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Frozen section in thyroid gland follicular neoplasms: It’s high time to 
abandon it!☆ 
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A B S T R A C T   

Thyroid nodules are a very common clinical condition. The 2015 American Thyroid Association (ATA) guidelines 
recommend surgical excision for Bethesda IV nodules. The use of intraoperative frozen section (FS) has been 
recommended as a strategy to tailor the extent of the initial surgery. We critically evaluated the literature that 
discusses the utility and cost-effectiveness of FS to make an intraoperative decision in patients with thyroid 
nodules classified as follicular neoplasm. FS should not be recommended as a routine intraoperative test to assess 
for malignancy in thyroid follicular patterned lesions due to its low performance; the high number of deferred 
results; the inability to adequately assess histologically defining features; the improvements in risk stratification 
guiding total thyroidectomy; and the low cost-effectiveness of FS.   

1. Introduction 

Thyroid nodules are a very common clinical condition. Ultrasound 
and fine needle aspiration biopsy (FNAB) are the main diagnostic tests 
used to risk stratify nodules and guide treatment planning [1]. In 2009, 
the Bethesda System for Reporting Thyroid Cytopathology was estab-
lished as a standardized, category-based reporting system for thyroid 
FNAB specimens based on the expected risk of malignancy [2], updated 
in 2017 [3]. The classification uses six categories that describes a 

spectrum of changes that ranges from very low risk of malignancy 
(benign, category II)] to high risk (malignant, category VI). In the 
middle are categories III, IV and V: category III including atypia of un-
determined significance (AUS) or follicular lesion of undetermined signifi-
cance (FLUS); category IV: follicular neoplasm or suspicious for a follicular 
neoplasm; and category V: suspicious for malignancy; these categories are 
associated with a moderate probability of malignancy. The 2015 
American Thyroid Association (ATA) guidelines [1] recommend surgical 
excision (usually a thyroid lobectomy) for Bethesda IV nodules, 
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although a total thyroidectomy could also be recommended depending 
on several characteristics, such as size, ultrasound pattern, bilateral 
disease, patient preference and genetic molecular testing [4]. 

Over the last 40 years, the use of intraoperative frozen section (FS) 
has been recommended as a strategy to obtain a definitive histologic 
diagnosis of a preoperatively indeterminate thyroid nodule classified as 
follicular neoplasia during surgery and to tailor the extent of the initial 
surgery accordingly [5]. However, its use provokes intense discussion 
regarding its utility and cost-effectiveness due to the discrepancies in 
reported results. 

The aim of this review is to critically evaluate the literature that 
discusses the utility and cost-effectiveness of FS to make an intra-
operative decision in cases of patients with thyroid nodules classified as 
follicular neoplasm and to critically assess its utility. 

2. Diagnostic performance of frozen section in follicular thyroid 
nodules 

The first formal description of utilizing FS to make an intraoperative 
decision was reported by De Reimer from The Netherlands in 1818, with 
Welch in 1891, at Johns Hopkins in Baltimore, Maryland, was the first to 
apply it to clinical material, examining a breast cancer operated on by 
Halsted [6]. Later, in 1905, Wilson from Mayo Clinic in Rochester, 
Minnesota, published his systematic experience [7]. Since that time, FS 
has been widely used for separating benign from malignant lesions, and 
to define the margin status after tumor resections. For thyroid nodules, it 
has been used since the middle of the 20th century [7]. A PubMed search 
with the terms “frozen section” and “thyroid nodules” made in March 
2020, retrieved more than 9500 articles. The subject has been widely 
discussed in the literature and by the end of the 20th century, an 
editorial published in the American Journal of Clinical Pathology titled 
“Frozen Section of Thyroid? Just Say No”, discussed its current use in 
thyroid gland pathology [8]. 

In thyroid nodules, the main diagnostic objective is to define if they 
are malignant in order to offer appropriate surgical treatment. The wide 
use of FNAB, with its high sensitivity and specificity, helps to define the 
nature of nodules and to select the most appropriate therapeutic 
approach [3]. For categories with a high risk of malignancy, such as 
Bethesda VI, above the therapeutic threshold [9], a surgical procedure 
without further diagnostic tests is the most cost-effective treatment. At 
the other end of the spectrum, nodules classified as Bethesda II, which 
are located below the diagnostic threshold, have a low risk of malig-
nancy, and thus clinical and ultrasonographic surveillance is the rec-
ommended strategy (Fig. 1). Therefore, in these two extremes, the use of 
FS is not only useless, but it increases intraoperative risks and the cost of 
treatment. Older studies evaluating FS reported a high accuracy (70%– 
95%), but most of these studies included a number of nodules located at 
both ends of the diagnostic spectrum [10–13]. Depending on the number 

