
ORIGINAL ARTICLE

Lasers in Medical Science           (2024) 39:77 
https://doi.org/10.1007/s10103-024-04027-w

the known drawbacks of radiotherapy are the impossibil-
ity of reusing radiation for a recurrent or another primary 
tumor; long treatment duration with associated increased 
costs; related complications (xerostomia, accelerated 
carotid artery narrowing, hypothyroidism, laryngeal 
chondronecrosis, etc.); induction of second malignancy 
in the head and neck region [5–8]. Reported open sur-
gery disadvantages are: cutting/resection of normal ana-
tomic structures; temporary tracheostomy; swallowing 
impairment in the postoperative period; common devel-
opment of cicatricial airway stenosis after the surgery; 
long hospitalization period [9, 10]. Nowadays, transoral 
CO2 laser microsurgery is the mainstay in the surgical 
treatment of glottic carcinoma, nevertheless, this method 
also has limitations, mostly, due to anatomic particulari-
ties (temporomandibular joint ankylosis, short mandible, 
large tongue base, insufficient neck extension, etc.) that 
cause inadequate lesion exposure, and contraindications 
for general anesthesia [4, 11, 12].

Office-based laryngeal surgery is an evolving trend 
in modern laryngology that is successfully used in the 

Introduction

Carcinoma of the larynx represents about 30–40% of head 
and neck malignancies [1]. The glottic part of the larynx 
is affected in approximately 60% of cases [1, 2]. The defi-
nition of early glottic carcinoma is not unanimous. Some 
experts define it as early glottic cancer only Tis, T1a, and 
T1b stages [3]. Other authors also consider the T2 stage 
as early carcinoma [4]. The regional lymph node involve-
ment in T1 glottic cancer is rare (under 1%) [3].

Radiotherapy, open surgery, and transoral CO2 laser 
microsurgery have comparable oncological efficacy 
in the treatment of early glottic carcinoma, but all the 
above-mentioned methods have shortcomings. Some of 
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Abstract
The objective of this study was to demonstrate the oncologic efficacy of awake endoscopic laryngeal surgery in the treat-
ment of T1-T2 glottic carcinoma. This is a retrospective study. Seventy-one patients with early glottic carcinoma (T1a- 26, 
T1b- 18, T2- 27) who underwent awake flexible endoscopic laryngeal surgery under local anesthesia and mild intravenous 
sedation were included in the study. In 64 cases (90.1%) only endoscopic tumor ablation by Nd:YAG laser (in 32.4% of 
cases being preceded by diathermy snare excision) was performed, and in 7 T2 cases postoperative radiotherapy was also 
offered. There were no complications during or after the endoscopic surgery. Ultimate control of disease, including salvage 
treatment, was obtained in 67 patients (94.4%). Cure without recurrence was achieved in 60 cases (84.5%). Local control 
without salvage radiotherapy or/and open surgery was achieved in 64 (90.1%) patients. Larynx preservation was obtained 
in 66 (93.0%) cases. At 5 years from the beginning of endoscopic treatment, 74.6% of the patients were alive and free of 
disease. The best results were obtained in the T1a group of treated patients, all the patients being free of disease with the 
preserved larynx. Awake endoscopic laryngeal surgery is a safe and oncologically efficient method of treatment of early 
glottic carcinoma that can be considered as an alternative to the traditional approach, primarily, for patients with risks/
contraindications for radiotherapy, general anesthesia, and transoral microsurgery, and also for the patients who prefer to 
avoid general anesthesia with its related risks and would rather choose office-based laryngeal surgery.
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management of benign and premalignant laryngeal 
lesions, and is preferred by the majority of patients [13], 
but is rarely practiced for the treatment of glottic carci-
noma. Awake flexible endoscopic laryngeal surgery has 
the potential to overcome the limitations of transoral CO2 
laser microsurgery, but it is still unclear if this method 
is oncologically effective and safe for the patients. The 
objective of this study was to demonstrate the safety and 
oncologic efficacy of awake endoscopic laryngeal sur-
gery (AELS) in the treatment of T1-T2 glottic carcinoma.

