.

2. Materials and Methods

Six female Land Race × Large White crossed pigs, 35 kg in weight, three months of
age, were used for this study with the authorisation of the Animal Welfare Committee
of Nantes Veterinary School pursuant to European Directive 86/609/EEC regarding the
protection of animals used for experimental and other scientific purposes.

Three laryngeal allografts were carried out with a standardised anaesthetic protocol:
premedication with midazolam (0.2 mg/kg i.m.), ketamine (5 mg/kg i.m.), and medeto-
midine (20 μg/kg i.m.); induction with propofol (6–8 mg/kg i.v.) and analgesia with
morphine (1 mg/kg i.v.); CRI fentanyl 10 μg/kg/h + ketamine 0.5 mg/kg/h and meloxi-
cam 0.4 mg/kg.

2.1. Removal of the Graft

After a U-shaped (bilateral curved) cervical incision, prolonged vertically along the pre-
sternal midline, the dissection started with bilateral identification of the vasculo-nervous
elements: vagus and superior laryngeal nerves, the ligature of the internal jugular vein, as
well as the internal carotid artery and the branches of the external carotid artery beyond
the superior laryngeal artery.

Vascular dissection continued lower down, after sternotomy, until the ascending aorta
and the superior vena cava were identified. The recurrent nerves were also dissected.
The ascending aorta was then canulated and the piece perfused and flushed with organ
perfusion and flushing solution (Custodiol®, Methapharm Inc, Brantford, ON, Canada).
The transplant was then completely freed by performing the equivalent of a total circular
pharyngolaryngectomy, including approximately 10 trachea rings and the entire visceral,
vascular, and nervous axis in the piece (Figure 1).
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Figure 1. The transplant was completely harvested by performing the equivalent of a total circu-
lar pharyngolaryngectomy, including about 10 trachea rings and the entire visceral, vascular and
nervous axis.

2.2. Preparation of the Graft

The graft was then prepared in ice for transplantation. First, the vessels were chosen
with opening of the brachiocephalic arterial trunk so as to identify the origin of the common
carotid arteries: the trunk was retained for 1 cm below the origin of the carotid arteries so
as to be able to perform an arterial anastomosis of reasonable diameter. The technique was
similar for the venous axes.

The infrahyoid muscles were then resected and the hypopharyngeal mucosa prepared:
section of the oesophagus, respecting the recurrent nerves, then opening of the hypophar-
ynx respecting the mucosa of the piriform sinuses as far as possible, were carried out.
The retrocricoid mucosa was then partially resected so as to cover the arytenoids and the
nervous graft on the posterior cricoarytenoid muscles.

The neurological step then began, with bilateral neurotisation of the posterior cricoary-
tenoid muscles using a Y-shaped graft of large auricular nerve taken from the donor (Figure 2).

 

Figure 2. The neurological step with bilateral neurotisation of the posterior cricoarytenoid muscles
using a Y-shaped graft of large auricular nerve taken from the donor.

2.3. Preparation of the Recipient

At the same time as the removal of the graft, the recipient animal was prepared for
transplantation. The incision was midline at the cervical level: this was preferred to a
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U-shaped incision that would lead to skin necrosis in an animal. The entire arterial and
venous axes were bilaterally dissected.

During the neurological step, the hypoglossal nerve and its thyrohyoid branch, the
vagus nerve, and the superior laryngeal nerve were identified. The phrenic nerve was
dissected higher up so as to locate the roots and anastomoses with C5.

Once all the vascular nervous elements had been identified and marked, a total
laryngectomy with preservation of the hyoid bone and as much laryngeal mucosa as
possible was carried out.

2.4. Transplantation

The posterior face of the trachea was first fixed in order to correctly fix the transplant.
Then lateral sutures of the mucosae were made. The vascular phase then began by adapting
the technique to the anatomy of the pig, which is variable and different to that of the human.
For this study, the anastomosis performed were: for the arteries, the brachiocephalic trunk
(including the two common carotid arteries) terminolaterally with the left subclavicular
artery of the recipient, and for the veins, on the right and on the left, the subclavicular vein
terminoterminally with the external jugular vein of the recipient.

After reperfusion of the graft, the reinnervation step began. The superior laryngeal
nerves of the donor and of the recipient were anastomosed, as was the Y-shaped nerve
transplant with the left phrenic nerve of the recipient. Finally, the recurrent nerves of the
donor were anastomosed with the thyroid branch of the hypoglossal nerve on the right
and on the left (Figure 3).

 

Figure 3. Reinnervation technique: R XII: right XII nerve; R TH: right thyro hyoid branch; NG:
nerve graft; R RLN: right recurrent laryngeal nerve; PCA: posterior crico arytenoid muscle; IA:
interarytenoid muscle.

The suture of the hypopharyngeal mucosa, the trachea, and an inferior tracheotomy
were performed at the end.

2.5. Post-Operative Progress

The donor animals were euthanised once the removal had been carried out (pentobar-
bital sodium 364.4 g i.v.).

The first two recipient animals were monitored for a few hours to verify the revascu-
larisation, and then euthanised.

The third recipient pig was kept in monitoring for four days, awake and with a
tracheotomy tube. Pharyngolaryngeal endoscopy was performed immediately after the
operation and on the fourth post-operative day.
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An immunosuppressant protocol (tacrolimus 0.3 mg/kg/d and prednisolone 2 mg/kg/d)
and prophylactic antibiotic treatment with amoxicillin/clavulanic acid and metronidazole
were administered intravenously.

3. Results

The mean time of intervention, including removal, preparation of the recipient and
of the graft and transplantation, was 10 h 30 min (minimum 9 h 30 min, maximum 11 h
40 min).

The cold ischaemia time (time between flushing and the start of anastomoses) of the
graft was 2 h on average, and the warm ischaemia time (time between the start of vascular
anastomoses and the clamping) was 1 h 5 min. Results are shown in Table 1.

Table 1. Operative time, ischemia times, tolerance and post-operative revascularisation assessment
for the three transplantations.

Transplantation 1 Transplantation 2 Transplantation 3 Mean Time

Operative time 570 min 620 min 700 min 630 min

Cold ischemia 140 min 115 min 105 min 120 min

Warm ischemia 60 65 70 65 min

Anesthesia tolerance Excellent Excellent Excellent

Post operative revascularisation assesment none none Endoscopic at day 0 and day 4

The tolerance of anaesthesia was excellent for the six pigs, both donors and recipients.
The different phases of the transplantation could be respected in all cases, and adap-

tation to the inter-individual anatomical variability did not constitute an obstacle. The
transplantation protocol was correctly and reproducibly followed in the three operations.

Once the anastomoses had been carried out, the vessels were de-clamped and perfect
in vivo revascularisation of the transplant could be observed after a few minutes (Figure 4).

 

Figure 4. Once the anastomoses had been carried out, the vessels were de-clamped and perfect
in vivo revascularisation of the transplant could be observed after a few minutes.
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An endoscopy was immediately performed after the surgery in the third recipient
animal and confirmed the correct revascularisation of the transplant (Figure 5).

 

Figure 5. Endoscopy immediately performed after the surgery in the third recipient animal confirmed
the correct revascularisation of the transplant.

The animal was monitored for four days with no significant problems. Endoscopy on
the fourth day confirmed the viability of the transplant. The animal died on the fifth day
after the operation, and the autopsy revealed massive mesenteric infarction.

4. Discussion

The complexity of the laryngeal vascularisation and innervation is probably one of the
reasons explaining the small number of larynx transplants published to date. Furthermore,
to our knowledge, there is no real description of larynx removal that would allow the
results that have been published to date to be reproduced [4,6]. It seemed important to us
to obtain a reproducible model of larynx transplant before undertaking a transplantation
program in humans.

The pig model seemed the most appropriate to us; it has also been chosen in particular
by Birchall et al., who also showed its reliability [11]. In comparison with the rat [12], the
anatomical elements of the pig are closely comparable to those of humans, which also
allows the reinnervation technique to be studied [13–15]. The dog has also been chosen,
especially in the earliest work on allotransplantation, but the morbi-mortality of this model
was high [16–18] and its current use in animal experimentation is limited for ethical reasons.

Furthermore, even if our objective was to evaluate the feasibility and reproducibility
of the technique that we have developed, the good tolerance to immunosuppression in pigs
allows immunological studies, as shown by studies for the transplantation of other organs,
in particular bronchi and trachea [19,20].

In our experience, the choice of the pig as an animal model enables the transplantation
model to be as close as possible to humans, thanks to the close anatomical similarities.
The variations, particularly in the vascular network, did not hinder the revascularisation
of the transplant, in part due to the single-block removal up to the ascending aorta and
the vena cava. This animal model shows the feasibility and reproducibility, in terms of
vascularisation, of this laryngeal removal and transplantation technique. We were able to
obtain three transplanted vascularised larynges, to at one hour after the operation and the
third at four days after the operation. Preferring large vessels for the vascular anastomoses
enables a perfect viability of the transplant to be ensured.
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The principal objective of this work was not concerned with the reinnervation because
the first results, either in terms of reinnervation or respiration to be able to envisage removal
of the tracheotomy tube, would only be visible after several months. This period seemed
to us to be technically, ethically, and financially incompatible with keeping a transplanted
and tracheotomised animal alive. Nevertheless, the anatomical similarities between the pig
model and humans enabled us to carry out the nervous anastomoses, which is important in
the progress of the different steps of a transplantation. This allowed us to model a complete
transplantation in both vascular and neurological terms and so to precisely determine the
order of the different operative steps.

This original technique of laryngeal reinnervation was inspired by the work of
J.P. Marie et al. on laryngeal diplegia [21,22]. Marie et al. propose a neurotisation of the
posterior cricoarytenoid muscles by a Y-shaped graft of the large auricular nerve. This
graft is then unilaterally micro-anastomosed with the superior root of the phrenic nerve
without significantly affecting diaphragm function and without respiratory impact. In this
way, the dilator muscles of the glottis are stimulated on inhalation. At the same time the
adductor muscles are re-innervated by the thyrohyoid branch of the hypoglossal nerve, for
contraction on swallowing, in a bilateral fashion so as to avoid erroneous reinnervation
of these adductor muscles by branches of the phrenic nerve. The identification of the
thyrohyoid branch is difficult and requires a certain amount of practice.

This technique, which has shown its utility in the treatment of laryngeal diplegia [23],
seems applicable to laryngeal transplantation in our model. It constitutes one of the
innovative elements, compared to techniques previously described in the literature, aiming
to obtain a functional larynx. This allows us to envisage the possibility of larynx transplant
with a mobile larynx and patients without a tracheotomy tube, something which, to our
knowledge, has never been carried out to date. The studies of reinnervation for bilateral
recurrent paralysis have shown that the selective reinnervation via the phrenic nerve allows
sufficient laryngeal opening to envisage the removal of the tracheotomy tube and even
preservation of the quality of the voice [8]. This technique is therefore an alternative to the
arytenoidopexy performed by the Colombian team (unpublished results).

5. Conclusions

With the technique of removal in a single block and anastomoses with large vessels, we
can consider that this animal model of laryngeal transplantation is reliable and reproducible
with regard to revascularisation. These results encourage us to continue this work in order
to consider offering this technique to humans in the near future.
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Abstract: Endoscopic methods are critical in the early diagnosis of mucosal lesions of the head and
neck. In recent years, new examination methods and classification systems have been developed
and introduced into clinical practice. All of these new techniques target the notion of optical biopsy,
which tries to assess the nature of the lesion before histology examination. Many methods suffer from
interpretation issues due to subjective interpretation of the findings. Therefore, multiple classification
systems have been developed to assist the proper interpretation of mucosal findings and reduce the
error rate. They provide various perspectives on the assessment and interpretation of mucosa changes.
This article provides a comprehensive and critical view of the available classification systems as well
as their advantages and disadvantages.

Keywords: enhanced contact endoscopy; narrow-band imaging; Storz Professional Image Enhance-
ment System; leukoplakia; larynx; laryngeal cancer

1. Introduction

Endoscopy of the upper aerodigestive tract has become a common practice in otolaryn-
gology and remains an inseparable part of in-office diagnostics of head and neck cancer.
Nowadays, laryngeal squamous cell carcinoma is the most common form of head and neck
cancer [1]. Unfortunately, the mucosal changes caused by a malignant tumor in the early stages
are usually small and similar to non-neoplastic lesions. Therefore, differentiating between neo-
plastic and non-neoplastic tissue changes remains a diagnostic challenge even for experienced
clinicians. Moreover, every surgical intervention in the larynx may lead to the deterioration
of the voice after surgery due to the scarring of the vocal cords [2]. If a malignant tumor is
present, then a resection margin of the healthy tissue is often required to successfully remove
the lesion [3]. Therefore, advanced endoscopy methods are needed to identify patients who
can be treated with less aggressive surgery or who can even be managed without surgical
intervention. Attempting to differentiate between malignant and benign changes with naked
eye or regular white light endoscopy is very difficult and histology examination remains the
gold standard for the identification of cancerous changes [4]. Thus, many new endoscopy
techniques have been developed. These techniques strive towards the concept of pre-histology
diagnosis, which tries to determine the lesion histology before the biopsy.

Most methods try to utilize metabolic or morphological tissue changes induced by the
lesion. The most popular methods are Narrow Band Imaging® (NBI, Olympus, Tokyo, Japan)
or IMAGE 1S® (Karl Storz, Tuttingen, Germany). These methods utilize morphological changes
of mucosa vascularization. Changes are caused by the capability of malignant tumors to induce
neoangiogenesis. When the tumor is very small, nutrients are supplied to it by simple diffusion
from the surrounding extracellular fluid [5]. If the tumor continues to grow, then diffusion
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becomes insufficient in providing enough nutrients for further cell growth; the tumor thus
begins to experience ischemia [5]. Tissue ischemia triggers neoangiogenesis growth factors
such as vascular endothelial growth factor (VEGF) [5]. When VEGF comes into contact with
endothelial cells, it triggers a signaling cascade initiating the process of neoangiogenesis [5].
The result of this process is the formation of pathological vascularization [5].

Advanced endoscopy imaging methods enhance mucosa vascularization. According to
these changes, we can determine with a certain probability if the observed lesion is benign
or malignant. A meta-analysis performed by Zhui et al. pooled 25 studies and reported a
sensitivity of 88.5% and a specificity 95.6% [6]. Unfortunately, interpretations of the results
of the examinations are subjective and therefore may be prone to interpretation errors. One
of the possibilities to achieve relative objectivity is to use a classification system. Multiple
classification systems have been developed and can be used to determine the character of the
laryngeal lesions. They provide interpretation guidelines, which are very useful for the proper
assessment of the lesion character. Unfortunately, these classification systems are not uniform,
and each has advantages and drawbacks. Thus, the aim of the paper is to provide a complex
and critical overview of available classification systems for mucosal laryngeal lesions.

2. Materials and Methods

PubMed, the Cochrane Library, and Google Scholar databases were searched using
the term “endoscopy”, “head and neck cancer”, “larynx”, and “classification” to identify
articles published on the topic within the period 2000–2022. The search was conducted
by two independent authors during November 2022. All articles were reviewed and
only those written in the English language, dealing with adult patients, and describing a
classification system of laryngeal lesions were retained for analysis. All duplicates were
removed. Identification of the relevant studies was conducted according to the PRISMA
guidelines. The selection process of relevant articles can be seen on the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram (Figure 1) [7].

Figure 1. PRISMA flow diagram of the selection process of the relevant articles.
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3. Results

3.1. Current Classification Systems Used in the Description of Laryngeal Mucosal Vascularization

• Classification according to Ni et al. (2011) [2]

The first available classification system was described by Ni et al. This classification is
widely used by many ENT clinicians and was originally designed to be used with the NBI
technology. This classification can be used with other technologies such as IMAGE 1S (Karl
Storz) with similar results [3].

This system classifies endoscopy findings according to the changes of intrapapillary
capillary loops (IPCLs) into five categories [2]. Lesions in category I–IV are considered
to be benign (Figure 2) [2]. Category V lesions are considered malignant lesions and are
divided into three subcategories: Va, Vb, and Vc (Figure 3) [2]. Ni et al. reported a cancer
lesion detection sensitivity of 88.9% and a specificity of 93.2% [2]. Many subsequent studies
and meta-analyses have confirmed the diagnostic value of this classification system [4–6,8].
The overview of this classification can be seen in Table 1.

 

Figure 2. Histologically verified polyp of the right vocal cord, Ni type II of the mucosal vasculariza-
tion, ELS classification—longitudinal type of vascularization.

 

Figure 3. Histologically verified supraglottic squamous cell carcinoma. Ni type Vb of the mucosal
vascularization, ELS classification—perpendicular type of vascularization.
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Table 1. Narrow-band imaging endoscopic classification of the laryngeal lesions according to Ni et al.
(2011) [2].

Endoscopic Pattern Morphology of Vessels IPCLs

Type I Small, oblique, and arborescent Not visible

Type II Enlarged, oblique, and arborescent Not visible

Type III Obscured or seen indistinctly by white mucosa Not visible

Type IV Oblique and arborescent vessels not visible Small and dark brown spots

Type Va Oblique and arborescent vessels not visible Dilated, solid, or hollow, with a brownish, speckled
pattern, and various shapes

Type Vb Oblique and arborescent vessels not visible Tortuous, irregular, with a snake, earthworm,
tadpole, or branch-like shapes

Type Vc Oblique and arborescent vessels not visible Tortuous or brownish speckles with
irregular distribution

Abbreviation: IPCLs—intrapapillary capillary loops.

• Classification proposed by the European Laryngological Society (2016) [9]

This classification system was published by Arens et al. in 2016 [9]. It separates lesions
according to their vascular architecture into two categories: longitudinal or perpendicu-
lar [9]. Longitudinal vascularization passes parallel to the mucosa and is associated with
benign lesions (Figure 2) [9]. Perpendicular vascularization runs upright in the mucosa
and is interpreted as suspicious (Figure 3) [9]. Perpendicular vascularization is specific for
papilloma, high-grade dysplastic lesions, carcinoma in situ, and invasive carcinoma [9].

The high diagnostic yield of the classification has been confirmed by other authors [10,11].
Šifrer et al. studied 104 patients and described perpendicular vascularization in only 9.3%
of benign lesions [10]. Histologically verified papillomatosis and malignant lesions showed
perpendicular vascularization in 96.2% of subjects [10]. Table 2 overviews this classification.

Table 2. Classification according to the European Laryngological Society by Arens et al. (2016) [9].

Endoscopic Pattern Morphology of Vessels

Longitudinal vascular changes

Ectasia Dilated vessels
Meander Meandering, tortuous vessels
Varicose Advanced meandering and dilated vessels

Convolute Organized coil/tangle of vessels
Number of vessels Increased vessels number
Branches of vessels Increased branches of vessels
Change of direction Abrupt change of vessels direction

Perpendicular vascular changes
Enlarged vessel loops Abnormal IPCLs with wide-angled turning points
Dot-like vessel loops Abnormal IPCLs with narrow-angled turning points
A Worm-like vessels Abnormal vessels with spiral morphology and bizarre course

Abbreviation: IPCLs—intraepithelial capillary loops.

• Classification according to Puxxedu et al. (2016) [12]

This classification system was designed exclusively for enhanced contact endoscopy [12].
This technology combines enhanced endoscopy imaging (such as NBI or IMAGE 1S) and a
special magnifying endoscope with a magnification up to 150x. Magnification of the observed
tissue allows precise description of the changes in vascular microarchitecture. This technology is
suitable only for use under general anesthesia due to the lack of flexible magnifying endoscopes.

