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Pathology reports for all lobectomy and pneumonectomy specimens at UNC Hospitals between 1991 and 2000
(n¼ 405) were reviewed for correlation between frozen section and final bronchial margin, gross distance
between tumor and margin and tumor type. Frozen section was performed in 268 cases (66%). A total of 243
were true negatives (90.6 %), 16 (6.0%) were true positives, four (1.5%) were false positives and five (1.9%) were
false negatives. The site of tumor in true-positive cases was mucosal (11), submucosal (three), lymphatics
(one), peribronchial (one). The site of tumor in false-negative cases was submucosal (two), lymphatics (one),
peribronchial (two). In 137 cases, no bronchial frozen section was performed; there was one case (0.7%) with
positive margin. There was no correlation between final margin positivity and distance between gross tumor
and margin. Tumor distance to margin in positive margin cases varied from grossly involved to 3 cm away.
There were 72 cases in which wedge resection was performed before lobectomy in which no gross tumor
remained in the lobectomy, and in all cases final bronchial margins were negative. In all, 373 of cases (92%)
were nonsmall carcinomas. Of these, 10 (2.7%) had positive margins. Tumors other than nonsmall cell
carcinoma accounted for a disproportionate number of positive margins. In all, 3/6 of adenoid cystic/
mucoepidermoid carcinoma, 1/7 small cell carcinoma and 1/1 lymphoma cases had positive margins. In
conclusion, frozen section evaluation of bronchial margins is helpful in central lung tumors. Mucosal tumor is
preferentially identified in frozen section. Gross evaluation of margins is problematic, as intramucosal
carcinoma or tumor in lymphatics may not be detected, but 3 cm was a ‘safe’ distance for gross tumor from
margin. In lobectomies following wedge resection in which no gross tumor remained, all had negative margins.
Salivary gland-type tumors have a high incidence of positive margins, and frozen section is particularly
indicated in these tumors.
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Optimal surgical treatment of lung carcinoma
includes complete local resection of the primary
tumor. To this end, resection margins should be
uninvolved with tumor. Many surgical series have
demonstrated adverse patient outcome with either
microscopic or macroscopic residual tumor at the
bronchial resection margin,1–13 and thus it is usually
assumed that negative margins give the best chance
for local control. However, poor outcomes with
residual microscopic disease have not been reported
by all authors.14–16

Surgical and pathologic methods vary to deter-
mine negative margins intraoperatively. Some
authors recommend frozen sections of bronchial
margins in all cases,4,17 while others recommend
primarily gross evaluation with frozens reserved for
cases in which tumor is within a defined distance of
the margin.18,19 Distinctions have also been made
about different prognosis for positive margins of
mucosal bronchial carcinoma (in situ and/or inva-
sive tumor involving mucosa or submucosa), extra-
mucosal peribronchial invasive carcinoma, and
carcinoma within lymphatics at the bronchial
margin.4–7,9,11,17 In spite of the voluminous (and
often conflicting) literature on this topic in the
clinical cardiothoracic literature, little has been
written in pathology journals about indications for
frozen sections and gross evaluation of tumor
distance to margins. This study was undertaken to
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look at the experience of bronchial margin evalua-
tion at one institution, and to relate final margin
status with gross distance from tumor, frozen section
results and tumor type. Additionally, we evaluated
whether type of operation (wedge biopsy followed
by completion lobectomy or planned lobectomy/
pneumonectomy) influenced the incidence of posi-
tive bronchial margins.

Materials and methods

A computerized search of the surgical pathology
files of all pulmonary lobectomy and pneumonec-
tomy specimens at University of North Carolina
Hospitals was done for the 10 year period 1991–
2000. This yielded 405 cases, and the pathology
reports of all cases were reviewed. The tumor
type, gross distance between tumor and bronchial
margin (if present in the report), results of frozen
section of bronchial margin (if done) and status of
final bronchial margins were tabulated for each
case. A bronchial margin on either frozen section or
final permanent section was considered positive
if it showed invasive carcinoma or carcinoma in
situ. Slides from all cases with either positive
margins (at frozen section and/or at final case
signout) or discrepancies between frozen and per-
manent margins were reviewed. Site of tumor in
relation to the bronchus was tabulated in all positive
cases.

Information about follow-up and subsequent
clinical course was obtained from the computerized
medical record for all positive cases.

Results

Pathologic data of the cases are summarized in
Table 1. All patients had primary tumor excisions,
none had preoperative chemotherapy or radiation
therapy.

