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Frozen section diagnosis: an audit
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SUMMARY A consecutive series of 1000 operative frozen section diagnoses was reviewed. Correct
diagnosis was made at the time in 96-5% of the cases. Clinically relevant errors were found in
1-3% of the cases and unimportant errors in 0*9%. Diagnosis was deferred, to await subsequent
paraffin sections, in a further 1*3%. All the errors and provisional diagnoses in the deferred cases
were conservative false negative results; no false positive diagnosis of malignancy was made. The
cases of incorrect or deferred diagnosis were analysed to ascertain the origin of the difficulties,
which comprised: technical imperfection (three cases); the focal nature of the lesion (14); and
pathological misinterpretation (28). More than one of these factors played a part in eight cases.
Further retrospective assessment indicated that the factors leading to error or deferred diagnosis
were avoidable in 57% and potentially avoidable in 43% of cases. Misinterpretation was the
single factor responsible for all avoidable misdiagnoses or deferred diagnosis. None the less,
unavoidable factors led to erroneous or deferred diagnosis in about 2% of operative frozen
section requests. Using present methods this seems to be the irreducible minimum of failures to
make the correct diagnosis when frozen sections are assessed.

The methods used in diagnosis are continually
changing in histopathology. Over the past 60 years
frozen section diagnosis of surgically resected
tumours and tissues has become a well established
practice.'-5 Despite the use of other methods (both
cytological and histological) of establishing a
preoperative tissue diagnosis frozen sections con-
tinue to play a part in surgical decisions,4 especially
in breast disease.
Reviews from 1929 to the present day on the

accuracy of frozen section diagnosis have indicated
rates ranging from 94 to 99% in series considering
200 to 10 000 cases.' 4 6-8 In view of the importance
of the procedure it is especially important to be able
to review the diagnostic performance in any
laboratory that undertakes it. We report a relatively
simple method of audit applied to 1000 such diag-
noses issued from this hospital over nine and a half
years. We not only considered the diagnostic per-
formance, which has been the subject of earlier sur-
veys, but also attempted to review the potential
avoidability of misdiagnosis and deferred diagnoses.

Material and methods

All operative frozen section diagnoses issued from a
single histopathology laboratory were recorded in a
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bound case book kept in the reporting room. When
the surgeon was telephoned in the operating theatre
the pathologistf s diagnosis and comments were writ-
ten in the book. This procedure was adopted origi-
nally both for medico-legal reasons and to perform
this type of audit.
The administrative arrangements for reporting

frozen sections were that nominated consultants
were responsible at all times for the service and that
trainee pathologists were delegated responsibility
according to their experience. A consultant was,
none the less, always available. A parallel and simi-
lar system was in operation for the technical staff
responsible for preparing the stained sections.

During the nine and a half years from February
1975 to September 1984, 1000 consecutive frozen
section cases were received by this department.
Most cases (954) were submitted by surgeons
operating in this hospital; only 46 cases came from
neighbouring hospitals. During this time 67 249
routine surgical specimens were received. The fro-
zen section material thus formed only 1-49% of the
routine cases. The cases were mainly received from
general and ear, nose, and throat surgeons.
Paediatric, gynaecological, pulmonary, and
neurosurgical histopathology services are provided
in separate laboratories in Bristol; their perfor-
mance is not considered in this paper.
Once examination of the frozen sections had been
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completed the tissue blocks selected were then fixed,
processed for paraffin embedding,9 and sectioned.
The original stained frozen sections were filed, after
several weeks of air drying at room temperature,
together with any subsequent paraffin sections.
Relevant tissue remaining after the frozen section
assessment was also blocked and processed in the
same manner for routine histological examination.
The initial frozen section diagnoses entered in the

case book were all compared with the final diag-
noses issued on the subsequent paraffin sections.
Any discrepancies were noted, and these formed the
basis of this study. These discrepancies were classed
into those of clinical importance (when different
benign or malignant diagnoses were made in the two
procedures) and those that were clinically important
(both diagnoses were benign or malignant, and the
differences lay only in the exact typing of the tumour
or tissue). In addition, deferred diagnoses, awaiting
later paraffin sections for definitive opinion, were
also analysed.
We reviewed individually the original frozen and

subsequent paraffin sections of the above three
categories, and the origins of the diagnostic dis-
crepancies or deferrals were categorised as being
due to technical imperfection, the focal nature of the
lesion, or morphological misinterpretation of the
appearances of the frozen sections. Finally, each of
the cases in these three categories was judged to be
either potentially avoidable or unavoidable in the
circumstances. Although such judgments clearly
have a subjective basis, they were reached only after
we had discussed them in detail.