The classification separates mucosal findings into types 0-IV, where 0 means normal
mucosa, type I is interpreted as an inflammatory lesion, and type II is hyperplasia or
papillomatosis if the capillary loop is encased by mucosal papilloma (Figure 4) [12]. Type III
implies mild to moderate dysplasia [12]. Type IV should be interpreted as either high-grade
dysplasia, carcinoma in situ, or invasive carcinoma (Figure 5) [12]. The results provided
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by Puxxedu et al. are promising and suggest that the sensitivity and specificity of the
method in differentiating normal tissue vs. histological alterations is 100% [12]. The same
sensitivity and specificity were achieved for differentiation of normal and inflammatory
lesions vs. invasive carcinoma [12]. To differentiate between normal tissue and hyperplasia
vs. dysplasia and invasive carcinoma, Puxxedu found a sensitivity and specificity of
97.6% [12]. We could not find other studies that confirm or contradict the results of this
study. The overview of this classification can be seen in Table 3.

 

Figure 4. Histologically verified polyp of the left vocal cord. Puxxedu classification type I.

 

Figure 5. Histologically verified supraglottic squamous cell carcinoma. Puxxedu classification type IV.
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Table 3. Classification according to Puxxedu et al. (2016) [12].

Vascular Pattern Diagnosis Description

Type 0 Normal mucosa
Thin-end regular subepithelial vessels connecting with a thicker and

deeper arborescent vascular network running parallel to
the epithelium.

Type I Inflammation The subepithelial vessels are increased in number and size with
irregular and sometimes crossing directions.

Type II Hyperplasia

Intra-CLs are visible running toward the surface when the hyperplasia
is at the initial stage. In this phase, CLs are generally still very thin and

short, arising from the underlying inflammatory vasculature with a
scattered distribution. In the case of mature hyperplasia, the deeper

inflammatory vascular network is not visible, and only the elongated
CLs can be easily seen. In the case of vegetating keratosis, the deeper
inflammatory vascular network is often not visible, and the elongated
CLs are difficult to see. A particular type of “bobby-pin” can be seen in
laryngeal papillomatosis. The typical papilla encases the “bobby-pin”

inside the papilloma.

Type III Mild–moderate dysplasia
Vascular changes become progressively more consistent with elongated
small vessels in the typical “bobby-pin” shape, but some arborescence

appears at the end of the CLs.

Type IV High-grade dysplasia/carcinoma in
situ/invasive carcinoma

The vascularity of the chorion is more evident and CLs appear
significantly dilated with various shapes and a wide range of vascular

architectural changes such as corkscrews or tree-like patterns.

Abbreviation: CLs—capillary loops.

3.2. Classification Systems Used in Examination of Leukoplakia

Leukoplakia represents a specific diagnostic and therapeutic problem, and thus par-
ticular classification systems for describing this distinct pathology have been developed.
Leukoplakia is a descriptive term used to name white patch-like lesions present on the
mucosa [13]. Leukoplakia of the larynx can be mostly observed on the vocal cords. It is
caused by extensive irritation of the laryngeal mucosa by alcohol, smoking, voice overuse,
or laryngopharyngeal reflux [13]. The irritation causes formation of a keratin layer. Another
cause of laryngeal leukoplakia is the use of inhalation corticosteroids [14]. Even though
the term leukoplakia has been used for decades, it is descriptive but not clinically useful
because it does not provide the risk stratification of the lesion. Histologically, the lesions
can vary from hyperkeratosis to invasive cancer [15]. Therefore, early identification of the
character of the lesion is crucial for a good prognosis and outcome of the treatment.

The pre-histological diagnosis of leukoplakia is difficult. Even though as much as 50%
of the samples return as non-dysplastic lesions from the histopathology exam, a diagnosis
of invasive cancer is made in 6–22% of the samples [16–18]. Therefore, lesion biopsy under
general anesthesia remains common practice.

A few classification systems have been developed, and some of them can be used with
white light endoscopy while others require enhanced imagining such as NBI. However,
the proper NBI examination is difficult and sometimes impossible due to the “umbrella
effect” [13]. This phenomenon causes the reflection of the light emitted from the light
source. Therefore, the emitted light does not reach the IPCLs in the mucosa, which limits
examination [13]. Nevertheless, vascularization around the leukoplakia can be observed
and can yield important information about the observed lesion. It can be classified accord-
ing to one of the available classifications. According to multiple authors, changes in the
vascular architecture surrounding the primary lesion yield valuable information about the
features of the lesion [13,19]. Stanikova et al. reported that perpendicular vascularization
surrounding the leukoplakia was associated with malignant lesions (carcinoma in situ or
invasive carcinoma). This was histologically confirmed in 84.6% of cases [19]. Leukoplakia
surrounded by longitudinal type of vascularization was histologically benign (hyperkerato-
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sis or low-grade dysplasia) in 83.8% of cases [19]. The authors also suggest that leukoplakia
with favorable surrounding findings in NBI endoscopy can be followed conservatively
without surgical intervention [19].

• Clinical scoring of leukoplakia according to Young et al. (2014) [20]

Young et al. proposed a scoring system of vocal cord leukoplakia based on their
macroscopical appearance during white light endoscopy [20]. His classification stratifies
leukoplakia by seven macroscopical features: color, texture, size, hyperemia, thickness,
symmetry, and oedema [20]. Color, texture, size, and hyperemia significantly correlated
with final histopathology and therefore were proposed as one of the possible ways to
select high-risk patients. Interrater reliability of the classification was found to be from
68 to 79% [20]. Lesions with lower scores had very high probability to be less aggressive
and should be managed conservatively [20]. Unfortunately, the study did not provide an
optimal cut-off point that could be used to differentiate between low-risk and high-risk
lesions. The overview of this classification can be seen in Table 4.

Table 4. Clinical scoring of leukoplakia according to Young et al. (2014) [20].

Factors Categories Score Definitions of the Vocal Cord Leukoplakia

Color
Homogenous 0 The color is distributed evenly.

Non-
homogeneous 1 The color is not distributed evenly.

Texture
Regular 0 The surface is smooth and flat.

Irregular 1 The surface showed granular appearance.

Size
Small 0 The sum of all vocal cord leukoplakia is less than half a length of one true

vocal cord.

Large 1 The sum of all vocal cord leukoplakia exceeds half a length of one true
vocal cord.

Hyperemia
Absence 0 The vocal cord leukoplakia is without peripheral erythema or

increased vascularity.

Presence 1 The vocal cord leukoplakia is associated with peripheral erythema or
increased vascularity.

Thickness
Thin 0 The lesion is thin and blood vessels beneath the lesion are visible.

Thick 1 The lesion is thick and blood vessels beneath the lesion are invisible.

Symmetry
Symmetric 0 Lesions are distributed at similar sites of bilateral vocal cords.

Asymmetric 1 Lesions are located at one or unopposed sites.

Edema
Exist 0 Existence of vocal edema.

Absence 1 Absence of vocal edema.

• Clinical scoring of leukoplakia by Fang et al. (2016) [21]

Fang et al. continued the previous research and removed one of the criteria (edema)
from the Young et al. scoring system. Therefore, a six-tier system was established. Observed
morphological features of the leukoplakia were useful in differentiation between malignant
and benign lesions [21]. The morphological features were color, texture, size, hyperemia,
thickness, and symmetry. The scoring system achieved good sensitivity (80.4%) and
specificity (81.5%) with good interrater reliability [21]. Unfortunately, this study did not
provide a specific cut-off that could be used to differentiate between benign and malignant
lesion. Rather, the authors advised clinicians to set the cut-off point for each institution
individually [21]. The overview of this classification can be seen in Table 5.
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Table 5. Clinical scoring of leukoplakia according to Fang et al. (2016) [21].

Factors Score Definitions

Color
Homogenous 0 The color of vocal cord leukoplakia is distributed evenly.

Heterogeneous 1 The color of vocal cord leukoplakia is not distributed evenly.

Texture
Regular 0 The surface of vocal cord leukoplakia is smooth and flat.

Irregular 1 The surface of vocal cord leukoplakia showed granular appearance.

Size
Small 0 The sum of all vocal cord leukoplakia is less than half length of one true

vocal cord.

Large 1 The sum of all vocal cord leukoplakia exceeds the half length of one true
vocal cord.

Hyperemia
Absence 0 The vocal cord leukoplakia is without peripheral erythema or

increased vascularity.

Presence 1 The vocal cord leukoplakia is associated with peripheral erythema or
increased vascularity.

Thickness
Thin 0 The lesion is thin and blood vessels beneath the lesion are visible.

Thick 1 The lesion is thick and blood vessels beneath the lesion are invisible.

Symmetry
Symmetric 0 Lesions are distributed at similar sites of the bilateral cords.

Asymmetric 1 Lesions are located at one or unopposed sites.

• Laryngoscopic classification of vocal cord leukoplakia by Zhang et al. (2017) [17]

Zhang et al. tried to simplify classifications mentioned before by stratifying vocal cord
leukoplakia into three subtypes: type I—flat and smooth; type II—bulged and smooth; and
type III—bulged and rough [17]. According to the results, type I is mostly histologically
interpreted as keratinization or hyperplasia without dysplastic changes (Figure 6) [17]. In
type II, the dominant histology was mild to moderate dysplasia [17]. Type III presented
the highest incidence of cancerous lesion (carcinoma in situ or invasive carcinoma), while
incidence of non-cancerous lesions (keratosis or hyperplasia) was the lowest from all types
(Figure 7) [17]. The authors further proposed conservative treatment in type I leukoplakia
and surgical resection in type III leukoplakia [17]. Type II remains a grey zone, but the
authors stated that leukoplakia in this stage is irreversible and may contain moderate or
severe dysplasia [17]. The overview of this classification can be seen in Table 6.

 

Figure 6. Histologically-verified parakeratosis of the right vocal cord presenting as leukoplakia.
Young scoring system—3 points, Fang scoring system—3 points, Zhang type I—flat and smooth.
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Figure 7. Histologically-verified squamous cell carcinoma of the right vocal cord presenting as
leukoplakia. Young scoring system—5 points, Fang scoring system—5 points, Zhang type III—bulge
and rough.

Table 6. Laryngoscopic classification of vocal cord leukoplakia by Zhang et al. (2017) [17].

Type of Lesion Description

Type I flat and smooth
Localized white plaque lesion having a uniform thin smooth homogeneous surface or
white patch is raised slightly, but the edge of the white patch is continuous with the

surrounding mucosa.

Type II bulge and
smooth

White plaque lesion is homogeneous and significantly bulged with a constant texture
throughout. It is higher than the mucosa around the plaque. The edge of the white patch

is discontinuous with the surrounding mucosa.

Type III bulge and rough
Grayish-white, nodular, verrucous, granular, non-homogeneous, and (or) exophytic

lesions with irregular blunt or sharp projections. They have an irregular surface
associated with erosion or ulceration that is higher than the mucosa around the plaque.

A similar classification system was also proposed by Chen et al. [22]. This classification
also used a three-tier classification system with similar categories: flat and smooth, elevated
and smooth, and rough leukoplakia [22]. This study included 375 patients treated for
vocal cord leukoplakia and confirmed that the morphology of the leukoplakia correlates
significantly with the final histology examination [22].

• Narrow-Band Imaging endoscopic classification of laryngeal leukoplakia accord-

ing to Ni et al. (2019) [23]

Attempts to introduce advanced endoscopic methods used the modified Ni et al.
classification. This classification stratifies leukoplakia into six types. Types 1–3 indicate
benign leukoplakia (Figure 8) and types 4–6 suggest possibility of malignancy (Figure 9) [23].
The accuracy of the classification in judging the pathological nature of the leukoplakia was
90.8% [23]. The overview of this classification can be seen in Table 7.

93



J. Clin. Med. 2023, 12, 10

 

Figure 8. Histologically-verified low-grade dysplasia presenting as leukoplakia of the left vocal cord.
Ni classification of laryngeal leukoplakia—type I.

 

Figure 9. Histologically-verified squamous cell carcinoma presenting as leukoplakia of both vocal
cords. IPCLs can be seen around leukoplakia. Ni classification of laryngeal leukoplakia—type III–IV.

An examination that can provide additional information about the lesion is laryngeal
videostroboscopy. According to Rzepakowska et al., non-invasive leukoplakia (parakerato-
sis, low-grade dysplasia, etc.) tends to preserve the mucosal wave of the vocal cord [24]. On
the other hand, the mucosal wave tends to diminish in the case of an invasive form of leuko-
plakia (high-grade dysplasia, invasive carcinoma, etc.) [24]. As stated by El-Demerdash,
the overall accuracy of laryngeal videostroboscopy versus histology was 95% [25]. Those
results were further confirmed by studies by other authors [25–27].
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Table 7. Narrow-band imaging endoscopic classification of laryngeal leukoplakia according to
Ni et al. (2019) [23].

Type Interpretation Description

Type I Benign leukoplakia There are no IPCLs but white plaque can be observed on the vocal cord with obliquely
running vessels and branching vessels indistinctly present under the white plaque.

Type II Benign leukoplakia There are white patches on the vocal cord but neither IPCLs nor obliquely running
vessels or branching vessels can be found.

Type III Benign leukoplakia

IPCLs can be seen at the surface of the vocal cord mucosa where the epithelium is not
covered by the leukoplakia, thus showing small brown spots with a relatively regular

arrangement without clear boundaries. No obliquely running vessels or branching
vessel were seen.

Type IV Malignant leukoplakia IPCLs can be observed on the vocal cord, showing large brown spots embedded at the
surface of white plaque.

Type V Malignant leukoplakia IPCLs on the vocal cord can be seen with large brown spots that appear at the surface of
the vocal cord mucosa outside the leukoplakia with obvious boundaries.

Type VI Malignant leukoplakia
IPCLs are visible at the surface of the vocal cord and are characterized by large brown
spots or twisted earthworm-like vessels distributed at the surface of the leukoplakia as

well as on the surface of the vocal cord epithelium outside the leukoplakia.

Abbreviation: IPCLs—intrapapillary capillary loops.

4. Discussion

Every classification system carries certain advantages and disadvantages. One of the
major advantages of ELS classification is its simplicity. This two-stage system allows the
examinator to classify mucosal vasculature findings as either perpendicular or longitudinal.
Mehlum et al. found low interrater variability and suitability of the classification for
inexperienced examinators [28]. A major disadvantage of this system is that it does not try
to specify what the lesion is histologically according to endoscopy findings. The question
is if specification of the histology of the lesion pre-operatively is required.

Ni classification provides ample information about the nature of the lesion. It also
tries to state its histological character according to endoscopy findings. Unfortunately,
the Ni classification has a few disadvantages. The major problem is the blurry cut-off
line between malignant and benign lesions. According to the classification, Ni IV IPCLs
have the appearance of small and dark brown spots, and should be interpreted as benign
lesions [2]. Unfortunately, this appearance of IPCLs would be interpreted as perpendicular
and therefore suspect according to ELS classification [9]. Therefore, a study determining
whether Ni IV should be interpreted as a benign or suspect lesion is required. Another
problem that affects multiple classification systems is the use of the old classification
of laryngeal dysplasia. The terms “mild”, “moderate”, and “severe dysplasia” should
no longer be used according to the new World Health Organization (WHO) revision of
laryngeal dysplasia terms [29]. These terms should be replaced and reclassified to low-
grade dysplasia and high-grade dysplasia according to the WHO [29].

The Puxxedu classification for ECE yields interesting data—it provides histological
specifications of the examined lesion, and very high sensitivity and specificity are stated
in the original work. Unfortunately, the sensitivity and specificity are calculated in a
sub-optimal way in the original paper. Puxxedu stated his sensitivity and specificity rates
according to healthy tissue vs. malignant tumors or inflammation changes vs malignant
tumors [12]. These changes are usually very well pronounced and easy to differentiate even
without ECE; therefore, the results may be biased. A study that compares sensitivity and
specificity calculated according to the Puxxedu classification vs. final histology examination
is therefore required. Also, the Puxxedu classification still uses the old classification of
laryngeal dysplasia and should be modified to fit the new WHO recommendations.

Moreover, the situation is even more difficult if the patient has undergone radiotherapy.
The vasculature is influenced by radiation and it is difficult to interpret vascular character
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properly. This makes differentiating between recurrence of the malignant tumors and
post-radiation changes very difficult. The experience of the examiner comes into play more
significantly. On the other hand, according to Zabrodsky et al., NBI is a good tool for
follow-up of patients after radiotherapy for laryngeal and hypopharyngeal cancer with
sensitivity of 92%, specificity of 76%, and overall accuracy of 88% [30].

Management of vocal cord leukoplakia remains a challenging topic in modern oto-
laryngology. Biopsy under general anesthesia and histological verification of the leuko-
plakia remains a common practice. Fortunately, clinicians have started to stratify the
risk of malignancy of the leukoplakia using various classification systems as mentioned
above to properly assess the risk of malignancy. A management algorithm combining
the morphology of the leukoplakia, laryngeal videostroboscopy, and assessment of IPCLs
around the lesion should be used to assess the risk of malignancy. If it remains low, then
conservative treatment is suggested by some authors [19,20,22,31,32]. However, when
managing the leukoplakia conservatively, clinicians should be very cautious and in case
of any doubt examination under general anesthesia with histology examination of the
leukoplakia should be performed.

Isenberg et al. provided a systematic review of 2188 biopsies of leukoplakia and
showed that mild to moderate dysplasia was found in 33.5% of cases, and high-grade
dysplasia or carcinoma in situ was found in 15.2% of cases [16]. According to Weller et al.,
laryngeal dysplasia carries a significant risk of malignant transformation [33]. The risk
triples with increasing severity of dysplasia [33]. Therefore, clinicians should be aware
of the possibility of malignant transformation of the vocal cord leukoplakia and patients
should be tightly observed. Early discharge of patients with vocal cord leukoplakia should
not be a common practice.

Unfortunately, we are still far from the concept of optical biopsy and pre-histology
diagnosis. None of the advanced endoscopy methods can overcome histological verification
of the lesion. The important point is that examinators should not assess laryngeal lesions
solely according to their vasculature changes, appearance, or preservation of the mucosa
wave. All available examinations should be performed to gather as much information
as possible. Only complex and detailed examination allows the highest accuracy and
diagnostic yield.

The future in differential diagnosis of laryngeal lesions is probably artificial intelligence
(AI) and machine learning. These systems will probably be able to eliminate the problems
with the subjective evaluation of the mentioned endoscopic classifications. Żurek et al.
analyzed 11 studies that used AI in the early diagnosis of laryngeal lesions. Although
various AI models were used, the overall accuracy was very high—from 80.6% to 99.7% [34].
The pooled sensitivity and specificity for differentiation between benign and malignant
lesions were also very high: 91% and 94%, respectively [34].

