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The solitary pulmonary nodule remains a common and chal-
lenging clinical problem. The goal of diagnosis is to establish the
cause of the pulmonary nodule by the least invasive means. The
authors thus review the scope of the problem, the differential
diagnosis of the solitary pulmonary nodule, the available radio-
graphic diagnostic techniques, and the available tissue sampling
techniques.
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Solitary pulmonary nodules are frequent because the
incidence of lung cancer in the United States continues to
rise. American Cancer Society data suggest that 150,000
new lung cancers came to clinical attention in 1987. Data
from a representative series show that 31% of these new
lung cancers present as a nodule or mass on the initial chest
radiograph,’ indicating that 46,500 new malignant solitary
pulmonary nodules should have developed. Considering
that only 35% of all solitary pulmonary nodules are bron-
chogenic cancer (Table 1), the estimated 1987 incidence of
new solitary nodules was 133,900. This figure rivals the
yearly incidence of other major pulmonary problems in the
United States, namely lung cancer and the adult respiratory
distress syndrome.”
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Table 1. Estimated 1987 incidence of solitary

pulmonary nodules

¢ 150,000 new lung cancers

* 31% present as nodule/mass on initial chest radiograph

¢ 46,500 new malignant solitary pulmonary nodules

* 35% of all solitary pulmonary nodules are bronchogenic cancer
¢ 133,900 estimated new solitary nodules

Table 2. Selected differential diagnosis of the
solitary pulmonary nodule

Malignant tumors
Bronchogenic carcinoma
Metastatic tumors
Carcinoid
Miscellaneous

Hamartomas

Granulomas
Tuberculosis
Histoplasmosis
Coccidioidomycosis
Cryptococcosis
Aspergillosis
Blastomycosis

Miscellaneous lesions
Bronchial cyst
Subpleural lymph nodes
Arteriovenous fistula
Localized anthrosilicosis
Echinococcus cyst
Dirofilaria tmmitis
Enlarged pulmonary artery
Hemangiopericytoma
Fibroma
Rheumatoid nodule
Infarct
Hematoma
Lung disease
Sarcoidosis
Rounded atelectasis
Pseudotumor (loculated fluid)
Bronchopulmonary sequestration

Differential diagnosis of the solitary
pulmonary nodule

The differential diagnosis of the solitary pul-
monary nodule is extensive (Table 2) and includes
various granulomas, hamartomas, malignancies
(most of which are bronchogenic carcinomas),
and a variety of miscellaneous lesions including
vascular abnormalities (e.g., arteriovenous fistu-
las, vascular aneurysms) and congenital abnor-
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malities of the lung (including bronchopulmo-
nary sequestrations and bronchial cysts). Lesions
that may simulate solitary pulmonary nodules
should also be considered, such as pulmonary
pseudotumors (collections of fluid loculated
within the fissures of the lung) and rounded
atelectasis (commonly believed to be an involu-
tion of the lung as surrounding pleural fluid is
resorbed). Recognizing vascular lesions and pseu-
dotumors is important as it will allow the clinician
to avoid inappropriate biopsy procedures.

Table 3 presents the frequency distribution of
solitary pulmonarzf nodules in 13 of the largest
available series,>!° each of which contains more
than 100 patients. Clearly, the range of frequen-
cies for each cause of the solitary pulmonary
nodule is quite broad. For example, malignant
lesions made up between 10% and 67% of all
solitary pulmonary nodules in these 13 series.
This wide range in frequency is probably due to
differences in the source populations and in study
inclusion criteria. Overall, however, malignant
lesions comprised 44% of all solitary pulmonary
nodules and most (35%) were bronchogenic car-
cinomas. Benign lesions made up the remaining
56%, of which granulomas were most common.

