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Abstract
Background - The aim of preoperative
computed tomographic (CT) assessment
of patients with carcinoma of the bron-
chus is to stage the tumour accurately,
and forewarn the surgeon of any possible
local extrapulmonary extension of
tumour in patients considered to have
potentially resectable disease. The ability
of CT scanning to differentiate between
conventionally resectable lung cancer

(TNM stages I and II), locally advanced
but resectable lung cancer (TNM stage
IIIa), and locally advanced but unresec-

table lung cancer (TNM stage IIIb) was

determined in a group of patients accep-
ted for surgery.
Methods - Computed tomographic scans

of 110 patients who underwent thoraco-
tomy for intended resection of carcinoma
of the bronchus, including 52 cases with
stage III and 58 cases with stage I or II
disease, were reviewed and the CT
features and radiological interpretations
correlated with the surgical and patholo-
gical findings.
Results - Thirteen CT scans were judged
not to have been of diagnostic quality: of
the remaining 97 cases 45 had stage III
lung cancer, of whom 30 had successful
resections, and 52 had stage I or stage II
tumours. There was no difference in the
frequencies of CT observations - includ-
ing contiguity of tumour and mediasti-
num or chest wall, apparent mediastinal
or chest wall invasion, proximity of
tumour to the carina, mediastinal nodal

Table 1 Criteria for diagnosis of stage III lung cancer according to the 1986 revision
of the TNM classification

Stage IIIa Stage IIIb

T3 primary tumour: T4 primary tumour:
* Chest wall involvement
* Diaphragmatic involvement
* Mediastinal invasion including * Mediastinal invasion involving heart,

pericardial invasion but excluding great vessels, trachea, oesophagus,
invasion of heart, great vessels, trachea, vertebrae or carina
oesophagus or vertebrae

a Tumour in main bronchus within 2 cm * Presence of malignant pleural effusion
of carina

and/or and/or

N2 nodal disease: N3 nodal disease:
* Metastasis to ipsilateral mediastinal or * Metastasis to contralateral mediastinal

subcarinal lymph nodes lymph nodes, contralateral hilar lymph
nodes, ipsilateral or contralateral scalene
or supraclavicular lymph nodes

enlargement, pulmonary collapse or con-
solidation and pleural effusion - in
patients with stage I/IH disease and
patients with stage III disease. Similar
results were found when the same obser-
vations were compared in all patients
with resected disease and those with unre-
sectable tumour. Sensitivity and specifi-
city of CT was 27% and 96% respectively
for tumour unresectability, 50% and 89%
for mediastinal invasion, 14% and 99% for
chest wall invasion, and 61% and 76% for
mediastinal nodal metastases. Only 19 of
45 stage III tumours were correctly identi-
fied as being stage III and resectable or
unresectable.
Conclusions - In patients being con-
sidered for thoracotomy for resection of
lung cancer, CT scanning used as the sole
method of staging is of limited value for
differentiating between stage I/IH and
stage III tumours. Patients should not be
denied the opportunity for curative sur-
gery on the basis of equivocal CT signs.

(Thorax 1994;49:951-957)

Computed tomographic (CT) scanning has
become an established tool for the staging and
preoperative assessment of patients with carci-
noma of the bronchus. One of the aims of
preoperative staging is to avoid unnecessary
thoracotomy in patients with unresectable dis-
ease, while allowing patients with potentially
resectable lung cancer the benefits of surgery.'
It has been suggested that failed resection
should occur in less than 10% of patients.2

In the 1986 revision of the TNM staging
system3 the potential value of surgery in some
patients with local extrapulmonary extension of
tumour was recognised and these tumours are
now classified as stage IIIa (table 1). Tumours
with more extensive local extrapulmonary
spread and which are therefore always
unresectable are classified as stage IIIb (table
1). Computed tomographic staging of small
peripheral lung cancers (T1) or obviously ad-
vanced central tumours (T4) is relatively easy.
CT scanners are now available in most districts
and most advanced cancers should be filtered
out without referral to specialist surgical
centres. In our experience of cases referred for
surgery, the differentiation by CT scanning
between some tumours considered resectable
according to conventional criteria (especially
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stage II) and locally advanced but possibly
resectable tumours (stage IIIa) or locally ad-
vanced but unresectable tumours (stage IIIb)
can be much more difficult.
The accuracy of CT scanning in the assess-