5. Conclusions

ENT endoscopy remains a rapidly evolving and dynamic field of medicine, but the
concept of optical biopsy and pre-histology diagnosis remains a challenging problem. The
available classification systems provide very good sensitivity and specificity. However,
the non-coherence of the classification systems remains an issue, and therefore a unified
classification system is needed. Further research is needed to determine whether the Ni
IV should be interpreted as a benign or a suspicious lesion. Also, research on the field of
leukoplakia risk assessment is required. Artificial intelligence will probably be a valuable
assistant in laryngeal examination in the future.
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Abstract: Non-squamous cell carcinoma-related malignant sinonasal tract tumors (non-SCC MSTT)
are rare and diverse malignancies. In this study, we report our experience in the management of this
group of patients. The treatment outcome has been presented, involving both primary treatment and
salvage approaches. Data from 61 patients treated radically due to non-SCC MSTT between 2000 and
2016 at the National Cancer Research Institute, Gliwice branch, were analyzed. The group consisted
of the following pathological subtypes of MSTT: adenoid cystic carcinoma (ACC), undifferentiated
sinonasal carcinoma (USC), sarcoma, olfactory neuroblastoma (ONB), adenocarcinoma, small cell
neuroendocrine carcinoma (SNC), mucoepidermic carcinoma (MEC), and acinic cell carcinoma, which
were found in nineteen (31%), seventeen (28%), seven (11.5%), seven (11.5%), five (8%), three (5%),
two (3%) and one (2%) of patients, respectively. There were 28 (46%) males and 33 (54%) females at
the median age of 51 years. Maxilla was the primary tumor localization followed by the nasal cavity
and ethmoid sinus in thirty-one (51%), twenty (32.5%), and seven (11.5%) patients, respectively. In
46 (74%) patients, an advanced tumor stage (T3 or T4) was diagnosed. Primary nodal involvement (N)
was found in three (5%) cases, and all patients underwent radical treatment. The combined treatment
consisted of surgery and radiotherapy (RT) and was given to 52 (85%) patients. The probabilities of
overall survival (OS), locoregional control (LRC), metastases-free survival (MFS), and disease-free
survival (DFS) were assessed in pathological subtypes and grouped together, along with the ratio
and effectiveness of salvage. Locoregional treatment failure was seen in 21 (34%) patients. Salvage
treatment was performed in fifteen (71%) patients and was effective in nine (60%) cases. There
was a significant difference in OS between patients who underwent salvage and those who did not
(median: 40 months vs. 7 months, p = 0.01). In the group of patients who underwent salvage, OS was
significantly longer when the procedure was effective (median: 80.5 months) than if it failed (median:
20.5 months), p < 0.0001. OS in patients after effective salvage was the same as in patients who were
primary cured (median: 80.5 months vs. 88 months, p = 0.8). Distant metastases developed in ten
(16%) patients. Five and ten year LRC, MFS, DFS, and OS were 69%, 83%, 60%, 70%, and 58%, 83%,
47%, 49%, respectively. The best treatment results were observed for patients with adenocarcinoma
and sarcoma, while USC gave the poorest results in our set of patients. In this study, we indicate that
salvage is possible in most patients with non-SCC MSTT with locoregional failure and that it may
significantly prolong their overall survival.

Keywords: sinonasal carcinoma; salvage; radiotherapy; surgery
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1. Introduction and Aim of the Study

Malignant sinonasal tract tumors (MSTT) are rare neoplasms that account for only
3% of head and neck carcinomas (HNC) and about 0.5% of all malignant diseases [1–3].
In contrast to other head and neck malignances, which are in the overwhelming majority
squamous cell carcinomas, the pathology of MSTT is complex and diverse. Although
the distribution of histological types varies in reported series, generally squamous cell
carcinoma (SCC) accounts for about half of all MSTT and is followed by adenocarcinoma
(10–27%), lymphoma (3–15%), adenoid cystic carcinoma (ACC), olfactory neuroblastoma
(ONB), sarcoma, and mucosal melanoma, respectively, in 10%, 3%, 3%, and 2% [4–11].
Other, even more rare pathological types involve undifferentiated sinonasal carcinoma
(USC), mucoepidermic carcinoma (MEC), small cell neuroendocrine carcinoma (SNC), and
acinic cell carcinoma. The other reason for heterogeneity is a few tumor sites with various
topography in the upper part of the head where MSTT may arise. Some correlation between
tumor site and pathology type could be observed, like the fact that ethmoid tumors are
mostly adenocarcinomas, or ONB, while SCC prevails in the maxillary sinus [5,8]. Latent
and asymptomatic tumor growth or symptoms imitating sinusitis at the beginning of the
disease usually turn into a late diagnosis and an advanced stage of the disease (stages T3–T4)
when the tumor already infiltrates adjacent structures [3,9,12,13]. Numerous data indicate
that less than 20% of primary-diagnosed MSTT are early-stage tumors [5,8,9,14–17]. Due to
the above-mentioned rarity, heterogeneity, and challenging diagnosis, prospective studies
on treatment efficacy have never been performed, and most treatment recommendations
are based on one institution’s reports, usually with a limited number of cases. In this study,
we report our experience with the management of patients with non-SCC MSTT. Treatment
outcomes involving both primary treatment and a salvage approach are presented.

2. Material and Methods

A review of retrospective clinical data of 233 consecutive patients with MSTT treated
between 2000 and 2016 at the National Cancer Research Institute, Gliwice branch, was
performed. The study was conducted according to the guidelines of the Declaration of
Helsinki and approved by the Ethics Committee of the Maria Skłodowska-Curie National
Research Institute of Oncology, Gliwice Branch (decision code: KB/430-73/21; date of
approval: 10 May 2021). As many as 81 patients underwent a palliative approach, and
12 patients with benign tumors were excluded. Additionally, 79 cases with SCC were
excluded. Finally, the analyzed group consisted of 28 (46%) males and 33 (54%) females
with a median age of 51 years. Thirty-six patients (59%) had never smoked, and 25 (41%)
were smokers. The median duration of symptoms before diagnosis was 10 months. Maxilla
was the primary tumor localization, followed by the nasal cavity and ethmoid sinus in 31
(51%), 20 (32.5%), and 7 (11.5%) patients, respectively. The 8th edition of the American Joint
Committee on Cancer (AJCC) staging was used for pretreatment staging [18]. In 46 (74%)
patients, an advanced tumor stage (T3 or T4) was diagnosed. Primary nodal involvement
(N) was found in only 3 (5%) cases. The choice of the sequence of treatment methods
depended mostly on the stage of the disease and tumor pathology. All patients underwent
radical treatment. The combined treatment consisted of surgery and radiotherapy (RT)
and was given to 52 (85%) patients. Among them postoperative RT alone was given to 43
patients, and RT combined with chemotherapy (chemotherapy—CHT, RT combined with
CHT—CHRT) in 9 cases. RT alone was given to 2 patients. Induction chemotherapy was
followed by RT alone in 2 patients and by CHRT in 3 patients. CHRT was given to 1 patient.
Surgery alone was applied to one patient. All chemotherapy sessions were platinum-based.
Monochemotherapy was used as concomitant therapy during RT. Platinum combined with
either 5FU as PF or taxanes as TPF were used as induction agents. An RT dose in the
range of 66–70 Gy was used to eradicate macroscopic tumor infiltration with RT alone or if
surgery was R2. For eradication of microscopic extension of disease (surgery: R1) at least
66 Gy was used. For elective RT, the dose prescribed was in the range of 50–60 Gy.
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Persistent disease was defined as either a local or regional tumor that did not disappear
after treatment or recurred within 6 months of treatment completion. Recurrence was
defined as either a local or regional tumor that recurred later than 6 months after treatment
completion or that recurred anytime in patients who underwent postoperative treatment.

Salvage treatment was defined as an attempt to apply the radical management of a
persistent tumor or recurrence after the completion of primary radical therapy. Successful
(effective) salvage was reported when the treated tumor was either no longer observed
for at least 3 months or remained stable for at least 6 months after the salvage procedure.
Following the previous salvage, a subsequent recurrence was defined as either a recurrence
or progression.

The analysis of the treatment outcome was based on follow-up data. Patients were
seen 1–2 months after treatment completion, then every 3 months for the first year, every
6 months for another year, and then annually. At each follow-up visit, a physical examina-
tion, including palpation of the neck, was performed. Routine imaging was done with MRI,
CT, or positron emission tomography scans every 6 months or at the physician’s discretion
based on physical examination findings.

Both cumulative survival and tumor control rates were calculated using the Kaplan–Meier
product-limited (actuarial) method. A p value of < 0.05 was considered statistically significant.
A detailed analysis of the time and site of the primary treatment failure was performed.
The ratio and effects of salvage were analyzed. The probabilities of overall survival (OS),
locoregional control (LRC), metastases-free survival (MFS), and disease-free survival (DFS)
were estimated from the end of primary treatment using the Kaplan–Meier product limit
estimate and were compared using the log-rank test.

3. Results

3.1. Treatment Results in All Groups

The median follow-up in all groups was 86 months (range: 1–305 months). In general,
locoregional treatment failure was seen in 21 (34%) patients. Persistent disease was found
in four (6.5%) patients, and in all cases, it was localized in the primary site of the tumor. In
one case, the persistent disease was concomitantly localized in the neck nodes. Recurrence
appeared in 17 (28%) cases involving local, regional, or concomitantly locoregional sites in
eleven, one, and five patients, respectively. The median time to recurrence was 21.5 months
(range: 2–96 months). Distant metastases developed in ten (16%) patients, but only in six
cases was this the sole reason for disease progression. The median time to metastases was
17 months (range: 3–60 months). In the remaining four patients, metastases appeared in
patients with persistent disease (one case) or in patients with recurrence (three cases). Five
and ten years LRC, MFS, DFS, and OS were 69%, 83%, 60%, 70% and 58%, 83%, 47%, 49%,
respectively. Despite locoregional failure, six (29%) patients have not been admitted to
salvage procedures due to: (a) quickly progressing persistent tumor after primary treatment
(two cases); (b) advanced stage of recurrent disease (two cases); (c) lack of pathologically
proven recurrence despite radiological progression (one case); and (d) persistent tumor
without progression for about 7 years. Salvage treatment was given to the remaining
fifteen (71%) patients and was effective in nine (60%) cases. In the group with effective
salvage, surgery was undertaken as the first treatment modality in eight patients, and in
one patient, it was RT. In five patients from the group, recurrence occurred more than once.
In these cases, the salvage approach (surgery or RT) was given from two to five times.
There was a significant difference in OS between patients who underwent salvage and
those who did not (median: 40 months vs. 7 months, p = 0.01). In the group of patients who
underwent salvage, OS was significantly longer when the procedure was effective (median:
80.5 months) than if it failed (median: 20.5 months), p < 0.0001. What is interesting is that
OS in patients after effective salvage was the same as in patients who were primary cured
(median: 80.5 months vs. 88 months, p = 0.8). (Figure 1). A detailed distribution of patients’
characteristics according to individual pathologies is presented in Table 1. The results of
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primary treatment, the salvage ratio, and its effects distributed according to pathological
type and in all groups are presented in Table 2.

 

 
Figure 1. Overall survival considering salvage after primary treatment failure. (a) Patients with
treatment failure: salvage vs. no salvage. (b) Patients cured primarily vs. cured after salvage.
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Table 1. Patients’ characteristics according to histopathological types and in all groups. ACC—
adenoid-cystic carcinoma, USC—undifferentiated sinonasal carcinoma, ENB—olfactory neuroblas-
toma, MEC—mucoepidermic carcinoma, and SNC—small cell neuroendocrine carcinoma. CHRT—
radiochemotherapy.

Pathology No/%
Age

(Median)
Man/

Woman
Maxilla Nasal

Cavity
Ethmoid

Sinus
Other

Surgery +
pRT/CHRT

Surgery
Alone

RT/CHRT
Alone

RT Dose (Gy)

66–70/50–60

ACC 19/31 52 6/13 13 4 1 orbit 17/1 1 1/0 10/8

USC 17/28 54 6/11 7 7 2 frontal
sin. 11/3 0 0/3 8/9

Sarcoma 7/11.5 44 3/4 3 3 0 frontal
sin. 6/0 0 1/0 2/5

ENB 7/11.5 39 4/3 0 3 4 - 4/1 0 2/0 2/5

Adenocarcinoma 5/8 56.5 2/3 4 1 0 - 5/0 0 0/0 1/4

SNC 3/5 53 1/2 2 1 0 - 1/1 0 0/1 2 /1

MEC 2/3 46.5 1/1 2 0 0 - 1/1 0 0/0 0/2

Acinic cell
carcinoma 1/2 59 0/1 0 1 0 - 1/0 0 0 0/1

All groups 61/100 51 23/38 31 20 7 3 46/7 1 4/4 25/35

Table 2. Primary treatment results and results of salvage according to histopathological types and in
all groups. Rec—recurrence, L—local, N—nodal, LN—local and nodal, ND—no data, ACC—adenoid-
cystic carcinoma, USC—undifferentiated sinonasal carcinoma, ENB—olfactory neuroblastoma, MEC—
mucoepidermic carcinoma, LRC—locoregional control, SNC—small cell neuroendocrine carcinoma.
MFS—metastases-free survival, OS—overall survival.

Pathology No/% Persistant
Tumor

Rec
Rec % Met

%
5 Year

LRC (%)
5 Year

MFS (%)

5 Year
OS
(%)

10 Year
OS
(%)

Salvage
No/%

Effective
Salvage

No/%L N LN

ACC 19/31 0 6 0 1 37 26 77 82 74 38 4/57 2/50

USC 17/28 2 3 0 2 41 23.5 55 78 64 25 6/88 2/33

Sarcoma 7/11.5 1 0 0 0 14 0 83 83 71 71 1/100 1/100

ENB 7/11.5 1 1 0 2 28 14 57 85 71 57 2/50 2/100

Adenocarcinoma 5/8 0 0 1 0 20 0 80 100 100 100 1/100 1/100

SNC 3/5 0 0 0 0 0 33 100 63 33 33 0/0 0/0

MEC 2/3 0 0 0 0 0 0 100 100 50 50 0/0 0/0

Acinic cell
carcinoma 1/2 0 1 0 0 100 0 0 100 100 100 1/100 1/100

All groups 61/100 4 11 1 5 31 16 69 83 70 49 15/24.5 9/60

3.2. Adenoid Cystic Carcinoma

Our group consisted of 19 (31%) patients with ACC. The maxillary sinus (68%) and
nasal cavity (21%) were the most common sites of primary ACC tumors. The median age in
this group was 56 years, and the women/men ratio was 13/6. In all but one patient, surgery
was the primary treatment, which was followed by RT. Only one patient did not receive
postoperative RT due to the lack of patient agreement. Additionally, due to an unresectable
primary tumor, one patient received RT alone following induction CHT. The median time
between surgery and RT was 4 months. In 10 cases 66–70 Gy was administered due to a
residual macroscopic tumor. In the remaining eight patients 57.6–60 Gy was administered
to eradicate the microscopic disease. In seven (37%) cases, local recurrence of the disease
was found at the median time of 43 months (range: 2–96 months) after primary treatment
completion. In one case from this group, 5 months after a local recurrence, a regional
one appeared, and in the next 10 months, a distant spread developed. Distant metastases
appeared in three more patients from this group in a median time of 35 months. There were
also three other primary malignant tumors that appeared in patients 25, 7, and 209 months
after primary treatment completion. Salvage was provided to four (57%) of the seven
patients with locoregional failure. In three patients, it was surgery for the first failure and
RT for the subsequent ones. In one case, RT alone was provided. In two patients, salvage
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was 50% effective. Five and ten years LRC, MFS, DFS, and OS were 77%, 82%, 62%, 74%
and 46%, 82%, 30%, 38%, respectively.

4. Undifferentiated Sinonasal Carcinoma

Our group consists of 17 (28%) patients with USC pathology. The nasal cavity and
maxillary sinus were the most common sites of primary tumors in this group, accounting
for 41% each. The median age was 55 years, with a female/male ratio of 6/11. Additionally,
in this group, in most cases, primary surgery followed by RT/CHRT was the main approach
and was carried out in 14 (82%) patients. In three patients from this group CHRT was used.
In three patients, no surgery was performed due to the advanced stage of the disease. In
two patients from this group, induction chemotherapy was given with either RT or CHRT,
and in one case, CHRT alone was given. The median time between surgery and RT was
2.5 months. After treatment completion, persistent tumors were found in two cases. In
five patients recurrence appeared in a median time of 16 months. From this group, in three
cases, local recurrence alone was found. In the next two patients, there was also nodal
recurrence that preceded local recurrence in one case and followed it in the second one.
Metastatic disease was found in four cases, but only in one patient was it the only reason for
failure. Out of seven patients with locoregional failure, salvage was provided to six (85.5%).
Surgery was used on three patients, and on the three others, RT was used as salvage. In
two (33%) patients, salvage was effective; both cases had surgery. Five and 10 years LRC,
MFS, DFS, and OS were 55%, 78%, 51%, 64% and 55%, 78%, 51%, 25%, respectively.

4.1. Sarcoma

Our group consisted of seven (11.5%) patients with sarcoma. The nasal cavity and
maxillary sinus were the most common sites of the primary tumor in this group, accounting
for 43% each. The median age in this group was 44 years, and the man/woman ratio was
3/4. In all but one patient, surgery was the primary treatment, which was followed by RT.
In one patient, RT alone was applied due to an advanced tumor, and RT was not completed
because the patient was lost to therapy after the dose of 28 Gy. Additionally, in one patient,
postoperative RT was preceded with induction chemotherapy due to progression shortly
after surgery. The median time between surgery and RT was 3 months. In one patient
from this group, treatment failure was found as a persistent tumor. Salvage surgery was
performed, followed by RT, but only the subsequent salvage and stereotactic RT were
successful, and the patient was eventually cured. Five and 10 years LRC, MFS, DFS, and
OS were 83%, 83%, 68%, 71% and 83%, 83%, 68%, 71%, respectively.

4.2. Olfactory Neuroblastoma

There were seven (11.5%) patients with ONB in our group. The ethmoid sinus (57%)
and nasal cavity (43%) were the most common sites of the primary tumor in this group. The
median age was 39 years, and the male/female ratio was 4/3 in this series. Additionally,
in this group, in most cases, primary surgery followed by RT was the main approach and
was carried out on five patients. In two patients, no surgery was performed due to the
advanced stage. Concomitant CHRT was used in one patient from this group, and RT alone
was used in another. The median time between surgery and RT was 2.8 months. In five
cases, 60 Gy was given to eradicate microscopic diseases. In two cases, 66–68 Gy were
given due to the macroscopic tumor. There were four treatment failures: a residual tumor
in one case and recurrence in three cases. A patient who had a persistent tumor had a
distant spread of the disease. Salvage was given to two (50%) patients from this group, and
in both cases, it consisted of surgery, RT, and systemic treatment repeated a few times. This
effort was successful for both patients. Five and 10 years LRC, MFS, DFS, and OS were
57%, 85%, 57%, 71% and 43%, 85%, 43%, 57%, respectively.
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4.3. Adenocarcinoma

Our group consisted of five (8%) patients with this pathology. The maxillary sinus
(80%) and nasal cavity (20%) were the most common primary sites of this malignancy. The
median age was 56.6 years, and the male/female ratio was 2/3. In all cases, primary surgery
followed by RT was the main treatment approach. The median time between surgery and
RT was 2.3 months. In four cases, 60 Gy was given to eradicate the microscopic disease.
In one case, 66 Gy was given due to a residual macroscopic tumor. The results of primary
treatment were excellent; in only one patient, nodal recurrence appeared 21 months after
primary treatment completion. Surgical salvage was successful in this case. Five and
ten years LRC, MFS, DFS, and OS were 80%, 100%, 80%, 100% and 80%, 100%, 80%,
100%, respectively.

