
issue examination by frozen section (FS) was
first performed by Welch in 1891 and developed

for intraoperative pathology diagnosis by Wilson and
MacCarty in 1905.1  But routine use of the technique
was to await the introduction of the cryostat in the
early 1960’s when it became an essential method for
rapid tissue diagnosis.2  Although FS has served well
in the intraoperative decision making of thyroid
cancer, the emergence of increasingly accurate and
cheap methods of pre- and intraoperative fine needle
aspiration biopsy (FNAB) has raised questions about
its routine use as an intraoperative diagnostic tool.3-5

Moreover, the refinement in imaging, combined with
preoperative availability of FNA cytopathology, has
enhanced the ability of surgeons to plan procedures
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more appropriately.  Nevertheless, FS examination of
the thyroid mass continues to occupy a common
place with a number of institutions and surgeons in
helping to determine the extent of thyroid resection.
This study analyses the role, accuracy and limitations
of FS as an intraoperative tool for diagnosing thyroid
cancer, at King Fahd Hospital of the University
(KFHU) in Al-Khobar, Kingdom of Saudi Arabia.

Methods.  The pathology reports on all thyroid
specimens submitted for frozen and permanent
sections at KFHU, during the period January 1990 to
December 1999, were retrospectively reviewed.  A
total of 151 thyroidectomy specimens had been

Objectives: The value of routine frozen section
examination for intraoperative diagnosis of thyroid cancer
is controversial and needs to be evaluated on an institution
to institution basis. This paper highlights the local
experience with frozen section and analyses its role,
accuracy and limitation in diagnosing thyroid cancer.

Methods: A retrospective study of 61 patients who
underwent thyroidectomy with routine thyroid frozen
section examination at King Fahd Hospital of the
University, Al-Khobar, Kingdom of Saudi Arabia. Results
were compared with the final diagnosis to evaluate its
effectiveness in predicting malignancy.

Results: Frozen section diagnosis, proved to be benign
in 44 (72%) specimens, malignant in 10 (16%) and the
diagnosis deferred in 7 (11.5%) patients. After
examination of the permanent sections of the specimens,
15 (28%) were found to be malignant including 3 (43%)
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out of 7 deferred cases. With an overall accuracy of >90%
and a specificity of 100%, the sensitivity of frozen section
diagnosis remains low.  Only 60% of papillary carcinoma
and 25% of follicular carcinoma were correctly diagnosed
on frozen section.  The low rate of diagnosis of follicular
carcinoma is due to its encapsulated and minimally
invasive nature.

Conclusion: The inability to diagnose follicular
carcinoma intraoperatively with frozen section is the most
significant factor accounting for the relatively low
sensitivity of frozen section diagnosis of thyroid malignant
neoplasm. In our institution, frozen section is considered a
complementary investigation to emerging fine needle
cytopathology in the region.
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reported out of which 61 had been examined for FS.
The microscopic slides of all the specimens were
read and tallied with the reports. A staff pathologist
who, after a gross inspection of the specimen, had
selected area(s) for FS preparation and reporting, had
examined each of the specimens. In general,
examination of one section was considered adequate
when the question of benign versus malignant lesion
was not in doubt. However, for follicular lesions, 2 to
4 sections were examined to evaluate capsular
penetration or vascular invasion.  The tissue was
embedded in optimal cutting temperature (OCT)
aqueous medium and then frozen in liquid isopentane
at –500 for 15–20 seconds. The tissue block was cut
in a cryostat, and a 6–8 mm thick section of tissue
was transferred to a glass slide and immediately fixed
in either 80% ethanol or formalin with alcohol. The
tissue was then progressively dehydrated, this was
accomplished by serial processing of the tissue in
solutions of increasing concentrations of ethanol
followed by final clearing in xylene. The slide was
then stained with hematoxylin and eosin. Touch
preparations were not a routine procedure.  If the
diagnosis was clearly benign or malignant, it was so
reported. In the particular situation of FS diagnosis of
follicular adenoma, however, the surgeon was
cautioned that additional blocks of tissue might yield
a different result on permanent sections.  All
malignant lesions, which contained both follicular,
and papillary elements in any proportion were
diagnosed as papillary carcinoma. The lesions with
exclusive follicular growth pattern and numerous
optically clear nuclei with "ground glass" appearance
were diagnosed as follicular variant of papillary
carcinoma. If the FS examination was inconclusive,
the diagnosis was deferred and the surgeon were
informed to await the results of permanent section
examination. In most, but not all cases, the same
pathologist who rendered the FS diagnosis made the
final diagnosis.  The cases in which intraoperative
diagnosis was deferred were excluded from the
statistical calculation of sensitivity, specificity,
overall accuracy, and predictive values. Sensitivity,
specificity, and accuracy were calculated as ratios
according to the following formulae: Sensitivity =
True-positive/sum{True-positive+False-negative}.
Specificity = True-negative/sum{True-negative
+False-positive}.  Accuracy = sum [True-
positive+True-negative]/sum (True-positive+False-
positive+True-negative+False-negative).

