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Original Investigation

Objective: To evaluate the reliability of frozen section 
analysis in transoral laser laryngectomy (TOLL).

Methods: A retrospective analysis was conducted for 
patients who underwent TOLL in a university hospital 
between January 2012 and February 2014. The grade of 
the tumor and the histopathological diagnosis were not-
ed. The results of frozen section pathologies and routine 
histological examinations were compared.

Results: A total number of 84 sections from 21 patients 
with a mean age of 57.3 years were included in the study. 
All the patients were operated with superpulse contin-
uous mode carbon dioxide laser with a power of 5–8 
watts. Squamous cell carcinoma was histologically diag-

nosed in all patients. The tumor was grade 1 in 80.95% 
of the patients, grade 2 in 9.52%, and grade 3 in 9.52%. 
A routine histopathological examination confirmed the 
frozen section in 94.04% of the patients.

Conclusion: Laser surgery is a commonly preferred 
treatment modality in early-stage laryngeal carcinomas, 
in particular. However, a safe surgical margin is a de-
bate in transoral laser surgery. In light of our results, we 
can conclude that frozen section pathology is a reliable 
method to achieve safe surgical margins in TOLL.
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Introduction
The term “laser” originated as an English acronym 
for “light amplification by stimulated emission of 
radiation” (1). The foundation of the studies related 
to laser was established by the radiation theory of 
Einstein in 1917 (2). The use of laser in ear-nose-
throat (ENT) procedures began with the discovery 
of carbon dioxide laser (CL) in 1965 and Polanyi’s 
putting this into practice by developing articulat-
ed arm system in 1968 (3). The most commonly 
used types of laser in ENT are argon, neodymi-
um-doped yttrium aluminum garnet (Nd:YAG), 
potassium titanyl phosphate (KTP), and CL. 
These laser types can be used for treating various 
diseases according to their wavelengths and pene-
tration depth. The most common technique used 
in laser therapy of laryngeal cancers is CL with the 
wavelength of 10.6 μm and the penetration depth 
of 0.03 mm.

The first study on the use of CL in endoscopic mi-
crosurgery of laryngeal cancers was conducted by 
Strong and Jako in 1972 and its use has become 
widespread since then (4). Particularly, laser sur-
gery for transoral excision of early stage tumors is 
preferred by many surgeons because it allows ei-
ther bleeding control or removal of more tissues. 

However, since exposition is more limited in tran-
soral approach for laryngeal cancers than in open 
interventions, difficulties can sometimes be experi-
enced in excising tumor safely. At this point, frozen 
section examination (FSE) becomes an important 
guide for surgeon. FSE allows for the control of 
the presence of residual tumor tissue after excision 
as well as providing mapping of tumor

In this study, it was aimed to evaluate the reliabil-
ity of FSE for reaching intraoperetively safe surgi-
cal margins in patients undergoing transoral laser 
laryngectomy (TOLL).

Methods
In our study, the files of patients having undergone 
TOLL with CL by the same surgeon (MKG) in 
the ENT Clinic of Medical Faculty in Ankara 
University between January 2012 and February 
2014 were reviewed retrospectively. The patients 
who were operated with another laser type except 
CL or whose file did not include a note on FSE 
were excluded from the study. Demographic data, 
histopathological examination results, and tumor 
stage of patients were recorded. The findings of 
the FSE performed and assessed by a pathologist 
during surgery and postoperative routine histo-
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pathological examination of the same sections were compared. 
Written informed consents were obtained from all patients par-
ticipating in the study. 

Results
Eighty four sections taken from 21 patients (18 male and 3 fe-
male) who met the criteria of the study were included. The mean 
age was 57.3±11.2 years (41-67 years). All patients were operat-
ed with superpulsed CL at the power of 5-8 watt in continuous 
mode (Lumenis; 30C®, Yokneam, Israel). Although this amount 
of energy seems high for the surgery of glottic and supraglottic 
plane, it was preferred by the surgeon because of its being effec-
tive in bleeding control and not causing tissue injury. Preopera-
tive histopathological diagnosis of all patients was squamous cell 
carcinoma (SCC) (Figure 1). Of the tumors, 11 were well-dif-
ferentiated SCC, 8 were moderately-differentiated SCC, and 
2 were poorly-differentiated SCC. Localizations and stages of 
tumors are shown in Table 1 in detail. Clinical and radiological 
examinations revealed no neck metastasis in any early stage tu-
mor. All of stage 3 tumors were with localization of supraglottic 
region. All of patients with stage 3 tumors located in the supra-
glottic region underwent bilateral selective neck dissection (level 
1-5) two weeks after the excision of tumor. 