4.4. Small Cell Neuroendocrine Carcinoma

There were three (5%) patients with a small cell neuroendocrine carcinoma in this
group. It was localized in the nasal cavity and maxillary sinus in two and one case,
respectively. There were two women and one man, with a median age of 53 years. In two
patients, primary surgery followed by RT was carried out, and in another patient, CHRT
was used. The median time between surgery and RT was 3.2 months. All patients were
cured, and only in one case did a distant spread to the lung appear about a year after
the completion of primary treatment. CHT was not effective, and the patient died about
2 months later.

4.5. Mucoepidermic Carcinoma

There were two (3%) patients with mucoepidermic carcinoma in this group, and both
cases had a primary tumor localized in the maxillary sinus. They were a man and a woman,
ages 30 and 63, respectively. In both patients’ surgeries, primary treatment was followed
by RT with elective doses. The median time between surgery and RT was 2.9 months. Both
patients were cured, but one of them died 21 months later due to another reason.

4.6. Acinic Cell Carcinoma

There was one (2%) patient with this rare pathology in our group. The tumor in the
59-year-old woman was localized in the nasal cavity. The patient underwent surgery, which
was followed by RT 2.5 months after surgery at a dose of 60 Gy. After 4 years of follow-up,
a local recurrence was found, and the patient underwent stereotactic RT. After the next
4 years, the patient underwent endoscopic surgery due to a subsequent recurrence. There
was another stereotactic RT in the next 4 years due to the next recurrence and four cycles of
palliative CHT in the next 2 years due to a subsequent recurrence. The patient died in the
next 1.5 years due to the progression of local infiltration of the cancer.

5. Discussion

The rarity of MSTT, which is even more sparse due to diverse pathology, means
that reports considering this type of cancer are usually from one institution and usually
with a limited number of cases. In this study, we described the results of the radical
treatment of 61 patients who suffered from MSTT, taking into account the follow-up period
and the results of a salvage approach. To refer to as many clinical outcomes as possible,
we presented the results of an entire group first and subsequently the results in each
pathological cohort. All patients were treated at a single cancer center, the National
Cancer Research Institute, Gliwice branch, Poland. The patient’s distribution was generally
consistent with other series, with the majority of patients having advanced stages (T3, T4),
and only 5% of them having involved regional lymph nodes [19,20]. There were more
women in our group, probably due to a relatively large subgroup of patients with ACC
and USC. Females dominating in these groups were also found in other series [21,22]. The
predominating primary site of the MSTT differs slightly between our cohort and other
reported groups. We found most cases with primary infiltration in the maxilla, followed by
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the nasal cavity, whereas Hafstrom et al. reported an inverse distribution, and Dirix et al.
pointed to the ethmoid sinus as the most frequent primary site of MSTT [20,21]. Contrary
to other authors’ reports listing adenocarcinoma as the second most common malignancy
in this region [23], ACC and USC were predominating in our group.

A five year OS rate of 70% established in our group is comparable to the survival rate
reported by other authors (38–69%) [6,7,14,21,24–28]. Due to the relatively long follow-up
period, we were also able to assess the 10 year OS, which was 49%. Other authors reported
a 10 year OS rate in the range of 35–48% [21,24,25].

Five and 10 years of DFS were at 60% and 47% in our group, which is comparable to
42–63% and 54–59%, respectively, reported by other authors [21,24,25]. In our group, only
four (6.5%) patients were never in remission after primary treatment. The ratio of persistent
disease after primary treatment was between 6% and 14%, which was also reported by
other authors [21,28]. In patients with a persistent tumor, salvage was performed in two
patients (50%) and was finally successful in both cases. Mirghani et al. reported effective
salvage in only two patients (9%) out of twenty-two with a persistent tumor after primary
treatment [28].

In our group, locoregional failure was seen in 38% of cases but isolated local ones
in 18%. In one of the largest series aiming to report recurrences during follow-up in
MSTT patients performed by Zochi et al., at least one recurrence during follow-up was
shown in 28% of patients, and in almost 75% it developed in the first three years after
primary treatment [29]. In that study, the median time to first relapse was 17 months [29].
Mattaveli et al. assessed the median time to recurrence as 18 months, which is shorter
than the 21 months assessed in our study [25]. According to Mattavelli et al., over 60%
of all recurrences in the group were local, which is similar to our group, where 65% of
patients with recurrences developed it in a primary site [25]. Additionally, other authors
show local recurrence as the most common site of relapse in MSTT patients in the range of
15–73% and an average of 30–40% [1,7,14,19,20,25,28,30–32]. However, the most commonly
cited factors increasing the risk of local recurrence, such as T-staging and pathology, as
well as primary treatment performed outside referral centers, could also be an adverse
factor [1,25,29]. Due to the high risk of local failure, post-treatment surveillance seems
essential for early detection of failure. It is, however, challenging due to lack of both
surveillance recommendations (how often and what diagnostic procedure is optimal)
and evidence of its influence on survival prolongation [33]. Despite other benefits of
surveillance like comprehensive nutritional assessment, rehabilitation after surgery, and
RT [10], the evidence of an effective salvage may support the significance of early detection
of treatment failure [34]. Most of the data concerning the role of salvage for MSTT patients
refers to SCC as the most common pathology. For this malignancy, salvage is possible in
30–70% of patients [34–36]. It has been shown that even patients in whom salvage was not
effective presented an improved OS compared with those with failure but no salvage at all.
Moreover, effective salvage appeared to compensate for failure, giving the same ultimate
OS as in primarily cured patients [34]. In non-SCC patients, the relevance of salvage is more
difficult to assess due to the pathological diversity in this group. For such patients, Kaplan
et al. proposed a therapeutic algorithm that considered, among other things, pathology
and the site of recurrence. Based on the series of 49 patients with recurrence, surgery
was strongly recommended for low-grade tumors, while a rather palliative approach was
recommended for high-grade lesions with orbital or skull-base invasions [2]. Mattaveli et al.
also suggested a multiparametrical score defining groups A, B, and C with excellent survival
estimation, intermediate prognosis, and poor estimated survival comparable to those of
metastatic head and neck cancer, respectively. The authors concluded that, similarly to
primary tumors, in the recurrent setting, histology and tumor biology are critical, strongly
influencing final results. In cases of unfavorable pathology, SNC has been included, while
ONB and USC presented the best survival estimates in this analysis [25]. Contrary to this
observation, USC malignancies gave the poorest results in our set of patients, with the
highest ratio of recurrence and relatively low salvage success. Additionally, according to
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other authors, the prognosis of patients with USC remains poor [21,37]. We obtained the
best primary treatment results for patients with adenocarcinoma and sarcoma. Despite a
relatively higher ratio of locoregional failure, due to effective salvage, patients with ACC
and ENB could be considered good predictors. Additionally, according to Hafstrom et al.,
adenocarcinoma and ENB have a relatively good prognosis [21].

Not much data concerning the results of salvage for patients with the presented
pathological types are available. Mirghani et al. found salvage to be an effective treatment
in 20% of isolated local recurrences and in 16% of cases with both local and nodal failure [28].
In our series, time to recurrence did not significantly influence salvage effectiveness and
was similar in those who experienced effective or ineffective salvage. Our data suggest that
salvage was possible in over 70% of recurrent patients and was effective in 60% of those
who underwent this procedure. The results of salvage assessed in this group of patients are
consistent with those obtained for SCC patients [34]. We were able to confirm that salvage
is an effective procedure and may significantly prolong OS, reducing the adverse effect of
recurrence for patients with non-SCC MSTT.

Isolated regional relapse usually is rare. In most series, it does not exceed 10%,
usually being in the range of 4–6%. We found recurrent disease in regional nodes in
4% of our patients. Mirghani et al. described the issue of regional failure in detail, and
pointed out that nodal recurrence appeared in 10% of patients in all groups, but 6.5% while
considering patients without local failure, and 4% of those with initially cN0 [28]. Despite
generally rare regional relapse pathological types like SCC or USC without prophylactic
neck treatment may develop more nodal recurrences than ACC or MEC [38]. Other risk
factors include T-stage in the context of local invasiveness, especially at sites with a rich
lymphatic network [20,39,40]. Recommendations for elective nodal treatment to prevent
regional recurrence are not well defined and vary between authors, usually due to the
heterogeneity of the groups and a limited number of neck relapses [28]. For patients
with an isolated nodal recurrence, salvage remains a good option. In our group, only
one patient presented with an isolated nodal relapse and underwent effective salvage. In
two patients in whom a nodal recurrence developed prior to or simultaneously with a
local one, surgical salvage was effective in both cases. In the remaining three cases, local
recurrences appeared prior to a nodal one. The median preceding time was 5 months,
which may suggest a rather nodal progression from local recurrence than metastatic failure
after primary treatment. Such a scenario has also been suggested by Mirghani et al.,
who stressed the separation between isolated neck recurrence and that associated with
local failure. Such misinterpretation may lead, according to this author, to an overstated
indication for prophylactic neck management [28]. In addition, successful nodal salvage has
been reported by other authors. Cantu et al., in a group of 399 patients with maxillary sinus
cancer, found 281 recurrences and 31 isolated nodal ones among them. Due to effective
salvage, only two of them died of nodal-only metastases [41]. Dirix et al. found an isolated
nodal recurrence in six patients in a group of one hundred and twenty-seven patients with
MTSS. All of them underwent salvage neck dissection, followed by postoperative RT (no
elective RT was given during primary treatment), which was effective, and none of them
died due to nodal relapse [20].

5.1. Adenoid Cystic Carcinoma

ACC is a relatively slow-growing tumor characterized by perineural invasion and
a high rate of local recurrence. In the distribution of histological types of MSTT, ACC
usually accounts for about 10% [8], but in our series, it was the most common type (SCC
was excluded from this analysis). In our group, females were dominant (sex ratio: 2.0).
Atallach et al. also found more females in their group (sex ratio: 1.5) [42]. The five to ten
years local recurrence rate is 30% to 75% [43]. In our group, locoregional recurrence was
found in 37% of patients, and in 57% of them, salvage was performed. It was successful in
50% of patients who underwent this procedure. It resulted in a 5 and 10 years OS ratio of
74% and 38%, respectively. Other authors report 5 and 10 years of OS at 68–85% [42,44]
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and 52–67%, respectively [42,44,45]. Long-term survival in ACC is usually affected by a
high risk of distant metastases (40–50%), but we found it only in 15% [42,44].

5.2. Undifferentiated Sinonasal Carcinoma

Sinonasal undifferentiated carcinoma is a rare and aggressive tumor. This malignancy
was second as to the number of subgroup cases in our study, with almost two times more
females in the group, which is in contrast with other data [46]. Over 80% of our patients
undergo surgery followed by RT or CHRT. Kuo et al. showed that surgery, RT, and CHT as a
combined modality are the most effective treatment, with a 5 year survival rate of 41.5% [47].
Other authors showed 5 years of OS after surgery combined with RT in the range of 36–39%,
indicating that RT is a critical component in the treatment [46]. Additionally, CHT is almost
always included as part of the therapy regimen, and the role of induction CHT has been
raised [48]. In general, the overall 5 year survival rate for this malignancy is less favorable
than for other MSTT malignancies. It was also confirmed in our results. Despite that,
locoregional failure was found in 41% of our patients, and salvage was performed in all
but one case. It was effective in one-third of patients.

5.3. Sarcoma

Sarcomas are extremely rare, accounting for only ~1% of all the malignancies in the
head and neck region. Moreover, the nasal cavity and paranasal sinus location represents
only about 5% of all head and neck sarcomas. Malignant peripheral nerve sheath tumor
(MPNST) was diagnosed in three cases in our group, while in the literature, not more
than 25 cases have been reported so far [49]. In our group, five out of seven cases under-
went surgery followed by RT. Such management seems to be optimal for these type of
malignances. Although preoperative RT is well tolerated and provides a high rate of local
control [50], RT is most commonly followed by definitive surgery [51]. Treatment results
in our group were good and 5 and 10 years OS was 71%. In one case, recurrence salvage
was performed and appeared to be effective. Five years of OS and the local control ratio
reported by other authors are in the range of 56–82% and 41–83%, respectively [50,52]. One
should remember, however, that pathological subtype, site of primary tumor, histological
grade, and percentage of gross total resections, among others, may significantly impact
the outcome.

5.4. Olfactory Neuroblastoma

Olfactory neuroblastoma is a rare tumor arising from the olfactory neuroepithelium
in the sinonasal cavity. ENB presents a bimodal age distribution with peaks in the second
and sixth decades [10]. It was the youngest subgroup in our study, with a median age
of 39 years. In general, the combination of surgery and RT is the most frequently used
treatment and was associated with the best average survival results (65%) in the meta-
analysis performed by Dulguerov et al. The 5 year and 10 year OS rates in our group were
71% and 57%, respectively, which is better than in other reports. The mean overall survival
and disease-free survival at 5 years was 45% (range: 0–86%), and the average OS at 10 years
was 52% [53]. Despite the main roles of surgery and RT, CHT has been increasingly used
by Thawani [10]. There was a local failure of 57% in our group, which is higher than the
29% reported by Dulguerov et al. Salvage was possible in 50% of our patients, which
is consistent with others, indicating possible salvage in 33–50% of patients with a local
recurrence [54]. A salvage approach in our group was multimodal according to subsequent
recurrences in these patients and turned into additional years of overall survival.

5.5. Adenocarcinoma

Contrary to other data, which indicate this type as the second most common malig-
nancy, we found it only in 8% in our group (Castelnuovo and Arnold) [23,24]. We found
the maxilla most often as the primary site of this tumor, while others pointed out the nasal
cavity and ethmoid sinus (Bhayani) [54]. We noticed excellent results from surgery fol-
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lowed by RT. A successful salvage neck dissection due to reginal recurrence was performed,
resulting in a 5 years OS of 100%. Arnold et al. in a group of 21 cases reported 53% of 5 and
10 years OS. (Arnold) [24]. In fact, the 5 year overall survival (OS) rates in this group vary
widely among studies, ranging from 36% to 86% (Maccariello) [55].

5.6. Small Cell Neuroendocrine Carcinoma

A rare cancer arising mostly in the ethmoid sinus [56]. There were three patients with
this tumor in our group, and the primary localization was the maxilla in two of them.
According to the literature, surgery followed by RT remains the main treatment approach,
although some data indicate that adding CHT as an induction or as CHRT after surgery may
improve treatment results [57,58]. Three of our patients underwent surgery followed by
RT, and CHRT was given to one patient. The main reason for the failure of this malignancy
is the local recurrence or distant spread of the disease [59]. Although all our patients were
locoregionally cured, one of them died due to distant metastases.

5.7. Sinonasal Mucoepidermoid Carcinoma

Mucoepidermoid carcinoma is a common salivary gland malignancy that rarely arises
in the sinonasal region. This malignancy was found in only 3% of the patients in our group.
Maxilla is the most typical primary site for this tumor [60], and all our cases were localized
in maxilla. Generally, treatment includes surgery followed by RT. Trantafilou et al. reported
results of treatment for 164 patients with 1, 2, and 5 years of OS of 83%, 77.0%, and 57%,
respectively [60]. Such therapy was effective for our patients, and none of them experienced
treatment failure.

5.8. Acinic Cell Carcinoma

Acinic cell carcinoma is a rare cancer of this region. A review of the National Cancer
Database reported 28 such patients treated between 2004 and 2016. Most of these tumors
arose in the nasal cavity [61], and this was also the primary site of the tumor in our
patient. Biron et al. pointed out that all 18 of his cases were low-grade [62]. Surgery
alone was the main treatment option in a cohort described by Khirsagar et al. [61]. Overall
survival at 1, 5, and 10 years was 100%, 84.3%, and 52.3–72.2%, respectively [61,62]. A
meta-analysis of survival from cases in the literature performed by Biron et al. estimated
10 year recurrence-free survival at 92.9% [62]. Our patient presented with 14 years of OS,
despite local recurrences for the last 10 years that had been treated subsequently. A good
result from a few salvage attempts was probably due to the low grade of this tumor. Our
result confirms that it is a rare entity with relatively good long-term outcomes, and salvage
may be effective [61,62].

Patients suffering from MSTT require a multidisciplinary team approach not only at
diagnosis but also during follow-up. Multidisciplinary care of patients with their survivor-
ship issues is needed including rehabilitation or comprehensive nutritional assessment. Of
special importance is support in the management of the consequences of surgery or RT,
including the prevention of delayed radiation-induced complications (second malignancies,
hypothyroidism, and tissue necrosis). Moreover, surveillance is also significant because it
helps facilitate an early diagnosis of recurrence. Our data indicates that salvage is effective,
but often a multimodal and multidisciplinary team should decide what salvage option is
optimal for a particular patient in an individual clinical situation, taking into account stereo-
tactic radiosurgery and intensity-modulated particle therapy (i.e., protons and 12C-carbon
ions) [16,63]. Due to the rarity and heterogeneity of MSTT cancer registries, international
clinical studies dedicated to patients with MSTT could be proposed as a solution for this
rare disease [64].

This study has several limitations common to retrospective studies, which are even
more pronounced here due to the diverse pathology and low number of cases. On the other
hand, even a few cases of a rare pathology well described in a clinical scenario could be
beneficial. We believe that our data will support general knowledge about this disease
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and may add value to the discussion about the management of patients with MSTT in
the future.

6. Conclusions

Patients with non-SCC MSTT present a diverse prognosis that is related to several
clinical and tumor-related factors. In most cases, a multimodal primary treatment is
suggested to decrease the risk of local recurrence, which is the main reason for failure.
Recommendations are, however, sparse due to the rarity of such malignancies and the
almost complete absence of clinical trials. In this study, we indicate that salvage is possible
in most patients with non-SCC MSTT with locoregional failure and may significantly
prolong their overall survival.
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Abstract: Background: The endoscopic endonasal approach (EEA) is a well-established technique
for the treatment of pituitary neuroendocrine tumor Preservation of normal gland tissue is crucial
to retain effective neuroendocrine pituitary function. The aim of this paper is to analyze pituitary
endocrine secretion after EEA for pituitary neuroendocrine tumor to identify potential predictors
of functioning gland recovery. Methods: Patients who underwent an exclusive EEA for pituitary
neuroendocrine tumors between October 2014 and November 2019 were reviewed. Patients were
divided into groups according to postoperative pituitary function (Group 1, unchanged; group 2,
recovering; group 3, worsening). Results: Among the 45 patients enrolled, 15 presented a silent tumor
and showed no hormonal impairment, and 30 patients presented pituitary dysfunction. A total of
19 patients (42.2%) were included in group 1, 12 (26.7%) patients showed pituitary function recovery
after surgery (group 2), and 14 patients (31.1%) exhibited the onset of new pituitary deficiency
postoperatively (group 3). Younger patients and those with functioning tumor were more likely to
have complete pituitary hormonal recovery (p = 0.0297 and p = 0.007, respectively). No predictors of
functional gland worsening were identified. Conclusion: EEA for pituitary neuroendocrine tumor
is a reliable and safe technique regarding postoperative hormonal function. Preserving pituitary
function after tumor resection should be a primary goal in a minimally invasive approach.