To examine the frequency distribution of sol-
itary pulmonary nodules at The Cleveland Clinic
Foundation, we reviewed the pathology of 67
recently resected pulmonary nodules (Table 4).
A total of 154 thoracotomies for pulmonary le-
sions performed between January 1 and Decem-
ber 31, 1986 were reviewed to identify the subset
of resected solitary pulmonary nodules. Nodules
in patients not referred for resection were not
included in this series. Of the 67 total nodules,
46 (69%) were malignant lesions and 21 (31%)
were benign. As in the other 13 large series (Table
3), bronchogenic carcinomas constituted most of
the malignant solitary pulmonary nodules (39, or
58% of the total); solitary pulmonary metastases
and unusual pulmonary neoplasms (e.g., carci-
noid tumors) made up the remainder. Also in
keeping with other series, granulomas were the
most frequent cause of benign solitary nodules
(10, or 15% of the total). However, the frequency
distribution in our series varied from the fre-
quencies in the pooled series in two striking ways:

1. The malignancies (and especially broncho-
genic cancers) constituted most (69%) of all re-
sected nodules at the Cleveland Clinic. Notably,
this is in spite of our extensive referral from areas
in which histoplasmosis is prevalent (e.g., the
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Table 3. Distribution of malignant and benign solitary pulmonary nodules in 13 series

All

Number All malignant Bronchogenic All bening granulomas
Series Year of cases lesions (%) cancers (%) lesions (%) (%)
Bernatz and Clagett® 1953 180 34 30 66 36
Good et al* 1953 156 35 16 65 42
Paulson® 1956 180 44 34 56 37
Gerrits® 1956 210 54 47 46 9
Davis et al’ 1956 215 47 37 53 38
Good and Wilson® 1958 184 52 33 48 31
Taylor et al’ 1958 236 10 8 90 78
Cartwright et al'® 1959 296 40 32 60 49
Perasalo and Tala"! 1959 159 62 51 38 26
Steele'? 1963 887 36 32 64 53
Walske'® 1966 217 36 34 64 54
Nandi et al'* 1981 239 67 65 33 25
Toomes et al'® 1983 955 49 38 51 24

Total 4,114
Mean (range) 44 (10-67) 35 (8-65) 56 (38-90) 37 (9-78)

Ohio River valley). We suspect that the excess of
malignancies among all pulmonary nodules re-
flects the Cleveland Clinic’s tertiary referral pat-
tern as well as the surgical source of this series—
a patient group from which patients with evi-
dently benign lesions (e.g., by pathognomonic
calcification or no growth over at least two years)
are already excluded.

2. Many more malignant nodules occurred in
women (46%) than in other large series. We
postulate that the near equalization of male and
female occurrence reflects the ever-increasing
incidence of bronchogenic carcinoma in fe-
males.'®

Radiographic assessment

The major challenge in assessing the solitary
pulmonary nodule has been to define clinical and
radiographic features that reliably identify the
nodule as benign, thereby averting the need for
invasive diagnostic tests. Given the frequency of
bronchogenic cancer and the important survival
advantage noted after resecting early stage tu-
mors, these clinical and radiographic indicators
of benignity must have the greatest possible reli-
ability.

Many clinical and radiographic features have
supposedly differentiated between benign and
malignant pulmonary nodules. These features
have included the patient’s age; whether the pa-
tient smoked and, if so, how much; the size,
shape, and sharpness of the margin of the pul-
monary nodule; and the presence of calcification,
the pattern of calcification, and the growth rate

Table 4. Causes of 67 solitary pulmonary nodules
resected at the Cleveland Clinic (January 1—
December 31, 1986)

Number
of cases

%

46
39
24

69
58

Malignant

Bronchogenic cancer
Adenocarcinoma
Squamous
Undifferentiated large cell
Adenosquamous

Metastasis 5 8
Breast
Kidney
Colon
Uterus

Carcinoid 2 3

Benign 21 31
Granuloma 1
Hamartoma
Fibroma
Sequestration
Silicotic nodule
Necrobiotic nodule
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of the pulmonary nodule. Each of these discrim-
inating features has received substantial attention
in the literature, >%'7 but only two have emerged
as reliable indicators of benignity: the presence
of characteristic patterns of calcification'® and
the absence of growth over sufficient time.'”'*2