ment of specific aspects of the TNM classifica-
tion such as mediastinal or chest wall invasion
or mediastinal lymphadenopathy is well docu-
mented and has recently been the subject of
several review articles.'45 The aim of this study
was to look at the overall ability of CT scanning
to distinguish between conventionally resec-
table (stages I and II) and locally advanced lung
cancer (stage III) in a group of patients who had
all had a thoracotomy, and to compare the CT
findings in locally advanced but resectable dis-
ease with those in locally advanced but unresect-
able disease.

Methods
The operation notes, histopathology reports,
and discharge summaries of patients undergo-
ing thoracotomy for intended resection of lung
cancer between March 1988 and December
1992 were retrospectively reviewed. From the
records, cases who were found at surgery to
have local extrapulmonary extension of tumour
(stage III) were identified and, where possible,
their preoperative staging CT scans were
obtained. A similar number of CT scans of
cases found to have stage I and II disease were
included in the series, thus allowing compari-
son of the CT findings in less advanced lung
cancer with those seen in stage III disease, and
also reducing the tendency of the radiological
observers to over-report the CT features. The
majority of CT scans had been performed at
our own centre using a Philips CX scanner and
the following parameters: 120 kV, 350 mA, 4 5 s
scan time, 10 mm collimation, and 10mm slice
interval. Intravenous contrast medium was not
routinely administered but was used selectively
at the discretion of the supervising radiologist,
usually using an incremental dynamic tech-
nique at levels of interest determined by review
of non-enhanced sections previously acquired.
A number of staging scans were performed at
referring centres throughout South Wales using
a variety of scanners and differing CT tech-
niques.

All CT scans included in this series were
reviewed by two experienced radiologists who
had an interest in lung cancer. The observers
were unaware of surgical and pathological data
in all cases, but they knew that the patients had
had a thoracotomy. CT features recorded in-
cluded the presence of contact between tumour
and mediastinum, apparent mediastinal inva-
sion, chest wall contact, apparent chest wall
invasion, distance of the tumour from the carina
(> 2 cm or < 2 cm), the presence of associated
pulmonary collapse, consolidation or pleural
effusion, and evidence of mediastinal nodal
enlargement. Simple contact between tumour
and mediastinum or chest wall was not regarded
as indicative of invasion. Direct mediastinal
invasion was diagnosed according to accepted
criteria including the presence of infiltration of
mediastinal fat planes or encasement of media-

stinal structures.56 Tumours thought on CT
scanning to be directly invading the mediasti-
num were judged to be potentially resectable if
there was evidence of focal involvement of fat or
pericardium only with no clear evidence of
involvement of major mediastinal structures
such as heart, great vessels, trachea, or oesopha-
gus. Chest wall invasion was diagnosed on CT
scanning by the presence of rib destruction,
obliteration of the fat planes of the chest wall, or
a soft tissue mass involving the chest wall.7-10
Significant and presumed pathological media-
stinal nodal enlargement was noted if nodes
with a short axis > 10 cm, or a long axis
> 1 5 cm, were identified.41' 12 When enlarged
nodes were identified, they were classified by
the TNM system: ipsilateral mediastinal and
subcarinal nodes were judged to be potentially
resectable (N2) while enlarged contralateral
mediastinal nodes were regarded as unresec-
table (N3). Overall TNM classification of each
tumour was performed on the basis of the
radiological observations and each case was
allocated to stage groupings I/II, IIIa or IlIb
(there were no cases with evidence of distant
metastases). Where there was a difference of
opinion between observers final classification
was reached by consensus. An assessment of the
adequacy of the CT technique was also
recorded and scans were described as being of
diagnostic or non-diagnostic quality.