In 79 of 84 sections taken from patients, the results of FSE and 
postoperative routine histopathological examination were found 
to be consistent with each other. Accordingly, the reliability rate 
of FSE in this study was detected to be 94.04%. All of 5 sec-
tions, the results of which were inconsistent, were taken from 
patients having stage 1 glottic tumor. Of these sections, FSE in 
4 was reported as thermal artifact (laser artifact) and they were 
evaluated to be safe surgical margin in routine histopathologi-
cal examination. On the other hand, in the other inconsistent 
section, FSE was reported as malignant and histopathologically 
evaluated to be safe surgical margin. 

Discussion
The basic philosophy of cancer surgery is to excise the whole 
lesion in safe surgical margins without leaving residual tumor 
tissue. For reaching safe surgical margins, an amount of normal 
tissue in the neighborhood of tumor is usually excised as safety 
margin. However, if tumor is localized in an organ that can lead 
to severe morbidity, such as larynx, in case of much excision, 
these margins should be determined more carefully. 

The procedure of freezing tissues for taking sections was first 
performed by Glaskow in 1882. However, the application was 
conducted not for intraoperative evaluation but for biopsy and 
autopsy materials (5). Although various trials and definitions 
were carried out on FSE in the following years, the article of 
Louis Wilson turned a new page related to the use of FSE for 
intraoperative evaluation in 1905 (6). At present, with the de-
velopment of microscope, optic technology, and sectioning tech-
niques, FSE can be performed in a short time and it can guide 
surgeon during operation, with results having high accuracy rate. 

In large series investigating the reliability of FSE, rates ranging 
from 95.1% to 98.2% were revealed (6, 7). Samples taken from 
all body tissues were evaluated in these studies. Similar results 
can be seen in the examination of the studies on only head and 
neck cancers (8-12). 

A considerable increase is seen in the number of studies related 
to endolaryngeal laser surgery, especially in recent years (8-10). 
However, the results of FSE in patients having undergone laser 
surgery are not included in these studies. Ord et al. (11) reported 
the rate of consistency as 99% for 307 FSE taken from 39 pa-
tients with squamous cell carcinoma of the oral cavity. DiNardo 
et al. (12) found this rate as 98.3% for 420 FSE from 80 patients 
having squamous cell carcinoma in the head and neck region, 
but the reliability rate of 71.3% reported for near or positive sur-
gical margin is a more remarkable finding of this study. Pathak 
et al. (13) investigated oral cavity carcinomas in 416 patients in 
their series and they stated that FSE did not affect local recur-
rence and survival. In our literature review, only one study inves-
tigating the reliability of FSE in TOLL was found. In this study, 
Remacle et al. reported a consistency rate of 94.8% in DPKs 
of 97 patients who were applied transoral CL cordectomy (14). 

In FSE studies, pathologists take on a big task. Sections should 
definitely be evaluated by an experienced clinician. In addition, 
it is very important that surgeon should take a sample in ade-
quate size and from accurate area. The most frequently encoun-
tered problems in FSE procedures are thermal artifacts and tis-

Table 1. Localizations and stages of tumor

 Glottic Supraglottic Total

Stage I 11 (%64.7) 6 (%35.3) 17

Stage II 2 (%100) - 2

Stage III - 2 (%100) 2

Total 13 (%61.9) 8 (%38.1) 21

Figure1. Squamous cell carcinoma (H&E, X100)
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sues taken in inadequate size. In Figure 2, a thermal artifact in 
our case series is seen. And, an inadequate sample is presented in 
Figure 3. Furthermore, a sample belonging one of our cases and 
being reported as fibrosis in FSE is shown in Figure 4. 

Of 21 patients included in our study, 19 had early stage tumor. 
The reliability rate of 94.04% was consistent with other studies 
in literature. Considering previous studies and our case series, 
the conclusions can differ. In this evaluation in which person-
al experience is very important, it is difficult to form a sam-
pling group in which all variables are distributed homogenously. 
However, it is seen in literature that studies have been conduct-
ed with similar methodology. We believe that further multi-cen-
tered studies on this issue will be more guiding. 

Conclusion
In conclusion, the results obtained in our study suggest that 
FSE is a reliable technique for reaching safe surgical margins 
in TOLL. Besides that, surgeon’s taking biopsy through appro-
priate technique, the tissue to be evaluated by an experienced 
pathologist, and when necessary, assessment of the tissue by 
both surgeon and pathologist together are important for getting 
accurate results. 

Ethics Committee Approval: Ethics committee approval was received 
for this study from the ethics committee of Ankara University Faculty 
of Medicine Clinical Researches Ethical Committee (numbered 11-
445-15 in 22.06.2015). 