Frozen Sections

Frozen sections were carried out intraoperatively in
268 of the cases (66%). The concordance rate
between frozen and permanent diagnoses was
97%, with 243 of the frozens being true negatives
(90.6 %) and 16 being true positives (6%). The site
of the 16 true positive margins was mucosal in 11
cases, submucosal in three cases, within lymphatics
in one case, and peribronchial in one case. In seven
of the true positive cases the frozen section led to an
extended surgical operation (additional lobectomy
or bronchial sleeve resection performed), resulting
in an ultimate negative margin. In one case of
extensive adenoid cystic carcinoma extended sur-
gery was attempted, but a negative margin was never
obtained, and the patient died intraoperatively from
massive hemorrhage (Figure 1). In the remaining

eight cases, additional surgery could not be
performed, and these patients were referred for
postoperative chemotherapy or radiation therapy.

There were four cases of false positives (1.5%):
squamous metaplasia interpreted as dysplasia/car-
cinoma in situ, radiation changes interpreted as
strongly suspicious for carcinoma and two cases of
benign peribronchial lymphocytes interpreted as
small cell carcinoma at frozen section (Figure 2).
In both of these latter cases the primary tumor type
(squamous cell carcinoma) was not known pre-
operatively. In all four cases the false positive
diagnoses at frozen section did not change the
surgery performed.

There were five cases of false negatives (1.9%):
three sampling error (two cases of peribronchial
invasive squamous cell carcinoma and one case
with tumor in a lymphatic space, all of these were
not present on the original frozen section) and two
diagnostic errors (one missed adenocarcinoma and

Table 1 Pathologic features of the 405 cases

Type of carcinoma No. of cases

Squamous cell carcinoma 175
Adenocarcinoma, NOS 147
Adenosquamous 15
Bronchoalveolar carcinoma 11
‘Non-small-cell carcinoma’ 9
Large-cell undifferentiated carcinoma 11
Small-cell carcinoma 7
Mixed small- and large-cell carcinoma 1
Basaloid carcinoma 1
Sarcomatoid carcinoma 3
Carcinoid tumor 11
Atypical carcinoid tumor 5
Large-cell neuroendocrine carcinoma 1
Adenoid cystic carcinoma 3
Mucoepidermoid carcinoma 3
Lymphoma (primary lung) mixed large and small
cleaved

1

Melanoma (primary lung) 1

Procedure
Wedge biopsy with completion lobectomy 72
Lobectomy or pneumonectomy 326
Lobectomy with bronchial sleeve resection 7

Bronchial margin frozen section performed
No 137
Final bronchial margin negative 136
Final bronchial margin positive 1

Yes 268
Frozen section bronchial margin negative 248a

Frozen section bronchial margin positive 20b

Final bronchial margin negative 254
Final bronchial margin positive 14c

a
The 248 negative frozen sections included 243 true negatives and
five false negatives.
b
The 20 positive frozen sections included 16 true positives and four
false positives.
c
Causes for these 14 positive bronchial margins are five false-negative
frozen sections and nine cases in which additional surgery could not
be done after frozen section was positive.
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Figure 1 Adenoid cystic carcinoma with true-positive frozen section. (a) and (b) Frozen section showing sub-bronchial adenoid cystic
carcinoma (H&E, a: �40, b: � 200). (c) and (d) Permanent sections showing nearly identical findings (H&E, c: �40, d: � 200)

Figure 2 False-positive frozen section. Benign peribronchial lymphocytes interpreted as small-cell carcinoma on frozen section. (a) and
(b) frozen section (H&E, a: �100, b: �400). (c) and (d) Permanent sections showing lymphocytes (H&E, a: �100, b: �400).
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one missed mucoepidermoid carcinoma (Figure 3),
both submucosal). One of these patients (mucoepi-
dermoid carcinoma) developed a local recurrence,
had a completion pneumonectomy a year later and
is currently free of tumor with a 9-year follow-up.
Two patients (one with peribronchial squamous cell
carcinoma, one with tumor in lymphatics) received
postoperative radiation therapy but both developed
local recurrences and one developed distant metas-
tases. One patient (with adenocarcinoma) developed
metastases in the contralateral lung. One patient
(with peribronchial squamous cell carcinoma) de-
veloped superior vena cava syndrome and died
perioperatively.

All frozen sections were interpreted by a board
certified attending pathologist.

In 137 cases frozen sections were not performed.
Of these there was one case (0.7%) with a positive
bronchial margin (mucosal tumor).

Analysis of the final margin status of all of the
cases showed that there were 15 cases (3.7%) with
final margin positivity. The reasons for the 15 cases
with ultimate final positive bronchial margins were
inability to obtain a negative margin surgically when
frozen section was positive in nine cases, false-
negative frozen section in five cases, and no frozen
section requested in one case.

