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Abstract
Fine-needle aspiration (FNA) biopsy reliably diagnoses parotid gland lesions preoperatively, whereas intraoperative frozen 
section (FS) has the additional benefit of assessing surgical margins and refining diagnoses; however, the role of FS in the 
setting of prior FNA diagnosis is not well established. Our aim was to determine whether FS should still be performed after 
a prior FNA/ CNB diagnosis. Parotid gland resections from January 2009 to January 2020 were identified; however, only 
patients who had both FNA and FS constituted our study population. For the purpose of statistical analysis, FNA diagnoses 
were classified into non-diagnostic (ND), non-neoplastic (NN), benign neoplasm (BN), indeterminate, and malignant. FS 
diagnoses were classified into benign, indeterminate, or malignant. Resections were dichotomized into benign and malignant 
and regarded as the gold standard to subsequently calculate diagnostic accuracy of FNA and FS. A total of 167 parotid gland 
resections were identified, but only 76 patients (45.5%) had both FNA and FS. In 35 cases deemed as benign preoperatively, 
three (8.6%) were reclassified as malignant on FS. Out of 18 lesions reported as malignant on FNA, four (22.2%) were inter-
preted as benign on FS, with three of these benign lesions confirmed on permanent slides. In addition, in patients with both 
FNA and FS, compared to FNA, FS was able to provide a definitive diagnosis in all five ND cases and in 61.1% (11/18) of 
indeterminate tumors. Intraoperative assessment provided a relative increase of 33.3% in specificity and 38.5% in positive 
predictive value when compared to preoperative FNA. The addition of FS to FNA was helpful to further refine the diagnoses 
of parotid gland lesions, which may provide better guidance for surgical intervention.
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Introduction

Salivary gland (SG) tumors are rare in the United States. 
While most of these neoplasms originate in the parotid gland 
and are benign, it is estimated that one per 100,000 adults 
will be diagnosed with salivary gland cancer each year. Clin-
ical stage is the primary determinant of prognosis; therefore, 
early detection of parotid gland neoplasms is critical [1–3].

In current clinical practice, diagnostic workup of parotid 
masses includes a fine-needle aspiration (FNA) biopsy. This 
modality has become widely accepted as a rapid, cost-effec-
tive, and reliable diagnostic test in the assessment of these 
lesions [4–7]. Pitfalls in salivary gland FNA, however, are 
well documented [8–10]. In particular, considerable cyto-
morphological overlap exists among parotid tumors with 
significantly different biological behaviors.

Intraoperative frozen section (FS) has the potential 
to assess surgical margins and refine the diagnosis of SG 
lesions; however, the role of such technique in clarifying 
the diagnosis of parotid tumors with pre-operative FNA and/ 
or core needle biopsy (CNB) is controversial and contem-
porary data is lacking. While some advocate FS and FNA 
have similar diagnostic performance [11], others claim FS 
to be superior [12–15].

Since surgical management may drastically differ 
for benign and malignant lesions [16], it is important to 
determine the best diagnostic approach. Our goal was to 
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determine whether the use of intraoperative assessment sig-
nificantly altered the pre- operative FNA and/or CNB diag-
nosis of primary parotid gland neoplasms.

Materials and Methods

This retrospective study was approved by the Institutional 
Review Board (IRB) of the Mayo Clinic. The pathology 
database at Mayo Clinic Arizona was searched for all parotid 
gland resections performed from January 2009 to January 
2020. We then identified patients who had both preopera-
tive biopsies and frozen section diagnoses and these patients 
constituted the study population.

Since the purpose of this study was to determine whether 
the use of FS significantly altered the diagnosis of FNA in 
primary parotid lesions, intraoperative consultation per-
formed solely for margin evaluation were excluded from 
the study. For similar reasons, cases in which preoperative 
assessment determined secondary involvement or metastases 
to the parotid gland were also excluded.

Preoperative evaluation of parotid lesions consisted of 
fine needle aspiration with and without cell block and/or 
core needle biopsy (FNA/CNB) specimens. These proce-
dures were routinely performed by surgeons, cytopatholo-
gists, or radiologists. FNA was carried out by percutaneous 
route with a 23- or 25-gauge needle, often under ultrasound 
guidance. Conventional smears were produced and stained 
with Diff-Quick and Papanicolaou stains and part of the 
sample was collected for cell block (CB). 18-gauge core-
needle biopsies were occasionally obtained after FNA passes 
were performed. These were fixed in 10% neutral buffered 
formalin, processed, and stained with hematoxylin and 
eosin. Slides from the FNA, CB, and CNB (when available) 
were examined and reported together.

