
ORIGINAL ARTICLE

Thyroid Fine-Needle Aspiration

Does Case Volume Affect Diagnostic Yield and Interpretation?

Jeffrey J. Houlton, MD; Gordon H. Sun, MD; Nella Fernandez, MD; Qihui “Jim” Zhai, MD;
Fred Lucas, MD; David L. Steward, MD

Objective: To evaluate the effect of case volume on the
diagnostic yield and interpretation of thyroid fine-
needle aspiration (FNA).

Design: Retrospective case series.

Setting: An academic tertiary referral center and 2 com-
munity hospital centers.

Patients: Data were retrospectively reviewed for all con-
secutive patients undergoing thyroid FNA at these in-
stitutions during the 2009 calendar year.

Main Outcome Measures: Differences in diagnostic
distribution and yield among pathologists and clini-
cians of differing case volume.

Results: A total of 790 patients underwent thyroid FNA,
with the results interpreted as benign (479 [60%]), atypi-
cal (166 [22%]), malignant (9 [1%]), or nondiagnostic
(136 [17%]). The FNAs were performed by 134 physi-
cians and interpreted by 16 pathologists with varying case
volumes. Low-volume pathologists (�50 FNAs inter-

preted) were more likely to report atypical FNAs (32%
vs 13%; P� .001) and less likely to call FNAs benign (50%
vs 70%; P� .001) compared with high-volume patholo-
gists (�50 FNAs interpreted), and compared with ex-
pected normative data (benign, P � .001; atypical,
P � .001). Atypical FNA findings reported by low-
volume pathologist were more likely to yield benign per-
manent results than those read by high-volume patholo-
gists (64% vs 42%; P� .02). Low-volume clinicians (�20
FNAs performed) were not more likely to perform non-
diagnostic FNAs compared with high-volume clinicians
(�20 FNAs performed) (16% vs 15%; P=.47).

Conclusions: Case volume significantly influences the
pathologic interpretation of thyroid FNA, as low-
volume pathologists report more atypical and fewer be-
nign FNA results. Case volume did not have a signifi-
cant impact on diagnostic yield, because thyroid FNAs
performed by low-volume clinicians did not result in more
frequent nondiagnostic results compared with those per-
formed by high-volume clinicians.
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T HYROID FINE-NEEDLE ASPIRA-
tion (FNA) remains a cor-
nerstone in the diagnostic
evaluation of thyroid nod-
ules. Thyroid FNA is gener-

ally reported to yield sensitive and specific
results for the detection of thyroid carci-
noma, reducing the rate of thyroidectomy,
and increasing the yield of cancer on per-
manent pathologic results.1-5 Fine-needle as-

piration is recognized as the primary screen-
ing modality for thyroid carcinoma by the
American Thyroid Association, National
Cancer Institute, and the National Com-
prehensive Cancer Network.6-10

However, the accuracy of thyroid FNA
interpretation is somewhat variable among
differing series in the literature. In a
recent report by Lewis et al,11 which in-
cluded a review of 19 large prospective se-
ries, highly varied sensitivities (38%-
95%), specificities (46%-99%), and positive
(28%-99%) and negative (66%-99%) pre-
dictive values were reported. The catego-
ries used to report results were also highly
variable among differing series, varying
from 3 to 8 category systems.11 Even pa-
thologists of the same institution are re-
ported to interpret thyroid FNA results
with significant interobserver variability,
particularly for atypical lesions.12-14

This diagnostic variability is problem-
atic as thyroid FNA biopsy is heavily re-
lied on for decisions regarding the treat-
ment of thyroid nodules. As such, the use
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of thyroid FNA as a screening modality necessitates that
it be sufficiently sensitive to detect the low prevalence
of malignancy among thyroid nodules (generally ac-
cepted as 5%-10%) while remaining specific enough to
avoid a high rate of false-positive test results, which re-
sult in subsequent nontherapeutic thyroidectomy.15-17

Achieving a low incidence of nontherapeutic thyroidec-
tomy is further challenged by the largely prevalent (20%-
76% prevalence on thyroid ultrasonography) nature of
thyroid nodules in the adult population.18,19

In the current study, we examine the affect of differ-
ing case volume on the diagnostic yield and interpreta-
tion of thyroid FNA, in a regional setting, as we hypoth-
esize that this variable may play a role in the accuracy of
thyroid FNA results.