Results

All but 33 of the tissue specimens submitted for
frozen section diagnosis were from patients aged
between 21 and 80 years. Two hundred and fifty six
patients were between the fourth and fifth decades.
There was an increasing proportion of malignant
lesions with advancing age. Of the 473 patients aged
50 years or younger, 117 (24.1%) had malignant
lesions (diagnosed in the paraffin sections). One
hundred and eighty nine patients (45%) over 50
years of age had malignant lesions. Overall, the
female to male ratio was 5:1, which was mainly a
reflection of the organs examined (Table 2). The
number of cases sent for frozen section diagnosis
varied considerably during the survey (Table 1),
ranging from 151 to 59 a year. In general, the
number of cases seen each year declined throughout
the study (Table 1).

ORGANS EXAMINED
The female breast was the organ most often
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Table 1 Annual receipts offrozen secton cases for
operative diagnosis, numbers ofdiagnostic errors, and
deferred diagnoses

Year No of Insignificant Significant Deferred
cases errors errors diagnoses

1975 125* 4 1 2
1976 119 0 2 0
1977 151 0 3 0
1978 97 0 2 1
1979 102 0 0 2
1980 99 0 1 1
1981 114 5 0 1
1982 59 0 2 0
1983 72 0 1 3
1984 62t 0 1 3
Total 1000 9 13 13

*February to December 1975 only considered.
tJanuary to September 1984 only considered.

examined, accounting for 557 (55.7%) of the cases.
Parathyroids and lymph nodes were the next most
common examined organs (Table 2). All other
organs accounted for under 50 cases. The distribu-
tion of malignancies among these organs varied con-
siderably. Liver and peritoneal biopsies most often
showed malignant tumours, whereas none of the
parathyroid biopsies showed malignancy (Table 2).
Breast, oesophagus, and various other organs
yielded intermediate rates of malignancy (44%,
40%, and 35%, respectively).

EXAMINATION OF MULTIPLE FROZEN SECTIONS
Several samples of tissue were sent from certain
organs, particularly parathyroid glands, lymph
nodes, and breast tissue. The number of blocks
examined (Table 3) reflected this surgical activity,
which was also influenced by the pathologist's deci-
sion to prepare several frozen blocks from a single
portion of tissue (notably, the female breast). All

Table 2 Organs submitted forfrozen secton diagnosis and
the distribution ofmalignancies diagnosed on paraffin
sections

Organ examined All cases Malignant cases
(No) (No (%o))

Breast 557 245(44)
Parathyroid 130 0
Lymph node 83 14(17)
Stomach 43 10 (23)
Thyroid 29 5 (17)
Pancreas 20 2(10
liver 16 10(63
Peritoneum 15 12 (80
Thymus 13 0
Oesophagus 10 4 40)
Others* 84 29 35
All sites 1000 331 33

*testis (9), colon (8), ileum (8), gall bladder (7), kidney (5),
larynx (5), neck (5), parotid (5), duodenum (4), epididymis 4),
ovary (4) prostate (4), skin (3), vulva (3), anus (2), chest wall 2)
pelvic waI (2), abdominal wall (1), pectoralis (1), thigh (1), ton-
sil (1).-
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Table 3 Multiple tissue blocks examined in frozen sections
from the same patient

Anatomical origin of No offrozen blocks examined
tissue 2 3 4 5 6 27

Parathyroid 6 4 12 1 7
Lymph node* 14 4 2 1 1
Breast 2 18 2
Thymus 7 4
Thyroid 4 1
Stomach 3 3
Pancreas 1 1
Mesentery 1 1
Others 8 4

*Most were submitted to look for carcinomatous metastases.

such multiple examinations in the analysis were
included under a single case.

