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A b s t r a c t

We conducted a systematic literature review 
using MEDLINE and Embase to identify articles on 
diagnostic accuracy of frozen section (FS) for salivary 
gland lesions published between January 1, 1985, and 
December 31, 2010. We also reviewed the reference 
lists of all identified articles and conducted a forward 
search using Scopus to identify all articles citing the 
reference set. Meta-analysis was used to produce a 
summary receiver operating characteristic (SROC) 
curve from which summary estimates of sensitivity and 
specificity were obtained. Study quality was assessed 
using the Quality of Diagnostic Accuracy Study 
(QUADAS) survey. The accuracy of FS was compared 
with that of fine-needle aspiration cytology using 
results from an earlier review.

A set of 13 studies (1,880 cases) with extractable 
data met our inclusion criteria. The summary estimates 
for the area under the SROC curve, FS sensitivity, 
and FS specificity are 0.99 (95% confidence interval 
[CI], 0.98-1.00), 0.90 (95% CI, 0.81-0.94), and 0.99 
(95% CI, 0.98-1.00), respectively. FS has acceptable 
accuracy (90% sensitivity, 99% specificity) and is 
consistently accurate across study centers.

The diagnosis and treatment of salivary gland lesions 
proceeds in stages. In the initial stage, clinical, radiologic, and 
fine-needle aspiration cytology (FNAC) are used to categorize 
cases into surgical or nonsurgical groups ❚Figure 1❚ (decision 
1). In general, patients with neoplastic disease are referred 
for surgical treatment, whereas patients with nonneoplastic 
disease receive other modes of treatment. In the second stage, 
neoplastic lesions must be categorized as benign or malignant, 
which influences the type and extent of surgery (Figure 1, 
decision 2). For example, the facial nerve can be spared in 
benign lesions. Thus, 2 important decisions rest on the initial 
diagnosis: (1) whether surgical treatment is required and (2) 
the type and extent of surgery.

FNAC has a well-established role in the initial, preop-
erative diagnosis of salivary gland lesions. It is safe, fast, 
well-tolerated, and minimally invasive; however, it is known 
to have several deficiencies. On average, FNAC has high 
specificity (97%), but the sensitivity is somewhat lower 
(80%).1 Thus, a positive diagnosis by FNAC is quite reliable, 
but the false-negative rate associated with FNAC (20%) may 
be unacceptable. In addition, the accuracy of FNAC varies 
widely across practice sites.1 Thus, there is a need to improve 
the reliability of FNAC.

Frozen section (FS) provides an opportunity to refine the 
presurgical diagnosis among patients who have been referred 
to surgery. FS is used for 3 general purposes2 in the evalua-
tion of salivary gland lesions: (1) clarify diagnosis, (2) check 
operative margins, and (3) determine whether nerve or neck 
involvement is present. FS would be routinely used in cases 
with a presurgical malignant diagnosis to check margins and 
assess nerve involvement, but the value of FS is less certain 
when the presurgical diagnosis is benign. In such cases, FS is 
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used to refine the diagnosis (Figure 1, decision 3), and, when 
used for this purpose, the usefulness of FS depends on the 
accuracy of FS and the accuracy of the presurgical diagnosis. 
Overall, FS can provide information that may supplement 
other diagnostic methods (eg, imaging and FNAC) or pro-
vide information that is complementary or unique to FS (eg, 
assessment of margins). Although FS provides multiple types 
of information that can be evaluated for accuracy, this review 
is concerned with the accuracy of FS for the classification of 
lesions with respect to malignancy.

When used for diagnosis, FS can be used in several ways. 
First, FS can clarify diagnoses when other modes of preopera-
tive diagnosis are inadequate or inconclusive. In such cases, 
FS is used as a stand-alone technique to provide a diagnosis. 
FS can also be used more routinely to confirm or refine a 
presurgical diagnosis. Although FS adds additional informa-
tion, the incremental value of FS relative to other modes of 
preoperative diagnosis has not been determined, and it is 
unclear whether FS should be used routinely or limited to 
certain circumstances. In particular, the roles of FS and FNAC 
have been controversial. Some authors have concluded that 
FS is more reliable than FNAC and that FS should be used 
routinely to ensure the best patient management.3 Others have 
concluded that FNAC and FS have similar accuracy and that 
both have a role in the evaluation of salivary gland lesions.4 
The answers to questions about the routine use of FS vs the 
use of FS only in specific circumstances require an accurate 
assessment of the relative diagnostic performance of presurgi-
cal diagnosis and FS.