Materials and methods

This manuscript was approved by the Institutional Eth-
ics Committee of “Timofei Moșneaga” Republican Clini-
cal Hospital. This is a retrospective study. We performed 
flexible endoscopic laryngeal surgery (FELS) on 124 
patients with T1-T2 glottic carcinoma in the period from 
1993 to 2022. All surgical procedures were performed by 
a single surgeon who has skills in interventional bron-
choscopy. In 77 cases (62.1%) interventions were per-
formed as awake procedures under local anesthesia and 
mild intravenous sedation. Written informed consent 
was obtained from the patients. Selection criteria for the 
study were the following: (1) consecutive patients with 
T1-T2, N0, M0 glottic carcinoma without vocal cord 
mobility impairment, (2) time interval of at least 5 years 
after the endoscopic treatment, and (3) at least 2 years of 
the follow-up period (i.e. patients who met the first two 
criteria, but were not lost to follow-up and did not die 
from unrelated reasons before 2 years of the follow-up 
period). For this reason, 6 patients were excluded from 
the study (1 patient was under observation for 18 months, 
2 patients died from unrelated reasons before 2 years of 
follow-up, and 3 patients were lost to follow-up before 2 
years from the surgery (Fig. 1).

The first awake intervention for glottic carcinoma was 
performed on 10.03.1993. At that time, the clinic did not 
have either a CO2 laser or surgical microscope. The only 
available options for patients with glottic cancer were 
either radiotherapy or open surgery. Having some experi-
ence in using Nd:YAG laser through the flexible bron-
choscope for endoscopic ablation of tracheobronchial 
tumors, we proposed these tools for the ablation of glottic 
tumors. The patients were informed about awake endo-
scopic surgery as an alternative to radiotherapy and open 
surgery, and the preserved availability of both above-
mentioned methods in case of endoscopic approach 
failure. Many patients readily accepted the proposed 
alternative. Patient cooperation is critical during awake 
endoscopic procedures. The grade of patient compliance 

is estimated during the diagnostic flexible laryngoscopy 
with tumor biopsy by flexible forceps. Selection criteria 
for the awake endoscopic surgery were: contraindica-
tions or major risk for general anesthesia and/or transoral 
microsurgery, predominantly due to anatomical particu-
larities (short neck, insufficient head extension, temporo-
mandibular joint ankylosis, poor anterior commissure 
exposure, etc.), the patient desire to undergo an awake 
endoscopic surgery, and patient compliance and ability 
to tolerate the procedure. The cases with many treatment 
sessions are related to the above-mentioned period of 
lack of equipment for transoral laser surgery.

For AELS we used a therapeutic flexible bronchoscope 
with a 2.6-3.0 mm working channel (models: BF-1T10, 
BF-TE2, BF-1T60 (“Olympus”, Japan)), flexible guide-
based Nd:YAG laser (wavelength: 1064 nm, model: 
LTN-102 (Russia)), a diathermy snare (oval-shaped, size 
10–15 mm (“Micro-Tech”, China)), and flexible biopsy 
forceps (4.5 mm cup opening (“Micro-Tech”, China)). 
The accessories (laser guide, forceps, diathermy snare) 
were delivered to the target lesion through the working 
channel of the bronchoscope. Patients were treated in 
sitting up-right position. After mild intravenous seda-
tion and local anesthesia of the nasal and pharyngeal 
mucosa with Lidocaine spray 10% (“Egis Pharmaceuti-
cals”, Hungary), the bronchoscope was introduced trans-
nasally to the laryngeal aditus. Laryngeal mucosa was 
anesthetized with Lidocaine 2% instilled through a cath-
eter (model: PR-2B (“Olympus”, Japan)), inserted in the 
working channel of the bronchoscope, during phonation, 
producing a laryngeal gargle. Flat and infiltrative lesions 
were ablated by laser in continuous near non-contact 
mode, the power being set up to 40 W. In the presence 
of a bulky exophytic component of the tumor, diathermy 
snare excision was performed in some cases, and the 
laser was applied as a second-line tool for the ablation 
of the residual lesion (Fig. 2). When necessary, repeated 
sessions of AELS were performed with a time interval of 
2–7 days. Control biopsy from the tumor bed was not per-
formed routinely immediately after the intervention, but 
was performed at follow-up flexible laryngoscopic exams 
only in case of suspicion of persistent/ recurrent tumor.