A subset of patients had preoperative evaluation per-
formed at outside institutions, but in-house review of outside 
slides was performed, and these patients were also included 
in our cohort.

For the purpose of statistical analysis, FNA/CNB diag-
noses were classified into five categories: non-diagnostic 
(ND), non-neoplastic (NN), benign neoplasm (BN), inde-
terminate, and malignant based on institutional criteria. 
Of note, nodules classified as indeterminate included both 
samples that were indefinite for a neoplastic condition, such 
as cases reported as atypical cells seen, and those in which 
the diagnosis of a neoplasm was possible, but its malignant 
potential was uncertain. The malignant category included 
specimens suspicious or diagnostic for malignancy, as both 
of these scenarios would result in the same clinical manage-
ment in our institution.

Frozen section diagnoses were classified into benign, 
indeterminate or malignant. Indeterminate lesions 

represented those where a definitive entity could not be rec-
ognized, and the pathologist would defer the appropriate 
diagnosis to permanent section. Frozen sections were per-
formed by general surgical pathologists with and without 
cytopathology expertise.

Permanent section (PS) diagnoses were dichotomized 
into benign (negative) or malignant (positive) and regarded 
the gold standard used to subsequently calculate diagnostic 
accuracy measures for FNA/CNB and FS. Sensitivity, speci-
ficity, positive predictive value (PPV) and negative predic-
tive value (NPV) were calculated using only the patients that 
underwent both procedures. For these calculations, among 
FNA/CNB cases, ND were excluded, NN or BN were con-
sidered a negative test, and indeterminate or malignant were 
grouped as positive. On the other hand, benign and inde-
terminate cases on FS were considered negative, as only a 
malignant diagnosis in this setting has the potential to dictate 
the extent of surgery [11].

Exact Binomial Test for Differences in Sensitivity and 
Specificity of two binary diagnostic tests in a paired study 
design was used to compare these parameters between FNA/
CNB and FS [17]. Similarly, a test for differences in (posi-
tive and negative) predictive values of two binary diagnostic 
tests using a generalized score statistic was applied [18].

Statistical analyses were performed using R software ver-
sion 3.6 (R Foundation for Statistical Computing, Vienna, 
Austria). The significance level was fixed at 5% for all tests.

Results

A total of 167 patients with parotid resections were retrieved. 
Of these, 98 (58.7%) underwent prior FNA/CNB, 142 (85%) 
had intraoperative frozen section diagnosis and 76 (45.5%) 
had both (Table 1). Patients in this study were predominantly 
female (n = 104, 62.3%) and the median age was 60 years 
(range 19–91 years).

The diagnoses of the 98 FNA/CNB cases were as fol-
lows: six (3.6%) were ND, four (2.4%) non-neoplastic, 37 
(22.2%) benign neoplasms, 20 (12%) indeterminate, and 
31 (18.6%) malignant (Table 1). Of the 142 FS diagnoses, 
89 (53.3%) were benign, 21 (12.6%) indeterminate, and 32 
(34.1%) malignant. Final diagnoses on permanent sections 
resulted in 98 (58.7%) benign and 69 (41.3%) malignant 
lesions (Table 1).

The comparison of the diagnostic categories among the 
76 patients with both FNA/CNB and FS is shown in Table 2. 
Of note, FS was able to provide a definitive diagnosis in 
all five ND cases, and in 61.1% (11/18) of tumors initially 
deemed as indeterminate on preoperative assessment. In 
addition, shifts in diagnoses were noted in a subset of cases 
with initial definitive FNA/CNB diagnoses: of the 35 cases 
deemed as benign (NN or BN) preoperatively, three (8.6%) 
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were reclassified as malignant on FS. All three subsequently 
confirmed malignancies on permanent sections (Table 3 and 
Figure 1); of the 18 lesions reported as malignant on FNA/
CNB, four (22.2%) were interpreted as benign on intraopera-
tive assessment, with three of these benign lesions confirmed 
on PS (Table 3 and Figure 1).

Calculated diagnostic test measures for the use of FS 
in comparison to FNA/CNB alone are shown in Table 4. 
Of note, nondiagnostic FNA cases (5) were excluded from 
the calculations. Significant differences were noted in the 
comparison of such measures between these two scenarios 
(Table 4). In particular, intraoperative assessment provided 
a relative increase of 33.3% (CI 13.1–62.4%) in specificity 
and 38.5% (CI 15.1–73.6%) in PPV when compared to pre-
operative FNA/CNB alone.