of low- or high-risk nodules included, the predictive values of the FS can 
be artificially increased, which is known as “spectrum bias” or the 
“spectrum effect” that explains the “variation in diagnostic test performance 
according to the prevalence and distribution of a disease in a population” 
[14]. Peng et al. [15], clearly demonstrated this bias for the FS in thyroid 
lesions, when the positive predictive value changed from 86% in studies 
that included mostly follicular neoplasms to 98% when including all 
types of thyroid nodules. Although this phenomenon is widely recog-
nized, recent studies still include nodules from these categories and 
report overestimated results that further contribute to confusion [16, 
17]. 

In contrast, nodules classified as follicular neoplasms are in the 
middle of the risk spectrum, i.e. between the diagnostic and therapeutic 
thresholds, where diagnostic tests such as FS or genetic molecular 
testing must prove their utility to offer useful information because a 
positive result will move the risk over the therapeutic threshold, while a 
negative result will move the risk below the diagnostic threshold 
(Fig. 1). In a meta-analysis conducted in 2008, Peng et al. [15], reported 
23 studies that evaluated the FS performance in follicular neoplasia and 
found a sensitivity of 21% and a specificity of 99%. Although they 
proposed not to use FS as a diagnostic tool in follicular neoplasms, many 
additional studies were published later where the use of FS was evalu-
ated in the same scenario [18–28]. In 2019, Grisales and Sanabria [29] 
updated this meta-analysis and found a low sensitivity of 43% and a 
specificity of 100%. The final conclusion based on results of FS diag-
nostic performance was that its routine use should be avoided. The 
determination of malignancy in a follicular patterned nodule relies 
mainly on the presence of invasion, which is a matter of tissue sampling 
and therefore it is difficult to differentiate benign from malignant based 
on a FS. FS in nearly all cases will not be able to confirm follicular 
cancer, as it is based on sometimes very focal and potentially easily 
missed capsular and lymphatic or vascular invasion; if the FS diagnosis is 
papillary thyroid carcinoma (PTC), in the vast majority of cases, nothing 
assessed of the primary tumor by the frozen section would lead you to 
convert a lobectomy to a total thyroidectomy. 

3. Reasons against frozen section for follicular lesions/ 
neoplasms: primary studies 

Other reasons which limit the adoption of FS in follicular lesions 
include those related to the primary studies themselves, and to the 
practical application of FS in clinical practice. When examining the 
literature, there is significant and mounting evidence that frozen section 
for follicular lesions/neoplasms is either not efficacious, not cost- 
effective, or both. 

The first reason is the limited sample size in the primary studies [29]. 
In a meta-analysis that assessed FS in follicular neoplasms, only a few 
studies (11/46) included more than 100 patients. It is generally accepted 

Fig. 1. Risk spectrum and thresholds in thyroid nodules according to Bethesda classification.  
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that specialized training in pathology is an important factor that im-
proves interpretation of FNAB and FS [30,31]. Moreover, reference 
centers, where higher numbers of FS are performed, acquire experience 
and improve technical processing factors (tissue folding, tangential 
sectioning, architectural findings, nuclear size and shape, contour ir-
regularities and chromatin staining or distribution), which can modify 
the pathologist’s interpretation in the final pathology report [32–34]. 
Therefore, if a center performs FS for follicular lesions, it is reasonable to 
assume that with the low sensitivity of FS, the number of FSs for 
follicular neoplasms will decrease. As the number of samples declines, so 
does the technical and professional experience, further reducing diag-
nostic performance, creating a negative spiral that eliminates the 
routine use of FS. 