Informed Consent: Written informed consent was obtained from pa-
tients who participated in this study.

Peer-review: Externally peer-reviewed. 

Author Contributions: Concept - E.O., S.B. Design - M K.G., G.A.; 
Supervision - S.B., M.K.G.; Materials - A.K., E.O.; Data Collection 
and/or Processing - G.A., E.O.; Analysis and/or Interpretation - A.K., 
E.O.; Literature Review - G.A., E.O.; Writing - E.O., S.B.; Critical 
Review - A.K., M.K.G.

Conflict of Interest: No conflict of interest was declared by the authors

Financial Disclosure: The authors declared that this study has received 
no financial support. 

References
1. Dursun G, Gokcan MK. KBB ve Lazer. Ankara: Detamat 

Yayıncılık; 2006.
2. Einstein A. Zur quantum theorie der strahlung. Phys Zeit 1917; 

18: 121-8.
3. Simpson GT, Polanyi TG. History of the carbon dioxide laser in 

otolaryngologic surgery. Otolaryngol Clin North Am 1983; 16: 
739-52.

4. Strong MS, Jako GJ. Laser surgery in the larynx: early clinical ex-
perience with continuous CO2 laser. Ann Otol Rhinol Laryngol 
1972: 81: 791-8.

5. Gal AA. The centennial anniversary of the frozen section technique 
at the Mayo Clinic. Arch Pathol Lab Med 2005; 129: 1532-5.

6. Novis DA, Gephardt GN, Zarbo RJ, College of American Pathol-
ogists. Interinstitutional comparison of frozen section consultation 
in small hospitals: a College of American Pathologists Q-Probes 
study of 18,532 frozen section consultation diagnoses in 233 small 
hospitals. Arch Pathol Lab Med 1996; 120: 1087-93.

Figure 2. Thermal artifact (H&E, X200)

Figure 3. Inadequate tissue (H&E, X40)

Figure 4. Fibrosis (H&E, X40)

Turk Arch Otorhinolaryngol 2015; 53: 51-4 Ocak et al. Frozen Section Pathology in Laser Surgery 53



7. Winther C, Graham M. Accuracy of frozen section diagnosis: a retro-
spective analysis of 4785 cases. APMIS 2011; 119: 259-62. [CrossRef]

8. Fang TJ, Courey MS, Liao CT, Yen TC, Li HY. Frozen margin 
analysis as a prognosis predictor in early glottic cancer by laser 
cordectomy. Laryngoscope 2013; 123: 1490-5. [CrossRef ]

9. Lucioni M, Bertolin A, D’Ascanio L, Rizzotto G. Margin photocoag-
ulation in laser surgery for early glottic cancer: impact on disease local 
control. Otolaryngol Head Neck Surg 2012; 146: 600-5. [CrossRef ]

10. Holton C, Cruickshank HE, High AS, Maclennan K, Makura 
ZG. Paediatric granular cell tumour of the larynx: case report of 
laser resection with frozen section. J Laryngol Otol 2007; 121: 
506-9. [CrossRef ]

11. Ord RA, Aisner S. Accuracy of frozen sections in assessing margins in 
oral cancer resection. J Oral Maxillofac S 1997; 55: 669-71. [CrossRef]

12. DiNardo LJ, Lin J, Karageorge LS, Powers CN. Accuracy, utility, 
and cost of frozen section margins in head and neck cancer sur-
gery. Laryngoscope 2000; 110: 1773-6. [CrossRef ]

13. Pathak KA, Nason RW, Penner C, Viallet NR, Sutherland D, Kerr 
PD. Impact of use of frozen section assessment of operative mar-
gins on survival in oral cancer. Oral Surg Oral Med Oral Pathol 
Oral Radiol Endod 2009; 107: 235-9. [CrossRef ]

14. Remacle M, Matar N, Delos M, Nollevaux MC, Jamart J, Lawson 
G.Is frozen section reliable in transoral CO2 laser-assisted cordecto-
mies? Eur Arc Otorhinolaryngol 2010; 267: 397-400. [CrossRef ]

Turk Arch Otorhinolaryngol 2015; 53: 51-4Ocak et al. Frozen Section Pathology in Laser Surgery54

http://dx.doi.org/10.1111/j.1600-0463.2011.02725.x
http://dx.doi.org/10.1002/lary.23875
http://dx.doi.org/10.1177/0194599811433270
http://dx.doi.org/10.1017/S0022215107005701
http://dx.doi.org/10.1016/S0278-2391(97)90571-1
http://dx.doi.org/10.1097/00005537-200010000-00039
http://dx.doi.org/10.1016/j.tripleo.2008.09.028
http://dx.doi.org/10.1007/s00405-009-1101-x