The diagnostic accuracy of FS performance has sig-
nificant implications for the surgical management of parotid 

tumors. Surgery is the preferred treatment of most neoplasms 
of the parotid. However, the extent of treatment differs based 
on the histopathologic type of neoplasm. Historically, the 
concerns of false-negatives with FNAC led to its minimal use 
in preoperative decision making. Thus, intraoperative deci-
sions were based on FS analysis or on final histopathologic 
diagnoses with the potential of revision surgery.5 Intraopera-
tive FS may increase the extent of parotidectomy based on a 
malignant diagnosis and even determine the need for facial 
nerve sacrifice or the addition of a neck dissection. Thus, 
understanding the accuracy of FS has significant implications 
for its use in the intraoperative setting.

Systematic reviews are the foundation of evidence-
based medicine and provide the basis for the development 
of guidelines for patient management. Numerous studies on 
the accuracy of FS for the diagnosis of parotid tumors have 
been published; however, this body of literature has never 
been adequately summarized. Although some studies have 
summarized selected results, the literature on FS has not been 
systematically reviewed. We recently completed a system-
atic review and meta-analysis on the diagnostic accuracy of 
FNAC for parotid gland lesions.1 Our objective in this study 
was to conduct a similar review on the diagnostic accuracy of 
FS and to compare the accuracy of FS with FNAC for diag-
nosis of malignancy. To that end, we conducted a systematic 
review of the literature and used meta-analysis to develop a 
summary receiver operating characteristic (SROC) curve for 
the diagnostic performance of FS in the evaluation of parotid 
gland tumors. We also conducted a quality assessment of 
included articles to explore potential sources of bias and to 
provide recommendations to improve future studies.

Presurgical
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Surgical
(neoplastic)
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❚Figure 1❚ Decision diagram for the use of frozen section. The preoperative diagnosis divides patients into surgical and 
nonsurgical categories (decision 1). Patients with neoplastic disease are generally referred to surgery. For patients referred to 
surgery, frozen section will generally be used to assess margins and nerve involvement in patients diagnosed with malignant 
disease (decision 2). Frozen section can be used to refine the presurgical diagnosis in patients with benign neoplastic lesions 
(decision 3). The numbers in the diagram indicate the decision text. The square represents a decision node; circles represent 
chance nodes; and triangles indicate the end of a branch. FNAC, fine-needle aspiration cytology.
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Materials and Methods

We followed current guidelines for systematic review 
and meta-analysis of diagnostic studies.6,7 A glossary of 
terms is provided in ❚Appendix 1❚.8,9

Literature Search
We searched MEDLINE and Embase for studies evaluat-

ing the diagnostic accuracy of FS for parotid lesions published 
between January 1, 1985, and October 15, 2010, using a 
sensitive search strategy developed in consultation with an 
experienced medical reference librarian. Our search strategy 
was broad and included articles on head and neck lesions in 
addition to salivary glands. Language was not restricted. Sco-
pus was used to perform a forward search to obtain articles 
citing the set of included articles. The references of all included 
articles were also searched to obtain additional studies.

Eligibility
Titles and abstracts were evaluated independently by 2 

of us (R.L.S. and B.J.H.) for eligibility. Studies were eligible 
if they seemed to contain data on the diagnostic accuracy of 
FS for salivary gland tumors or head and neck tumors. Pro-
spective and retrospective studies were eligible. Full reprints 
were obtained for all eligible studies.

Inclusion
Eligible studies were independently evaluated by 2 of 

us (R.L.S. and B.J.H.), and discrepancies were resolved by 
consensus. Studies were included if they contained accuracy 
data for the diagnosis of parotid gland lesions, contained 
histologically verified cases that could be extracted, and 
provided data that enabled lesions to be classified into broad 
categories (malignant vs benign).

We excluded case reports and studies with fewer than 10 
cases. Eligible studies were included if accuracy data could 
be extracted in the form required for analysis (true-positives, 
false-positives, false-negatives, and true-negatives).