A second reason is the high rate of deferred results. The rates re-
ported in the meta-analysis varied from 0 to 97%, and 58% of the studies 
reported deferred results; a high rate of deferred results was related to 
better performance of the FS [29]. There is no information about the 
acceptable percentage of deferred results, but high percentages could be 
a proxy of sampling difficulties. A deferred result will falsely increase the 
performance of the test due to information or diagnostic review bias that 
occurs when the interpretation of the reference test is not independent of 
the index test [35,36]. In studies with high rates of deferred results, the 
pathologist interprets the final sample knowing clinical data and sur-
gical findings without intraoperative time limitations, which does not 
occur when an immediate result is offered without deferring. The fre-
quency of deferred cases depends on several other factors, such as 
sample conditions, type of characteristics to be evaluated and the pa-
thologist’s experience. As mentioned previously, experience increases 
with the evaluation of a high number of samples in a short period of 
time, which is not easily acquired in contemporary circumstances. 
Additionally, for thyroid follicular neoplasms, the physical conditions of 
the sample play an important role in the evaluation. It has been previ-
ously reported that freezing artifacts can confound the interpretation of 
the samples [32,33] and that training and dedication in the management 
of the samples by specialized technicians are important factors to avoid 
this problem. If there are limited personnel and fewer samples, experi-
ence will be hard to acquire. Finally, the characteristics evaluated to 
separate follicular adenoma from follicular thyroid carcinoma (FTC) 
(capsule and/or lymphovascular invasion) are elusive when only a few 
tumor sections are examined or a limited number of tissue sections are 
histologically reviewed. All these situations will increase the number of 
deferred results, which will increase the operative time and cost without 
a significant change in the rate of total thyroidectomies. 

Third, performance of a diagnostic test depends on the prevalence of 
the condition. According to Cibas et al. [3], the current rate of malig-
nancy in follicular neoplasms ranges from 10 to 40%, with a mean of 
approximately 25%. Therefore, predictive values of FS vary depending 
where the study is performed. In a reference center, the expected 
number of malignant cases will be higher than those in community 
hospitals, with a consequent difference in predictive values and differ-
ential effect in intraoperative decisions. As diagnostic performance is 
lower in settings with a low prevalence of malignancy, FS use will 
produce more diagnostic misclassification, and it can be inferred FS use 
will decrease with time (Fig. 2). Ultimately, a lower number of FSs will 
be performed, as previously reported in several hospitals in Japan by 
Osamura et al. [37]. 

4. Reasons against frozen section for follicular lesions/ 
neoplasms: practical usage 

In addition to arguments against the routine use of frozen section for 
follicular lesions/neoplasms from primary studies in the literature, there 
are a number of practical concerns related to frozen section with inde-
terminate thyroid nodules. 

First, the pathologist’s opinion about the utility of FS in determining 
a definitive diagnosis of follicular thyroid carcinoma is not optimal 

because capsular and/or lymphovascular invasion cannot be adequately 
assessed [8,38]. A complete sampling of the parenchyma-to capsule-to 
tumor interface is necessary to exclude capsular and/or lymphovascular 
invasion, which cannot be achieved by FS due to the low number of 
slices commonly obtained, unless the tumor is microscopic (≤1 cm in 
greatest dimension). Fig. 3. It has been calculated that at least nine 
paraffin-embedded tissue blocks are necessary for the histologic iden-
tification of lymphovascular invasion in minimally invasive follicular 
thyroid carcinoma, depending on the tumor size [39]. Moreover, the 
impossibility of sampling the entire capsule and the artifacts in FS 
obscure the nuclear details that are necessary to distinguish this lesion 
from other conditions, such as noninvasive follicular thyroid neoplasm 
with papillary-like nuclear features (NIFTP) [32,39]. Fig. 4. If the pre-
dicted number of NIFTP tumors is approximately 20% of all 
follicular-patterned neoplasms, the FS will be useless in these cases. 
Moreover, there are concerns about wasting tissue in small nodules that 
can suffer permanent frozen section artifacts, compromising the defin-
itive diagnosis [33]. However, in spite of clear cut reasons, most pa-
thologists do not exert active opposition against frozen sections on 
thyroid nodules [38,40–42]. 

Second, the most important concern initially regarding follicular 
neoplasms was the possibility of missing a FTC which had a worse 
prognosis in comparison with PTC. However, the original follicular 
thyroid carcinoma rate of 20–30% has been significantly reduced by the 

Fig. 2. Effect of prevalence in results of FS in follicular neoplasm. As can be 
seen, when the prevalence (pre-test probability) of FTC is high as 40% (line C), 
a negative result of FS, will decrease the post-test probability to 26%, which left 
the situation unsolved. When the prevalence is low, 15% (line A), a negative 
result of FS will move the post-test probability to 10%, that does not solve the 
situation. Between both, the standard values show the poor performance of FS. 
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reclassification to follicular variant of PTC or NIFTP, both of which have 
a significantly better prognosis [43,44]. Today, the rate of “true” FTC in 
larger datasets is approximately 7% [45,46]. Therefore, because FTC is 
less frequent, the potential utility of FS is even lower. 