Discussion

It has been long recognized that most tumors that arise in 
the parotid gland are benign. As illustrated by our results, 
pleomorphic adenoma, followed by Warthin tumor, are the 
two most common benign neoplasms to arise in the parotid 
gland [9, 19–22]. These two entities are usually readily iden-
tifiable on cytology, which makes FNA a valuable diagnostic 
tool in the evaluation of parotid nodules. However, pitfalls 
are well documented [8, 23, 24], and false-negative rates of 
up to 20% have been reported [20]. In addition, preopera-
tive evaluation cannot always yield a definitive diagnosis. 
In our cohort, 3.6% of cases were deemed as ND and 12%, 
as indeterminate on FNA/CNB. In a meta-analysis includ-
ing 5647 patients with parotid masses, the probabilities of 
ND and indeterminate cytology were reported at 5.3% and 
14.7%, respectively [25].

The use of intraoperative frozen section in refining diag-
noses has been suggested as a solution to potentially over-
come the limitations of FNA. [11, 13, 15] The majority of 
cases initially deemed as ND or indeterminate on FNA/CNB 
in our study were able to achieve a definitive diagnosis on FS 
(100% and 61.1%, respectively). This is in agreement with 
the results from a similar cohort of 260 patients who under-
went parotidectomy, to whom intraoperative evaluation was 
also able to provide a definitive diagnosis in the majority 
of cases: 73.7% (14/19) and 61.1% (18/29) of lesions with 
a previous ND and indeterminate FNA result, respectively 
[26]. Furthermore, in our cohort, a subset of cases with ini-
tial definitive FNA/CNB results had changes in diagnosis on 
FS evaluation, with most of these confirmed on permanent 
sections (Table 3).

Discrepant cases from FNA to FS included cases in which 
the neoplastic cells were obscured by a dense lymphoid com-
ponent (cases 1, 2, and 7) and cases in which tissue architec-
ture was required for diagnosis (cases 3, 4, and 5). Basaloid 

Table 1   Distribution of diagnostic categories across FNA/CNB, fro-
zen sections and permanent sections

FNA/CNB fine-needle aspiration/core-needle biopsy

FNA/CNB (n = 98)

Non-diagnostic 6 (3.6%)
Scant/absent cellularity 6/6
Non-neoplastic 4 (2.4%)
Inflammatory/reactive 3/4
Cyst 1/4
Benign neoplasm 37 (22.2%)
Pleomorphic adenoma 20/37
Warthin tumor 11/37
Other 6/37
Indeterminate 20 (12%)
Basaloid 11/20
Oncocytoid/clear cell 8/20
Other 1/20
Malignant 31 (18.6%)
Carcinoma 29/31
Other 2/31
Frozen section (n = 142)
Benign 89 (53.3%)
Pleomorphic adenoma 39/89
Warthin tumor 20/89
Non-neoplastic 14/89
Other 16/89
Indeterminate 21 (12.6%)
Malignant 32 (34.1%)
Carcinoma 28/32
Other 4/32
Permanent section (n = 167)
Benign 98 (58.7%)
Pleomorphic adenoma 50/98
Warthin tumor 20/98
Non-neoplastic 13/98
Other 15/98
Malignant 69 (41.3%)
Carcinoma 62/69
Other 7/69

Table 2   Comparison of FNA/CNB and frozen section diagnoses (n = 
76) in patients with both previous FNA/CNB and FS

FNA/CNB fine-needle aspiration/core-needle biopsy

FNA/CNB Frozen section Total

Benign Indeterminate Malignant

Non-diagnostic 4 (80%) 1 (20%) 5
Non-neoplastic 2 (50%) 2 (50%) 4
Benign neoplasm 28 (90.3%) 2 (6.5%) 1 (3.2%) 31
Indeterminate 6 (33.3%) 7 (38.9%) 5 (27.8%) 18
Malignant 4 (22.2%) 14 (77.8%) 18
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lesions can be challenging to subclassify both on FNA as 
well as on FS, especially when stroma is scant or absent 
(case 3). Squamous atypia misinterpreted on FNA as squa-
mous cell carcinoma (SCC) is also a common pitfall (cases 
4 and 5). Sampling error during frozen section was noted 
in a patient with a prior history of myoepithelial carcinoma 
(case 6). Selected images of available cases are provided to 
illustrate the above diagnostic challenges (Fig. 1).

As noted on Table  3, FS guides immediate surgical 
approach with a more complete local resection for malig-
nant lesions, which may include removing the deep parotid 
lobe, facial nerve sacrifice, and neck dissection. A more radi-
cal surgical approach is usually reserved for high grade SG 
tumors, but in selected cases it may also apply to low grade 
neoplasms [16].

