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Abstract

Background: Follicular neoplasm (Bethesda IV cytology) requires 
thyroid lobectomy for diagnosis. Approximately 15-30% of cases are 
ultimately malignant, requiring reoperative completion thyroidecto-
my. We sought to reassess whether intraoperative frozen section (FS) 
reduces the need for reoperative thyroidectomy in these cases.

Methods: A retrospective chart review of fine needle aspiration 
(FNA) results showing follicular neoplasm from 2003 to 2012 was 
performed. Our practice is to offer thyroid lobectomy with FS for 
these patients; with suspicious FS, surgery proceeded to total thy-
roidectomy. FS suspicious for papillary thyroid carcinoma (PTC) was 
based on nuclear features (nuclear grooves/atypia, pseudo-nuclear 
inclusions) and for follicular thyroid carcinoma (FTC) was based on 
capsular/vascular invasion.

Results: A total of 148 patients with follicular neoplasm on FNA 
were identified, of which 79 underwent FS. Fifteen had suspicious 
FS with 12 having malignancy on final pathology, for a positive pre-
dictive value of 80%. Nine showed features suspicious for PTC, of 
which eight had PTC. Six showed features suspicious for FTC, of 
which four had malignancy on final pathology. Of the 64 patients with 
unremarkable FS, 49 had benign final pathology, for a negative pre-
dictive value of 77%. Twelve (19%) patients required reoperation. 
Seven of 19 patients (37%) with malignancy avoided reoperation due 
to FS. Risk of malignancy with follicular neoplasm diagnosis was 
34% (51/148), while risk of malignancy with follicular neoplasm and 
suspicious FS was 80%.

Conclusions: Risk of malignancy with follicular neoplasm and sus-
picious FS is 80%. FS may avoid reoperative completion thyroidec-
tomy in up to a third of patients.
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Introduction

Workup of a solitary thyroid nodule requires a multimodal 
approach, including a detailed history and physical examina-
tion, blood testing, imaging and biopsy. Fine needle aspira-
tion (FNA), which is typically performed via ultrasound guid-
ance, is the gold standard for biopsy of thyroid nodules. The 
Bethesda system for classifying thyroid nodules was created 
to provide a comprehensive, uniform way of risk stratifying 
and managing solitary thyroid nodules based on FNA results 
[1]. This study focuses on patients with Bethesda IV cytology, 
that of follicular neoplasm, a more difficult pathologic diag-
nosis to manage. Follicular neoplasm carries a 15-30% risk of 
malignancy [2, 3], and therefore often requires an operation 
for diagnosis [4]. Therefore, for patients undergoing thyroid 
lobectomy, there is 15-30% probability of having papillary 
thyroid carcinoma (PTC) or follicular carcinoma that will re-
quire reoperative completion thyroidectomy [2].

Intraoperative frozen section (FS) is used by some to 
guide surgical management of patients with a cytological diag-
nosis of follicular neoplasm. Its use, however, is controversial. 
Many believe that FS of indeterminate thyroid nodules may be 
limited in detecting thyroid malignancies especially in follicu-
lar or Hurthle cell lesions [5, 6], because it produces discordant 
diagnoses with final pathology due to sampling error [7, 8], 
distorts sample architecture [8, 9], and is time consuming [10, 
11] and costly [10, 11] without improved patient outcomes. 
Others suggest that the routine use of FS in thyroid surgery 
supplements information from FNA biopsy and leads to better 
surgical decision making [12-16].

It is our goal in this study to reassess the use of intraopera-
tive FS in those patients with FNA biopsy showing follicular 
neoplasm and determine whether FS results could reduce the 
need for reoperative completion thyroidectomy.
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Methods

This was a retrospective chart review performed at Rutgers 
Robert Wood Johnson Medical School of all patients with a 
solitary thyroid nodule that was diagnosed by preoperative 
FNA as follicular neoplasm or follicular lesion (Bethesda IV 
cytology). Cases from 2003 until 2012 were analyzed.

All patients were treated by the same surgeons (T.D. and 
S.Z.T.) with the same practice pattern; that is, thyroid lobec-
tomy with intraoperative FS was offered to all patients with 
an FNA diagnosis of follicular neoplasm. If FS was reported 
to be benign by intraoperative pathologic examination, thyroid 
lobectomy alone was performed. If FS exhibited features sus-
picious for cancer, total thyroidectomy was performed instead. 
Indeterminate FS reports were treated with thyroid lobectomy 
alone and ultimate management was deferred to final patho-
logic analysis.