All patients underwent thoracotomy and sur-
gery was performed by, or closely supervised
by, a single experienced thoracic surgeon. At
operation all readily accessible ipsilateral lymph
nodes were sampled and thorough dissection of
the mediastinum was performed in cases with
palpably enlarged mediastinal nodes. The pre-
operative CT features were subsequently corre-
lated with the surgical and pathological findings
in each case. For the purposes of analysis of the
results, a lung cancer was regarded as
"resected" if the surgeon believed that he had
performed a curative operation, with removal of
all obvious tumour, and where there was no
subsequent histological evidence to suggest
stage IIIb tumour. The tumour was regarded as
"unresectable" or "inoperable" when the sur-
geon was fully aware that there was residual
tumour upon completion of the thoracotomy,
or where subsequent histological examination
staged the tumour as IlIb.
When statistical comparison of the frequen-

cies of CT observations in the different groups
of patients was subsequently made - that is,
between patients with surgically proven stage I/
II lung cancer and those with stage III lung
cancer, and between patients with "resectable"
lung cancer and those with inoperable stage III
disease - the x2 test with Yates' conversion or
Fisher's exact test was applied as appropriate.

Results
During the five-year study period 304 patients
underwent thoracotomy for carcinoma of the
bronchus. Overall, 96 cases were diagnosed
surgically and pathologically as having stage III
lung cancer (32%), and 31 cases (10% of the
total) were found at operation to have inoper-
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Computed tomography in stage III lung cancer

Table 2 Comparison offrequency of CT observations between patients with stage I/II
and stage III lung cancer

CT observation Surgical staging

Stage I/II cases Stage III cases
(n= 52) (n = 45)

Mediastinal contact 25 (48%) 22 (49%)
Mediastinal invasion 6 (12%) 9 (20%)
Chest wall contact 26 (50%) 26 (58%)
Chest wall invasion 0 (0%) 3 (7%)
Collapse/consolidation 18 (35%) 15 (33%)
Pleural effusion 3 (6%) 3 (7%)
Tumour <2cm from carina 4 (8%) 3 (6%)
Mediastinal nodal enlargement 14 (27%) 19 (42%)

Table 3 Comparison offrequency of CT observations in all patients with resected lung
cancer and those with unresectable lung cancer

CTfeature Surgical assessment

Resected cases Unresectable cases
(n = 82) (n = 15)

Mediastinal contact 38 (46%) 9 (60%)
Mediastinal invasion 12 (14%) 3 (20%)
Chest wall contact 45 (54%) 7 (47%)
Chest wall invasion 2 (2%) 1 (7%)
Collapse/consolidation 27 (33%) 6 (40%)
Pleural effusion 4 (5%) 2 (14%)
Tumour <2 cm from carina 6 (7%) 1 (7%)
Mediastinal nodal enlargement 26 (31%) 7 (47%)

Table 4 Overall resectability of tumour: CT staging compared with
surgical/pathological assessment

CT staging Surgical/pathological assessment of resectability

I+ II Resected IIIa Unresectable III
(n = 52) (n = 30) (n = 15)

1+II 35 13 5*
IlIa 16 15 6*
IIIb 1** 2** 4

* Significantly understaged, leading to failed resection.
** Significantly overstaged, potentially denying patient surgery.

Table 5 Mediastinal invasion: CTfindings compared with surgical/pathological
findings

CT assessment of Surgical/pathological assessment of mediastinal invasion
mediastinal invasion

None Resected T3 Unresectable T3+ T4
(n = 85) invasion invasion

(n = 5) (n = 7)

None 76 2 4*
Potentially resectable (T3) 7 3 3*
Unresectable (T4) 2** 0 0

* Significantly understaged, leading to failed resection.
** Significantly overstaged, potentially denying patient surgery.