Data Extraction
Data extraction was completed independently by 2 of 

us (R.L.S. and B.J.H.), and discrepancies were resolved by 
consensus or by correspondence with authors of the study in 
question. Data from foreign-language articles (non-English) 
were extracted by pathologists with knowledge of the lan-
guage, correspondence with study authors, or by a translator 
working in conjunction with one of us (R.L.S.). Inadequate 
or indeterminate biopsies were not counted in the calcula-
tion of accuracy. Diagnoses of “suspicious for malignancy” 
or “atypical” were counted as malignant. When results of a 
study were published more than once, we included only the 
most complete data. Non–salivary gland tumors (eg, lym-
phoma and metastases) were included in the analysis.

Quality Assessment

Quality assessment of articles written in English was 
conducted by using QUADAS.10 Assessment was completed 
independently by 2 of us (R.L.S. and B.J.H.). We used a 
scoring form that we developed in our study of FNAC.1 We 
reviewed items with discrepant scores. Discrepancies due 
to errors and misinterpretations were corrected. Discrepan-
cies sometimes arose owing to differences in judgment. 
We discussed these items until consensus was reached. The 
consensus approach was infrequently required because the 
initial level of agreement was high.

Statistical Analysis
SROC curves were developed by using the hierarchical 

inverse-variance-weighted meta-analysis. We created new 
variables containing the diagnostic accuracy estimates and 
standard errors for each study.8,11 Computations were done 
using Stata Statistical Software, Release 11 (2009; Stata-
Corp, College Station, TX) and applying the metandi pro-
cedure.12 We used the inconsistency (I2) statistic to measure 
heterogeneity across studies. Heterogeneity is a measure of 
the between-study variation in studies and is used to assess 
whether the studies in a meta-analysis represent a single popu-
lation (with similar accuracy) or several different populations.

Results

Literature Search
We screened 3,848 titles and abstracts to obtain a set 

of 551 eligible articles. The text of the eligible studies was 
screened to obtain 13 studies that met our inclusion criteria 
❚Table 1❚.2-5,13-21 These studies included a total of 1,880 
cases on the discrimination of benign vs malignant lesions.

Diagnostic Accuracy
The SROC curve for discrimination of benign and 

malignant lesions is shown in ❚Figure 2❚, and the accuracy 
estimates are given in ❚Table 2❚. FS has higher specific-
ity than sensitivity. In addition, there is more variability in 
sensitivity than in specificity ❚Figure 3❚. A test for study 
heterogeneity, I2, was not significant (P = .06). The rate of 
inadequate or inconclusive results was 3.7% among the stud-
ies that reported such results.

Quality Assessment
A summary of the QUADAS quality assessment is given 

in ❚Table 3❚. All studies were retrospective. The only QUA-
DAS items that had variable results were items 1 (inclusion 
criteria), 2 (representativeness), and 13 (inconclusive results 
explained). All other items were identical among studies.
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Discussion

The overall accuracy of FS is quite good. It has high 
specificity (0.99), and, although the sensitivity is not as high 
(0.90), we believe it is clinically acceptable.

Sources of Bias and Heterogeneity
The degree of heterogeneity we observed in this col-

lection of studies was borderline insignificant (P = .06). 

Tests for heterogeneity are known to be insensitive, so it 
is possible that there is some undetected heterogeneity in 
our collection of studies. In general, performance variation 
can be attributed to 4 factors: real differences between tests 
(population, test performance, reference test, and outcome 
measure), threshold effects, bias, and random variation. 
Understanding the causes of performance variation is impor-
tant because it provides a basis to improve consistency and 
improve diagnostic performance.

Threshold Effects
Our statistical analysis suggests that most of the per-

formance variation is due to threshold effects. In general, 
variation in a direction tangent to the SROC curve can be 
attributed to threshold effects, whereas variation in the direc-
tion perpendicular to the tangent of the SROC curve can be 
attributed to accuracy. In the evaluation of FS, a difference in 
accuracy would mean that pathologists differ in their ability 
to detect features and to interpret them correctly. A differ-
ence in threshold would mean that pathologists see the same 
features but use different criteria for diagnosing malignancy. 
As shown in Figure 2, almost all of the studies lie along the 
SROC curve, and the estimated percentage of variation due 
to threshold effects is close to 100%. Threshold effects have 
been recognized as an important source of variation in other 
studies.22 Such variation might be minimized by more uni-
form application of diagnostic criteria.

Sources of Bias
The purpose of a quality assessment is to identify poten-

tial sources of bias and to estimate their impact. We identi-
fied 3 potential sources of bias: classification bias (item 3, 
Table 3), review bias (item 11, Table 3), and handling of 
inconclusive or inadequate results (item 13, Table 3).