The data were recorded and analyzed using Microsoft 
Office Excel 2007 (Redmond, WA, USA) and SPSS ver-
sion 20.0 (IBM, Armonk, NY, USA).

Results

According to the selection criteria, 71 patients were eli-
gible for the study (males- 65, females- 6). The age of the 
patients varied from 18 to 83 years (mean – 56.8 ± 11.6 
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years). The histological structure of the tumors was as 
follows: squamous cell carcinoma-54, verrucous carci-
noma-13, hybrid verrucous carcinoma-1, and spindle cell 
carcinoma-3. In 67 (94.4%) cases we dealt with primary 
tumors and in 4 cases (5.6%) patients presented with 
recurrent (2) or persistent (2) tumors after radiotherapy. 
According to the tumor extent, 26 patients (36.6%) had 
T1a stage, 18 patients (25.4%) - T1b stage (vocal fold 
carcinoma with anterior commissure involvement was 
considered as T1b stage), and 27 patients (38.0%) – T2 
stage of disease (due to supraglottic or/and subglottic 
extension of the tumor without impairment of vocal cord 
mobility). The anterior commissure involvement was in 
42 cases (59.2%). In 64 cases (90.1%) only endoscopic 
treatment was applied, and in 7 cases (all of them - T2) 

postoperative radiotherapy was also offered. The follow-
ing endoscopic techniques were applied: Nd:YAG laser 
ablation as a single technique – in 48 (67.6%) cases, and 
laser ablation preceded by diathermy snare excision of 
the tumor – in 23 (32.4%) cases. The number of treatment 
sessions varied from 1 to 9 (mean – 1.9). In 34 (47.9%) 
cases treatment was realized in one session.

There were no complications during or after the endo-
scopic surgery. No patients had swallowing problems. 
Ultimate control of disease, including salvage treatment, 
was obtained in 67 patients (94.4%). Cure without recur-
rence was achieved in 60 cases (84.5%). Recurrent dis-
ease with successful salvage treatment was registered 
in 7 patients. In 6 (85.7%) cases disease recurrence 
occurred during 2 years after surgery and in 1 case – after 

Fig. 1 Inclusion and exclusion criteria for study participants and outcome summary
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2 patients were lost to follow-up. Death of disease was 
registered in 4 cases (5.6%). Primary tumor progression 
was observed in 2 of these cases and regional metastatic 
disease without recurrence of the primary tumor- in the 
other 2 cases. At 5 years from the beginning of endo-
scopic treatment, 53 patients (74.6%) were alive and free 
of disease (Table 1). The best results were obtained in 
the T1a group of treated patients, all the patients being 
free of disease with the preserved larynx (Table 2). In the 

4 years. From 7 patients with recurrent disease, 4 patients 
underwent repeated FELS, salvage radiotherapy (RT) 
was offered to 1 patient, open partial laryngectomy was 
performed in 1 case, and 1 patient underwent total lar-
yngectomy. Local control (LC) without salvage RT or/
and open surgery was achieved in 64 (90.1%) patients. 
Larynx preservation (LP) was obtained in 66 (93.0%) 
cases. In the time interval from 2 up to 5 years after endo-
scopic surgery, 12 patients died of unrelated reasons and 

Fig. 2 Verrucous carcinoma of the glottis (T2). a: before the treatment; b: diathermy snare excision; c: Nd:YAG laser ablation; d: two years after 
endoscopic surgery
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Endoscopic laser surgery as primary treatment is 
attractive, particularly, because it leaves more salvage 
options in case of initial treatment failure and the future 
appearance of a new malignancy in the head and neck 
region [3, 14, 15]. Nowadays, transoral CO2 laser micro-
surgery is the most used surgical method for glottic car-
cinoma management, being considered the gold standard 
[14, 16]. In the recent 2 decades, due to the development 
of fiber-based laser technology, other types of lasers, 
such as PDL, KTP, Thulium, Nd:YAG, and diode, have 
been also used in laryngology. Karkos et al., in a review 
article, report that 980 nm diode laser microsurgery has 
similar oncologic results, compared to CO2 laser, men-
tioning improved access to difficult-to-reach areas, such 
as the anterior commissure [14].