Table 6 Chest wall invasion: CTfindings compared with surgical/pathologicalfindings
(including diaphragmatic invasion)

CT assessment of Surgical/pathological assessment of chest wall invasion
chest wall invasion

None Resected T3 Unresectable T3
(n=83) invasion invasion

(n= 9) (n = 5)
None 82 8 4*
Potentially resectable (T3) 1 1 1*
Unresectable 0 0 0
* Significantly understaged, leading to failed resection.

able disease. Although all of our patients had
preoperative CT studies, the scans were avail-
able for review in only 52 cases with stage III
carcinoma of the bronchus and these were ran-
domised with CT scans of 58 cases of stage I/II
disease.
Of the 110 patients initially included in this

study, CT scanning was performed at our
centre in 70 cases and at referring hospitals in
40 cases. Thirteen cases were excluded from the
final analysis because the CT scans were retro-
spectively deemed not to be of diagnostic qua-
lity. Nine of these scans were performed using
non-contiguous sections, in 11 cases intra-
venous contrast medium was not given where it
was judged to have been necessary, in one case
intravenous contrast medium was administered
but vascular enhancement was inadequate for
proper assessment, and in two cases the avail-
able CT display window settings were unsatis-
factory. Twelve of the 13 suboptimal examina-
tions had been performed at referring hospitals.
At surgery six patients with unsatisfactory CT
scans had stage I/II tumours, three had resec-
table stage IIIa tumours, and four had inoper-
able stage IIIa or IIIb tumours.

Diagnostically acceptable CT scans were
available for the remaining 97 patients and in 48
of these examinations intravenous contrast
medium had been administered. The final
study group included 45 cases with pathological
stage III lung cancer and 52 cases with stage I/
II cancer. Fifteen patients had unresectable
disease. These included nine cases with stage
IIIb tumour: in six no resection was attempted,
in one chest wall and mediastinal tumour
remained after surgery, and in two N3 nodal
disease was confirmed histologically. The other
six unresectable tumours were stage IlIa
according to TNM classification criteria but
were judged by the surgeon to be too extensive
to resect: four of these patients had involved
ipsilateral mediastinal lymph nodes, one had
very extensive chest wall involvement, and one
had combined chest wall and pericardial in-
volvement.
The principal radiological findings in the

surgical and pathological stage I and II cases
and in locally advanced cases (stage III) are
detailed in table 2. Statistical comparison
revealed no differences in the frequency of any
of the CT observations between stage I/II and
stage III cases. Comparison of the CT findings
in all 82 resected cases (pathologically stages I,
II, and lIIa) with the CT findings in the 15
cases with unresectable disease (stage IIIb plus
the six cases with unresectable stage IIIa lung
cancer) is shown in table 3. Again statistical
analysis revealed no differences between these
groups although the number of cases with unre-
sectable disease is small.

Detailed analysis of CT findings and the
surgical/pathological findings for overall assess-
ment of operability, direct mediastinal involve-
ment, chest wall involvement, and mediastinal
lymph node involvement is shown in tables 4-7,
and the sensitivities and specificities of CT
scanning in table 8.
Of the 90 cases judged radiologically to be

resectable, 79 were so at operation (table 4). Of
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Table 7 Mediastinal nodal involvement: CTfindings versus surgical/pathological
findings (n= 94)

CT assessment of involved Surgical/pathological assessment of involved mediastinal
mediastinal nodes nodes

None Resected N2 Unresectable N2+N3
(n=66) (n=21) (n= 7)

None 50 10 1*
Potentially resectable (N2) 15 10 3*
Unresectable (N3) 1** 1** 3

* Significantly understaged, leading to failed resection.
** Significantly overstaged, potentially denying patient surgery.

Table 8 Sensitivity and specificity of CT scanning in
the preoperative assessment of lung cancer

Sensitivity Specificity

Unresectability of tumour 27% 96%
Mediastinal invasion 50% 89%
Chest wall invasion 14% 99%
Mediastinal nodal

involvement 61% 76%

seven cases judged radiologically to have unre-
sectable disease, only four were inoperable and
three were resected. Of the latter, two patients
in whom the CT scans had been interpreted as
showing unresectable direct mediastinal in-
volvement (T4) had no mediastinal extension
although one had N2 nodal disease, and a third
patient with apparent contralateral nodal in-
volvement (N3) had resectable pericardial inva-
sion and benign reactive nodal hyperplasia.
Staging CT was most accurate for stages I and
II, correctly predicting 35 of 52 (68%) patholo-
gically confirmed cases. Sixteen cases (30%)
were falsely judged to be IIIa, and one case was
incorrectly judged to be inoperable (II1b). CT
scanning correctly predicted 15 of 30 cases
(50%) proven to be stage IIIa, with 13 cases
(43%) being radiologically understaged and
two cases being incorrectly judged to have
inoperable disease. Of cases found at surgery to
have inoperable disease, only four of 15 were
correctly predicted by CT scanning while the
other 11 cases were understaged.