METHODS

Approval was granted by the institutional review board of the Uni-
versity of Cincinnati Academic Health Center, Cincinnati, Ohio.
Data were retrospectively reviewed for all consecutive patients
who underwent thyroid FNA during the 2009 calendar year at 3
separate hospital centers, in a midsize American city. These 3 in-
stitutions included (1) an academic health center (including in-
patient biopsies and associated outpatient clinics), (2) a pri-
vately employed community hospital and its surrounding clinics,
and (3) a second community hospital and surrounding clinics that
employ 6 community pathologists and 3 pathologists who also
read FNA results at the academic center (and were responsible
for 27% of biopsies read at this institution). All eligible patient
data and related FNA data were included in the study. Data were
obtained by searching pathologic accession numbers at each in-
dividual institution. Relevant data included the FNA accession
number, interpreting pathologist, clinician performing FNA, in-
stitution of interpretation, and diagnostic result. The FNA find-
ings were uniformly reported as 1 of 4 diagnostic categories: be-
nign, atypical (indeterminate), malignant, or nondiagnostic results,
as was customary at all institutions.

When obtainable, permanent pathologic results were re-
viewed for patients with atypical and malignant FNA findings.
Follow-up permanent pathologic results were available only if
thyroidectomy took place at the same institution as the initial
FNA, and the results were unobtainable if surgery took place
at a separate institution (eg, a surgical center or separate hos-
pital). As such, these follow-up data were used to extrapolate
accuracy data and not to determine the proportion of patients
who ultimately underwent surgery. Permanent pathologic re-
sults were categorized as either malignant, adenoma, or be-
nign (nonadenoma). Differences in permanent pathologic re-
sults were compared using �2 analysis.

To analyze the effect of case volume on FNA interpreta-
tion, pathologists were divided into 2 subgroups: those who
read less than 50 FNA slides in the year (termed low-volume
pathologists) and those who read at least 50 FNA slides in the

year (termed high-volume pathologists). We used �2 analysis
to identify significant differences between low-volume patholo-
gists and high-volume pathologists in their reporting of each
of the 4 diagnostic results (benign, atypical, malignant, or non-
diagnostic). Differences in permanent pathologic results for pa-
tients with FNA findings initially reported as atypical were also
compared between these subgroups.

The diagnostic results of the low- and high-volume FNA sub-
groups were also compared with existing “near-normative” data.
In the absence of validated normative data we used publica-
tions by Gharib and Papinil4 and Gharib and Goellner20 to ap-
proximate an expected distribution of diagnoses. These stud-
ies were selected because they are large, well-respected
publications and because they also approximated ranges of ex-
pected FNA diagnoses as published in the American Associa-
tion of Clinical Endocrinologists and Associazione Medici En-
docrinologi Medical Guidelines for Clinical Practice for the
Diagnosis and Management of Thyroid Nodules.21 While this
was recognized as an imperfect statistical comparison, we be-
lieve it was important to provide context for our results. Com-
parisons were made using �2 analysis.

To evaluate the affect of case volume on diagnostic yield, the
rates of nondiagnostic results were analyzed with regard to the
clinician performing the FNA biopsy. The rate of nondiagnostic
results submitted by low-volume clinicians (defined as clini-
cians performing � 20 FNA biopsies per year) was compared with
the rate of high-volume clinicians (defined as clinicians who had
performed � 20 FNA biopsies per year) using �2 analysis. We
also compared differences in each of the other 3 diagnostic cat-
egories (benign, atypical, and malignant) between clinicians of
high and low volume. Data pertaining to whether biopsies were
palpation guided or ultrasonography guided were unobtainable.
Statistical significance was defined as P� .05.