Misclassification bias results from an imperfect refer-
ence test (ie, definitive histologic examination). There are 

❚Table 1❚
Performance Data From 13 Included Studies

 No. of     Inconclusive or   Study
Study Cases TP FP FN TN Nondiagnostic Sensitivity Specificity Location

Badoual et al,13 2006 694 91 6 24 573 12 0.79 0.99 France
Carvalho et al,14 1999 153 16 3 10 124 8 0.62 0.98 Brazil
Hwang and Brett,15 2003 36 2 0 0 34 0 1.00 1.00 Singapore
Ishida et al,16 2003 152 26 1 2 123 0 0.93 0.99 Japan
Iwai et al,17 1999 167 23 1 1 142 NR 0.96 0.99 Japan
Longuet et al,18 2001 94 9 0 3 82 NR 0.75 1.00 France
Arabi Mianroodi et al,3 2006 30 10 0 0 20 0 1.00 1.00 Australia
Seethala et al,4 2005 61 26 0 9 26 7 0.74 1.00 United States
Tew et al,19 1997 144 27 1 1 115 15 0.96 0.99 Australia
Upton et al,5 2007 155 22 1 1 131 0 0.96 0.99 United States
Wong,2 2002 19 9 1 0 9 12 1.00 0.90 Hong Kong
Zbaren et al,20 2008 110 63 2 5 40 0 0.93 0.95 United States
Zheng et al,21 1997 65 14 1 2 48 NR 0.88 0.98 China

FN, false-negatives; FP, false-positives; NR, not reported; TN, true-negatives; TP, true-positives.
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❚Figure 2❚ Summary operating receiver characteristic (SROC) 
curve for the diagnosis of malignancy by frozen section. The 
SROC curve shows that most studies have high specificity 
with variable sensitivity. The summary estimate is shown as 
the diamond. Individual studies are represented as circles. 
For the summary operating point, sensitivity, 0.90 (95% 
confidence interval [CI], 0.81-0.94); specificity, 0.99 (95% CI, 
0.98-0.99). For the SROC curve, the area under the curve is 
0.99 (95% CI, 0.98-1.00).
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2 types of misclassification: differential and nondifferential. 
Differential misclassification occurs when the error rate of 
the “gold standard” is related to the result of the index test. 
For example, differential misclassification would occur 
if the error rate of definitive histologic examination was 
different for the samples called positive by FS compared 
with those called negative. Nondifferential misclassification 
occurs when the error rate of the gold standard is indepen-
dent of the index test result (ie, FS). Although no data are 
available on the misclassification rate of parotid tumors, 
we believe that error rates are most likely nondifferential 
(ie, independent of the FS result). Renshaw et al22 found a 
misclassification rate of about 3% in a wide range of surgi-
cal specimens. We investigated the effect of nondifferential 
misclassification on our summary estimates. To that end, 
we took the totals from all of the studies ❚Table 4❚ and 
conducted a sensitivity analysis ❚Figure 4❚. Given the data 
in our study, nondifferential misclassification would cause 

❚Table 2❚
Summary of Accuracy Estimates for Frozen Section and Comparison With FNAC

 Frozen Section FNAC*

Parameter Point Estimate 95% CI Point Estimate 95% CI

Sensitivity 0.90 0.81-0.94 0.80 0.76-0.83
Specificity 0.99 0.98-0.99 0.97 0.96-0.98
Positive likelihood ratio 80.6 47.5-137.0 28.6 20.7-42.0
Negative likelihood ratio 0.11 0.06-0.19 0.21 0.17-0.26
Area under summary receiver operating characteristic curve 0.99 0.98-1.00 0.96 0.94-0.97
Inconsistency, I2 53 0-100 98 97-99

CI, confidence interval; FNAC, fine-needle aspiration cytology.
* Data from Schmidt et al.1
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❚Figure 3❚ Sensitivity and specificity of included studies. 
Forest plot of diagnostic performance statistics. Boxes 
denote point estimates of sensitivity and specificity. Lines 
denote 95% confidence intervals. Diamonds represent 95% 
confidence intervals for the combined estimate from all 
studies.