Contact between tumour and mediastinum
was judged to be present on CT scans in 47
cases. Mediastinal invasion was demonstrated
surgically and pathologically in only 12, and in
six of these cases CT scanning was judged not
to demonstrate any evidence of mediastinal
invasion (table 5, fig 1). In a further three cases
the extent of invasion was significantly under-
estimated. Intravenous contrast enhancement
had been used in 10 of the 12 cases proven to
have mediastinal invasion, including five of the
six cases predicted by CT scanning and five of
the six cases missed by CT scanning. There
were nine false positive diagnoses of mediasti-
nal invasion (fig 2), often in cases where associ-
ated pulmonary collapse or consolidation led to
difficulty in determining the extent of the
tumour.

Contact between tumour and chest wall was
judged to be present on CT scans in 52 cases
but there was surgically proven chest wall inva-
sion in only 14. Sensitivity for detection of chest
wall invasion was particularly low, with only
two cases correctly predicted (table 6), but five
of the 12 false negative diagnoses were due to
invasion limited to the parietal pleura, and in a

Figure I Bronchogenic carcinoma, right upper lobe. No
clear evidence of unresectability but at surgery the tumour
was inoperable due to invasion of the superior vena cava.

further three cases the tumour was removed by
localised chest wall resection. There was one
false positive diagnosis of chest wall invasion.

Pleural effusions were noted on CT scans in
six patients. In one case with a peripheral
tumour and a large pleural effusion, chest wall
invasion was found at surgery (T3/stage IIIa).
In the other five, small effusions were present in
association with pulmonary collapse or consoli-
dation distal to central tumours. In two of the
latter cases unresectable mediastinal invasion
(T4/stage IIIb) was present but in the other
three cases the tumour was confined to the lung
and hilar lymph nodes.
Data on staging of mediastinal nodal disease

were not available in three patients with
tumours unresectable by virtue of direct
mediastinal involvement and in whom full sur-
gical assessment of the mediastinum was not
performed. Mediastinal nodal enlargement was
diagnosed on CT scans in 33 cases (table 7).
Involved mediastinal nodes were correctly pre-
dicted by CT scanning in 17 of 28 (61%) of
pathologically proven cases, but three cases
with inoperable nodal disease were judged to be

-A.`~
"

...I.....

Figure 2 Bronchogenic carcinoma, left upper lobe. There
is loss of definition of tissue planes between tumour and
arch of aorta, interpreted as direct mediastinal invasion.
At operation the tumour was confined to the lung.
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Computed tomography in stage III lung cancer

Figure 3 Left upper lobe collapse due to bronchogenic
carcinoma. Enlarged subaortic lymph nodes (arrowed)
were reactive.

_....

Figure 4 Large necrotic right upper lobe carcinoma. An
enlarged pretracheal lymph node (arrowed) was reactive.
Pleural thickening adjacent to the tumour was

inflammatory in nature.

N2. Intravenous contrast enhancement had
been used in seven of the 17 true positive CT
scans. In 11 cases CT scanning was falsely
negative for mediastinal nodal tumour; in two
of these nodes measuring less than 1 cm were

involved, in seven cases enlarged subcarinal
nodes had been missed on CT scanning, and in
two cases other groups of enlarged lymph nodes
were not identified on CT scanning, even in
retrospect. Intravenous contrast enhancement
had been used during CT scanning in four of
the 11 false negative cases. There were 16 cases

falsely believed to have involved nodes in whom
nodal enlargement was due to reactive hyper-
plasia (figs 3 and 4). Only one of 61 patients
with no identifiable lymph node enlargement on

CT scanning had inoperable nodal disease. In
this case paratracheal and subcarinal nodal dis-
ease could not be resected due to extracapsular
spread and adherence to the trachea.