Keywords: pituitary neoplasms; pituitary disease; endoscopy; hypopituitarism; treatment outcome

1. Introduction

In recent years, the endoscopic endonasal approach (EEA) has become a well-established
and safe technique for the treatment of pituitary neuroendocrine tumor (PitNET) [1–6].
The primary goal of this kind of surgery is the decompression of neurovascular structures
surrounding the sellar space, such as the cerebral trunk or optic chiasm; therefore, many
studies have been published evaluating factors affecting the extent of resection and clinical
recovery from symptoms such as headache and disturbance of visual and olfactory func-
tion [7–9]. Concurrent with tumor removal, preservation of normal gland tissue is crucial
to provide an effective neuroendocrine pituitary function after surgery, thus avoiding the
need for supplementary hormonal therapy. Investigation of pituitary secretion is therefore
mandatory to correctly assess the effects of surgery and yet few reports have been published
on this topic [10–13].

The aim of this preliminary report is to analyze pituitary endocrine secretion after
EEA for pitNET performed at our institution in order to identify potential predictors of
functional gland recovery or worsening.

2. Materials and Methods

A retrospective chart review was conducted on patients who underwent an EEA
for treatment of pitNET between October 2014 and November 2019 at our Referral Skull
Base Center. Inclusion criteria were: (1) exclusive EEA approach to the tumor, (2) tumor
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diameter > 1 cm in any plane, (3) postoperative histologically confirmed diagnosis of
pitNET. Pituitary microadenomas were excluded because their small size prevents a mass
effect on the surrounding normal gland tissue; therefore, in these cases, preoperative
and postoperative hormonal impairment related to mass effect and surgical maneuvers,
respectively, are generally not observed.

Patients underwent a preoperative and postoperative (3 months after surgery) dedi-
cated magnetic resonance imaging (MRI) pituitary protocol. Radiological characteristics
were evaluated first by one of the authors and then validated by a second observer with
emphasis on T1 contrast enhanced and T2 sequences in axial, coronal, and sagittal images.
Tumor size was assessed by measuring its major axis in any plane. Cavernous sinus in-
vasion was graded according to the modified Knosp score [14,15] and this grading was
confirmed in all cases by surgical evidence, intraoperatively.

The extent of resection was classified, based on the 3-month postoperative MRI, as
follows: (1) Gross total resection (GTR), when there was absence of residual tumoral tissue,
(2) Near-total resection (NTR), in cases showing a small tumoral residual, recognized in
at least two consecutive MRI slices and in two different planes, close to neurovascular
structures (optic chiasm, healthy pituitary gland, internal carotid artery), despite the fact
that a complete resection had been planned, (3) Subtotal resection (STR), when only a
debulking was preoperatively planned for a giant invasive pituitary tumor. In these
patients, the main goal was decompression of neurovascular structures to restore or prevent
worsening of neurological symptoms.

Laboratory tests were used to define hormonal pituitary assessment; pituitary function
was evaluated preoperatively and 6 months postoperatively in all patients. No dynamic
measurements were performed. Thyroid gland-related hypothyroidism was not contem-
plated as a defect in this study.

Endocrine evaluation included five adeno–pituitary axes: adrenocorticotropic hor-
mone (ACTH, reference values between 1.80 and 13.20 pmol/L) and cortisol (reference
values between 133 and 537 nmol/L); thyroid-stimulating hormone (TSH, reference values
between 0.30 and 4.20 mUI/L) and free T4 (reference values between 11.0 and 22.0 pmol/L);
growth hormone (GH, reference value lower than 7.00 microg/L) and insulin-like growth
factor 1 (IGF-1, reference values between 8.00 and 26.00 nmol/L); prolactin (PRL, reference
values between 102 and 496 mIU/L); follicle-stimulating hormone (FSH, reference value
according to the ovarian cycle), and luteinizing hormone (LH, reference value according to
ovarian cycle), and, depending on patient sex, estradiol and/or free and total testosterone.
To assess ACTH deficiency and the presence of ACTH secerning tumor, ACTH and cor-
tisol blood levels were analyzed [16]. To determine GH deficiency, the measurements of
IGF-1 were considered. Low serum IGF-I levels in patients with ≥3 additional pituitary
hormone deficiencies after pituitary surgery diagnosed GH deficiency in the absence of
GH stimulation testing [17,18].

To evaluate posterior pituitary gland function, urine osmolarity was checked. The
diagnosis of postoperative insipidus diabetes was based on polyuria with low urine osmo-
larity [19].

Data were collected in a Microsoft Excel (Microsoft Corp., Redmond, WA, USA)
spreadsheet and updated periodically.

Patients were divided into three groups based on their postoperative pituitary function
compared to the preoperative function, as follows. Unchanging group (group 1): patients
showing unchanged pituitary function after surgery. Recovering group (group 2): patients
with a postoperative improvement in pituitary function. Worsening group (group 3):
patients with postoperative worsening of pituitary function.

We decided to evaluate the factors which could be potential predictors of gland
recovery or deficiency after surgery. We analyzed the impact of sex, age, maximum
tumor diameter, Knosp grade, presence of tumoral residual, presence of functioning tumor,
previous surgery, and intraoperative cerebrospinal fluid (CSF) leakage.
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Statistical analysis was performed by Fisher’s exact test and Student’s t-test to assess
differences between groups. Statistical significance was assessed at the level α = 0.05.
The normality of data distribution was assessed with the Kolmogorov-Smirnov test. The
assessment of the normality of data distribution was performed as a prerequisite for Fisher’s
exact test and Student’s t-test.

3. Results

Among a total of 47 patients who underwent an EEA for pitNET at our Referral
Skull Base Center in the period examined, based on inclusion criteria, 45 were admitted to
this study.

3.1. Patient Demographics

Out of 45 patients enrolled, 26 were male (57.7%), and 19 were female (42.3%). Age at
time of surgery ranged from 21 to 79 years (mean age 56.9, SD 14.5).

3.2. Radiological Characteristics: Tumor Size and Knosp Grade

Preoperative MRI demonstrated a mean maximum tumor diameter of 28.13 mm
(range, 12–79 mm, SD 14.24).

Knosp grade was 0 in 9 patients (20%), 1 in 12 patients (26.7%), 2 in 12 patients
(26.7%), 3 in 1 patient (2.2%) and 4 in 11 patients (24.4%). Cavernous sinus invasion (Knosp
grade 3 and 4) was observed radiographically in 12 patients (26.7%).

3.3. Extent of Resection

A standard fully endoscopic transsphenoidal transsellar approach was conducted in
most cases (73.3%, 33 patients). The remaining 12 patients (26.7%) underwent an expanded
transsellar-trans-planum approach. GTR was achieved in 33 (73.3%) patients, NTR in
10 (22.2%) patients and STR in 2 (4.4%) patients. Suprasellar cistern invasion was seen in
16 patients (35.5%). Therefore, the presence of residual tumoral tissue was observed overall
in 12 (26.7%) patients.

3.4. History of Previous Pituitary Surgery

A total of eight patients (17.8%) had presented with recurrent tumors after previous
transsphenoidal surgery at another hospital center.

3.5. Preoperative Pituitary Function

Among the 45 patients, 15 presented with a silent tumor and showed no hormonal
impairment, while 30 patients presented with preoperative pituitary dysfunction: 16 pa-
tients presented a functioning tumor and 14 patients presented a silent tumor with a deficit
disorder in at least 1 hormonal release.

Among the functioning tumor patients (16), 7/16 presented growth hormone (GH)
secreting tumors, 7/16 medically resistant prolactinomas (PRL), 1/16 thyroid-stimulating
hormone (TSH) and 1/16 adrenocorticotrophic hormone (ACTH) secreting tumor. Four
out of 16 patients also had hypofunctional pituitary changes, with deficit disorders in at
least 1 hormone.

Among the silent tumor patients (29), 15/29 presented no hormonal impairment and
14/29 a deficit disorder, 8/14 presented hypogonadism, 8/14 hypothyroidism, 6/14 hypoad-
renalism, and 3/14 GH-deficit. PRL was oversecreted in 3/14 patients (due to pituitary stalk
compression) and under-secreted in 3/14 patients. No patient presented diabetes insipidus.

3.6. Postoperative Pituitary Function

Overall, postoperative pituitary function in our series was unchanged or improved in
21 patients (46.7%), whereas in 24 patients (53.3%) a new hormonal deficiency was observed
in at least one hormonal axis. The mean functional deficiency was 2.7 hormones, with the
loss of at least three hormones in 8 (17.8%) patients. Considering the type of hormonal
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imbalance after surgery, we reported 17 patients (37.7%) with hypoadrenalism, 11 patients
(24.4%) with hypogonadism, 19 patients (42.2%) with hypothyroidism, three patients (6.6%)
with GH deficit, and three patients (6.6%) with PRL deficit. Finally, two patients (4.4%)
developed persistent diabetes insipidus, treated continuously with desmopressin.

Among the 16 patients with functioning tumor, eight cases showed a normalization of
pituitary function after surgery. Eight patients presented a deficiency in at least one hor-
monal axis: in three patients the hormonal deficiency was also present before surgery, while
five patients developed a new deficit in one or more hormonal release after the transsphe-
noidal transsellar approach. Out of the last wight patients with pituitary deficiency, four
patients showed the persistence of hormonal hypersecretion observed preoperatively (one
GH and three PRL secreting tumor).

Among the 29 patients affected by a silent tumor, nine patients showed a new deficit
in at least in one hormonal axis postoperatively. Nine patients with normal preoperative pi-
tuitary function did not show any deficit after surgery, seven patients with a preoperatively
deficit in at least one hormonal release maintained the same deficiency after surgery, while
four patients, with at least one preoperative hormonal deficiency, exhibited a completely
pituitary gland recovery after EEA. Further details regarding all patients’ hormonal results
are reported in the Supplementary Materials.

Patients were sub-classified into three groups according to hormonal secretion detected
preoperatively and 6 months after surgery.

A total of 19 patients (42.2%) were included in the unchanging group (group 1): in nine
cases (20%), a normal preoperative pituitary function persisting after surgery was observed,
whereas in 10 patients (22.2%), the hormonal deficiency detected before surgery remained
unchanged postoperatively. The recovering group (group 2) consisted of 12 (26.7%) patients
showing pituitary function normalization postoperatively. A total of 14 patients (31.1%)
were included in the worsening group (group 3), exhibiting the onset of a new pituitary
deficiency postoperatively.

3.7. Recovering Group Characteristics (Group 2)

The characteristics of the 12 patients who presented complete pituitary recovery after
surgery in terms of demographics, secreting tumor, tumor size, and extent of resection are
shown in Table 1.

Table 1. Features’ description for patients who showed a pituitary gland recovery after endoscopic
transsphenoidal surgery (group 2).

# Age Sex
Maximum

Diameters (mm)
KNOSP
Grade

Resection
Functioning

pitNET
Prior

Surgery
Intraoperative

CSF Leak

Type of
Impairment

after Surgery

1 53 M 15 1 GTR Yes (GH) No No -

2 43 M 19 0 GTR No No No -

3 43 F 20 0 NTR No No No -

4 47 M 25 2 GTR No No No -

5 33 M 51 4 NTR Yes (TSH) No No -

6 50 F 18 0 GTR Yes (ACTH) No No -

7 58 F 42 4 GTR Yes (PRL) No No -

8 30 F 18 1 GTR No No No -

9 69 M 12 1 GTR Yes (GH) No No -

10 72 F 13 1 GTR Yes (GH) No No -

11 64 F 12 0 GTR Yes (GH) No No -

12 25 F 21 1 GTR Yes (PRL) No Yes -
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3.8. Worsening Group Characteristics (Group 3)

Out of 14 patients, five (35.7%) presented a functioning tumor. The mean age was
59 years (S.D. ± 14.3). The mean maximum diameter of treated pitNET was 29.1 mm
(S.D. ± 15.6 mm). Knosp grade was 0 in two patients (14.3%), 1 in two patients (14.3%), 2 in
six patients (42.9%), 3 in one patient (7.1%) and 4 in three patients (21.4%). Eleven patients
underwent GTR, in two patients we performed a near total resection and in one patient a
debulking of the lesion. The mean hormone deficiency was 2.7 and the hormones involved
were TSH in 12/14, ACTH in 11/14, and gonadotropin in 7/14. Impairment in GH/IGF-1
release was detected in three patients; prolactin deficiency was found in three patients.
No diabetes insipidus was identified in this group. Among this group, two patients had
undergone previous surgery. Intraoperative CSF leak was observed in four patients. The
features of patients in group 3 are summarized in Table 2.

Table 2. Features’ description for patients who exhibited the onset of new pituitary deficiency after
endoscopic transsphenoidal surgery (group 3). Legend: ↓: under the reference value; ↑: over the
reference value.

# Age Sex
Maximum
Diameters

(mm)

KNOSP
Grade

Resection
Functioning

pitNET
Prior

Surgery
Intraoperative

CSF Leak
Type of Impairment

after Surgery

1 21 M 21 0 GTR Yes (PRL) No No TSH, LH/FSH ↓ PRL ↑

2 60 M 58 2 NTR No No Yes ACTH, TSH, LH/FSH
↓

3 52 M 12 0 GTR Yes (GH) No No TSH, PRL ↓ GH/IGF-1
↑

4 49 M 32 2 GTR No No No ACTH, TSH, LH/FSH,
PRL ↓

5 65 M 62 3 NTR No Yes Yes ACTH, TSH, LH/FSH
and GH/IGF-1 ↓

6 67 F 17 2 GTR No Yes No TSH ↓
7 64 F 22 2 GTR Yes (PRL) No No ACTH, TSH ↓

8 53 M 15 1 GTR Yes (GH) No No ACTH, TSH, LH/FSH,
PRL ↓

9 55 M 24 2 GTR No No No ACTH, TSH, LH/FSH,
GH/IGF-1 ↓

10 77 M 25 4 GTR No No No ACTH ↓
11 51 M 15 2 GTR Yes (GH) No No ACTH, TSH ↓
12 66 M 31 1 GTR No No No ACTH ↓
13 67 F 28 4 GTR No No Yes ACTH, TSH ↓

14 79 M 45 4 STR No No Yes ACTH, TSH, LH/FSH,
GH/IGF-1 ↓

3.9. Predictors of Pituitary Function Recovery or Worsening

Sex, maximum diameter, Knosp grade, tumoral residual and intraoperative CSF
leak were not predictors of gland recovery. Younger patients (p = 0.0297) and those with
functioning tumor (p = 0.007) were more likely to have complete pituitary hormonal
recovery, as shown in Table 3.
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Table 3. Predictors of gland recovery following transsphenoidal surgery. p values < 0.05 are
shown in bold.

Predictor Group 1 Group 2 p Value

N. patients 19 12

Age in years, mean (±SD) 60.5 (±12.7) 48.9 (±15.1) 0.0297

Male sex, number (%) 11 (57.9%) 4 (33.3%) 0.2734

Maximum diameter,
mm mean (±SD) 31.2 (±13.9) 22 (±12.1) 0.0753

KNOSP grade

0–2 13 10 0.4325

3–4 6 2

Tumoral residual 7 2 0.4184

Functioning pitNET 3 8 0.007

Prior surgery 6 0 0.0585

Intraoperative CSF leak 4 1 0.6236

The results were not statistically significant for all the factors tested (p > 0.2 in all cases)
with regard to pituitary gland worsening (Table 4).

Table 4. Predictors of new pituitary gland deficiency following transsphenoidal surgery.

Predictor Group 1 Group 3 p Value

N. patients 19 14

Age in years, mean (±SD) 60.5 (±12.7) 59 (±14.3) 0.7577

Male sex, n (%) 11 (57.9%) 11 (78.6%) 0.2783

Maximum diameter, mm mean (±SD) 31.2 (±13.9) 29.1 (±15.6) 0.6819

KNOSP grade

0–2 13 10 1

3–4 6 4

Tumoral residual 7 3 0.4551

Functioning pitNET 3 5 0.2379

Prior surgery 6 2 0.4157

Intraoperative CSF leak 4 4 0.6951

3.10. Patients Affected by Silent and Functioning Tumor: Sub-Classification into the Three Groups
According to Hormonal Secretion

Among the 29 patients affected by silent tumors, 16 (55.2%) presented an unchanged
pituitary function after surgery (group 1), nine (31%) showed a postoperative new hormonal
deficiency (group 3) and only four (13.8%) exhibited a completely pituitary gland recovery
(group 2).

The 16 patients affected by functioning tumors demonstrated a complete normalization
of the pituitary function postoperatively (group 2) in eight cases (50%); three (18.7%) pa-
tients were included in the unchanged group (group 1) and five (31.3%) patients developed
a deficiency in at least one hormonal release (group 3) after EEA.

The features of each group according to sex, age at time of surgery, maximum diameter,
Knosp grade and tumoral residual are displaced in Table 5. Because of the limited sample
size, the comparison between groups did not provide statistically significant data.
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Table 5. Features’ description for silent tumors and functioning tumors’ patients subclassified into
three groups according to postoperative pituitary gland function.

Silent Tumors (29 Patients)

Variables Group 1 Group 2 Group 3

N. patients 16 4 9

Age in years, mean (± SD) 64.5 (±9.1) 40.75 (±7.41) 65 (±9.55)

Male sex, number (%) 9 (56.25%) 2 (50%) 7 (77.8%)

Maximum diameter, mm mean (± SD) 31.81 (±15.17) 20.5 (±3.10) 35.8 (±15.69)

KNOSP grade

0−2 12 4 5

3−4 4 0 4

Tumoral residual 6 1 3

Functioning Tumors (16 Patients)

Variables Group 1 Group 2 Group 3

N. patients 3 8 5

Age in years, mean (±SD) 39 (±3.60) 53 (±16.71) 48.2 (±16.08)

Male sex, number (%) 2 (66.7%) 2 (25%) 4 (80%)

Maximum diameter, mm mean (±SD) 28 (±1.73) 23 (±15.02) 17 (±4.30)

KNOSP grade

0−2 1 6 5

3−4 2 2 0

Tumoral residual 1 1 0

4. Discussion

Since its first report in 1992, a fully endoscopic endonasal approach to sellar lesions
has become increasingly common and is actually considered the first choice for surgical
treatment of pitNET [20]. In fact, the EEA shows similar rates of GTR and perioperative
mortality [21–25] as for classic craniofacial approaches and ensures a better quality of
life [1,13,26,27]. The main goal of these approaches is to remove pathological tissue to
reduce the mass effect on critical neurovascular structures in close relationship to sellar
space, especially the optic chiasm, interpeduncular and prepontine cisterns and brainstem.
On this basis, in the last decade, many reports have been published on the outcomes of this
surgery, with special regard to the extent of resection and its relationship to recovery from
symptoms, especially headache, and disturbance of visual and olfactory function [7,8]. In
addition, another key point during surgical maneuvers is the visualization and preservation
of the unaffected gland tissue encased or displaced by the pathological tissue. This step
is crucial in providing an effective neuroendocrine pituitary function after surgery, thus
avoiding the need for supplementary hormonal therapy. The analysis of hormonal secretion
is therefore a necessary step to correctly assess the effects of this kind of surgery on pituitary
function, and several reports have been published on this topic [10–13].