Third, the recommended extent of surgery for low-risk well-differ-
entiated thyroid carcinoma has changed in the last two decades. Prior to 
2009, most cases of thyroid carcinoma, independent of size and other 
factors, were treated with total thyroidectomy; thus, FS played an 
important role in the intraoperative decision to remove the contralateral 
lobe. When ATA recommendations changed, the threshold for a total 
thyroidectomy was modified progressively, first to tumors larger than 1 

cm [47] and later to tumors larger than 4 cm [1]. Further, most nodules 
classified as follicular neoplasms are smaller than 4 cm; therefore, the 
utility of FS to decide on a contralateral lobectomy is limited. Tumors 
that previously were considered an absolute indication for total thy-
roidectomy, such as minimally invasive FTCs are now treated with lo-
bectomy [48,49]. Currently, the decision is based on size (>4 cm), 
adverse features (number of foci of lymphatic and/or vascular invasion 
and degree of capsular invasion), contralateral lobe findings on US and 
patient preference. None of these can be assessed using FS. 

Fourth, there is an unfounded belief in the diagnostic performance of 
FS to accurately classify follicular neoplasms that is deeply rooted in the 
surgical community. In some services, surgeons confidence in cytolog-
ical results is low due to the lack of experienced thyroid cytologists or FS 
is part of the tradition and institutional routine, and is performed in all 
patients without regard to any preoperative findings or to decrease the 
possibility of a second surgical procedure [50]. If the follicular neoplasm 
is smaller than 4 cm with benign ultrasonographic findings, the use of FS 
should not change the preoperative decision to perform a lobectomy. 
Some surgeons demand immediate information or want to satisfy their 
curiosity without the delay of a definitive histopathological examina-
tion, without realizing that the diagnostic performance of FS for follic-
ular patterns lesions is poor [40,41]. 

Fifth, it is expected that the progressive use and adoption of genetic 
classification tests will decrease even more the number of nodules 
candidates for FS and will make it even more outdated. 

Finally, 6 of 8 economic studies demonstrated that FS was not cost- 
effective for follicular neoplasms. FS increases the costs due to the 
increased operative time, increased burden on pathology personnel 
(pathologist, technician, operating room transportation), and the need 
for pathological processing, which results in a negligible effect on the 
rate of delayed completion thyroidectomy. 

5. Conclusions 

Although the use of FS in high volume, tertiary institutions is 
decreasing progressively, many studies are still published, usually from 
non-academic centers, which helps to perpetuates its use. In conclusion, 

Fig. 3. Thyroid frozen section difficulties in evalu-
ating capsular and vascular invasion. A) and B) 
demonstrate an area of capsule invasion, captured on 
frozen section, but only recognized as invasion on 
the permanent sections. C) An area of capsular 
penetration is seen here on the frozen section ma-
terial, but it was interpreted as a fold in the tissue 
and thus was not called. D) A small rounded tumor 
embolus is noted within this lymphatic channel on 
the frozen section material, but again due to the 
nature of the specimen was not recognized until the 
permanent section was reviewed. Therefore, even 
though features of invasion may be present on frozen 
sections they are often too difficult to identify and 
state with certainty that they represent invasion.   

Fig. 4. Thyroid frozen section difficulties in evaluating nuclear cell charac-
teristics. A) The frozen section shows round and regular nuclei with a follicular 
architecture. B) Permanent sections demonstrate the same follicular architec-
ture, but the nuclei are enlarged, irregularly placed, with grooves, folds and 
irregular contours. There is delicate and fine, even nuclear chromatin. 
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based on its low diagnostic performance, FS should not be recommended 
as a routine intraoperative test to assess for malignancy in thyroid 
follicular patterned lesions with the aim of defining the extent of initial 
surgery. Arguments against the practice include the low quantity of FSs 
performed which makes it difficult for pathologists to gain enough 
experience in a short time; the high number of deferred results, which 
cannot help in making an intraoperative decision; the inability of FS to 
adequately assess histologically defining features; follicular patterned 
tumors require cytological evaluation that cannot be reliably achieved 
with the artifacts of FS; the improvements in risk stratification guiding 
total thyroidectomy; and the low cost-effectiveness of FS. Therefore, a 
thorough clinical history and examination, combined with high defini-
tion ultrasound assessment and FNAB (with judicious molecular 
testing), should be the cornerstone of pre-operative decision making in 
all cases of suspected thyroid cancer. By considering these factors, the 
peri-operative findings and the patient’s preferences in relation to 
management, the need for completion thyroidectomy can be minimized 
without relying on a test with poor diagnostic performance with negli-
gible impact on case management. 
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