❚Table 3❚
Summary of QUADAS Survey Results

QUADAS 
Item Description Yes Unclear No

1 Were the selection criteria clearly described? 10 2 1
2 Was the spectrum of patients representative of the patients who will receive the test in practice? 6 7 0
3 Is the reference standard likely to correctly classify the target condition? 0 13 0
4 Is the time period between the reference standard and the index test short enough to be 13 
  reasonably sure that the target condition did not change between tests?   
5 Did the whole sample or a random selection of the sample receive verification using the reference  13 0 0
  standard of diagnosis? 
6 Did patients receive the same reference standard regardless of the index test result? 13 0 0
7 Was the reference standard independent of the index test (ie, the index test did not form part of  13 0 0
  the reference standard)? 
8 Was the execution of the index test described in sufficient detail to permit replication of the test? 13 0 0
9 Was the execution of the reference standard described in sufficient detail to permit replication? 13 0 0
10 Were the index results interpreted without knowledge of the results of the reference standard? 13 0 0
11 Were the reference standard results interpreted without knowledge of the results of the index test? 0 0 13
12 Were the same clinical data available when test results were interpreted as would be available 13 0 0 
  when the test was used in practice? 
13 Were uninterpretable or intermediate results reported? 8 5 0
14 Were withdrawals from the study explained? — — —
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an underestimation of sensitivity and would have relatively 
little impact on specificity.

Review bias occurs when the results of one test can 
influence the interpretation of another. Review bias is called 
diagnostic review bias when the interpretation of the reference 
test is made with knowledge of the results of the index test. 
Test review bias occurs when the interpretation of the index 
test is made with knowledge of the results of the reference 
test. All of the studies we included were retrospective studies 
using data obtained under actual clinical conditions. Patholo-
gists were not blinded to the results of FS when making the 
final diagnosis. Thus, there is some potential for FS results 
to influence the interpretation of the reference test. This 
diagnostic review bias would tend to increase sensitivity and 
specificity; however, we believe that this effect is relatively 
minor because final histologic study is generally weighed 
much more heavily than FS when making a final diagnosis.

Inconclusive results can have a significant impact on 
accuracy statistics. Thus, it is important that such results are 
reported in a consistent manner. The percentage of incon-
clusive or inadequate results was 3.7% for FS in our set of 
studies. This finding is in contrast with an inconclusive-
inadequacy rate between 8.1% and 9.5% that we found in 
our review of FNAC.1 It is important that studies report 
inconclusive and inadequate results and report them in a 
standard format to facilitate comparisons between studies. 
This is an area requiring improvement.

There are a few additional areas in which improved 
reporting or study design would reduce potential bias. In 
some cases, authors could improve descriptions of the cri-
teria used to select patients. In particular, it is important for 
authors to indicate whether the study included only consecu-
tive patients from a given period. Diagnostic performance 
is sensitive to subtle effects related to referral patterns, so it 
is also important for authors to provide a brief description 
of the patient population. Although the patient populations 
were not described in some studies, we saw no studies in 
which referral patterns were likely to be problematic.

Unlike FNAC studies, verification bias (QUADAS item 
5) is not a source of bias in FS studies because all samples 
(negative and positive) are referred for definitive histologic 
examination. Thus, we do not believe that verification bias 
is an important source of bias in the studies we included in 
our analysis.

Random Variation
The I2 statistic indicates that 53% of the variation is due 

to between-study variation (real differences between stud-
ies) and that the remainder is attributable to within-study, or 
random variation. The within- vs between-study variation is 
shown in Figure 3. This result is in contrast with the high level 
of performance variation seen in FNAC, in which 98% of the 
variation was estimated to be due to between-study variation.1

Overall, the variability in sensitivity seen between FS 
studies is most likely due to a combination of threshold 
differences and random variation. The studies were homo-
geneous with respect to real differences (population, index 
test performance, reference test performance, and outcome 
measures), so this is an unlikely source of variation. We 
identified only minor potential sources of bias (review bias 
and misclassification bias). These sources of bias would tend 
to be fairly uniform across studies and would most likely 
lead to an underestimate of sensitivity.

Comparison of the Accuracy of FS and FNAC
We use the findings from our previous study of the 

diagnostic accuracy of FNAC1 for the diagnosis of parotid 
gland lesions for comparison with FS diagnosis of lesions in 
the same anatomic location.