Calcification in a pulmonary nodule is usually
associated with chronic inflammation and is
therefore a strong indicator of benignity. Fewer
than 1% of pulmonary malignancies appear cal-
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Table 5. How much diameter increase to double

volume?
Increase in
Initial diameter to
diameter Volume double volume

(cm) (cm®) (cm)
0.5 0.07 0.14
1.0 0.52 0.24
1.5 1.8 0.40
2.0 4.2 0.52
2.5 8.2 0.64
3.0 14.1 0.78
3.5 22.4 0.90
4.0 33.4 1.04

cified on chest radiographs, though calcification
in malignancies is more common in the resected
specimens. O’Keefe et al'® have shown that 14%
of resected bronchogenic cancers are calcified
and that 4% show a pattern of central calcifica-
tion. Similarly, 10% of metastatic lesions to the
lung are calcified, and 5% show central calcifi-
cation. Thus, although calcification is far more
common in benign than malignant lesions, it is
not unique to benign lesions. On the other hand,
three specific patterns of calcification—homo-
geneous calcification, “popcorn” calcification,
and laminated calcification—have been exclu-
sively observed in benign lesions and are there-
fore considered reliable evidence of benignity.
Laminated calcification is the result of the serial
deposition of calcium in concentric circles in the
nodule and is uniquely associated with granu-
lomas. In the data presented by O’Keefe’s group,
40% of granulomas show this pattern of calcifi-
cation. Popcorn calcification is considered pa-
thognomonic of pulmonary hamartomas, al-
though only a minority of hamartomas show this
characteristic pattern (12.5% in O’Keefe’s series).
Homogeneous calcification is another reliable
sign of benignity.

Other radiographic evidence of benignity is
the absence of growth on available serial chest
radiographs separated by at least 24 months,
although growth over time is not a unique feature
of pulmonary malignancies. For example, in a
series of 156 pulmonary nodules, Good and
Wilson®* observed that 33% of pulmonary ade-
nomas enlarged over time and that 4% of hamar-
tomas and 6% of granulomas also enlarged.

The observation that both malignant and be-
nign pulmonary lesions may grow has spurred
investigators to examine growth rates as a means
of differentiating benign from malignant pul-

Cleveland Clinic Journal of Medicine 71

monary nodules. Measuring nodule growth rate
is based on the concept of “doubling time,” which
is the time necessary for the nodule to double in
volume on serial chest radiographs. The volume
of a sphere is related to its radius by the equation:

Volume = 4/3 =r°,

where 7 is the radius of the nodule. Assuming a
constant rate of growth for the pulmonary nod-
ule, the doubling time can be calculated from
measurements of the nodule radius on serial chest
radiographs. Based on measurements of doubling
time in a series of solitary pulmonary nodules,
Nathan et al'” have suggested that malignant
pulmonary nodules can be differentiated from
benign lesions. In this series of 218 nodules,
malignant lesions showed doubling times be-
tween seven and 465 days, whereas benign lesions
enlarged either more rapidly (in the case of in-
flammatory lesions) or more slowly (in the case
of granulomas and hamartomas). It is troubling
that one of the 177 malignant pulmonary nodules
in the series reported by Nathan et al (a broncho-
genic adenocarcinoma) was found to have a pro-
longed doubling time (well over one year). Al-
though it is conceivable that this adenocarcinoma
arose out of a benign pulmonary scar, this excep-
tion casts some doubt on the reliability of dou-
bling times as a discriminator between benign
and malignant pulmonary nodules.

Several other problems compromise the relia-
bility of doubling time as an indicator of benign-
ity. First, the assumption that tumor nodules
grow at uniformly constant rates throughout
their natural history may be incorrect. For ex-
ample, in a series of 41 malignant pulmonary
nodules, Garland'® observed that growth rates
tended to follow a consistent slope over time, but
that rates varied from time to time in a substantial
number of lesions, and that 5% of malignant
nodules briefly shrank. A second problem with
using doubling time measurements is that small
nodules may double their volume with increases
in radii that are too small to be detected on serial
chest radiographs. Table 5 shows the changes in
diameter associated with volume doublings for
nodules of various initial sizes. For a nodule
originally 0.5 cm in diameter, a diameter increase
of merely 0.14 cm (too small to be reliably de-
tected on serial chest radiographs) will double
the volume. Failure to appreciate these minute
increments in diameter may cause the doubling
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time to be underestimated, potentially leading to
the misdiagnosis of a malignant pulmonary nod-
ule as a slower-growing benign lesion. Finally,
problems with intraobserver and interobserver
variability in measurements compromise the use-
fulness of doubling time as a determinant of
benignity. In a series in which nine observers
estimated nodule sizes and doubling times for the
same set of chest radiographs, Nathan et al'’
observed a 7.2% variation in estimates of dou-
bling time. Similarly, Brenner et al*® noted up to
a 30% variation in the estimates of nodule vol-
umes when repeat measurements were made
from single chest radiographs. Overall, because
of these difficulties in reliability, enthusiasm for
using tumor doubling time as a criterion of be-
nignity has waned.