As noted above, both FNA and FS have technical limita-
tions, but in our cohort FS of parotid gland lesions was able 
to provide a definitive diagnosis in the majority of patients 
with preoperative non-diagnostic and indeterminate diagno-
ses. Moreover, the use of FS in addition to FNA/CNB was 
able to provide a significant increase in specificity and PPV, 
with relative increases of 33.3% in specificity and 38.5% in 
PPV, respectively, while differences in sensitivity and NPV 
were not significant. It is difficult to compare our results to 
those of prior studies that have reported on the diagnostic 
accuracy of FNA and intraoperative assessment of parotid 
lesions.

First, we acknowledge that the use of paired FNA/CNB 
in the preoperative evaluation of parotid lesions is not a rou-
tine practice in many centers, and this approach might have 
lowered our incidence of ND and indeterminate preoperative 
results in comparison to studies that used only FNA. The 
occasional presence of CNB in addition to FNA smears was 

not well documented in many older reports, therefore we 
cannot evaluate if there was any difference in sensitivity or 
specificity for cases in which a core was available. Moreover, 
preoperative samples in our cohort were reported according 
to institutional criteria, which may slightly differ from the 
ones listed in the current standardized reporting system for 
salivary gland specimens [27].

Furthermore, the calculation of accuracy assumes that a 
test has only two possible results: benign or malignant. How-
ever, the evaluation of parotid lesions is more complex, as it 
includes diagnostic categories that go beyond the above two 
categories, ND and indeterminate. Different authors have 
used distinct approaches on converting multiple reporting 
categories into a dichotomous system for these analyses. In 
particular, while some excluded indeterminate results from 
these calculations [9, 14, 25, 26, 28], others have opted to 
incorporate them into either benign or malignant groups [11, 
20]. We find the latter approach to be more appropriate, as a 
significant proportion of parotid samples routinely fall into 
indeterminate categories, and excluding them from analyses 
would not accurately represent a real-practice scenario.

In the meta-analysis by Liu et al, the estimated sensi-
tivity and specificity for cytology are 78% (CI 74–82%) 
and 98% (CI 97–98%), respectively [25]. While our cal-
culated sensitivity for FNA/CNB alone is similar [83.9% 
(CI 70.9–96.8%)], our specificity is considerably lower 
[75% (CI, 61.6–88.4%)]. We believe the decision to 
exclude indeterminate results from their pooled analysis 
might have contributed to this discrepancy. Notably, in 
a different meta-analysis, the authors conclude that it is 
not possible to address the clinical usefulness of parotid 
FNA owing to the large variability in the included study 
results [28]. Similar differences in numbers can be seen 

Table 3   Diagnostic discrepancies from FNA to FS and clinical consequences

SCC squamous cell carcinoma, SGN salivary gland neoplasm, AdCC adenoid cystic carcinoma, PA pleomorphic adenoma, WT warthin tumor, 
MEC mucoepidermoid carcinoma

FNA FS Final Clinical Consequences

1. Reactive lymph node Poorly differentiated carcinoma Poorly differentiated carcinoma Total parotidectomy, neck dissec-
tion

2. Abscess SCC with cystic degeneration and 
abscess

Suspicious for primary SCC in 
the setting of abscess

Neck dissection

3. Atypical basaloid SGN, favor 
AdCC

PA PA Superficial parotidectomy with 
facial nerve preservation

4. Suspicious for cystic SCC Bland cystic lesion, favor benign Benign salivary duct cyst No neck dissection, no deep parotid 
lobe excision

5. Suspicious for SCC WT WT with extensive squamous 
metaplasia

No neck dissection, no deep parotid 
lobe excision

6. Myoepithelial carcinoma Scar Residual cells suggestive of 
myoepithelial carcinoma

None

7. Suggestive of WT Fibrosis, ductal proliferation, 
chronic inflammation, suspi-
cious for MEC

Low grade MEC Total parotidectomy
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when looking at frozen section data. A group of research-
ers evaluated the accuracy of intraoperative assessment for 
parotid lesions in a meta-analysis with 1880 cases. Their 
estimates for FS sensitivity and specificity were 99% (CI 
98–100%) and 90% (CI 81–94%), respectively [14]. These 
numbers do not considerably overlap with our estimated 

71% (CI 55–87%) sensitivity and 100% (CI 100–100%) 
specificity for the use of intraoperative FS. Their decision 
to exclude inconclusive FS results from these calculations 
might have contributed to the differences. On the other 
hand, in a cohort of 220 cases, incorporating indeterminate 
diagnoses into their analyses, the authors reported 77% 