❚Table 4❚
Summary of Totals for 13 Included Studies

 Histologic Diagnosis

Frozen Section Malignant Benign

Malignant 338 17
Benign 58 1,467
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❚Figure 4❚ The effect of misclassification on the observed 
sensitivity and specificity. Summary totals for all included 
studies (Table 4) were used as a reference. The values 
shown in the graph are the calculated sensitivity and 
specificity relative to the initial sensitivity and specificity in 
Table 4. For example, the sensitivity based on the summary 
totals is 0.85. At a misclassification rate of 0.05, the observed 
sensitivity would be 0.72. The sensitivity shown in the graph 
is the ratio of the observed sensitivity to the actual sensitivity, 
0.72/0.85 = 0.85.
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considerable morphologic overlap, making cytologic distinc-
tion difficult. These neoplastic types include cellular pleo-
morphic adenomas, monomorphic adenomas (especially basal 
adenomas), low-grade mucoepidermoid carcinomas, adenoid 
cystic carcinomas, and polymorphous low-grade adenocar-
cinomas. Nuclear features of these neoplasms may overlap, 
making cytologic separation difficult. In addition, in some 
aspiration specimens, there are insufficient architectural clues 
for definitive diagnosis. Properly performed FS has the advan-
tage over FNAC in that architectural features such as capsular 
and perineural invasion are retained and when present favor 
carcinoma or adenoma. The retention of architectural clues 
in FS specimens undoubtedly improves the sensitivity and 
specificity of FS in comparison with FNAC.

FS provides valuable information for surgeons and 
intraoperative decision making because it often determines 
the extent of treatment of parotid neoplasms. On the most 
basic level, it is important to distinguish malignant from 
benign disease.

Benign disease often requires only partial parotidec-
tomy, frequently superficial parotidectomy. Even limited 
tumor resection with preservation of normal parotid tissue 
has been proposed as adequate treatment for benign dis-
ease.24,25 With a sensitivity of fine-needle aspiration biopsy 
near 80%, FS provides additional confirmation of benign 
disease during resection that allows for limited surgery.

For malignant parotid disease, difficult decisions are 
made intraoperatively, including management of the facial 
nerve and regional lymph nodes. While sacrificing the facial 
nerve is not necessary in benign disease, involvement of the 
facial nerve by malignancy will require sacrifice of 1 or more 
branches of the nerve. Preoperative dysfunction of the facial 
mimetic muscles is indicative of tumor involvement of the 
facial nerve, but there may be nerve involvement in people 
with normal preoperative facial movement. A malignant diag-
nosis increases a surgeon’s comfort level in the indication for 
facial nerve sacrifice, and this may require an FS diagnosis.

After a portion of the facial nerve is resected, FS is 
used to ensure proximal and distal control of the perineural 
tumor spread before a primary neural reconstruction. When 
FS identifies tumor at the stylomastoid foramen, a mastoid-
ectomy may be required to control the proximal facial nerve 
margin. In regard to management of regional lymph nodes, 
an FS diagnosis of malignant disease, other than low-grade 
disease, requires treatment of the regional lymphatics by 
neck dissection or irradiation.26,27 Several authors favor a 
neck dissection in the treatment of regional lymphatics when 
the parotid mass is known to be malignant.28,29 For people 
with a history of squamous cell carcinoma of the skin, an 
FS diagnosis of squamous cell carcinoma is diagnostic of 
regional lymphatic disease necessitating a neck dissection in 
addition to the parotidectomy for the treatment of regional 

The area under the SROC (AUSROC) curve is a mea-
sure of accuracy that can be used to compare 2 different 
methods. The diagnostic accuracy of FS (AUSROC, 0.99; 
95% confidence interval [CI], 0.98-1.00) is significantly 
higher than the diagnostic accuracy of FNAC (AUSROC, 
0.96; 95% CI, 0.94-0.97). The specificity of FS is quite high 
(0.99). The specificity values of FS and FNAC are both 
clinically acceptable (0.99 for FS vs 0.97 for FNAC). Thus, 
a positive result obtained by either technique is quite reli-
able. As with FNAC, the sensitivity of FS is lower than the 
specificity. While the sensitivities of FS and FNAC are not 
statistically significantly different, the sensitivity of FS was 
slightly higher (0.90; 95% CI, 0.81-0.94) than the sensitiv-
ity of FNAC (0.80; 95% CI, 0.75-0.83). Thus, FS might be 
used to refine the diagnosis of cases referred to surgery with 
a nonmalignant diagnosis by FNAC (Figure 1, decision 3).