Discussion
In the 1986 revision of the TNM staging sys-

tem for carcinoma of the bronchus3 new stage

groupings were devised to reflect the changing
treatment options and prognoses of subsets of
patients. The revised system recognised the
improved survival of a group of patients with
local extrapulmonary extension of tumour fol-
lowing surgical resection compared with a
group of patients with locally advanced tumour
where surgical resection was impracticable;
these groups were entitled stage IIIa and stage
IIlb respectively (table 1). While stage I and
stage II tumours can be treated by conventional
lobectomy or pneumonectomy, stage IIIa
tumours require additional localised mediasti-
nal resection, chest wall resection or mediastinal
lymphadenectomy, with an associated increased
perioperative risk.'314

In many cases unresectability of lung cancer
will easily be demonstrated by CT scanning.
Patients who have passed this "first filter" and
who are then referred for consideration of sur-
gery are more likely to demonstrate indetermi-
nate CT features for local extrapulmonary
extension of tumour, and decisions regarding
operability will be more difficult due to this
screening bias.'5 In a previous study examining
the value of CT scanning in stage III lung
cancer only patients with completely resectable
tumours (stage IIIa) were presented, with no
more or less advanced tumours included for
comparison.7 Our study was designed to look
particularly at problems arising in the recogni-
tion of stage III lung cancer by the inclusion of
roughly equal numbers of stage I/II cases and
stage III cases to reduce observer bias. We have
demonstrated the difficulty of accurately identi-
fying stage III lung cancer and of differentiat-
ing it from less advanced disease as the salient
CT observations are found with similar fre-
quency in both groups (tables 2 and 3).
Approximately two thirds of our patients

shown at surgery to have stage I and II tumours
were correctly identified but one third were
overstaged by CT scanning as having stage III
lung cancer and one case was judged to be
inoperable (table 4). Of all cases with surgically
and pathologically proven extrapulmonary
extension of tumour (stage III), three fifths
were correctly identified but two fifths were
understaged as stage I and II. Only 19 of 45
cases were correctly identified as having stage
III lung cancer and correctly judged to be
either resectable or unresectable.
We assumed mediastinal invasion to be pre-

sent only if there was apparent infiltration of
mediastinal fat planes or encasement of media-
stinal structures. This resulted in relatively low
sensitivity (50%) but a higher specificity (89'//o)
compared with the series described by Rendiila
et al (sensitivity 68%, specificity 72%) where
tumour abutment was included as a positive
criterion for invasion.'6 Our experience is sim-
ilar to that of Glazer et a6 who found that, in a
group of patients with CT scans considered
indeterminate for mediastinal invasion, there
was no invasion in 60% of cases, focal invasion
in 22% of cases which proved to be resectable,
and in only 18% of cases was the tumour
unresectable due to mediastinal extension. Cor-
responding figures in our series (excluding the
two cases falsely judged on CT scans to have
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inoperable mediastinal invasion) were 74%,
11%, and 15%, respectively.
Our sensitivity for detection of chest wall

invasion was low (14%) but specificity was very
high (99%), reflecting the fact that chest wall
invasion was only diagnosed if there were firm
positive features such as localised rib destruc-
tion, a soft tissue mass extending between the
ribs, or obliteration of chest wall fat planes. In a
similar study, Scott et al7 detected only two out
of 10 tumours involving parietal pleura, chest
wall, or diaphragm. If contiguity of tumour
with chest wall or pleural thickening is regarded
as indicative of chest wall invasion, sensitivity
would improve but at the expense of specificity,
and patients with operable tumours would pos-
sibly be denied surgery. No radiological diag-
nosis of unresectable chest wall invasion was
made in our series. This is partly because
patients with obvious and extensive chest wall
invasion are not usually offered thoracotomy at
our centre, and partly because there is no defi-
nition of inoperable chest wall invasion in the
TNM classification, apart from the presence of
malignant pleural effusion (T4).