Gross Evaluation

Correlation between gross distance of tumor from
margin and final margin positivity was problematic.
Positive microscopic margins were found in cases
that were up to 3 cm away from gross apparent
tumor. Cases that had grossly negative but micro-
scopically positive margins included examples of
bronchial salivary gland-type tumors (adenoid cys-
tic and mucoepidermoid carcinoma) and carcinoid
tumor in which tumor undermined normal bron-
chial mucosa, carcinoma in situ extending proxi-
mally from an invasive tumor mass, tumor in
peribronchial lymphatics, and lymphoma. Thus,
gross evaluation alone is not adequate to ensure
negative bronchial margins. Three centimetre was
the maximum distance that microscopic tumor
extended from a grossly visible tumor.

Conversely, there were cases in which the margin
appeared grossly involved with tumor that were
negative by frozen and permanent sections. Fibrous
tissue and lymphoid tissue at the margin were the
principal reasons for false-positive gross evaluation.

However, there were 72 cases in which a wedge
resection was the first procedure performed, and
after a frozen or permanent diagnosis of carcinoma
was made a completion lobectomy was performed

Figure 3 False-negative frozen section: Mucoepidermoid carcinoma interpreted as benign peribronchial mucinous glands on frozen
section. (a) and (b) Frozen section (H&E, a: � 40, b: � 200). (c) and (d) Permanent sections showing low-grade mucoepidermoid
carcinoma (H&E, c: � 40, d: �200).
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and there was no gross tumor in the lobectomy
specimen. In all of these cases, there was a negative
bronchial margin.

Tumor Type

The distribution of tumor types is shown in Table 1.
The great majority of the tumors (373, 92%) were
non-small-cell carcinoma (squamous cell carcino-
ma, adenocarcinoma and variants, large cell undif-
ferentiated, and several unusual nonsmall cell
tumors). Of 373 (2.7%) of non-small-cell carcinoma,
10 had positive margins of invasive carcinoma.
There were 16 carcinoid and atypical carcinoid
tumors, seven small cell carcinomas, one mixed
small cell and non-small-cell carcinoma, six sali-
vary-gland tumors (three adenoid cystic carcinoma,
three mucoepidermoid carcinoma), one primary
lung lymphoma, and one primary lung melanoma.
The salivary-gland-type tumors accounted for a
disproportionate number of positive margins: two
of three mucoepidermoid carcinomas and one of
three adenoid cystic carcinomas had positive mar-
gins (overall 50% of the salivary-gland tumors). One
of one case of lymphoma and one of seven cases of
small-cell carcinomas also had positive margins.

Discussion

Residual tumor at a resection margin is divided into
microscopic (R1) and macroscopic (R2) residual
disease.20 Many but not all studies of positive
margins of surgically treated lung cancers have
shown adverse impact by residual disease.1–16

Microscopic residual tumor at the bronchial
resection margin has then been divided into differ-
ent patterns. Cotton1 first divided microscopic
residual disease into mucosal tumor (spreading
from a mucosal lesion), and extramucosal micro-
scopic residual disease (tumor involving peribron-
chial soft tissues or tumor within lymphatics).1

Extramucosal tumor had a worse prognosis. Soorae
divided microscopic residual disease into four
patterns: direct submucosal extension of invasive
cancer, carcinoma in situ, tumor present in lympha-
tics at the margin, and parabronchial invasive
tumor. Submucosal and parabronchial lymphatic
tumor had the worst prognosis.11 Snijder divided
Stage I R1 non-small-cell cancers into carcinoma in
situ, muscosal residual disease and peribronchial
residual disease, and mucosal and peribronchial
residual disease had statistically significant reduc-
tion in survival with no adverse effect for carcinoma
in situ.10 Similar outcomes were found by Massard
et al7 in a group of Stage I–III lung cancers, in which
residual carcinoma in situ had no influence on
survival, but peribronchial tumor had an adverse
impact. Conversely, Ghiribelli divided residual
microscopic diseases into mucosal and extramuco-
sal tumor, but found no difference in survival

between these patterns.4 Lymphatic space involve-
ment at the bronchial margin has been shown to be
an adverse prognostic factor in many studies.16,9,12

Gross evaluation of bronchial margins are known
to be problematic. Tumors often have extensive
microscopic proximal extension in excess of the
apparent gross tumor. This is more common for
central tumors (30.3% of the central tumors had
microscopic tumor extending past the grossly visible
tumor in one study.21 Peripheral tumors have been
reported to have a lesser frequency of proximal
extension (18.9%), but a greater length of extension
(15.7 vs 10.9mm).21 Length and type of microscopic
proximal extension has also been related to different
tumor types. Squamous cell carcinoma shows a
slightly greater rate of proximal extension than
adenocarcinoma. When proximal extension is pre-
sent, squamous cell carcinoma predominately
shows mucosal spread, while adenocarcinoma
shows peribronchial spread. Adenocarcinoma has
also been shown to have an average longer proximal
extension of tumor than squamous cell carcinoma.18