RESULTS

A total of 790 thyroid FNAs were interpreted at the 3 hos-
pital centers in the 2009 calendar year: 384 biopsies were
interpreted by 8 pathologists at the Academic Health Cen-
ter, 292 biopsies were interpreted by 9 pathologists (in-
cluding 3 Academic pathologists) at the second commu-
nity hospital, and 115 biopsies were interpreted by 4
pathologists at the first community hospital. All FNA re-
sults were reported and totaled uniformly as 1 of 4 cat-
egories: benign (479 [60%]), atypical (166 [22%]), ma-
lignant (9 [1%]), or nondiagnostic (136 [17%]). In total,
FNAs were performed by 134 physicians and inter-
preted by 16 pathologists.

The distribution of diagnoses in the low-volume pa-
thologist subgroup, the high-volume pathologist sub-
group, and the near-normative group (Gharib and Papi-
nil4 and Gharib and Goellner20) is displayed in Table 1.
Low-volume pathologists were more likely to report atypi-

Table 1. Thyroid Fine-Needle Aspiration Results by Pathologist Case Volume

Source of Results

Diagnostic Category, %

Benign Atypical Malignant Nondiagnostic

High-volume pathologists 68 13 1.50 17
Low-volume pathologists 50 32 0.60 17
Gharib and Papinil4 and Gharib and Goellner20 70 10 5 15
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cal FNAs (32% vs 13%; P� .001) and less likely to call
FNAs benign (50% vs 68%; P� .001) compared with high-
volume pathologists. There was no statistically signifi-
cant difference in the reporting of nondiagnostic (17%
vs 17%) or malignant (1% vs 1%) results. When com-
pared with the near-normative data, low-volume patholo-
gists again reported more atypical FNAs (32% vs 10%;
P� .001) and fewer benign FNAs (50% vs 70%; P� .001)
but also reported fewer malignant FNAs (1% vs 5%;
P=.002). High-volume pathologists were not signifi-
cantly different in their reporting of atypical (13% vs 10%)
and benign (68% vs 70%) FNA results compared with
the data reported by Gharib and Papinil4 and Gharib and
Goellner,20 but, like the low-volume pathologists, were
less likely to report malignant FNAs (1% vs 5%; P=.003).

The 790 total FNA biopsies were performed by 134 cli-
nicians, as displayed in Table 2. A total of 125 low-
volume clinicians performed a mean of 3.1 biopsies in the
year, totaling 382 FNAs. The high-volume clinicians per-
formed a mean of 45 biopsies in the year, totaling 408 FNAs.
Low-volume clinicians were not more likely to perform non-
diagnosticFNAcomparedwithhigh-volumeclinicians (16%
vs 15%; P=.42). There were also no significant differences
in the other 3 diagnostic categories (atypical, P=.58; ma-
lignant, P=.42; benign, P=.38).

Of the patients whose FNA findings were reported as
atypical, 55% (91 of 166) had permanent pathologic re-
sults available for review; this included 66% (31 of 47) at
the Academic Health Center, 41% (16 of 39) at the first com-
munity hospital, and 55% (44 of 80) at the second com-
munity hospital. Of the patients whose FNA findings were
reported as malignant, 44% (4 of 9) had permanent patho-
logic results available; this included 50% (3 of 6) at the Aca-
demic Health Center, 0% (0 of 2) at the first community
hospital, and 100% (1 of 1) at the second community hos-
pital. Atypical FNA findings read by low-volume patholo-
gists were more likely to have benign permanent patho-
logic results than those read by high-volume pathologists
(64% vs 42%; P=.02) (Table 3).

COMMENT

Thyroid FNA is an invaluable diagnostic tool, yet its use
in the workup of thyroid nodules is not without limita-
tion. In our series of almost 800 patients, these limita-
tions are most clearly illustrated by the 39% rate of FNA
findings read as either atypical (22%) or nondiagnostic
(17%). These 2 categorical results fail to convey a de-
finitive diagnosis and, as such, are typically frustrating
for both surgeon and patient alike. In our study, we sought
to analyze the affects of both pathologic case volume and

clinical case volume on the diagnostic yield and inter-
pretation of thyroid FNA. In addition, we looked par-
ticularly closely at these correlations as related to atypi-
cal and nondiagnostic FNA results, given the clinical
uncertainty these results present.