Laser ablation, as an alternative to laser resection, has 
been gaining popularity in recent years. There are pub-
lications related to glottic carcinoma ablation by tran-
soral microsurgery using fiber-based lasers (mainly, KTP 
laser) [15–22]. Zeitels et al., using KTP laser as an abla-
tion tool, demonstrated comparable oncological results to 
CO2 laser resection in the treatment of early glottic car-
cinoma [15]. Suppah et al., in a systematic review, also 
mention similar oncological outcomes of KTP laser abla-
tion to CO2 laser resection, mentioning improved voice 
outcomes [22].

Office-based awake laryngeal surgery is a developing 
trend in modern laryngology that has gained popularity 
in recent years, offering such advantages as avoidance 
of general anesthesia risks, cost-effectiveness, and time 
economy, but available publications include, mostly, 
small series related to benign and premalignant lesions 
management [23–29]. Office-based awake laryngeal 

group of cured patients (67), 53 (79.1%) patients were 
followed up for more than 5 years (Table 3). The mean 
follow-up period in this group was 120 months. In the 
group of patients that were cured with larynx preserva-
tion (66), satisfactory long-term voice outcome/ mild 
dysphonia was registered in 27 cases (40.9%), moderate 
dysphonia – in 18 cases (27.3%), and severe dysphonia – 
in 21 cases (31.8%). Mild dysphonia was predominant in 
the T1a subgroup (88.5%), moderate dysphonia – in the 
T1b subgroup (62.5%), and severe dysphonia – in the T2 
subgroup (58.3%) (Table 4).

Discussion

The treatment approach to early glottic carcinoma is still 
debatable. Radiation therapy, open surgery, and endo-
scopic surgery demonstrate similar oncological results 
and the treatment approach is largely dependent on insti-
tutional traditions, specialists preferences, and equip-
ment availability.

Table 2 Results of glottic carcinoma treatment, related to tumor stage
Results T1a (26) T1b (18) T2 (27) Totally (71) χ2 P-value
Cure (free of disease) 26/26 (100%) 17/18 (94.4%) 24/27 (88.9%) 67/71 (94.4%) 3.08 > 0.05
Cure without recurrence 24/26 (92.3%) 15/18 (83.3%) 21/27 (77.8%) 60/71 (84.5%) 2.16 > 0.05
Cure without salvage RT and/or open surgery 25/26 (96.2%) 16/18 (88.9%) 23/27 (85.2%) 64/71 (90.1%) 1.84 > 0.05
Cure with larynx preservation 26/26 (100%) 16/18 (88.9%) 24/27 (88.9%) 66/71 (93.0%) 3.11 > 0.05
Death of disease 0/26 (0%) 1/18 (5.6%) 3/27 (11.1%) 4/71 (5.6%) 3.08 > 0.05

Table 3 Follow-up period in the group of cured patients
Follow-up period No. patients
2–3 years 6
3–5 years 8
5–10 years 22
10–15 years 18
15–20 years 9
20–25 years 3
> 25 years 1
Mean = 10 years Totally = 67

Table 4 Long-term voice outcome in the group of cured patients with preserved larynx
Voice quality T1a (26) T1b (16) T2 (24) Totally (66) χ2 P-value
Satisfactory/ mild dysphonia 23/26 (88.5%) 1/16 (6.2%) 3/24 (12.5%) 27/66 (40.9%) 46.41 < 0.01
Moderate dysphonia 1/26 (3.8%) 10/16 (62.5%) 7/24 (29.2%) 18/66 (27.3%)
Severe dysphonia 2/26 (7.7%) 5/16 (31.3%) 14/24 (58.3%) 21/66 (31.8%)

Result at 5 years of follow-up No. patients (%)
Alive and free of disease 53 (74.6%)
Died of unrelated reasons (2–5 years of follow-up period) 12 (16.9%)
Lost to follow-up (2–5 years of follow-up period) 2 (2.8%)
Died of disease 4 (5.6%)
Totally 71 (100%)