Results. The final histologic diagnoses of all
151 thyroid patients, including 61 patients in whom
FS examination was performed, are shown in Table
1. The diagnoses after FS examination in 61 (40% of
all thyroid patients) specimens are listed in Table 2.
The majority (72%) were benign while a definitive
diagnosis of malignancy was made in 10 (16%), and

n - number

Table 1 - Permanent section diagnosis of thyroidectomy specimens.

Final diagnosis

Benign
Nodular Goitre
Follicular adenoma
Hurthle cell adenoma
Hashimoto’s thyroiditis
Grave’s disease

Total

Malignant
Papillary carcinoma
Follicular carcinoma
Anaplastic carcinoma
Medullary carcinoma
Lymphoma

Total

Total of benign and
malignant

All thyroidectomy
specimens
n

  88
  13
    4
    3
  10

118

  25
    5
    1
    1
    1

  33

151

%

   58
    9
    3
    2
    7

  79

     16.5
    3

       0.5
       0.5
       0.5

  21

100

Thyroid lesions
examined by FS

n

31
  8
  2
  1
  2

44

10
  4
  1
  1
  1

17

61

%

  51
  13
    3
    2
    3

  72

  16
    6
    2
    2
    2

 28
  

100

Table 2 - Frozen section and permanent section diagnoses of 61 study
patients with statistical analysis for frozen section.

Frozen section
diagnosis

Benign

Malignant

Deferred

FS - frozen section; n - number

n

44

10

  7

Permanent pathological diagnosis
Proven

n

40

10

 -

%

  91

100

 *

* Likelihood that 42% malignant and 58% benign
n - number

Table 3 - Frozen section diagnosis of malignant tumor of thyroid.

Type of
neoplasm

Papillary
carcinoma

Follicular
carcinoma

Undifferentiated
carcinoma

Medullary
carcinoma

Lymphoma

Total

n of
specimens

10

  4

  1

  1

  1

17

Malignant

n

  6

  1

  1

  1

  1

10

%

  60

  25

100

100

100

  59

Benign

n

  2

  1

 -

 -

 -

  3

%

20

25

-

-

-

18

Deferred

n

 2

2

-

-

-

4

%

20

20

-

-

-

23
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in 7 (11.5%) the diagnosis was deferred.  The
permanent section examination diagnosed a
malignant neoplasm in 17 (28%) of the 61 patients in
this series, including 3 (43%) out of 7 in the deferred
group (Table 1).  There were 4 patients with false-
negative FS diagnoses – 2 each of papillary and
follicular carcinomas. Only 6 out of 10 (60%)
patients with papillary carcinoma were diagnosed on
FS examination. Out of the remaining 4, 2 were
considered benign and in the other 2 the diagnosis
was deferred. While there was no difficulty in
making a correct FS diagnosis of undifferentiated
cancer or lymphoma, the sensitivity of FS was very
low for follicular carcinoma – only one out of 4 cases
(25%) were diagnosed correctly (Table 3).  Overall, 7
out of 17 (41%) cancers were either missed or
deferred on FS examination.  A low (71%) sensitivity
of FS for cancer was in part (25%) due to sampling
error but largely due to misinterpretation of the
tissue.  The overall accuracy of FS diagnosis
(agreement of FS and permanent diagnosis) was 93%
and its specificity 100%. The discrepancy between
frozen and permanent sections diagnoses and the
outcome of deferred cases is shown in Table 2.  Of
the 7 deferred diagnoses, 3 (43%) proved to be
malignant (2 papillary and 1 follicular carcinoma)
and 4 were benign on permanent section
examination.