In our series, low-volume pathologists were found to
report atypical FNA findings almost 21⁄2 times as often
as high-volume pathologists (32% vs 13%; P� .001). This
increase in atypical FNA findings seemed to correlate with
a significant decrease in the reporting of benign FNA find-
ings (50% vs 68%; P� .001). A similar result was pro-
duced by our imperfect comparison with “near-
normative” data reported by Gharib and Papinil4 and
Gharib and Goellner,20 because low-volume patholo-
gists again reported atypical FNA findings more often,
and benign less often, than this data set. However, high-
volume pathologists did not.

One possible conclusion is that there is a significant
proportion of FNA findings being reported as atypical by
low-volume pathologists, which would otherwise be re-
ported as benign by high-volume pathologists. This con-
clusion is supported by our examination of the available
permanent pathologic results for atypical FNA findings
in which there was a significantly higher rate of benign
permanent pathologic results for atypical FNAs re-
ported by low-volume pathologists compared with those
reported by high-volume pathologists (64% vs 42%;
P=.02). These follow-up data were somewhat limited be-
cause only 55% of permanent pathologic results were
available, which is a significantly lower rate than thy-
roidectomy rates for atypical aspirates in other series.22

However, this result is likely the effect of patients un-
dergoing thyroidectomy at institutions other than the 3
study locations, as is common in our region, rather than
foregoing surgery all together. Nonetheless, these miss-
ing data are a limitation of the current study.

Several other limitations were presented by the ret-
rospective and regional nature of our study design. Demo-
graphic data were not obtainable and therefore not con-
trolled for in the study groups, a particular limitation
because the study included both academic and commu-
nity centers. The inclusion of 3 separate hospital cen-
ters also introduced other variables, such as differences
in slide preparation and differences in quality control
among institutions. Information regarding whether bi-
opsies were ultrasonography or palpation guided was not
easily obtainable and may have played a role in diagnos-
tic yield. In addition, our study addressed a 4-category
system of FNA interpretation, and conclusions may not
extrapolate to other systems being used, such as the 6-cat-
egory Bethesda system.

Table 2. Nondiagnostic Results by Clinician Case Volume

Source of Results
Clinicians,

No.

FNAs
Performed,
Mean, No.

Nondiagnostic
Results, %

High-volume clinicians 9 45 16
Low-volume clinicians 125 3.1 15

Abbreviation: FNA, fine-needle aspiration.

Table 3. Permanent Pathologic Results for Atypical
Fine-Needle Aspiration Findings

Source of Results

Results, %

Benign Adenoma Malignant

High-volume pathologists 42 28 31
Low-volume pathologists 64 11 25
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That being said, we do feel that our data strongly sup-
port the conclusion that case volume does significantly
affect diagnostic interpretation, particularly for the atypi-
cal subset. Implications for improving accuracy for this
atypical subset include the implementation of depart-
mental quality improvement measures, further workup
for atypical/indeterminate FNA results (either by obtain-
ing a second opinion from a dedicated cytopathologist
or in the future through cytomolecular testing), or by en-
couraging interpretation by higher-volume patholo-
gists.

Finally, despite data suggesting that nondiagnostic re-
sults are higher among inexperienced clinicians perform-
ing fine-needle biopsies, there was surprisingly no sig-
nificant difference between high-volume clinicians and
low-volume clinicians in regard to nondiagnostic re-
sults in our series.23 This suggests that other factors, such
as slide preparation, pathologic interpretation, and the
nature of the thyroid lesion itself, likely play a more im-
portant role in determining the overall rate of nondiag-
nosis than does clinician case volume. Clinician errors
that do not result in nondiagnosis are obviously quite pos-
sible, however.

In conclusion, case volume significantly influences the
pathologic interpretation of thyroid FNA, because low-
volume pathologists report more atypical and fewer be-
nign FNA results. Case volume did not have a signifi-
cant impact on diagnostic yield, because thyroid FNAs
performed by low-volume clinicians did not result in more
frequent nondiagnostic result compared with those per-
formed by high-volume clinicians.
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