The most recently proposed technique for dif-
ferentiating benign from malignant pulmonary
nodules is computerized-tomographic (CT) den-
sitometry using the phantom pulmonary nodule
technique. As is well known, the CT scan can
quantitate the density of pulmonary nodules and
assign a specific value (measured in Hounsfield
units) for each degree of x-ray beam attenuation.
The denser the nodule (i.e., the more calcium
present within it), the higher the x-ray beam
attenuation and the higher the number of Houns-
field units. Early experience with CT densitom-
etry suggested that pulmonary nodules with den-
sities greater than 164 Hounsfield units were
uniformly benign,m'22 but subsequent studies
failed to reproduce these early data.?® This lack
of reproducibility has been ascribed to differ-
ences between different CT scanners and to
changes in calibration within an individual scan-
ner over time. In an effort to standardize CT
scanners and to improve discrimination between
calcified (e.g., benign) and noncalcified pulmo-
nary nodules, Zerhouni et al** proposed using a
phantom pulmonary nodule technique.

The phantom technique consists of scanning a
mock-up of the patient’s chest into which a pellet
made of a calcium carbonate embedded in epoxy
has been placed to simulate the intrathoracic
position of the patient’s pulmonary nodule. By
comparing the CT attenuation of the phantom
nodule to that of the actual patient’s nodule, the
CT scan can identify which of the two nodules is
more dense. Should the patient’s nodule be more
dense than the known calcium carbonate pellet,
it can be called calcified and, therefore, is over-
whelmingly likely to be benign. On the other
hand, should the patient’s nodule be less dense
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than the phantom nodule, the patient’s nodule
cannot be said to be calcified, and the phantom
nodule study must be classified as indeterminate.
To date, two large series evaluating the diagnos-
tic performance of the phantom nodule tech-
nique have been performed. Siegelman et al®®
evaluated 634 solitary pulmonary nodules by CT
densitometry; 176 of these (27.7%) were called
benign on the basis of the phantom nodule study,
and the remainder (45%) were labeled indeter-
minate. The benignity of the 176 nodules was
proved by the absence of growth on serial chest
radiographs separated by at least two years. All
of the indeterminate nodules underwent biopsy
or were resected, and 103 were found to be
benign, while 355 were malignant. Notably, no
lesion labeled benign via CT densitometry was
subsequently found to be malignant; that is to
say, CT densitometry yielded no false-negative
benign nodules. The second large available series
was a multicenter trial of the phantom nodule
technique and included data from 295 solitary
pulmonary nodules.?® Sixty-six of these nodules
were labeled benign on the basis of the phantom
nodule studies, and the remainder were consid-
ered indeterminate and were then resected or
underwent biopsy. As in the series by Siegelman
et al,*® most of the indeterminate lesions (77%)
were malignant, and the remainder were benign.
However, unlike the other large series, one of
the 66 nodules labeled benign was actually malig-
nant. However uncommon, this experience sug-
gests that further evaluation of the role of CT
phantom nodule studies is needed. Furthermore,
before CT densitometry is adopted as a routine
clinical tool, its diagnostic performance should
be evaluated. Such studies are currently under-
way at the Cleveland Clinic.

Tissue sampling techniques and their efficacy

When radiographic evaluation does not con-
firm that the nodule is benign, available manage-
ment strategies include continued observation or
biopsy for histologic diagnosis. Although recent
analyses advocate “watchful waiting” when the
clinical likelihood of bronchogenic cancer is small
(e.g., in a young nonsmoker),”’ the possibility of
lung cancer in clinically unlikely settings has led
many to recommend biopsy or up-front resection
for solitary pulmonary nodules that are not une-
quivocally considered benign.*®

Available methods for making a histologic di-
agnosis of a solitary pulmonary nodule include
examination of sputum cytology, biopsy by means
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of fiberoptic bronchoscopy or percutaneous as-
piration, and diagnostic thoracotomy.