Discussion. For decades, FS has been the
mainstay of intraoperative diagnosis of most
malignancies. Its efficacy in the case of thyroid
surgery has, however, been influenced by a number
of factors: (a) limited sampling of suspicious
nodules, (b) difficulty with mounting and orientation
of fresh tissue, (c) suboptimal nuclear and cytologic
details, (d) time constraints and (e) a degree of
reluctance to commit to a definitive diagnosis of
malignancy prior to the review of all material.   More
recently, in the environment of health economics,
quality control, and managed-care health services, the
institutions have been obliged to look critically at
their practices and to look for cheaper and
comparable alternatives as diagnostic tools.  In cases
of thyroid surgery, the availability of a much cheaper
and reliable technique of FNAB has stimulated keen
interest.  A number of centers have compared (mostly
retrospective studies) the role of the 2 techniques and
found that their sensitivities and specificities for
accurately diagnosing thyroid cancer are
comparable.6-11  There is a growing consensus also
that: (a) with a definitive preoperative diagnosis of
malignancy on FNAB by skilled pathologists, a
routine FS for intraoperative decision making is
unnecessary,6,7,10,12,13 (b) frozen section should
supplement the diagnosis only when FNAB is
‘suspicious’ of cancer or its result

indeterminate7,9,10,11,14 and (c) the routine use of FS is
not cost-effective.15  This being so, the use of FS
diagnosis for variants of malignancy, and in more
conservative institutions, will continue.

In our study, a comparison between the FNAB and
FS examination results could not be made due to the
limited number of cases that had both procedures
carried out during the study period. We have thus
confined ourselves to determine the outcome of FS
practice in our hospital. As the analysis of our
material indicates, our results, in terms of sensitivity,
specificity and accuracy, are comparable to other
institutions.6-9,11  The procedure’s relative low
sensitivity is an important watershed in that only
60% of the papillary carcinomas and just 25% of
follicular cancers were amenable to correct diagnosis
both in our cases and that of other studies.16,17 There
appear to be 2 main reasons for the low sensitivity of
FS for papillary and follicular cancers: (a) in cases of
papillary tumors, the difficulty of assessing optically
clean nuclei diagnostic of follicular variant of
papillary tumors18-20 – this feature being present in 2
(20%) out of 10 of our patients, (b) in cases of
follicular tumors, difficulty in assessing vascular
invasion or capsular penetration, or both, due to
sampling error, variable thickness and irregularity of
the capsule, as well as blood vessel distortion and
collapse.21-23 

The clinical significance of false negative results
on FS diagnosis depends upon the surgeon’s
approach to the management of differentiated thyroid
carcinoma. There are no definite guidelines on the
subject. In centers where a surgeon may perform
more than 25 thyroid operations per year, the practice
of ipsilateral lobectomy and isthmectomy for solitary
thyroid nodule, guided by the use of FNAB for
determining the likely extent of contralateral lobe
resection, is an acceptable option.24 Similar opinions
have been documented from other busy centers in
view of the high specificity of FNAB and FS.13,17  Yet
others advocate a more cautious approach and a fairly
liberal use of FS for diagnosis and planning of
definitive surgery.7,8  A recent report from Italy has
described the use of intraoperative scrape
preparations with Ultrafast Papanicolaou stain. The
authors expect that with its high (98%) sensitivity
compared to a low (71%) for FS for the diagnosis of
thyroid lesion, it may be a ‘useful adjunct’ to the
intraoperative management of thyroid nodules.25

This implies that there is as yet no golden mean for
the surgery of differentiated thyroid cancer.

We agree with other authors26 that like FS, FNAB
has its innate limitations and biases: its application
requires specific skills in aspiration and preparation
of slides as well as training and interpretive
experience on the part of cytologist. The FNAB
functions primarily as a screening test in which a
very high sensitivity for malignancy is required at the



       
 998     Saudi Med J 2001; Vol. 22 (11)    

Thyroid lesions: frozen section diagnosis ... Tamimi

cost of lowered specificity.  In contrast, the
pathologist examining a FS is primarily disposed to
avoid a false positive diagnosis and resultant
excessive surgery. Hence a high specificity is desired
at some loss of sensitivity. Presently in our hospital,
while we remain conscious of cost-effectiveness, the
2 procedures are regarded as complementary with
possible higher yield of accurate diagnosis.  
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