Among the 45 patients in this study, 14 (31.1%) displayed a postoperative loss in at least
one hormone (worsening group, group 3), 12 patients (26.7%) with preoperative hormonal
impairment showed complete recovery of hormonal secretion (recovering group, group 2),
whereas in 19 patients (42.2%), no change in gland functioning was detected (unchanging
group, group 1). A multicenter prospective study conducted by Little et al. (2019) [13]
reported that 21.1% of patients (20/95) experienced recovery in at least one axis, whereas
9.7% of patients (14/145) had developed at least one new deficiency. Elshazly et al. [28]
evaluated 55 patients with giant pituitary tumor (>4 cm in maximum diameter) who
underwent surgery with an EEA. A new hormonal deficit occurred in eight patients,
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whereas recovery of one or more hormonal axis deficits occurred in six patients. In the
study conducted by Do et al. [29] on recurrent pituitary tumor, 14.8% of patients (9/61)
developed single or multiple new anterior pituitary deficits after first surgical treatment.

With regard to the onset of new postoperative hormonal deficiency, the rate of hor-
monal loss observed in our experience was higher than in the aforementioned reports.
Despite a challenging comparison, due to the absence of standardized benchmarks, we
analyzed the patients in the worsening group to clarify these data. In 42.8% of cases
(6/14 patients), a supradiaphragmatic or para-sellar space invasion was observed. Al-
though the relationship with suprasellar involvement and Knosp grade was not statistically
significant, this result supports the idea that increasing tumor mass may lead to ischemic
injury or direct destruction of healthy pituitary parenchyma, thus resulting in hormonal
loss. This claim clearly needs to be verified by studies with a larger sample size, but
nonetheless it is in agreement with the findings of other authors [27].

Regarding the type of hormonal deficiencies observed in the worsening group, in
our study population the most common deficit reported was thyrotropin hormone (TSH),
followed by adrenocortical hormone (ACTH) and gonadotropin (FSH/LH). This result is
in contrast to other reports [30], where ACTH was the most frequently detected deficit after
surgery, but at present there is insufficient data to clarify these differences.

An intriguing argument concerns the onset of postoperative diabetes insipidus, a rare
complication of the EEA that is most frequently found in its transient form. Nayak et al. [31]
revealed permanent diabetes insipidus onset in 4% of patients who underwent EEA. In
their series of 271 patients, the presence of visual abnormalities, suprasellar extension,
and maximal tumor diameter was significantly associated with an increased incidence of
postoperative diabetes insipidus, both transient and permanent. In our series, no patient
presented insipidus diabetes preoperatively. Because of the laboratory tests for hormonal
pituitary assessment at 6 months postoperatively, transient diabetes insipidus was not
evaluated in this study. Two patients (4.4%) developed persistent insipidus diabetes after
surgery, treated continuously with desmopressin. Given the small sample size, it is not
possible to perform a statistical analysis. Nonetheless, it is interesting to note that diabetes
insipidus occurred in two patients with giant tumor with suprasellar involvement, and
in which a CFS leak emerged during surgery. In our opinion, this finding suggests that
extensive surgical manipulation, as in the event of a CSF leak, can lead to trauma to the
gland or infundibulum tissue.

With regard to the recovering group, our findings are in accordance with those re-
ported in several studies, in which recovery of preoperative hormonal deficits occurred in
10–30% of cases, varying from type to involvement of the lesions [12,28,30,32]. As a further
observation, considering both the recovering and unchanging groups, in 68.9% of cases, no
worsening of pituitary function was observed.

To better clarify the data analysis, we decided to focus our attention on selected
potential predictors of postoperative function recovery or worsening. Considering tumor
size, Fatemi et al. [10] demonstrated that, the larger the tumor, the greater the risk of
pituitary gland failure; they indicated a size of 20 mm as the upper limit; beyond 20 mm,
the pituitary failure rate is increased. In our cohort, among the 31 patients with tumor
size > 20 mm, 10 experienced postoperative new hormonal loss (32.2%), whereas out of
14 patients with tumor size <20 mm, four (28.6%) showed a new deficiency. Even though
this result was not statistically significant, we believe this finding is probably related to the
greater surgical handling occurring in larger tumors. In addition, as previously reported
by Nomikos et al. [27], it is interesting to observe that tumor size affected gonadotropin
release more than other hormonal axes. In fact, we detected 11 cases with postoperative
gonadal loss and these patients presented a mean maximum tumor diameter of 38.2 mm.

While surgery to an increasing size of tumor has a negative impact on the function
of healthy gland tissue postoperatively, removal of that tumor mass may lead to a greater
improvement in hormonal release, due to the mass decompression effect. In this regard,
the main regularized hormone after surgery in our series was prolactin, followed by
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stabilization of gonadotropin and adrenocortical hormone deficiency. Previous studies
on this topic [27,33] observed that preoperative hyperprolactinemia typically results from
compression of the pituitary stalk, and decompression maneuvers mainly affect prolactin
release compared with other hormones; thus, prolactin blood level could be considered
a useful predictor of postoperative recovery of pituitary function [27,33]. Infundibular
compression is the main mechanism, affecting the delivery of hypothalamic hormones and
determining hypopituitarism, thus explaining the better recovery rate in these patients.

Regarding the role of functioning tumor in conditioning postoperative gland function,
a few studies have evaluated the impact of the EEA on enhanced hormonal secretion. In
a series of 142 prolactinomas, Akin et al. [34] showed that 74.6% of patients went into
remission after the EEA. Concerning GH-secreting pitNET, endocrinological cure was
achieved in 46–61% of patients after the EEA [35–38]. The presence of a functioning tumor
was a strong predictor of postoperative gland recovery (p = 0.007). According to the
authors, this result was not related to tumor size, but to the earlier diagnosis in functioning
compared to silent tumors.

Furthermore, in agreement with the report by Webb and colleagues [30], the rate
of complete hypopituitarism recovery in patients with GH releasing tumor was greater
than in the other patients (4/7); these patients were typically younger, and both the
hormonal therapy before surgery and their high IGF-1 levels helped to preserve pituitary
gland activity.

As reported by other authors [10,27], in our cohort, age was a significant predictor of
pituitary restoration (p = 0.0297): younger patients presented a better pituitary function
after endoscopic surgery compared to the others, despite preoperative pituitary gland
status or tumor size.

The last noteworthy consideration concerns the role of the intraoperative CSF leak.
Fatemi et al. [10] observed that this is related to a worse hormonal postoperative function
and reflects the more extensive surgical manipulation of the infundibulum and gland.
Although, in our series, the statistical analysis did not reveal a significant result, among
nine patients who experienced intraoperative CSF leak, only one presented postoperative
pituitary gland recovery. Furthermore, this finding could be predictive of permanent
diabetes insipidus [39]. In fact, both patients who developed persistent diabetes insipidus
showed a dural defect with an intraoperative CSF leak.

This study may help to establish standardized benchmarks in the evaluation of func-
tional pituitary outcome after endoscopic approaches to pitNET.

The absence of hormones’ dynamic measurements and the low sample size are the
main limitations of this study, and these preliminary results need to be validated in studies
with a larger sample size.

5. Conclusions

This preliminary report confirms that EEA for pitNET is a reliable technique with
regard to postoperative hormonal function. This is supported by the finding that only a
minority of patients needed replacement hormonal therapy after surgery. The young age
and the presence of functioning tumor proved to be predictors of functional gland recovery
after surgery. No predictors of functional gland worsening were identified in our cohort.
Nonetheless, the increasing size of the tumor and the presence of intraoperative CSF leak
may play a role in the development of new postoperative hormonal loss. This finding
could be related to more extensive surgical manipulation, as already reported in other
experiences. Preserving pituitary function after pitNET resection is crucial for patients’
hormonal balance and this should be a primary goal in a minimally invasive approach.
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Abstract: This study aimed to systematically review the literature to determine the efficacy and safety
of transoral robotic surgery (TORS) in the management of submandibular gland (SMG) sialolithiasis.
PubMed, Embase, and Cochrane were searched for English-language articles evaluating TORS in
the management of SMG stones published up to 12 September 2022. Nine studies with a total of
99 patients were included. Eight patients underwent TORS followed by sialendoscopy (TS); 11 pa-
tients underwent sialendoscopy followed by TORS and sialendoscopy (STS); 4 patients underwent
sialendoscopy followed by TORS only (ST); and 4 patients underwent TORS without sialendoscopy
(T). The mean operative time amounted to 90.97 min. The mean procedure success rate reached
94.97%, with the highest for ST (100%) and T (100%), followed by the TS (95.04%) and STS (90.91%)
variants. The mean follow-up time was 6.81 months. Transient lingual nerve injury occurred in
28 patients (28.3%) and was resolved in all of them within the mean of 1.25 months. No permanent
lingual nerve injury was reported. TORS is a safe and effective management modality for hilar
and intraparenchymal SMG sialoliths, with high procedural success in terms of successful sialolith
removal, SMG preservation, and reduced risk of permanent postoperative lingual nerve damage.

Keywords: sialolithotomy; sialendoscopy; robot-assisted; sialolithiasis; submandibular stones;
lingual nerve

1. Introduction

Sialolithiasis represents the most common cause of obstructive salivary gland dis-
orders [1]. While postmortem studies indicate a 0.115% prevalence of sialoliths in the
general population, their clinical (symptomatic) prevalence amounts to 0.45% [1–3]. Most
salivary stones (as high as 80–90% of cases) affect the submandibular gland (SMG), with
a preferential location in the distal third of the Wharton’s duct, at the hilum or in the
hilo-parenchymal area of the SMG [1].

The removal of large proximal or hilo-parenchymal SMG sialoliths has traditionally
been managed by means of transcervical sialoadenectomy, which carries a significant
risk to the marginal mandibular nerve and might lead to an aesthetically unappealing
scar [1,4]. With the advancement of sialendoscopy, a combined approach (CA) technique
incorporating sialendoscopy and transoral sialolithotomy has enabled SMG preservation
with a procedure success rate ranging from 90% to 100% [5–11]. Notably, transoral duct
surgery with interventional sialendoscopy, as well as intraductal shock wave lithotripsy
(ISWL) can be performed in local anesthesia, the latter of which has reported success rates
above 90% [12–14].
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Despite being superior to the previous non-gland-sparing modalities, the CA sialolitho-
tomy poses several challenges, which are magnified the closer the SMG stone is to the hilum.
The higher risk of lingual nerve damage due to its intimate relationship with Wharton’s
duct near its exit point at the SMG hilum contributes to the 2% rate of permanent tongue
paresthesia reported after the CA procedure [15]. Furthermore, poor visualization and
limited space for instrumentation, amplified in the presence of unfavorable anatomy and
physical features such as obesity, reduced mouth opening, and prominent teeth, represent
additional considerable drawbacks of the CA technique [16].

Recently, the application of robotic technology in the treatment of various head and
neck disorders (obstructive sleep apnea, and pathologies involving the thyroid, parathyroid,
oropharynx, hypopharynx, and supraglottis [17]) has favored the spread of this procedure
for the removal of proximal hilar submandibular duct sialoliths. Since the initial expe-
riences with robot-assisted SMG sialolithotomy, as well as its outcomes and advantages
compared to the CA technique, have been reported, the purpose of the present study was to
systematically review the literature to determine the efficacy and safety of transoral robotic
surgery (TORS) in the management of SMG sialolithiasis.

2. Materials and Methods

2.1. Study Guidance

The review was conducted according to the PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses) guidelines [18]. The study protocol was
registered with the International Platform of Registered Systematic Review and Meta-
analysis Protocols (INPLASY) under the number INPLASY202330068 [19].

2.2. Search Strategy and Criteria

The PubMed, Embase, and Cochrane databases were searched by two authors (M.R.
and L.A.) independently for English-language full-text papers published from inception
until 16 September 2022. Comprehensive electronic search strategies included terms for
submandibular gland sialoliths (“submandibular” OR “salivary” OR “gland” OR “sialolithi-
asis” OR “sialolith” OR “megalith” OR “stone”) AND terms for operative technique
(“sialolithotomy” OR “sialoendoscopy” OR “sialendoscopy” OR “transoral”) AND terms
for robotic assistance (“robot” OR “robotic” OR “robot-assisted” OR “robotic assisted”).

After duplicate removal, all studies were screened by two authors (M.R. and L.A.)
independently, based on the title and the abstract. Inclusion criteria comprised clinical
studies, case series, and case reports evaluating TORS in the management of submandibular
gland stones. Contrarily, publications with an unrelated topic as well as conference papers,
review articles, commentaries, and letters to the editor, were excluded. Additionally, the
reference lists in all preselected articles were screened for further relevant papers.

2.3. Eligibility Criteria

The study was found eligible if it described the application of robot-assisted sialolitho-
tomy (RAS) in the removal of the submandibular gland sialoliths.

2.4. Data Extraction and Analysis

From the included studies, the following data were extracted: first author and publi-
cation year, study design, number of patients, sialolith location(s), sialolith size(s), used
robotic surgical system, variation of TORS-assisted sialolithotomy (i.e., (1) TORS immedi-
ately followed by sialendoscopy (TS); (2) sialendoscopy immediately followed by TORS
and subsequent sialendoscopy (STS); (3) sialendoscopy immediately followed by TORS
only (ST); TORS without sialendoscopy (T)), procedure success rate, procedure duration,
intraoperative complications, postoperative complications, and time until symptom resolu-
tion. If RAS consisted of more than one step (i.e., TS, STS, ST), all of them were performed
within the same surgical procedure. Procedure success was defined as a successful sialolith
removal with submandibular gland preservation and absence of symptom recurrence at
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the latest available follow-up. In order to calculate the weighted averages of all available
quantitative parameters, weights were selected proportionally to the sample size.

3. Results

3.1. Study Selection

The literature search yielded 638 articles, including 293 from PubMed, 333 from
Embase, and 12 from Cochrane. After the removal of 527 duplicate records, 111 studies
were screened. Three non-English studies and 70 articles with an irrelevant topic were
excluded, as well as 23 conference papers and 6 review articles. The remaining nine
articles [4,15,16,20–25] were found eligible and included in the further analysis. Figure 1
shows the entire literature selection process.

 

Figure 1. PRISMA flowchart of the medical database search strategy.

3.2. Study Characteristics

The included studies involved a total of 99 patients. Eight patients from four stud-
ies [4,15,20,22] underwent TORS followed by sialendoscopy (TS). In eleven patients from
two studies [4,23], sialendoscopy followed by TORS and sialendoscopy (STS) was per-
formed. Four patients from two studies [4,16] underwent sialendoscopy followed by TORS
only (ST), whereas in the remaining four patients from three studies [21,24,25], TORS
without sialendoscopy (T) was performed. Complete study characteristics are presented
in Table 1.
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3.3. Sialolith Size

Sialolith size was evaluated in all nine studies [4,15,16,20–25]. The mean sialolith size
amounted to 11.46 mm (range 4–28 mm).

3.4. Aim of Sialendoscopy

Sialendoscopy prior to the sialolith removal was performed to facilitate sialolith
localization in 15 patients [4,16,23]. In Wen et al.’s study [4], a sialendoscopy-first approach
(ST or STS) was selected in case of non-palpable or multiple sialoliths. In a patient described
by Vergez et al., sialendoscopy allowed the identification of a hilar sialolith impacted
beyond proximal ductal stenosis [23]. In 91 patients [4,15,20,22,23], after the successful
sialolith removal, the ductal system was explored with a sialendoscope to ensure the
submandibular duct patency by identifying any additional sialoliths, remaining stone
fragments, or areas of ductal stenosis.

3.5. Procedure Duration Time

Procedure duration time was reported in all nine studies [4,15,16,20–25]. The mean
operative time amounted to 90.97 min (range 13–143 min) and was the shortest for the T
(43.33 min), followed by the TS (76.03 min), STS (177.27 min), and ST (189.75 min) techniques.

3.6. Procedure Success Rate

Procedural success was described in all nine studies [4,15,16,20–25]. The mean proce-
dure success rate reached 94.97%, with the highest for the ST (100%) and T (100%), followed
by the TS (95.04%) and STS (90.91%) variants.

3.7. Follow-Up Time

The duration of the follow-up was reported in seven studies [4,15,20–22,24,25]. The
mean follow-up time was 6.81 months (range 0.35–65.53 months).

3.8. Complications

Transient lingual nerve injury occurred in 28 patients (28.3%) from five studies [4,15,20,22,24]
and resolved in all of them within the mean of 1.25 months (range 0.5–2.8 months). No
permanent lingual nerve injury was described in the included studies.

4. Discussion

The initial implementation of robotic assistance in head and neck surgery has con-
cerned predominantly oncologic indications since it reduced hospitalization length and
enabled access to tumors in challenging anatomic locations [26]. However, numerous
authors have recently emphasized the benefits of incorporating TORS in the management
of non-oncologic pathologies located in areas with poor operative exposure, including large
proximal, hilar, or hilo-parenchymal SMG sialoliths [4,15,20].

The advantages of robot-assisted surgery might result from the magnified three-
dimensional view of the surgical field, which allows the surgeon to have an accurate
anatomical delineation and enhanced perception of the depth of the oral floor, lingual
nerve, Wharton’s duct, and hilo-parenchymal SMG region [15,20,21]. Furthermore, the
heightened operative visualization facilitates the use of smaller incisions, allows the better
identification of vital structures (such as the lingual nerve), and enables decreased manip-
ulation of Wharton’s duct. The functional preservation of the main submandibular duct
simplifies sialendoscopic access through its natural ostium in case of residual microliths [21].
Additionally, due to the medicolegal ramifications of the lingual nerve injury, the video
documentation of an intact nerve, available by means of the RAS procedure, is crucial,
even if, at certain stages of the procedure, its mobilization is unavoidable [4]. Moreover,
since all surgical steps are visible to the whole operating room staff, the crowding around
the operating space is reduced, and the use of the robotic unit can serve as an excellent
teaching tool for residents and medical students [4,16].
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Increased dexterity and precision due to the 360◦ range of motion provided by the
robotic instrumentation result in improved tissue manipulation, less unnecessary trauma
to the local structures, and a safer dissection of the lingual nerve and Wharton’s duct
at the SMG hilum. Razavi et al. suggested that the abovementioned advantages might
partially prevent postoperative ductal scarring and stenosis, which may ultimately enable
the avoidance of symptom recurrence and the necessity of reoperation [15]. Furthermore,
contrarily to the CA technique, RAS allows for the greater involvement of a surgical
assistant without compromising the operative field visually or spatially [15]. Thus, the
assistant surgeon can simultaneously perform the suction, tissue traction, and push-up of
the SMG from the neck in order to better expose the parenchyma in the oral floor [21].

Another significant but frequently overlooked advantage of robotic surgery is the
benefit of improved surgical ergonomics [27]. A comfortable seated position and decreased
prolonged neck strain might reduce the frequency of work-related musculoskeletal disor-
ders among ENT specialists and ultimately lead to the increased career length of a head
and neck surgeon.

The numerous abovementioned technical advantages of RAS compared to the CA
technique might contribute to the higher success rate of the robot-assisted approach
(94.97% vs. 75–87% [15,28], respectively). Notably, of the five patients in our review where
RAS was unsuccessful, three individuals experienced symptom recurrence [4]. Two of them
required sialendoscopy for recurrent sialoliths removal; in one of them, SMG excision was
ultimately necessitated, during which frank purulence, SMG fibrosis, and a 5 mm intra-
parenchymal stone were discovered [4]. Of the remaining two patients, in one individual,
the sialolith could not be localized on sialendoscopy due to the extensive scarring of the
surgical field [20]. This prompted SMG excision, which revealed three sialoliths within
the SMG parenchyma and the proximal Wharton’s duct [20]. In the other patient, who
suffered from frequent sialadenitis secondary to sialolithiasis, significant inflammation and
fibrosis of the SMG and surrounding tissues made the localization of the sialolith unfeasible,
and SMG removal was eventually required [20]. Given these failures, the robot-assisted
technique might be less successful in the case of deep parenchymal localization of the
sialoliths and considerable SMG fibrosis resulting from chronic inflammation.