FS was reported as suspicious for PTC when nuclear atyp-
ia, nuclear grooves, or pseudo-nuclear inclusions were present. 
Capsular or vascular invasion on FS was a sign of possible 

follicular thyroid carcinoma (FTC).
A total of three pathologists reviewed the FNA and FS 

specimens. For this chart review, results of the preoperative 
FNA and intraoperative FS analyses were obtained from the 
cytology and histopathology reports.

Results

A total of 148 patients had a preoperative FNA diagnosis of 
follicular neoplasm during the study time period. Of these, 79 
underwent intraoperative FS. Sixty-nine patients underwent 
total thyroidectomy as an alternative to thyroid lobectomy and 
FS was not performed. Reasons for total thyroidectomy at ini-
tial operation included patient preference, patient risk factors 
(radiation exposure or family history of thyroid cancer), or 
characteristics of the thyroid nodules (increasing nodule size 
or contralateral nodules > 1.0 cm).

Patient demographics

Mean patient age was 51 years (range 16 - 79 years) at the time 
of surgery. Fifty-seven patients were female and 22 were male 
(ratio of 2.6:1). Twenty-four patients had a family history of 
thyroid disease. Nine patients reported a prior history of radia-
tion exposure. Twenty-seven patients had an extensive history 
of tobacco use (Table 1).

Nodule characteristics

Ultrasonography was the primary diagnostic tool and was used 
in 96% of patients. Most (92%) patients had nodules on pre-

Table 1.  Demographic Information for 79 Patients With a Pre-
operative Fine Needle Aspiration Diagnosis of Follicular Neo-
plasm/Lesion Who Underwent Intraoperative Frozen Section

Number of 
patients

Percent of 
patients

Total patients with frozen section 79
Female 57 72%
Family history of thyroid disease 24 30%
History of radiation exposure 9 11%
History of tobacco use 27 34%

Figure 1. Patients with a preoperative fine needle aspiration (FNA) diagnosis of follicular neoplasm or follicular lesion and their 
intraoperative frozen section (FS) diagnosis and final pathology. PTC: papillary thyroid carcinoma. FTC: follicular thyroid carci-
noma. 
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operative imaging that measured > 1.0 cm. Forty-five (57%) 
cases had nodules which were larger than 2.0 cm in size and 
10 (13%) nodules measured greater than 4.0 cm in size. Thirty-
eight (48%) patients showed the presence of contralateral nod-
ules on imaging. Six patients (8%) had calcifications within 
the dominant nodule, of which four (67%) cases showed carci-
noma on final pathologic examination.

FS and final pathology

Of the 79 patients with FNA diagnosis of follicular neoplasm 
who underwent intraoperative FS analysis, 15 had features 
suspicious of carcinoma on FS. Twelve (80%) of these cases 
had a final pathologic diagnosis of malignancy, nine were posi-
tive for PTC, and three were positive for FTC.

Sixty-four patients had features on FS which were not sug-
gestive of cancer. Of these 64 cases, 15 (23%) had a diagnosis 
of malignancy on final pathology. Eight cases showed PTC 
and the remaining seven were positive for FTC.

These findings suggest a positive predictive value of 80% 
and a negative predictive value of 77% for intraoperative FS in 
FNA diagnosis of follicular neoplasm (Fig. 1).

Of the 69 patients with FNA diagnosis of follicular neo-
plasm who did not undergo intraoperative FS analysis, 24 had 
a malignant diagnosis on final pathology.

FS and operative management

Of the 79 patients who underwent intraoperative FS, 12 had 
findings on FS that warranted total thyroidectomy. Seven 
(58%) of these patients had malignancy on final pathology, for 

which total thyroidectomy was appropriate management. Four 
patients had PTC and three had FTC. The remaining 67 patients 
proceeded with thyroid lobectomy alone based on FS findings. 
Thirteen (19%) of these patients had malignancy on final pa-
thology that required reoperative total thyroidectomy. Six cases 
had PTC and the remaining seven were positive for FTC.

In sum, 19 of the 79 patients warranted total thyroidec-
tomy based on final pathologic diagnosis; seven (37%) of these 
19 patients underwent total thyroidectomy at their initial op-
eration based on suspicious findings on FS (Fig. 2).