A possible policy would be to accept an FNAC diagno-
sis of malignant as correct but to check an FNAC diagnosis 
of benignancy and to use FS only to check the cases referred 
to surgery. Assuming that FNAC and FS are independent, 
the overall sensitivity and specificity of such a policy would 
be 0.98 and 0.95, respectively, and would cut the false-neg-
ative rate from 20% (FNAC only) to 5% (combined FNAC 
and FS). Although such a policy has the potential to reduce 
false-negatives, it would also increase costs by increasing 
the rate of use of FS; however, clinical and radiologic analy-
sis will often support or call into question the fine-needle 
aspiration and guide the decision on the need for a post-
FNAC FS. The trade-offs should be investigated through a 
formal cost-effectiveness analysis.

The performance variability (heterogeneity) seen in our 
study of FS is much less than the heterogeneity seen in our 
previous study of FNAC.1 The I2 statistic23 is a measure of 
the percentage of total performance variability that can be 
attributed to between-study variability vs within-study vari-
ability that results from the natural underlying error rate. For 
FS, the inconsistency statistic was 53% (CI, 0%-100%) and 
was not statistically significant. In contrast, the inconsistency 
statistic for FNAC was highly significant at 98% (CI, 97%-
99%). Thus, there is much greater between-study variability 
for FNAC than for FS. We were unable to determine the rea-
son for the high level of heterogeneity seen in FNAC studies; 
however, our results suggest that the diagnostic accuracy of 
FNAC may be more operator-dependent than FS.

Salivary gland neoplasms are diagnostically challeng-
ing at the time of FNAC interpretation and FS analysis. 
Many salivary gland neoplasms have cytologically low-grade 
nuclear morphologic features. Thus, interpretation of FNAC 
material relies on the evaluation of tumor fragments with 
retained architectural features and extracellular and intracel-
lular materials (mucin and myxoid matrix) for identifica-
tion of several tumor types. Certain neoplasms demonstrate 
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diagnosis for patients who are referred to surgery following 
a negative FNAC diagnosis, but there is concern about the 
low sensitivity of FNAC.
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metastatic spread. Also, a more aggressive parotidectomy 
with removal of the entire superficial parotid is prudent with 
malignancy because the majority of parotid lymph nodes 
are contained within the superficial lobe. The results of 
this study show that FS is a reliable technique and should 
provide assurance to surgeons who depend on FS to make 
important intraoperative decisions.

Conclusions

The overall accuracy of FS is clinically acceptable (90% 
sensitivity, 99% specificity) and shows consistent results 
between study centers. The accuracy of FS is somewhat 
higher than that of FNAC. It could be used to confirm a 