Additionally, due to the significant discrepancies in sample sizes between the applied
TORS variations (T, TS, ST, STS), care must be taken when interpreting the differences in
their success rates. Although the success rates of the ST and T techniques (amounting to
100%) were higher than the success rates of the TS variations (95.04%), the ST and T groups
were considerably smaller than the TS sample (4 patients vs. 80 patients, respectively).
With larger sample sizes in the ST and T groups, their actual success rate could notice-
ably decrease, thus reducing the difference between the effectiveness of each technique.
Furthermore, the success rates of various TORS modifications should not be juxtaposed
since each management method was applied for specific indications (single vs. multiple,
palpable vs. non-palpable, hilar vs. hilo-parenchymal sialoliths). Generally, palpable
sialoliths and those ≥5 mm on imaging were treated by the TORS-first approach, whereas,
in the case of multiple or unpalpable SMG stones, the sialendoscopy-first approach was
selected, similarly to the algorithm proposed by Quiz et al. [4,5]. Based on the results of our
review, we state that all techniques proved to be highly effective, taking into account the
indications for their implementation. Nonetheless, randomized control trials with patients
anonymously assigned to each group (ST, STS, TS, or T) regardless of the sialolithiasis
characteristics are necessary to compare the success rates of TORS variations.

Despite the often-cited belief that the employment of the robot in SMG sialolithotomy
increases the operative time, our analysis revealed the mean procedure time amounted
to 90.97 min, which is similar to or slightly shorter than the average of 90 to 113 min for
the conventional CA technique [27,29]. Nonetheless, due to the scarcity of the literature
describing CA procedure times and the fact that the available reports date back to the time
when CAS was a more novel procedure, the actual CA operative time could have decreased
with greater surgical experience.
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Additionally, our results suggest a lower incidence of permanent lingual nerve damage
with RAS compared to the CA technique (0% vs. 2%, respectively). Importantly, the
literature regarding the presence of lingual nerve injury after sialolith removal via the CA
technique includes both patients with hilar and ductal SMG sialoliths, the latter of which
are not as intimately related to the lingual nerve as those in the hilar location. Nevertheless,
even considering the higher inherent risk to the lingual nerve in our review due to the hilar
or intraparenchymal localization of all sialoliths, permanent lingual nerve damage was
omitted in all cases.

Despite many advantages of robotic assistance in SMG sialolithotomy, the lack of
tactile feedback and the necessity of greater reliance on visual cues constitute one of its
significant limitations [15,20,23]. However, this disadvantage might be partially mitigated
through intraoperative stone palpation by the assistant surgeon and due to the fixed
position of most hilar SMG sialoliths [15]. Tissue mobility might be interpreted as a haptic
sense, but only by an experienced robotic surgeon; therefore, the incorporation of the
preoperative ultrasonography and Cone Beam CT might be mandatory to successfully
pursue the excision of purely unpalpable parenchymal SMG sialoliths [5,30,31].

Furthermore, according to our analysis, the mean sialolith size was greater than that
reported in the literature regarding the sialolith excision via the non-robotic transoral
technique [5,7,8,10,11,32–34]. With the increase in the sialolith size, the necessity of tactile
feedback diminishes, which facilitates the robotic removal of SMG stones. Contrarily,
smaller sialoliths impose the importance of stone palpation, which cannot be provided
by RAS.

Notably, the possible traumatic mechanical effect of robotic instruments during RAS
might contribute to the high rate of postsurgical transient lingual nerve injury (28.3%) in our
review. Although our results are higher than those reported in the literature regarding the
CA technique [7,9,33,35,36], patients from the included studies were considered to suffer
from transient lingual nerve injury, even if the lingual paresthesia remained very subtle.
Additionally, all patients in our review were treated with the Da Vinci Si and SP robot
(Intuitive Surgical Inc., Sunnyvale, CA, USA), or Flex Robotic system (Medrobotics Inc.,
Raynham, MA, USA). Notably, Da Vinci Si (Intuitive Surgical Inc., Sunnyvale, CA, USA)
has recently been replaced by the more advanced Da Vinci Xi robotic system (Intuitive
Surgical Inc., Sunnyvale, CA, USA). The difference in the instrument sizes between the
robotic systems might influence their handling and associated tissue damage during the
procedure [37]. We hypothesize that the transient lingual nerve injury rate could be
decreased by the wider application of RAS, which would improve the learning curve of
head and neck surgeons.

Furthermore, RAS remains a reasonable approach mainly for large, deeply located
sialoliths, and when unfavorable conditions such as pharyngeal reflex are present. In chal-
lenging anatomic conditions (e.g., markedly reduced mouth opening), RAS, as with other
transoral approaches, might not be technically feasible. Another significant disadvantage
of RAS is the necessity of performing the surgery under general anesthesia.

Finally, a considerable drawback of robotic assistance is the limited availability of the
device in rural areas. Additionally, significant costs associated with the RAS procedure
limit its wide applicability across multiple institutions. Conversely to tertiary medical
centers, where this technology is utilized in multiple surgical specialties, smaller hospitals
with a lower case volume might find this technology financially disadvantageous [20,23].

Limitations

Our systematic review comprises mainly case series and non-randomized, retro-
spective, single-center studies with limited sample sizes; thus, we advocate caution in
interpreting the results. Moreover, the exclusion of non-English-language papers could
have restricted the already scarce literature describing RAS in the management of pa-
tients with SMG sialolithotomy. Additionally, although the mean follow-up time in our
review amounting to 6.81 months is long enough to capture postoperative complications
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such as lingual nerve damage, it might be insufficient to describe the actual rate of SMG
sialolithiasis recurrence.

5. Conclusions

RAS is a safe and effective management modality for hilar and intraparenchymal
SMG sialoliths, with a high procedural success in terms of successful sialolith removal and
SMG preservation, and a vastly reduced risk of permanent postoperative lingual nerve
damage. Future prospective studies with expanded RAS cohorts and longer follow-up
times are highly warranted to precisely define the extent of RAS utility and reliability in
the management of patients with SMG sialoliths.
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Abstract: (1) Background: Obstructive sleep apnea (OSA) is the most common sleep-related breathing
disorder and is characterized by recurrent episodes of complete or partial obstruction of the upper
airway, leading to reduced or absent breathing during sleep. A nocturnal upper airway collapse is
often multi-levelled. The aim of this communication is to describe a 3D multi-level surgery setting in
OSA pathology, introducing new surgical approaches, such as 4K-3D endoscopic visualization for the
tongue base approach with the aid of a coblator and exoscopic visualization in the palatal approach.
(2) Methods: Seven patients affected by OSA underwent 3D Barbed Reposition Pharyngoplasty (BRP)
surgery associated with transoral coblation tongue base reduction and nose surgery. (3) Results: No
patients experienced intra-operative, post-operative or delayed complications. For OSA multi-level
3D surgery, it took less than 2 h: the median 3D system setting time was 12.5 ± 2.3 min; the overall
procedure time was 59.3 ± 26 min. (4) Conclusions: The use of the 4K-3D endoscope and coblator for
tongue base resectioning and of the 3D exoscope for lateral pharyngoplasty represents an excellent
system in multi-level OSA related surgery that could reduce the time and the costs compared to those
of robotic surgery.

Keywords: 3D surgery; coblator; 3D tongue base resection; 3D barbed reposition pharyngoplasty

1. Introduction

Obstructive sleep apnea (OSA) syndrome is a respiratory sleep disorder characterized
by partial or complete recurrent episodes of upper airway collapses that occur during
the night [1]. A nocturnal upper airway collapse is often multi-levelled. Several surgical
procedures have been developed in recent years to correct retrolingual and retropalatal
collapses [2]. In the last 15 years, TORS has been widely used for the resectioning of
excess baselingual lymphatic tissue, which causes secondary epiglottis, as well as in epiglot-
toplasty in cases of primary epiglottis [3]. The use of robotic surgery and innovative
surgery on the soft palate called “Barbed Reposition Pharyngoplasty” (BRP) represent the
fundamental points of multi-level surgery on OSA patients [4].

Recently, our group introduced new surgical approaches using, i.e., 4K-3D endoscopic
visualization for the tongue base approach and exoscopic visualization for the palatal
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approach. Hereafter, we describe the technique of a multi-level surgery setting and report
on its feasibility and safety.

2. Material and Methods

This study was approved by the Ethics Committee of the Morgagni-Pierantoni Hospital
(rif. 34/2022) on 10 March 2022. Prior to the study, all individual participants included
signed an informed consent form.

Each patient (of the seven recruited) was placed in the supine position on the operating
table. In multi-level surgery for obstructive sleep apnea, including septal correction, tongue
base and palatal surgeries, general anesthesia was given via orotracheal intubation.

A 4K-3D videoendoscope with a 10 mm diameter and a 30◦ field of view for the
tongue base approach was assembled on a mechanical holder, and then attached to the bed
using an autostatic arm (Figure 1). The 3D exoscopic system for the BRP (after palatine
tonsillectomy) was fixed to the Versacrane™ holding system, which was positioned on one
side of the surgeon; the exoscope and the Versacrane™ holding arm were connected to a
clamping jaw.

 
Figure 1. The 4K-3D videoendoscope with 10 mm diameter and 30◦ field of view used for the base
tongue approach was assembled on a mechanical holder, and then attached to the bed using an
autostatic arm. The first surgeon stood near the patient’s head, facing a 3D monitor placed beside the
operating table toward its end in order to visualize the anatomical structures in a defined way.

All patients were in a “sniffing position” (neck flexed and head extended): the exposure
of the tongue base was achieved with a single silk suture in the oral tongue, which was
tractioned outside the mouth. There are several types of mouth gags and retractors,
depending on the type of procedure. We used the Davis Meyer mouth gag, which was
suspended by an ordinary Mayo stand. These mouth gags come with two types of tongue
blades. Russel Davis blades with a groove for the endotracheal tube allow the tube to be
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fixed along the midline, and they are typically used for tonsillectomies and palatal surgery.
Flat blades, instead, have a lower profile and allow there to be more space in the oral cavity,
but require an endotracheal tube to be fixed to the side of the oral cavity. Flat blades also
have two suction pumps for smoke evacuation.

Once the patient was ready and draped, the videoendoscope was positioned in the
center of the patient’s mouth, while the exoscope was clothed with a sterile cover and
positioned directly above the surgical field in a distance of 30–50 cm in order to have
enough space for instrument handling (Figure 2). The main 3D monitor (55′′) was placed
beside the operating table toward its end and directly in front of the first surgeon, while a
secondary 3D monitor was set in front of the second surgeon. The first surgeon stood at
the patient’s head, facing the monitor. The second surgeon sat behind, using the controller
(joystick) and maintained the focus of the camera on the surgical field, adjusting the optical
magnification. All surgeons and nurses wore 3D passive polarized glasses, so that the
entire surgical team could benefit from the presence of 3D vision during the execution of
the procedure.

 
Figure 2. Storz Crowe–Davis mouth gag with a wide and hollow blade was placed and suspended
using a lifting Mayo stand. A plastic cheek retractor was also used to make wider the oral opening
and protect oral commissure. The exoscope was positioned directly above the surgical field at a
distance of 3050 cm.

We used the coblator as an operative instrument; we chose to perform surgery with
EVac 70 Xtra HP® as the coblation wand for either ablation or resection, which was used
also for tongue base surgery and tontillectomy, which was executed before the lateral
pharyngoplasty. It was used at a power of 7 ablation/5 coagulation.

Patients underwent the ablation of 1 cm of tongue base lymphatic tissue on each
side of the midline split (2 cm width and 1 cm depth of tissue ablation). The margins of
resection include the anterosuperior sulcus terminalis, lateral amygdalo-glossus sulcus
and posteroinferior glosso-epiglottic sulcus. Then, the ablation of each palatine tonsil was
meticulously realized (Figure 3), sparing the palatopharyngeus muscles and the utmost
mucosa covering both pillars in order to perform Barbed Reposition Pharingoplasty. The
whole operating room team could see the surgical steps on 3D monitors (Figure 4).
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Figure 3. Palatal operative field visualized with the exoscope: the first step of BRP surgery is tonsil-
lectomy, saving as much of the muscular component of the lateral walls of the pharynx as possible.

 

Figure 4. One of the most important step of BRP surgery: the needle must be introduced, from
the lateral to the medial regions, posterior to the palato-pharyngeal muscle bundle, which is most
commonly at the junction between the superior third and the inferior two thirds of it. The technique
requires a second passage at the back, lateral to the raphe and the application of proper tension to the
suture in order to reposition the palatopharyngeal muscle more laterally and more anteriorly.

3. Results

Currently, seven patients affected by OSA underwent 3D surgery with BRP associated
with transoral coblation tongue base reduction and nose surgery. The median age was
53 years (range 40–66), and the median preoperative apnoea–hypopnea index (AHI) and
body mass index (BMI) were 30.7 (2536) and 28.9 (23.7–31.5), respectively. The median
preoperative Epworth Sleepiness Scale (ESS) score was 10 (6–14). The median 3D system
setting time was 12.5 ± 2.3 min. The overall procedure time was 59.3 ± 26 min.

No patients experienced intra-operative, post-operative or delayed complications.
Only one patient experienced a transient dysphagia that spontaneously resolved

within one month.

4. Discussion

Preliminary evaluations allow us to make some important considerations.
No significant differences were found in the setup times and preparation of the room,

both in case of the use of the robot and the coblator (despite the initial difficulties related to
the use of a new surgical instrument compared to those of the robot, which has been used
for years). The robotic operating room setup times briefly include: docking (the patient
side cart was moved to the edge of the patient bed and aligned at a 30◦ angle from the long
axis of the patient surgical bed); exposure of the operative field with Crowe–Davis retractor
in order to place the robotic arms in the patient’s mouth: the camera’s endoscope arm was
positioned in the center of the patient’s mouth, while the right and left instrument arms
were the operative tools used for tissue dissection.

Even the exposure qualities in order to optimally operate are not significantly different
despite the two different methods. The 3D visualization of the robot makes it possible to
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acknowledge small details, such as vascular and nerve structures, which would be difficult
to see with the naked eye, allowing a precise and sometimes almost completely bloodless
resection to be performed. The quality of visualization using the 4K-3D endoscope, on the
other hand, allows the optimal assessment of the depth of field, enabling the surgeon to be
attentive and accurate in the resection, despite the initial discomfort/difficulty encountered
in coordinating the visualization of the monitor in front of them and gestures linked to the
use of the coblator via the transoral route. The similar quality of exposure and visualization
means that the resection times are comparable between the two sides, averaging around 10
min for the removal of a lingual tonsil.

The differences between the two approaches are mainly related to the introduction of
a new surgical instrument, such as the coblator and the 3D 4K endoscope/exoscope, in the
operating field. Therefore, it was harder to prepare the operating field and performing the
resection of the baselingual lymphatic tissue, especially for the first patients. It should also
be considered, as already mentioned, the initial difficulties related to the innovative use
of the coblator on the base tongue and the correct coordination between visual feedback,
while the operator’s head is extended in order to correctly view the surgical field on the
monitor in front of them with 3D polarized glasses, as well as tactile feedback, which is
given via the direct contact between the surgeon and the oropharyngeal district. With the
robot, as we know, there is no direct contact between the first operator and the patient.

Other major differences were found considering the extent of resection, which accord-
ing to a first subjective judgement of the surgeon, was greater for the robot. As a matter of
fact, robotic baselingual resection has become by now a standard procedure: the identifica-
tion of the midline of the superior (terminal sulcus), lateral (amygdala-glossal sulcus) and
inferior margins (glossoepiglottic sulcus). With both procedures, a similar number of small
intraoperative bleeding events occurred, which were slightly more common when they
were performed using the coblator (about 3 on average versus 12 bleedings, or sometimes,
complete exsanguination), and which could be easily managed by the second operator
handling bipolar forceps, while using the robot, or letting the bleedings clot, while using
the coblator.

This allows us to underline further differences between the two systems, as well as the
need in robotic surgery for two operators to work together during the surgical procedure.
As mentioned above, the second operator has a very important role in order to eliminate
any issues that may arise by using robotic arms and to aspirate fumes that may obstruct the
view of the first surgeon or to control small intraoperative bleedings with bipolar forceps.

The last difference is the possibility with the robot to obtain samples that can be histo-
logically evaluated, contrary to the coblator, whose main task is linked to the production of
bioproducts that determine cellular destruction and allows the tissue resection to be macro-
scopically performed. This leads us to understand how much more useful the coblator can
be in functional surgery compared to neoplastic pathology in which the production of an
operative piece is fundamental for the performance of a histological examination.

A very important aspect that should not be overlooked is the difference in the costs
between the two technologies. The price of the Da Vinci Robot is around EUR 2,000,000,
with annual maintenance costs of around EUR 200,000; each intervention, depending
on the type, has a cost that varies from EUR 4500 to 6500. The endoscope + exoscope
4K-3D system has a much lower price, around EUR 200,000, with an additional EUR
20,000 for the purchase of the coblator and an intervention’s cost of less than EUR 1000.
Furthermore, the possibility of using 4K-3D technology not only for rhonchi surgery, but
also for salivary gland [5], thyroid and ear surgeries in ENT pathology [6,7], as well as
laparoscopic approaches in general surgery and gynecology [8], makes it possible to quickly
bring down the initial purchase costs.

Finally, the possibility of using Vitom in palatal surgery, although it may seem to
be “excessive” and expensive, fulfils an important didactic function: it allows the whole
surgical team to visualize a very deep and dark anatomical region, such as the soft palate.
Everyone can, therefore, follow the fundamental steps of isolating the palate-pharyngeal
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muscle and anchoring it to the pterygomandibular raphe on a 3D monitor using polarized
glasses in order to stabilize the lateral walls of the pharynx.

5. Conclusions

In conclusion, the use of the 4K-3D endoscope and coblator for tongue base resection-
ing and of the 3D exoscope for lateral pharyngoplasty represents an excellent alternative
system in multi-level OSA-related surgery that could reduce the costs of robotic surgery.
Furthermore, it also can be used to teach and involve everyone in the surgical team and let
them become more aware of the various steps of the surgical act.
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Abstract: Background: Tumor extension and metastatic cervical lymph nodes’ (LNs) number and
dimensions are major prognostic factors in patients with oral squamous cell carcinoma (OSCC).
Radiomics-based models are being integrated into clinical practice in the prediction of LN status
prior to surgery in order to optimize the treatment, yet their value is still debated. Methods: A
systematic review of the literature was conducted according to the PRISMA guideline. Baseline
study characteristics, and methodological items were extracted and summarized. Results: A total of
10 retrospective studies were included into the present study, each of them exploiting a single imaging
modality. Data from a cohort of 1489 patients were analyzed: the highest AUC value was 99.5%,
ACC ranges from 68% to 97.5%, and sensibility and specificity were over 0.65 and 0.70, respectively.
Conclusion: Radiomics may be a noninvasive tool to predict occult LN metastases (LNM) in OSCC
patients prior to treatment; further prospective studies are warranted to create a reproducible and
reliable method for the detection of LNM in OSCC.