Sputum specimens should be collected from all
patients with a solitary pulmonary nodule. Exfol-
iative cytology will prove to be diagnostic in u up
to 20% of patients with malignant nodules.
Cytology 1s most likely to be positive when the
tumor is centrally located, has an endobronchial
communication, and is an exfoliating lesion.?*"*!
These features are most commonly seen in squa-
mous cell carcinomas. The yield of exfoliative
cytology may be increased by bronchoscopic
washings, brushings, and postbronchoscopy spu-
tum specimens.

Since its introduction in 1968,** flexible fiber-
optic bronchoscopy has become the principal
technique for histologically diagnosing pulmo-
nary nodules and masses. In addition to render-
ing a specific histologic diagnosis, bronchoscopy
may provide details about the airways (e.g., ab-
sence of other endobronchial lesions) that may
not be appreciated on the plain radiograph, but
that may be important for planning therapy of
malignant lesions. Estimates of the overall diag-
nostic yield of flexible bronchoscopy for solitary
pulmonary nodules vary from 48% to 75%.%°~%°
Diagnostic yield is clearly operator-dependent,
but 1s also determined by the size of the pulmo-
nary nodule and by its position in the chest.
Specifically, Radke et al3® have shown that the
diagnostic yield is higher for lesions greater than
2 cm in diameter (64 %) than for smaller nodules
(28%). Also, for lesions less than 2 cm in diame-
ter, these same investigators observed a lower
yield for nodules in the peripheral third of the
lung field than for more proximal lesions. This
drop-off in diagnostic yield with more peripheral
lesions was not seen for nodules greater than 2
cm in diameter.

Percutaneous transthoracic aspiration is an al-
ternative and complementary diagnostic tech-
nique in which a needle is introduced through
the chest wall and into the pulmonary nodule
(under either fluoroscopic or CT guidance) in
order to either aspirate cells from the nodule or
obtain a small core of tissue. The diagnostic yield
of percutaneous aspiration is also operator-de-
pendent, and available series suggest diagnostic
yields between 79% and 96.5%.%¢-%% As with flex-
ible fiberoptic bronchoscopy, the diagnostic yield
is higher for larger nodules than for smaller
ones.’® In a series of 430 nodules aspirated by
Berquist et al,*® the diagnostic yield for nodules
between 4 cm and 8 cm in diameter was 91% v
65% for nodules less than 1 cm in diameter.
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Percutaneous aspiration can usefully comple-
ment fiberoptic bronchoscopy in evaluating soli-
tary pulmonary nodules. Although aspiration
does not provide information about the airways,
some series suggest that percutaneous aspiration
can succeed after bronchoscopy has been nondi-
agnostic. For example, Wallace and Deutsch™
studied 133 patients with solitary pulmonary
nodules, all of whom underwent tlexible fiber-
optic bronchoscopy. Fifty of these patients under-
went needle aspiration after nondiagnostic bron-
choscopy, and in 18, a specific histologic diag-
nosis was made. As with bronchoscopy, only in
cases where percutaneous aspiration yields a spe-
cific benign or nonsurgical malignant nodule will
percutaneous aspiration avert the need for a tho-
racotomy. Overall, the choice of fiberoptic bron-
choscopy v. percutaneous aspiration as an initial
diagnostic procedure is determined by several
factors: (a) the importance of endobronchial in-
spection in planning subsequent therapy, (b) the
size and intrapulmonary position of the nodule
and, (c¢) the respective morbidities of flexible
fiberoptic bronchoscopy v. percutaneous aspira-
tion.

Thoracotomy with excision is the procedure of
choice for all solitary pulmonary nodules that are
new or growing, are without one of the benign
patterns of calcification, or are not known by
tissue sampling to be benign with a specific diag-
nosis. Conventional medical contraindications to
thoracotomy and pulmonary resectlons apply to

solitary pulmonary nodules.** However, with

modern surgical management, complete diagnos-
tic accuracy is obtainable w1th 30-day operative
mortality of less than 1.4%.*

Overall, attention to the diagnostic strategy
outlined here should limit unneeded invasive
tests while preventing underdiagnosis of resecta-
ble bronchogenic cancers.

James K. Stoller, MD

Department of Pulmonary Disease
The Cleveland Clinic Foundation
9500 Euclid Avenue

Cleveland, Ohio 44106
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