Table 1 Results at 5 years from 
the beginning of endoscopic 
treatment of glottic carcinoma
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missed, and, as a result, these tumors are often under-
staged, with T3 and T4 tumors being treated as T1b and 
T2. Taking this into account, a part of specialists do not 
recommend endoscopic laser surgery for tumors involv-
ing the anterior commissure [36]. As the anterior com-
missure involvement was registered in the majority of 
the patients, included in our study (59.2%), we did not 
expect a great voice outcome in this subgroup of patients. 
We consider sparing the anterior commissure during sur-
gery for obtaining a better voice outcome not relevant 
in patients with glottic carcinoma because it is related 
to an increased risk of a persistent tumor, so oncologi-
cal outcome should be a priority. The limitation of abla-
tive techniques is the absence of tumor resection margins 
that could be examined histologically. This drawback can 
be compensated by a control biopsy from the tumor bed 
[16, 19] and a “wait and see” strategy, taking into con-
sideration the accessibility of the glottic region for visual 
examination [39]. Patient cooperation and closely sched-
uled follow-up flexible laryngoscopy exams can ensure 
early detection of potential tumor recurrence. According 
to our follow-up protocol, we recommend office flexible 
laryngoscopy once a month during the first year after sur-
gery, once in 2 months during the second year, once in 3 
months during the third year, once in 6 months during the 
fourth and fifth year, and once a year after 5 years. In T2 
disease, we also recommend neck ultrasonography once 
in 3 months during the first two years after the surgery.

Conclusion

Awake endoscopic laryngeal surgery is a safe and onco-
logically efficient method of treatment of early glottic 
carcinoma that can be considered as an alternative to the 
traditional approach, primarily, for patients with risks/
contraindications for radiotherapy, general anesthesia, 
and transoral microsurgery, and also for the patients who 
prefer to avoid general anesthesia with its related risks 
and would rather choose office-based laryngeal surgery.
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surgery seems to be preferred by the majority of patients. 
In the study by Rees et al. (2006), the authors mention 
that the vast majority (87%) of 54 patients with aerodi-
gestive tract lesions who underwent both, operating room 
laser surgery under general anesthesia and office-based 
awake laser surgery for the same pathosis, preferred 
awake procedure, and 83% of these patients found the 
in-office unsedated treatment more comfortable than the 
surgery in the operating room [13].

Awake flexible endoscopic laryngeal surgery permits 
overcoming such limitations of traditional transoral CO2 
laser microsurgical approach as difficult anatomy and a 
major risk for general anesthesia, but there is a lack of 
publications relating to awake laryngeal surgery for glot-
tic cancer. Lai et al. (2001) for the first time in English 
literature reported performing awake fiberoptic laryngo-
scopic laser treatment for early glottic carcinoma. The 
authors presented their experience of using Nd:YAG 
laser under local anesthesia in 34 patients with Tis and 
T1 glottic carcinoma, with a cure rate of 85.2% [30]. 
Wellenstein et al. (2018), in a review article, state the 
absence of studies related to office-based laser surgery 
for early glottic carcinoma [31]. Lechien et al. (2021), 
in a systematic review article, mention that the use of 
KTP laser in the office for malignant lesions is contro-
versial [21]. We have not found in accessible English 
literature any other studies related to AELS for glottic 
carcinoma. To our knowledge, this manuscript presents 
the largest series of glottic carcinoma patients, treated by 
awake laryngeal surgery using Nd:YAG laser, with long-
term follow-up. The obtained results (overall LC rate 
of 94.4%, LC without salvage RT or/and open surgery 
of 90.1%, and LP rate of 93.0%) are comparable with 
those obtained by radiotherapy [32–35], open surgery 
[36], and transoral CO2 laser microsurgery [37, 38]. The 
results, obtained in the T1a subgroup of patients (overall 
LC rate of 100%, LC without salvage RT or/and open 
surgery of 96.2%, and LP rate of 100%) are particularly 
encouraging. The limitations of this study are the lack of 
a thorough voice outcome assessment and a comparison 
of pre and post-treatment voice outcomes that would be 
useful for a follow-up study. Future studies could also 
compare the relative voice improvements after different 
oncologic treatments. Concerning the voice outcome, it 
mostly depended on the tumor extent and, particularly, on 
the anterior commissure involvement that worsened the 
voice quality. None of the follow-up patients had regrets 
about their treatment choice regardless of the voice qual-
ity, being grateful for their disease-free survival and 
organ preservation. The cases with tumor affection of 
the anterior commissure are challenging for endoscopic 
treatment. The thyroid cartilage involvement is often 
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