Keywords: radiomics; head and neck; cancer; oral squamous cell carcinoma; oral carcinoma artificial
intelligence

1. Introduction

Oral squamous cell carcinoma (OSCC) is the eighth most common malignancy world-
wide [1]. It has a poor prognosis, with an overall 5-year survival rate of around 45–55%
depending on the series considered [2]. This figure is much lower (around 20–30% at five
years) especially in advanced stages according to the eighth edition of the AJCC/UICC [3].
The major prognostic factors are depth of invasion (DOI) > 5 mm, extranodal extension,
positive or close surgical margins, pT3 or pT4 tumor (i.e., larger than 4 cm or infiltrating
bony structures such as the mandible), pN2 or pN3 nodal disease, perineural invasion,
vascular invasion, and lymphatic invasion. In particular, the presence of lymph node
metastases (LNM) alone is known to reduce survival by approximately 50% [4].

The standard of care for OSCC is complete surgical resection with sufficient surgical
margins (at least 5 mm are deemed necessary), followed by adjuvant radio-/chemotherapy
in properly selected cases where the aforementioned adverse prognostic features are present.
The following therapeutic strategies are currently available in managing a clinically negative
(cN0) neck in early stage OSCCs [5]:

1. Elective neck dissection (ND): which is associated with esthetic and functional mor-
bidity and it represents a procedure that may affect negatively the quality of life of
the patient; the decision on whether to perform or not ND in all cases of cN0 neck is
still under debate [6];
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2. Watch and wait policy: this is currently disregarded as a valid option because it was
substantially demonstrated that elective neck dissection resulted in longer overall and
disease-free survival than did therapeutic neck dissection after nodal relapse [7];

3. Sentinel node biopsy (SNB): in 2015, the Sentinel European Node Trial (SENT) reported
an overall sensitivity and negative predictive value of 86% and 95%, respectively [8],
and this strategy may be considered the current gold standard for early stage OSCC [9].

The introduction of artificial intelligence (AI) and its application to clinical decision-
making in order to individualize patient care has become a major topic of discussion.
Radiomics is a machine-learning (ML) approach for image analyses using advanced mathe-
matical analysis [10].

In recent years, due to the development of ML algorithms coupled with more accessi-
ble digital data, more and more researchers have begun to focus on predicting molecular
biomarkers, therapeutic responses, and survival prognostic factors in patients with head
and neck (HN) carcinomas by extracting radiomics information features (e.g., shape de-
scription, intensity, or texture characteristics) from different imaging patterns (e.g., CT,
MRI, PET, ultrasound images) [11]; in Mossinelli’s [12] retrospective study on 79 patients
with oral tongue squamous cell carcinoma (OTSCC) MRI-based radiomics represents a
promising noninvasive method of precision medicine, improving prognosis prediction
before surgery.

Different non-invasive strategies exist for the prediction of LN status: clinical exam-
ination by digital palpation, neck imaging by ultrasound/CT/MRI potentially coupled
with fine-needle aspiration of the suspected nodes, DNA microarray gene-expression
profiling [13], nuclear medicine techniques such as positron emission tomography, the
degree of differentiation of the primary tumor or the depth of invasion [14], but the gold
standard is postoperative histopathological examination of the LNs. As a matter of fact,
only a detailed (by simple microscopy and by techniques of immunohistochemistry) exami-
nation of the excised specimens can allow a surgical pathologist to identify micrometastases,
which would have otherwise been overlooked. Despite the fact that ND is associated with
many potential surgical complications, it remains true that up to 30% of early stage disease
has occult cervical micrometastatic disease [15].

If we rely only upon preoperative standard imaging techniques, we know that lymph
nodes larger than 10 mm are considered abnormal, yet around 20% of such nodes are
pathologically free of disease, while up to 23% of nodes that show histological extracapsular
spread measure less than 10 mm. Other features such as the presence of intranodal necrosis
or irregular margins may indicate cancerous involvement but with variable accuracy [16,17].

In order to improve the diagnostic yield of these techniques, radiomics analyses have
been successfully applied to predict the LN status of colorectal [18], cervical [19], and
bladder cancer [20]. The role of radiomics in the assessment of occult lymph nodes in
OSCCs patients have never been addressed to the best of our knowledge, and the aim of
the present systematic review is to summarize the currently available clinical evidence on
this topic while highlighting the unmet needs in this context.

2. Materials and Methods

2.1. Searching Strategy and Selection Criteria

Following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guideline [21] we conducted a literature search of articles published from the
beginning up to February 2023, using PubMed, Embase, Cochrane Library, and Scopus
in order to identify the relevant studies. The following keywords were used: “radiomics
AND oral cancer OR tumor”.

We included all original studies that implemented radiomics-based algorithms for
analyzing preoperative imaging in patients with proven histology of OSCC. Articles
were excluded based on the following criteria: studies with less than 10 patients or
case reports, meeting abstracts, review/meta-analysis, and data not clearly stating the
diagnostic performance.
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The present systematic review is unregistered.

2.2. Data Collection

The title and abstract of the selected papers were carefully read according to the
inclusion and exclusion criteria and duplicates were removed. We extracted data from each
study, which were reviewed for consistency among the authors, and any discrepancies
were resolved by consensus. The full text of the included studies was then read in order to
extract the following data:

Reference: first author, year of publication, and country;
Study design (retrospective, prospective);
Preoperative imaging technique;
Where the predictive imaging features were extracted from (primary tumor, cervical

lymph nodes);
Software used for the radiomics-based analysis;
Recruitment time span;
Sample size: divided into primary/train cohort and validation/test cohort;
Tumoral subsite of the oral cavity and staging (TNM 8th edition);
Number of positive and negative LNs or number of patients with positive and

negative nodes;
Diagnostic quantitative data: sensitivity, specificity, accuracy (ACC), area under the

receiving operator curve (AUC).

2.3. Definition of the Outcomes, Synthesis of the Literature, and Meta-Analysis

In manuscripts where multiple ML models were implemented, we have chosen the
one with the highest AUC value. Due to the heterogeneity of the preoperative imaging
techniques, the segmentation and features extraction, it was not possible to meta-analyze
the papers; it was thus decided to critically discuss all the articles qualitatively.

2.4. Quality Assessment and Statistical Methods

The quality and the risk of bias of the articles included in this review were evaluated by
the Quality In Prognosis Studies (QUIPS) tool with any discrepancies resolved by consensus
by the authors [22]. Visualization of the risk-of-bias assessments was performed by creating
a traffic lights plot using the robvis tool (version 0.3.0.900) [23].

3. Results

A flowchart of the study selection process is reported in Figure 1. We identified a total
of 419 articles, we excluded 35 duplicates and 301 records because they were not relevant;
out of the 63 papers screened, a total of 10 manuscripts were selected for in-depth analysis
as shown in Table 1.

The majority of the articles (70%) were published in 2022, one in 2020, one in 2021 and
one in 2019, while none of the included articles was published before 2019.

All the studies were retrospective in nature and most of them were based on single-
center evaluation with a variable number of patients (total n = 1489; range = 40–313). The
preoperative imaging study was made using MRI in five studies, CT in four, and PET in a
remaining one.

A total of 60% of the articles focused on primary carcinoma of the tongue, amongst
other oral cavity subsites (gingiva, floor of mouth), with a predictable spotlight on early
stages (stage I–II).

In more than half of the cases, a validation cohort was screened using the same criteria
as that for the primary cohort. Where the segmentation subsite was the tumor, the partition
into the validation and the primary cohort was made among the patients; on the contrary,
when the subsite was the LN, the division was made among the examined LNs.

In 60% of the included articles, the predictive features for occult LNM were derived
from radiological features of the primary tumor, while in 30% they were derived from
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the features of the LNs; overall, the most accurate diagnostic models were derived using
tumor-based features.

The diagnostic performances of the included studies are summarized in Table 2.
Wang et al. [26] reported the highest AUC value (0.995), meanwhile, the least value was ob-
served by Kudoh [30] (0.79); ACC ranges from 0.68 to 0.975; sensibility and specificity, when
reported, are over 0.65 and 0.70, respectively, in two out of seven they were above 0.90.

Figure 1. PRISMA flow diagram.
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Table 2. Diagnostic performance of the included studies. ACC, accuracy; AUC, Area Under the
Curve; NA, not available.

Study Sensitivity Specificity ACC (95%CI) AUC (95%CI)

Wang Y et al., 2022 [24] 0.85 0.71 0.79 0.82

Tomita et al., 2021 [25] 0.74 0.88 0.85 0.85

Wang F et al., 2022 [26] 0.95 0.98 0.97 0.99

Kubo et al., 2022 [27] NA NA 0.85 0.92

Zhong et al., 2022 [28] 0.82 0.87 0.84 0.91

Committeri et al., 2022 [29] 0.94 0.98 0.96 0.93

Kudoh et al., 2022 [30] 0.65 0.70 0.68 ± 0.13 0.79

Traverso et al., 2020 [31] NA NA 0.70 (0.67–0.71) NA

Traverso et al., 2019 [32] NA NA NA 0.83

Ren et al., 2022 [33] 0.79 0.86 0.82 0.87 (0.77–0.96)

Only three studies included a comparative analysis of the ML model with the radiolo-
gists’ evaluation: Committeri et al. [29] demonstrated a better performance of radiomics
over the clinician’s performance, in Ren’s study [33] they were similar, and Wang Y [24]
reported slightly worse values for ML model. Expectedly, the combination of clinical and
ML models outperformed the single modality.

A traffic lights plot was created to visualize the risk-of-bias assessment (Figure 2), with
a moderate-to-low risk of bias among all the included studies.

Figure 2. Traffic lights plot [24–33].
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4. Discussion

In the present systematic review, we examined the use of radiomics-based analysis for
the detection of occult neck metastasis in OSCC. Given the prognostic value of any nodal
metastasis, early detection of OSCC and a comprehensive therapeutic strategy for both the
primary tumor and the associated lymph nodes are of utmost importance.

Radiomics is a growing area of research that extracts and models medical image
features using ML methods. Its goal is to implement AI algorithms in order to create
a more accurate, cost-effective, and patient-tailored diagnostic and/or therapeutic tool.
In the literature there are multiple studies that use radiomics for HN tumors: various
authors critically reviewed the developments in diagnostic and therapeutic approaches in
nasopharyngeal [34], laryngeal [35], thyroid [36], and salivary gland tumors [37]. Giannitto
et al. [38] focused the attention on the diagnostic accuracy and methodological quality items
in radiomics-based ML for the diagnosis of LNM in patients with HN cancer; however,
the review did not discriminate outcomes based on tumor subsite, with almost half of
the patients being affected by thyroid tumor. Additionally, Romeo et al. [39] used a
similar approach in the prediction of tumor grade and nodal status on oropharyngeal and
oral carcinomas.

ML models can be applied potentially to all imaging techniques, although it is pref-
erentially used for more standardizable and reproducible ones, such as CT and MR. In
the included papers, only Kudoh et al. [30] processed PET images and, interestingly, they
reported the lowest diagnostic performance. Moreover, like the vast majority of studies of
radiomics in HN, the studies herein analyzed are based on a single imaging modality.

Apart from the chosen imaging protocol, methodological heterogeneity is present also
in the delineation of the region of interest (ROI), in the software used for image elaboration
and radiomics feature extraction and processing.

Useful data on nodal status can be obtained even from the primary tumor mass
because it is probably related to tumor biological heterogeneity and aggressiveness. As a
matter of fact, the majority of the studies in our review extracted features from tumors (6),
while only three were from LNs.

By focusing on these latter, in Wang’s article [24] the inclusion criteria were as follows:
histopathologically proven OSCC who underwent ND and preoperative MRI contrast-
enhanced scans of the head and neck. The LN with the “largest volume or with unclear
edges and internal necrosis”, that is radiologically suspicious lymph nodes, were selected
as the ROI. Only eight features were used to build the radiomics model. Tomita’s study [25]
also included patients with histologically proven OSCC with benign or metastatic cervical
LNs and available preoperative contrast-enhanced CT data. ROIs were drawn across
all slices of the cross-sectional areas of the targeted LNs, that is those levels that were
known to harbor micrometastases at final histopathology. For the evaluation of the CT
scans, three radiologists independently assessed the LN status using specific criteria to
determine if they were considered metastatic. The AUC values of the best ML-based
model were superior to those of each individual human reader (p < 0.05); additionally,
there were significant differences in specificity and diagnostic accuracy rates between them,
demonstrating the potential of radiomics analysis in improving the accuracy of LN status
assessment compared to human readers. Lastly, Kubo et al. [27] focused on cN0 patients
diagnosed with tongue cancer who received treatment aimed at the primary tumor site
without additional therapies (elective ND, chemotherapy). For patients that developed
occult cervical LNM, but with no recurrence of the primary tumor, salvage surgery was
performed, and histological analysis confirmed the presence of metastatic squamous cell
carcinoma in these LNs. To analyze the CT scans, two radiation oncologists manually
contoured each neck node level slice by slice in the axial plane rather than the primary
tumor. It is crucial to point out that Wang Y [24] and Tomita [25] conducted an analysis
on patients with suspicious LN that could be detected preoperatively on the radiological
scans and then underwent ND. By comparing the results of AI-based analysis with clinical
assessments, they can evaluate the potential of ML-based models as a tool in diagnosing
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and predicting malignancy in patients with positive LNs. Unsurprisingly, the choice of the
ROI where to perform the extraction of the features was performed retrospectively. ML has
the main objective to identify occult nodal disease: even if the exact ROI may be ambiguous
where no radiologically suspicious region exists by definition, the anatomical levels most
at risk (e.g., ipsilateral I-II-III levels for a cancer of the lateral tongue margin) remain those
to assess with the focus on LNs rather than the primary tumor site, the researchers aim
to improve the accuracy of cervical nodal staging; furthermore, the primary tumor itself
could sometimes be challenging to contour accurately due to artifacts or its small size [27],
while contouring neck nodes could be a more standardized process with fewer variations
among different individuals.

Divergence in the qualitative items comes along with quantitative differences (e.g.,
number of images and/or features extracted). It is misleading to evaluate the performance
of ML when diverse choices, selection methods, and classifiers are applied because the
resulting models become sensitive to perturbation, contamination, and leakage of data.

Concerning the performance evaluation, and by excluding Kudoh’s results [30], AUC
is over 82% in the reviewed studies. Only three out of ten conducted generalizability
assessment with an independent (n = 1) or an external validation cohort.

There are many articles that introduce conventional imaging methods to predict
cervical LN status early in OSCC. Van den Brekel et al. [40] compared the performance
of ultrasound, CT, and MRI in 88 cN0 necks: sensitivity, specificity, and accuracy were
for ultrasound 58%, 75%, and 68%, for CT 49%, 78%, and 66%, for MRI 55%, 88%, and
75%, respectively; FDG-PET studies reported sensitivity and specificity are quite variable:
although this imaging modality is very useful in differentiating between benign and
metastatic cervical LNs, inflammation and small nodal size can affect the nodal status
assessment [41].

The current review found five studies that reported the traditional diagnostic perfor-
mance of the radiologists; it is interesting to note that the average AUC, ACC, sensibility,
and specificity curves of the clinicopathological factors were not always lower than those
of the radiomics features. Wang Y et al. [24] found that the AUC of the model of MRI
radiomic features was 0.88, which was better than that of the ADC and LN size; also
Tomita [25] claimed that the radiomics approach yielded better diagnostic performance for
differentiating between benign and metastatic cervical LNs than conventional CT; in Wang’s
article [26] multivariate logistic regression analysis identified MRI-reported LN status (OR
2.432, 95% CI, 1.093–5.411) as an independent predictor of LNM. Kudoh [30] demonstrated
that the 18F-FDG PET-based model had better potential for diagnosing cervical LNM and
predicting late LNM in patients with OSCC than the clinicopathological factors model.
Eventually, none of them performed a decision curve analysis to offer clinical guidelines
for the preoperative management of the patient.

The specificity of ultrasound-guided FNAC is approximately 100%, advantages of
the technique are its relatively low cost, lack of radiation exposure, and low-threshold
availability; the main drawbacks are the sampling error of the aspirate due to the small
size or inaccessibility of the LN and the operator-dependent nature of the procedure. If
radiomic features of the primary tumor can outperform diagnostic assessment of the neck
with imaging or ultrasound-guided FNAC is a demanding query to which we cannot give
an answer yet [42]. However, cross-sectional imaging has the advantage to perform a full
assessment of the lymph nodes, while FNAC is capable to sample only a part of it where
the tumoral cells might not be identified.

The ambition of AI-based models is to help clinical evaluations in detecting occult
LNM in OSCCs and unfortunately, a meta-analysis could not be conducted for the afore-
mentioned methodological issues: this is the first limitation of our work.

Other limitations that must be acknowledged are the failure to validate model perfor-
mance on a large, independent, external data set that prevents the applicability of findings
to populations at large scale; the absence of well-structured, public/open, and worldwide
“big data”, and of the methods used for training. AI-based algorithms notably require an
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enormous quantity of input information, therefore even in the face of over a thousand
patients, we are far from reaching a definite answer in this field [43]. In this regard, the
standardization of the automated methods, and the availability of high-quality open-source
data seem imperative. Moreover, no prospective studies have been conducted and there
is still the problem of “overfitting” which happens when AI gives undue importance to
spurious correlations within past data.

All the reviewed articles are retrospective and they support and echo these findings.
This systematic review is poor in terms of clinical utility evaluation. We conducted a

meticulous and independent search, according to PRISMA guidelines, of multiple online-
available databases in order to provide an overview of the best performance of radiomics in
LN status characterization in OSCCs; we wanted to highlight the strengths of this analysis
but also the weak points, in order to create a shared approach in terms of both feature
computation and methodology that will hopefully move this field of research to the routine
clinical practice.

This is a rapidly evolving research area. Nowadays, we can talk about “multi-omics”
data analysis (radiomics, genomics, proteomics, and metabolomics) that can be integrated
with clinicopathological factors to help in accurate disease prediction, patient stratification,
and delivery of precision medicine [44].

Radiomics prediction model has the potential to become a non-invasive diagnostic
tool for HN cancer and LN status before treatment. By digitizing and analyzing the medical
image data, the model’s predictions become more objective and standardized, thus reducing
potential subjectivity in the diagnosis process and human error. Secondly, models can be
validated and modified as more data becomes available, further enhancing its accuracy and
reliability; moreover, AI may support inexperienced doctors in the assessment of lesions.
This possibility also introduces medico-legal issues since the medical human judgment
can fail as well as the AI: who would be liable if a mistake is made during AI-enhanced
decision-making—such as ML-aided radiological diagnosis [45,46].

Cost-effective AI models can allow hospitals to incorporate the latter into daily clinical
use; in order to make it happen, in addition to the development of a shared database of
different medical centers from all over the world, prospective studies with a uniform and
standardized imaging and processing protocol applied on a large and homogeneous cohort
with an independent and/or external validation cohort should be conducted.

5. Conclusions

This systematic review provides an overview of the performance of radiomics-based
models concerning the LN status in OSCCs. From our preliminary findings, the addition
of AI-based models in the assessment of preoperative imaging may satisfactorily improve
the detection of pathological lymph nodes in OSCC’s patients. Future reproduction of our
results in other cohorts and by a uniform analytical protocol is anticipated. Finally, a proper
clinical validation of these models in terms of oncological endpoints such as survival and
disease-free recurrence is needed before incorporating these models in the decision-making
process for these patients.
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