DISCREPANCIES BETWEEN DIAGNOSES ON
FROZEN AND PARAFFIN SECTIONS
Diagnoses on the frozen sections and the subsequent
paraffin sections were essentially similar in the 965
cases for which a firm frozen section diagnosis was

issued. Clinically important differences-that is, dif-
ferences between benign and malignant diagnoses
on frozen and paraffin sections-were found in 13
cases. Insignificant differences were found in nine
cases. Diagnosis on the frozen sections were defer-
red for appraisal of subsequent paraffin sections in
13 cases. There did not seem to be any important
change in the proportion of erroneous diagnoses
over the period (Table 1), although the proportion
of deferred diagnoses in the last two years seemed to
have risen.

Clinically important differences in diagnosis
occurred mostly (11 of the 13 cases) in the female
breast (Table 4). The two other errors of this type
were found when lesions in the stomach and gall
bladder were diagnosed. All 13 errors were false
negative diagnosis-that is, benign lesions were
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diagnosed on frozen sections when later paraffin sec-
tions showed the tissue to be malignant.

Insignificant errors in diagnosis arose in a wider
range of organs (Table 5). With two exceptions,
these were differences between types of non-

tumorous tissue or between benign tumour and
non-neoplastic tissue. The two exceptions were
malignant tumours, in which errors in exact typing
occurred (Table 5).
The 13 deferred diagnoses (Table 6) concerned

the female breast (six cases), lymph nodes (two),
and one case each in which the thyroid, prostate,
pancreas, stomach, or liver was affected. Ten of
these 13 proved to be malignant in later paraffin
sections (Table 6).

ORIGINS AND AVOIDABILITY OF ERRORS AND
DEFERRED DIAGNOSES
The least common factor leading to diagnostic error
or deferral was technical imperfection in the prep-
aration of the sections. This was invariably due to
the character of the tissue examined (usually scanty
parenchyma in voluminous adipose tissue). Only
three cases were found to have this background
(Tables 4-6).

Thirteen of the misdiagnosed lesions were focal in
nature. Despite cutting sections from several frozen
blocks of tissue only multiple paraffin blocks even-
tually showed the true nature of these lesions. This
factor was responsible for six clinically important
misdiagnoses (Table 4), and in two instances of
major errors two factors were entailed. The focality
of lesions played a part in two minor errors (Table
5) and five deferred diagnoses (Table 6). Among
these five deferred diagnoses focality was the only
operative factor in two cases. The factor most com-
monly associated with clinically important errors
(nine cases), unimportant errors (seven cases), and
deferred diagnosis (11 cases) was morphological
misinterpretation (Tables 4-6), found in 27 cases.

Table 4 Analysis ofclinically important differences between frozen and paraffin section diagnoses (synopsis ofcases)

Age and sex Specimen Frozen section diagnosis Paraffin secton diagnosis Avoidability

63 F Breast Cystic mastopathytt Invasive ductal carcinoma Unavoidable
57 F Breast Cystic mastopathyt Intraduct carcinoma Unavoidable
59 F Breast Benign, ductal epitheliosist Papillary adenocarcinoma Avoidable
20 M Stomach ulcer Fibrosis and inflammationt Linitis plastica Unavoidable
44 F Breast Cystic mastopathyt Lobular carcinoma in situ Unavoidable
68 F Breast Fibrosis and inflammation* Infiltrative lobular carcinoma Unavoidable
54 F Breast Inflammatory mastitist Infiltrative lobular carcinoma Unavoidable
73 F Gall bladder Chronic cholecystitist Poorly differentiated adenocarcinoma Avoidable
48 F Breast Cystic mastopathyt Lobular carcinoma in situ Unavoidable
65 F Breast Cystic mastopathyt Small intraduct carcinoma Avoidable
46 F Breast Lobular hyperplasiat Tubular carcinoma Avoidable
45 F Breast Cystic mastopathytt Extensive intraduct carcinoma Avoidable
51 F Breast Extreme epitheliosist Intraduct carcinoma with focal Unavoidable

invasion

tFocal nature of lesions. tMorphological misinterpretation of frozen section appearances.
There were technical imperfections in sections.
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Table 5 Analysis ofclinically unimportant differences between frozen and paraffin section diagnoses (synopsis ofcases)

