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ABSTRACT

The solitary pulmonary nodule (SPN) is frequently seen on chest radiographs and computed
tomography (CT). The finding of a SPN usually provokes a flurry of clinical and imaging activity
as an SPN in at-risk population is an alert signal of possible lung cancer. The frequency
of malignant nodules in a given population is variable and depends on the endemicity of
granulomatous disease. The percentage of malignant nodules also rises when dealing with
at-risk population. The problem is compounded by the fact that with the present generation of
CT scanners, 1-2 mm nodules are discovered in approximately half of the smokers aged 50
years or older scanned. A variety of management approaches are applied in the work-up of
SPN often requiring evaluation over a long period of time to establish a benign or malignant
diagnosis. Comparison with previous imaging studies and morphologic evaluation of the size,
margins, and internal characteristics are usually the first step in the evaluation of these nodules.
Itis often necessary to use additional imaging techniques and occasionally invasive procedures
such a percutaneous needle lung or a surgical biopsy. Until recently, the guidelines for follow-up
of indeterminate noncalcified nodules detected on nonscreening CT was a minimum of 2 years.
However, during the past few years due to further refinements in CT technology and better
understanding of tumor behavior, it has prompted a revision of the guidelines of the follow-up of
small indeterminate nodules. These guidelines have been endorsed by the Fleischner Society.
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INTRODUCTION

A lung nodule has been defined by the Nomenclature
Committee of the Fleischner Society as a rounded opacity,
well or poorly defined on a conventional radiograph,
measuring up to 3 cm in diameter. Further subdivisions of
nodules are defined as acinar, which usually measures 5-8
mm in diameter and is presumed to represent consolidation
in an acinus. On computed tomography (CT) scan, a nodule
appears as a rounded or irregular opacity, well or poorly
defined, measuring up to 3 cm in diameter.!"! Solitary
pulmonary nodule (SPN) is found incidentally on imaging
studies unrelated to the respiratory system in 0.09-0.2%
of all chest radiographs. Opacity less than 3 mm is defined
as a micronodule. Mimics of pulmonary nodules include

pseudonodules, which represent a rib fracture, a skin lesion,
a device outside the patient, anatomic variants, or composite
areas of increased opacity.”) SPN is seen more often on CT
scans. The overall reported incidence of SPN is 8-51%.1**
In one study of CT screening for lung cancer in smokers,
13% of patients had pulmonary nodules larger than 5
mm at baseline.® The initial step after discovery of a SPN
is to determine its cause and characterize it as definitely
benign, equivocal, or definitely malignant on radiologic
features. Benign nodules include infectious granulomas
and hamartomas, whereas common malignant causes
include primary lung cancer, carcinoid tumors, and lung
metastases.'®! Radiologic features, such as size, morphology,
and rate of growth, help to determine the likelihood of
malignancy in a majority of patients.”!”’ Depending on
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their appearance and radiologic context, certain nodular
opacities may be judged sufficiently typical on scanning
that follow-up is not warranted [Figure 1].

The American College of Physicians!''! guidelines
recommend that the assessment be based on nodule size and
the patient’s risk of cancer."?Ost and associates in a Review
on Clinical Practice!'"” recommended CT follow-up at 3, 6,
12,18, and 24 months for all “low-probability” indeterminate
nodules, regardless of size. The recommendations from
the American College of Physicians!'! for management
of indeterminate solitary nodules were similar, with the
proposal for 3-, 6-, 12-, and 24-month CT follow-up
intervals, also without any specified lower size limit for
a nodule that would qualify for this protocol.!"! The issue
of small incidental nodules detected on CT has not been
addressed. However, monitoring an incidentally found
nodule might lead to better outcomes by detecting early
cancers.” The ACCP does not endorse screening for lung
cancer for the general population including smokers as it
does not prevent mortality."* The ACCP in their guidelines
address the issue of risk assessment, the choice of imaging,
and the frequency of follow-up.