Fig. 1   Discrepant cases. a Case 1 FNA 60X PAP stain- very rare 
large malignant cells in a background of abundant lymphocytes. b 
Case 1 Resection  20X HE- poorly differentiated carcinoma with 
abundant admixed lymphocytes. c Case 3 FNA 60X PAP stain- basa-
loid cells with crush artifact and no stroma. d Case 3 Resection 4X 

HE- well circumscribed cellular pleomorphic adenoma. e Case 4 
FNA 60X PAP stain- scant atypical cells with squamous differentia-
tion and bland appearing basaloid cells. f Case 4 Resection 40X HE- 
benign salivary duct cyst with squamous metaplasia
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sensitivity and 100% specificity of FS, similar to our esti-
mates. Irrespective of methodology used, several authors 
agree that parotid FS has higher specificity than sensitivity 
[12, 13, 15, 26, 29].

Statistical comparisons of test performance between 
salivary gland pre- and intraoperative assessments must be 
examined with caution. In our study, to evaluate the role 
of FS in clarifying FNA/CNB diagnoses, and to allow for 
subsequent statistical comparisons, accuracy measures were 
calculated only for paired cases, that is, those patients who 
underwent both procedures. Different cohorts, however, may 
have included lesions that had only FNA, only FS and both 
in the same pooled analysis, mixing paired and unpaired 
cases in the same calculations. Acknowledging this poten-
tial pitfall, published studies seem to agree there is a role 
for intraoperative assessment in the diagnostic workup of 
parotid lesions [12–15, 30]. Confronting results between 
a parotid FNA and a parotid FS meta-analysis, a group of 
authors conclude, using area under the summary receiver 
operating characteristic curve (AUSROC), that the diag-
nostic accuracy of FS [AUSROC = 0.99 (CI 0.98–1.00)] 
is significantly higher than the one from FNA [AUSROC = 
0.96 (CI 0.94–0..97)] [14, 28]. We believe that the sensitiv-
ity reported for FNA/CNB herein supports its use in the 
initial assessment of parotid lesions. The additional use of 
FS, however, provided a significant increase in specificity 
and PPV.

The feasibility of using routine parotid FS in addition to 
preoperative evaluation, although proven herein able to refine 
FNA/CNB diagnoses, depends on other factors not reported in 
this study. First, intraoperative assessment is associated with 
supplementary costs and we understand these extra charges 
are not trivial issues, which may represent one of the major 
hurdles to performing FS evaluation. Second, intraoperative 
consultation might be associated with extended operation time 

and potential surgical complications. This association, how-
ever, was not statistically significant in a previous study [15].

A limitation of our study is the lack of clarity regarding 
the surgeon’s specific intent to request FS in the setting of a 
prior FNA/ CNB diagnosis. Usually, a more specific reason 
for requesting a FS other than “obtain diagnosis” or “assess 
margins” is rarely provided on operative reports or medical 
records. Since this was a retrospective review that included 
cases at least a decade old, molecular testing did not play a 
significant role in diagnostic clarification in this cohort. Lastly, 
we understand the retrospective nature of this study comes 
with inherent bias; therefore, our findings should be correlated 
with large, prospective efforts.

In conclusion, the addition of intraoperative FS to preop-
erative FNA/CNB evaluation was helpful to further refine the 
diagnoses of parotid gland lesions and provide better guidance 
for the surgical intervention. The routine use of this double-
assessment approach merits further investigation in prospec-
tive cohorts.
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Table 4   Comparison of 
sensitivity, specificity, positive 
predictive value, and negative 
predictive value between FNA/
CNB and frozen section (n = 
71)

FNA/CNB fine-needle aspiration/core-needle biopsy, CI confidence interval, PPV positive predictive value, 
NPV negative predictive value
* Exact Binomial Test for Differences in Sensitivity and Specificity: Performs an exact binomial test for dif-
ferences in sensitivity and specificity of two binary diagnostic tests in a paired study design
** Generalized Score Statistic for Comparison of Predictive Values: Performs a test for differences in (posi-
tive and negative) predictive values of two binary diagnostic tests using a generalized score statistic pro-
posed by Leisenring, Alonzo and Pepe (2000)

Statistics FNA/CNB Frozen section p value

Estimate (%) CI(95%) Estimate (%) CI(95%)

Lower (%) Upper (%) Lower (%) Upper (%)

Sensitivity 83.87 70.92 96.82 70.97 54.99 86.95 0.344*
Specificity 75.00 61.58 88.42 100.00 100.00 100.00 0.002*
PPV 72.22 57.59 86.85 100.00 100.00 100.00 0.0003**
NPV 85.71 74.12 97.31 81.63 70.79 92.47 0.518**
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