Age and sex Specimen Frozen secton diagnosis Paraffin section diagnosis Avoidability

27 F Breast Cystic mastopathy*t Fibroadenoma Unavoidable
37 F Breast Fibroadenomat Cystic mastopathy Avoidable
52 F ?Parathyroid Fibrous tissue onlyt Thyroid Unavoidable
41 F ?Parathyroid Fat? Lymph node.*t Thymus Avoidable
34 M Retroperitoneal Reactive lymph nodet Chronic inflammation Avoidable
71 F ?Parathyroid Lymph node?tt Fibroadipose tissue Unavoidable
73 F Vulva Carcinoma in situ, invasivet Invasive squamous carcinoma Unavoidable
66 M Liver Tumour?, invasivet Metastatic carcinoma Unavoidable
53 M Thymus Fat, lymphoid tissuet Adipose tissue and thymus Avoidable

*Technical imperfection in sections. tMorphological misinterpretation of frozen section appearances. tFocal nature of lesions.

Table 6 Analysis ofdeferred frozen section diagnoses (synopsis ofcases)

Age and sex Specimen Provisional frozen section Final paraffin section diagnosis Avoidability
interpretation

50 F Thyroid Solid neoplasm? benign* Papillary adenocarcinoma Unavoidable
58 F Breast Fat necrosist Invasive carcinoma Avoidable
68 F Breast Florid intraduct proliferationt*t Intraduct carcinoma and invasive Unavoidable

papillary carcinoma
51 F Breast Necrosis of fat; worrying cells*t Invasive carcinoma Unavoidable
61 M Prostate reamings Atypical squamous epitheliumt Invasive transitional cell carcinoma Avoidable
53 F Breast Suspicious celist Infiltrative lobular carcinoma Avoidable
69 M Pancreas Fibrosis with infiltrate of uncertain Moderate differentiated Unavoidable

naturet adenocarcinoma
57 F Breast Suspicioust Intraduct carcinoma only Unavoidable
60 M Stomach Unknown*t Malignant ulcer: adenocarcinoma Unavoidable
71 F Liver ?Bile duct hamartomat Poor y differentiated adenocarcinoma Avoidable
33 F Breast Adenosis and epitheliosist Sclerosing adenosis Unavoidable
63 M Lymph node Fibrous fatty tissuet Fibrous fatty tissue only Avoidable
28 F Lymph node Reactive hyperplasiat Reactive hyperplasia Avoidable

*Focal nature of lesions. tMorphological misinterpretation of frozen section appearances. lTechnical imperfection in sections.

On review we considered that 20 of the 35 errors
and deferred diagnoses were unavoidable (57%).
The most common single factors in these unavoid-
able erroneous or delayed diagnoses were the focal
nature of the lesion (eight cases, Table 7) and misin-
terpretation (six). In addition, one quarter of such
cases had multiple factors (Table 7). In 15 cases
(43% of the 35) potentially avoidable factors were
operative (Table 7); by far the most common was
misinterpretation (13 of 15 cases). In addition, the
two other avoidable cases, with more than one fac-
tor, also entailed misinterpretation (Tables 4 and 5).