Discussion

Follicular neoplasm carries a 15-30% risk of malignancy and 
typically requires thyroid lobectomy for diagnosis [2, 3]. This 
suggests that up to 30% of patients will undergo reoperative 
completion thyroidectomy for treatment and cure. The util-
ity of intraoperative FS in guiding surgical decision-making 
is debated. While our study was retrospective with a limited 
number of patients, it suggests that FS may be valuable in 
identifying malignancy early and thus reducing the need for 
reoperative surgery in patients with follicular neoplasm.

In this group of 148 subjects with follicular neoplasm on 
FNA, 51 (34%) patients had a diagnosis of malignancy on fi-
nal pathology. The likely explanation for the slightly higher 
than average rate of cancer in these patients was that our FNA 
samples were sent for second opinion pathologic review for a 
separate study. A third of patients had second opinion samples 
reported as benign compared to an initial diagnosis of follicu-
lar neoplasm, which may contribute to the higher number of 
cancer incidence [17]. While the overall risk of malignancy 
was 34% for follicular neoplasm, this number rose to 80% in 

Figure 2. Patients with a preoperative fine needle aspiration (FNA) diagnosis of follicular neoplasm or follicular lesion and their 
operative management based on frozen section (FS) diagnosis and final pathology. PTC: papillary thyroid carcinoma. FTC: fol-
licular thyroid carcinoma. 
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patients with follicular neoplasm and suspicious FS findings. 
This suggests that FS aids the surgeon in identifying patients at 
risk of malignancy and thus can guide operative management 
when preoperative FNA is diagnostic of follicular neoplasm.

Our positive predictive value for FS in follicular neo-
plasms of the thyroid was 80%, similar to quoted numbers 
in the literature (range 28.5-100%) [5, 18-20]. Our negative 
predictive value of 77% is on the low end of those numbers 
quoted in the literature (range 74.1-95.3%) [5, 18-20]. This 
may be due to our small sample size.

Thirteen of 67 (19%) patients had a malignant final diag-
nosis despite unremarkable FS results. These patients therefore 
required reoperative completion thyroidectomy for cure. We 
suggest that if up to 30% of patients with follicular neoplasm 
have cancer, then FS may reduce the need for reoperative sur-
gery and the risk of its associated complications by up to 11%.

Of 79 patients who underwent intraoperative FS, five (6%) 
had benign final pathology and thus unnecessarily endured to-
tal thyroidectomy and lifelong thyroid hormone replacement. 
Still, however, this number is quite small and many institutions 
are offering patients with follicular neoplasm total thyroidecto-
my from the onset; although, this remains a point of controver-
sy. With this practice pattern, unnecessary total thyroidectomy 
may occur in 70-85% of patients with follicular neoplasm. On 
the other hand, a total of 20 patients warranted total thyroidec-
tomy based on malignancy found on final pathology. Seven of 
these patients underwent total thyroidectomy at their initial op-
eration based on findings which were suspicious on FS. Thus, 
we conclude that about 35% of patients avoided reoperative 
completion thyroidectomy based on FS results.

A total of 15 patients showed suspicious features on FS. 
Nine of these showed nuclear atypia, indicative of possible 
PTC, while six showed findings concerning for capsular or 
vascular invasion, a sign of FTC. Of the nine patients with 
nuclear atypia on FS, eight (89%) had a final pathologic diag-
nosis of papillary carcinoma or papillary microcarcinoma. Of 
the six patients with features suspicious of FTC, three (50%) 
had follicular carcinoma or Hurthle cell carcinoma on final pa-
thology. We therefore suggest that intraoperative FS may be 
especially useful in recognizing nuclear abnormalities charac-
teristic of papillary thyroid cancer.

In conclusion, this study demonstrates a number of pos-
sible benefits of intraoperative FS at the time of thyroid lobec-
tomy for follicular neoplasm cytology diagnosis. A suspicious 
FS can increase the detection of malignancy when compared 
with preoperative FNA results alone. In our series, FS reduced 
the need for reoperative thyroid surgery in over a third of pa-
tients with malignant disease. We also found that patients with 
follicular neoplasm in a calcified thyroid nodule were very 
likely to have malignancy found on surgical pathology Finally, 
visualization of the features of PTC on FS are highly predic-
tive of malignancy on surgical pathology.
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