❚Appendix 1❚
Glossary of Terms

Term Definition 

Area under the curve (AUC) A measure of diagnostic accuracy that is independent of a particular threshold or cutoff point. In general,
  it is difficult to compare diagnostic accuracy between studies because differences could represent
  real differences in accuracy (ability to detect features) or differences in threshold. The AUC represents
  the average sensitivity for all levels of specificity and thereby removes threshold effects. The AUC is a
  valid method to compare the diagnostic accuracy of tests because it removes the effect of the choice
  of threshold. The AUC is the region that underlies the ROC curve or the SROC curve and varies between
  0.5 (no discrimination) to 1.0 (perfect discrimination).
Bias A systematic difference between an observed measurement and the true value. For a diagnostic accuracy
  study, bias occurs when there is a methodological factor that leads to a systematic difference between the
  observed sensitivity and specificity vs the true sensitivity and specificity. Common sources of bias in
  diagnostic studies include verification bias, spectrum bias, misclassification bias, and review bias.
Embase An electronic database similar to PubMed but with broader coverage of foreign language journals, particularly
  in Europe.
Forward search A search to identify more recent studies that have cited a set of known publications. A forward search is also
  known as a citation search. Citation databases include Scopus, Google Scholar, Web of Knowledge, and
  the Ovid interface for MEDLINE.
Heterogeneity A measure of the between-study variation in studies. Measures of heterogeneity assess whether the
  included studies represent a single population (with similar diagnostic accuracy) or several different
  populations with different diagnostic performance. For example, a homogeneous set of studies might have
  sensitivities and sensitivities clustered around 80 and 80 whereas a heterogeneous set of studies might
  have 2 clusters of studies centered around sensitivity and specificity values of 60 and 65 and 95 and 90.
  The assessment of heterogeneity is an important component of meta-analysis and can lead to the
  identification of factors that cause variation in diagnostic accuracy between study centers.
Hierarchical analysis Hierarchical models are a generalization of multiple linear regression. In multiple regression, an outcome
  variable is modeled at a single level. For example, y = a + bx, where a and b are parameters that are
  determined by best fit techniques. In hierarchical regression, models are also constructed for the
  coefficients (eg, a = c + dz). In this study, we used a hierarchical model8 to construct a summary ROC
  curve. At one level, we model the variation within studies and, at another level, we model the variation
  between studies. The STATA metandi function applies the method of Macaskill9 to formulate a summary
  ROC curve.
Inconsistency statistic (I2) A statistical measure of heterogeneity that varies from 0 to 100. The value describes the proportion of total
  variation in study results that is due to heterogeneity rather than chance. A value of 0 means that the set
  of studies is homogeneous and the observed variation is due to chance (random variation), whereas a
  value of 100 means that the observed variation between studies is due to heterogeneity.
Index test Refers to the test under study. In the present study, FNAC is the index test, and histologic examination is 
  the reference test.
Meta-analysis A method for combining study results to obtain better estimates (by increasing sample size) and to
  investigate factors that cause variability in study results.
Metandi A procedure for meta-analysis of diagnostic accuracy studies that is contained in Stata. Stata is a general 
  purpose statistical package.
Misclassification bias Results from errors in the reference test (the “gold standard”). In FNAC studies, the reference test is
  histologic examination or clinical follow-up. Neither of these reference standards is error-free. Errors in the
  reference standard can lead to systematic differences (bias) in the observed sensitivity and specificity of
  the index test (FNAC).

FNAC, fine-needle aspiration cytology; ROC, receiver operating characteristic.
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Reference test Refers to the gold standard test. For FNAC studies, the reference test is usually histology or, sometimes,
  clinical follow-up.
Review bias Occurs when the results of the index test (FNAC) are known when the reference test (histologic examination)
  is interpreted. Knowledge of the index test can influence the interpretation of the reference test. Blinding can
  remove this source of bias; however, most FNAC studies are retrospective and not blinded.
Receiver operating characteristic A plot that shows the ability of a test to discriminate between 2 diagnostic categories. Sensitivity is plotted 
 (ROC) curve  against 1 – specificity to show the tradeoff that occurs by varying the test criteria (threshold). For a chemical
  test, the threshold is varied by changing the cutoff value. For surgical pathology specimens, thresholds are
  related to multiple features such as number of mitoses and cell sizes. Each point on the ROC curve represents
  a combination of sensitivity and specificity. The ROC curve shows the tradeoff between sensitivity and
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Scopus A large electronic abstract and citation database.
Summary ROC (SROC) curve The SROC is similar to the ROC except that an SROC is obtained by combining the results of multiple studies.
Systematic review A transparent, comprehensive, and reproducible approach to obtain evidence to answer a research question.
  The search strategy for a systematic review should survey multiple data sources and should not be limited
  with respect to the language in which the study report is published. Criteria for selecting studies should
  be stated in advance. Evaluation for the inclusion of studies should be completed independently by 2
  persons. The process generally begins by screening abstracts and titles to determine eligibility, which is then
  followed by a more detailed review of full articles. Data should be extracted independently in duplicate.
  Critical appraisal of the included studies is an important part of a systematic review. A quality assessment
  such as QUADAS should usually be conducted to assess for potential sources of bias. Leeflang et al6 and
  the Cochrane Collaboration have provided guidelines for systematic reviews of diagnostic accuracy studies. 
  Nonsystematic reviews are called narrative reviews.
Verification bias Results from differences in the verification of positive cases as determined by the index test. In FNAC
  studies, positive FNAC results are usually followed up by surgery, whereas negative FNAC results are usually
  not verified. This pattern is known as partial verification (negative results are not verified at the same rate
  as positive results) and can lead to bias in the observed sensitivity and specificity. Differential verification bias
  occurs when one method (a “gold standard”) is used to verify positive cases and another method (a “brass
  standard”) is used to verify negative cases. For example, in FNAC studies, positive results may be referred
  to surgery, whereas negative results are followed up clinically, which can lead to biased estimates of
  accuracy of the index test (FNAC) if the 2 methods of verification (histologic examination vs clinical
  observation) differ in accuracy.
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