Table 7 Assessment offactors leading to errors and
deferrals offrozen section diagnosis, and classification of
their avoidability

Factors No cases judged to be:

Avoidable Unavoidable Total

Technical imperfection 0 0 0
Focality of lesion 0 8 8
Misinterpretation 13 6 19
Multiple factors 2 6 8

All cases 15 20 35

Discussion

Excluding the 13 cases in which definitive diagnosis
was deferred, the accuracy in this series of frozen
sections was 97-8%. This performance is compar-
able with that noted in the larger series of 1269
reported by Ackerman et a14 and in the 3000 cases
surveyed by Nakazawa et al,7 in which the diagnostic
accuracies were 98% and 98-6%, respectively. Most
malignancies were found in the fifth and sixth
decades, as is general experience in clinical prac-
tice.'0 The breast was the organ most often
examined, which probably reflects the prevalence of
breast disease and the surgical requirements for
urgent operative diagnosis.6' 12

Clinically important errors in frozen section diag-
nosis occurred in 1-3% of cases; some early reports
dealing with similar material recorded twice this
rate.2 13 In breast biopsies Desai found an accuracy
of 97% in 1006 examinations'4; our accuracy (546
of 557 breast cases; 98%) was similar. The error
rate in the clinically unimportant cases (0-9%) was
rather lower than that of the other series,2 1215 16 in
which such errors occurred in 1-8-3-7% of cases.
The overall prevalence of deferred diagnoses
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(1.3%) was about one half of that reported in other
series." 17 18

Overall, the diagnostic performance in this audit
seemed to be satisfactory: the proportion of errors
and deferred diagnoses was comparable with, or
lower than, that in many other similar series. The
reasons for this are not entirely clear, but at least
one consultant histopathologist was invariably on
hand in case of any difficulty that the trainees might
have experienced. In addition, responsibility for
appraisal of frozen sections and eventual reporting
was not allocated to trainess until they had seen
many cases reported by their senior colleagues. In
general terms, unsupervised reporting, even of
apparently straightforward cases, was not allowed
until the trainees had had at least three years' full
time experience in surgical histopathology, thus
obviating the two risks of excessive numbers of
deferred diagnoses and unnecessarily hurried diag-
noses.'9 Although some have advocated unsuper-
vised reporting by trainee pathologists,20 we see no
reason to adopt that procedure. Both senior and
junior staff in the laboratory are generalists, rather
than pathologists practising only a one organ sub-
specialty, which arrangement was thought by
Dahlin22 and Fechner20 to minimise errors in frozen
section reporting. Fortunately, no false positive
diagnoses of malignancy were made in our series.
This conservative tendency also featured in earlier
reports.3 4 17 19 23-25

In this audit we attempted to class the errors and
deferred diagnoses into those that were potentially
avoidable and those that were not. No comparable
data about this have been reported in previous
series. Although the assessments made are clearly
subjective, they give some indication of the irreduc-
ible prevalence of diagnostic errors and deferrals,
which appears to be about 2%. The intrinsic nature
of the lesions was responsible for the technical and
interpretative problems in these unavoidable errors
or deferrals. The focal distribution of serious
pathological lesions sometimes requried many sub-
sequent paraffin sections for their detection. Similar
experience on focal lesions has been reported in
other series.348

Morphological misinterpretation in the poten-
tially avoidable errors or deferred diagnoses is
important. These misinterpretations ranged (Tables
4-6) from overcautious appraisal to failure to rec-
ognise well described histopathological patterns. In
general, however, we considered that many of these
morphological misinterpretations were prudent,
especially when inflammation and small cell car-
cinomas were admixed. Deferral or a reserved
benign diagnosis seems preferable to an unjustifi-
ably dogmatic diagnosis of malignancy. Pitfalls in
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the differential diagnosis of biliary tract epithelial
hyperplasia and carcinoma and papillary tumours in
the breast'7 and thyroid are notorious because of the
limited material available.
The method of audit that we describe is undoub-

tedly simple. Unfortunately, the manual extraction
of data is arduous. Today, with the widespread use
of computer systems in histopathology laboratories
it should be possible to devise programs to indicate
discrepancies between the disease index
classification of frozen and paraffin section diag-
noses. Such an approach would allow a more con-
tinuous monitoring of performance in frozen section
diagnosis.
We thank all past and present consultant and trainee
colleagues in the department who scrupulously
recorded their diagnoses. Our thanks are also due to
Mr G Roberts and his staff for the histological prep-
arations and to Mrs MR Lake for secretarial help.
This study was partly funded by a grant from the
Department of Health and Social Security for a pilot
study of external quality assessment in histo-
pathology.
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