DISCUSSION

Nodule characterization is the first important step to
determine whether the lesion is benign or malignant.
Features, such as size, morphology, and rate of growth, often
help to determine the likelihood of malignancy.**! Common
benign causes of benign lung nodules include infectious
granulomas and hamartomas, whereas common malignant
causes include primary lung cancer, carcinoid tumors, and
lung metastases.!®!

The risk of lung cancer in male smokers is 10 times
that of nonsmokers and 15-35 times greater in heavy
smokers.!">!*) Other risk factors for lung cancer are known.
A lung cancer susceptibility gene has been described
recently."”!8! Exposure to asbestos, uranium, and radon
are other known lung cancer risks.!">-2!1

Several mathematical models have been formulated to
estimate the odds of malignancy in SPNs, based on patient
age, smoking habits,; history of primary cancer, and nodule
morphology and location. One such the Mayo Clinic model
is based on a history of extrathoracic cancer, spiculated
morphology, current or past smoking, location in an upper
lung, increased nodule diameter, and increased patient
age. Another model is based on data derived from the
Veterans Affairs system for nodules larger than 7 mm in
diameter and is based on: smoking history, patient age,
nodule size, and time since quitting smoking.****! Another
study specifies the age and suggests that patients older
than 40 years are associated with an increased risk of lung
cancer.?

Only 1% of SPN smaller than 5 mm in patients with no
history of cancer show a malignant potential on a follow-up
of 2 or more years.[>13%)

Despite this available data, follow-up of small pulmonary
nodules undergo multiple imaging procedures over a 2-year
period as guided by American College of Chest Physicians
that issued guidelines in 2003./"

Based on earlier screening studies of general population
using conventional radiology, only 3-6% of SPNs proved

Figure 1: One of the most common SPN mimics are from prominent nipples both in men and women, which may be unilateral due to projection factors. A lateral
radiograph is not always helpful. Therefore, application of nipple markers is important to separate a nodule from the nipple shadow. (a) An irregular opacity seen
projecting over the left lower lobe was suspected to be related to a nipple shadow. (b) Repeat film after application of nipple markers separated the opacity from the
nipple shadow. This opacity completely resolved following a course of antibiotics consistent with pneumonia.

Avicenna Journal of Medicine / Oct-Dec 2011 / Vol 1 | Issue 2

4



Khan, et al.: SPN: A diagnostic algorithm

to be malignant, while in patients referred for nodule
evaluation the lung prevalence rate was 70%. %"

Sone et al®® evaluated a semi-automated volumetric
method involving measurement by CT stratum and found
it promising for evaluation of lung tumor progress and
aggressiveness.

Calcification in an SPN on imaging indicates a high
probability that the lesion is benign. Six different patterns
are known: (1) central dense nidus (Figure 3), (2) diffuse
solid, (3) laminated, (4) popcorn, (5) punctuate, and (6)
dendriform. The first three types have been described with
granulomatous disease. Popcorn-like calcification typically
occurs in a lung hamartoma. Diffuse, central, laminated, or
popcorn calcifications are considered benign and usually
seen in granulomas and pulmonary hamartomas. All other

=

patterns of calcification should not be regarded as a sign of
benignity. Calcification has been described in primary central
lung carcinoid, metastasis, and a primary bronchogenic
carcinoma. Radiological demonstration of calcification in
primary lung cancers is rare; however, the widespread use of
CT in lung imaging has increased the sensitivity of detecting
calcification in malignant tumors. Amorphous, punctate,
and reticular patterns of calcification have been described
in lung cancer. Calcification in malignant tumors may result
from a tumor engulfing a preexisting granuloma, or tumor
necrosis causing dystrophic calcification. Calcification
in a mucinous adenocarcinoma may occur as a primary
phenomenon. In malignant SPN, calcification appears in the
form oflarger lesions and is usually stippled or eccentric. To
classify calcification in a benign SPN. certain criteria need
to be fulfilled. Benign calcification should encompass over
10% of the SPN and calcification should be central, diffuse,
popcorn type. or laminated. -3

Figure 2: (a) Frontal chest radiograph demonstrates a 5-mm dense pulmonary nodule projecting in the right mid lung zone. (b) Axial CT image at the level of the
heart displayed in bone settings reveals a calcified pulmonary nodule in the right middle lobe consistent with calcified granuloma.