Suggested ‘safe distances’ for length of bronchial
margins have ranged from 1.5 to 2 cm.1,18,19,22 Some
authors have suggested taking longer margins for
adenocarcinoma (1.5 cm for squamous cell carcino-
ma, 2.0 cm for adenocarcinoma.22

Studies of lung cancer series report a wide range
of positive margins, with rates of 1.1–17% of cases
having residual tumor at the bronchial mar-
gin.4,11,17,19 Intraoperative FS examination of bron-
chial margins is suggested in most modern surgical
series, but it is recognized that frozen sections can
have false negative and positives. False-negative
rates as high as 41.7% have been reported.6 Causes
of false-negative frozens include sampling error and
various reasons for interpretative error (mistaking
invasive cancer for submucosal lymphocytes or
submucosal glands, mistaking carcinoma in situ as
squamous metaplasia, cautery artifact obscuring
invasive carcinoma, etc). Some authors feel all lung
cancer cases require intraoperative frozen sec-
tion,4,17 while other suggest frozen section be
reserved for cases that resection is planned within
a defined distance from gross tumor.19

The impact of positive margins and the suggested
response to this finding postsurgically vary among
reports. As described above, outcomes vary with site
of positive margins, with submucosal, peribronchial
and lymphatic space involvement at margins found
to be worse than mucosal positive margins in most
studies.6,7,9,16,17,23 Several studies have found little
benefit from postoperative radiation therapy.3,5

Chemotherapy added to radiation therapy may add
additional benefit in some series.24

Bronchial salivary gland-type tumors, especially
adenoid cystic carcinoma and mucoepidermoid
carcinoma, are slow-growing neoplasms which
originate in the bronchial glands.25–30 They are
usually central, often submucosal, lung masses
which extend locally, often through the bronchial
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wall and along the bronchial submucosa.29 Survival
depends predominately on ability to obtain com-
plete resection, tumor stage and grade. The great
majority of mucoepidermoid carcinomas are of low
grade, and patients with low-grade tumors in which
negative margins can be obtained surgically can
expect an excellent outcome.26,30 Hence, for this
group, FS evaluation of surgical margins is a
necessity. Since low-grade mucoepidermoid carci-
noma often involves the bronchus only and not the
underlying lung, lung-sparing surgery such as sleeve
resections may provide local control without com-
promising lung function.12,26,31,32 High-grade muco-
epidermoid carcinoma and adenoid cystic carci-
nomas are less clear-cut, and both have higher risks
of distant dissemination, both at presentation and
with follow-up.

Wedge biopsy (which may be video-assisted, ie
video-assisted thoracic surgery (VATS)) is a type of
lung-sparing surgery for distal lung masses.33 It is
often used as an initial diagnostic procedure, and if
carcinoma is found then a standard lobectomy is
performed if the patient has sufficient pulmonary
function. The use of VATS alone as an oncologic
procedure is not well understood and controversial,
as the long-term results of local control are not yet
known. Evidence points to better survival and fewer
recurrences in patients with lobectomies than lesser
resections,34,35 although some studies have found no
difference in survival.36 Our study did not investi-
gate the adequacy of resection of wedge biopsies, but
did examine the incidence of positive margins in
completion lobectomy specimens who had under-
gone prior wedge biopsies. All patients who had had
wedge biopsies with subsequent completion lobec-
tomies had negative bronchial margins. Thus frozen
sections were of no benefit in this group in our
experience. Since we have shared this information
with the members of the Division of Cardiothoracic
Surgery, we no longer routinely receive requests for
frozen section evaluation of bronchial margins in
completion lobectomies. This saves the cost of a
frozen section and operating room time for all such
patients (approximately $150/case and 15–20min of
OR time).

Conclusions

FSs of bronchial margins are particularly helpful for
central tumors where taking additional tissue
(sleeve resection or additional lobe) is feasible if
initial margins are positive. Submucosal, peribron-
chial and lymphatic space invasion by tumor at the
margin are more difficult to identify at FS than
mucosal tumor. Gross evaluation of tumor distance
from margins is problematic, and microscopic tumor
often extends proximally from gross tumor masses.
In our study 3 cm was the furthest distance micro-
scopic tumor extended, and tumors grossly present
greater than 3 cm from the margin did not require a

frozen section. Completion lobectomies following
wedge resections of peripheral tumors in which the
wedge was felt to encompass the entire tumor did
not benefit from frozen section of the bronchial
margin in our series. Bronchial margins in all such
cases were negative, whether a frozen section was
performed or not. Bronchial salivary gland-type
tumors have a higher incidence of positive margins
than usual bronchogenic non-small-cell carcinoma,
and frozen section is particularly helpful in these
tumor types.
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