It is well recognised that benign pleural ef-
fusions occur in association with lung cancer
and repeated needle aspiration and cytological
examination of the pleural fluid may be neces-
sary. If cytological examination of the pleural
fluid fails to confirm a malignant pleural ef-
fusion and all other factors are favourable, it is
our practice to proceed to thoracotomy. In the
six cases with effusions in this series, either
cytology of the pleural fluid was negative or the
presence of small pleural effusions was dis-
regarded preoperatively. In three patients with
central tumours causing peripheral pulmonary
collapse or consolidation there was no histologi-
cal evidence of pleural invasion and the
effusions were presumably due to lymphatic
obstruction or pleural inflammation. Chest wall
invasion was documented in one patient, and in
the other two unresectable mediastinal invasion
was present and mediastinal pleura was there-
fore probably involved by tumour. We are not
aware of any false positive diagnoses of pleural
effusion, although in routine practice confusion
between small effusions and areas of pleural
thickening might occasionally occur.
The difficulties encountered in detection of

mediastinal nodal spread in patients with lung
cancer are well described1 45 and are reflected in
this series. Nodal enlargement is the only diag-
nostic criterion for lymph node metastases.
However, it is recognised that tumour deposits
may be present in about 10% of nodes of
normal size, and this explained why two of the
28 patients with nodal involvement in our series
were understaged by CT scanning. More com-
monly, in our experience, patients with nodal
tumour were understaged because enlarged
lymph nodes were overlooked, particularly sub-
carinal nodes (seven of 11 false negative assess-
ments). Intravenous contrast enhancement was
employed during CT scanning in only four of
the 11 cases where positive nodes were missed,
although the images available in these cases
were judged to be of adequate diagnostic qua-
lity. It is likely that the detection rate for

enlarged lymph nodes would have been
improved by more frequent use of contrast
enhancement during dynamic CT scanning
through the mediastinum, with narrower colli-
mation sections in the subcarinal region to
reduce partial volume effect from the left at-
rium. There was a frequent false positive diag-
nosis of malignant lymph node involvement in
our series due to benign reactive lymph node
enlargement (figs 3 and 4), with enlarged nodes
often found to be anthracotic as South Wales is
a traditional mining area.

Preoperative mediastinoscopy is not per-
formed routinely at our centre. In common
with other authors we have shown that, in the
absence of observed nodal enlargement on stag-
ing CT scans, unresectable mediastinal nodal
tumour is rarely present and mediastinoscopy is
therefore probably unnecessary in this group of
patients."'7 The value of preoperative media-
stinoscopy in patients with enlarged nodes on
CT scanning will depend on local surgical
practice. The role of surgery in patients with
ipsilateral mediastinal or subcarinal
lymphadenopathy (N2) is controversial, but
this group is considered to be potentially suit-
able for surgical resection according to the
provisions of the 1986 revision of the TNM
classification.3 If all other factors are favourable,
it has been our practice to offer surgery to
patients with possible N2 disease without prior
mediastinoscopy. On this basis, mediastinos-
copy in our hands would only prevent thoraco-
tomy if it demonstrated contralateral mediasti-
nal nodal involvement (N3). As far as we are
aware only three such patients were operated
upon in our series, although it is possible that
some patients were surgically understaged due
to incomplete nodal dissection. In patients with
bilateral mediastinal nodal enlargement demon-
strated on CT scans who would otherwise be
considered fit for surgery, mediastinoscopy
would be of value for differentiating between
cases with malignant involvement (N3) and
those with benign reactive nodal hyperplasia
who would benefit from resection of the prim-
ary tumour.
The finding that, in 13 cases, CT scans were

retrospectively judged not to be of diagnostic
quality demonstrates the need for careful atten-
tion to technique. Four of the 13 patients with
unsatisfactory CT scans had inoperable
tumours compared with 15 of 97 patients with
diagnostically acceptable scans. This indicates
that unnecessary thoracotomy may occur more
frequently if surgical decisions are based on
suboptimal radiological investigations.
We have shown that, in a group of patients

selected for surgery, CT scanning as the sole
staging technique is unreliable for differentiat-
ing between stage I/II lung cancer, locally
advanced but possibly resectable lung cancer
(stage IIIa), and unresectable lung cancer (stage
IIIb). In cases considered fit for thoracotomy in
whom the CT signs are equivocal, further sur-
gical assessment is necessary. The limitations of
CT scanning should be recognised in order not
to deny some patients the opportunity for a
potentially curative resection.
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