Figure 3: (a) Frontal chest radiograph demonstrates a sharply demarcated left lower lobe nodule. (b) Axial CT image at the level of the heart displayed in bone settings
shows the well-defined nodule with central calcification and peripheral hypodensity consistent with pulmonary hamartoma.
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The presence of fat within a SPN is a reliable sign of
benignity.*" Fat-containing lung lesions include pulmonary
hamartoma, lipoid pneumonia, and lipoma. Endobronchial
pulmonary hamartoma usually appears at CT as a lesion
with a smooth edge, focal collections of fat that alternate
with foci of calcification. An air cleft on the side or the inside
is characteristic of pulmonary hamartoma. Pulmonary
artery branches connect beyond half of pulmonary
hamartoma. This finding suggests close relations in the
bronchus along the artery. It is important that there is no
connection of the pulmonary vein, to differentiate it from a
bronchogenic carcinoma.®**”) Magnetic resonance imaging
may further characterize a discrete pulmonary nodule that
demonstrates neither fat nor calcification on CT, in detecting
a typical cleft-like structure in a pulmonary hamartoma
providing further diagnostic confidence.***”) The majority
of pulmonary hamartomas present an SPN. Peripheral
tumors are usually simply observed after the definitive
diagnosis; central tumors may be excised.***?! About 20%
of (mainly large size) pulmonary hamartomas have uptake
characteristics suggesting malignancy on PET/CT.!*’!

Wahidi et al™” analyzed seven studies comparing nodule size
and frequency of malignancy. The study revealed that SPN
with a diameter of less than 5 mm, 5-10 mm, and greater
than 2 cm had malignancy rates of less than 1%, 6-28%,
and 64-82%, respectively.

A standard technique to assess growth rate in SPN is to
compare the nodule with a previous radiograph or CT. Growth
rate is calculated in terms of “doubling time,” which refers to
doubling of tumor volume. Bronchial carcinomas generally

have a doubling time of 1 and 18 months.*/However, Schultz
and associates'*”! believe that there is substantial variability
in experts’ beliefs about the natural history of untreated,
malignant SPN. Different beliefs may be partly responsible for
variation in management practices. Doubling times less than
a month may indicate, infection, infarction, or a lymphoma
or fast growing metastases./**) Conversely, growth rates
over 18 months usually indicate benign processes. Quint
and associated” also showed a substantial range in lung
cancer doubling times, and different volume determination
methods gave considerably different doubling times. Absence
of detectable growth over a 2-year period has been widely
accepted as a sign of benignity. This belief is based on the
work carried out in the 50s.°'** This concept has challenged
more recently’® on the basis that the data from the original
work by Good et al had predictive value for benignity of 65%.
Therefore, some investigators will follow-up an SPN beyond
2 years when previous imaging is not available. Sone et all*®!
evaluated a semi-automated volumetric method involving
measurement by CT stratum and found it promising for
evaluation of lung tumor progress and aggressiveness.

Most primary malignant nodules are located in the upper
lobes, especially on the right, while two thirds of metastatic
pulmonary nodules affect the lower lobes. Sixty per cent
of lung nodules are placed in the periphery of the lung most
in subpleural location.*>*¢! The latter finding tends not to
be so useful in the differential diagnosis as granulomas and
intrapulmonary lymph nodes also have predilection for a
subpleural location.”!

Zwirewich and associates® classified lung nodules according
to the contours of the nodules and subdivided them into (1)

Figure 4: Axial CT images at the level of the left lung base demonstrates a
well-defined 9-mm nodule with fat density (-21 HU) consistent with pulmonary
hamartoma

Figure 5: Axial CT image at the level of the right base reveals a spiculated
right lower lobe nodule suggesting a malignant neoplasm. A CT-guided biopsy
confirmed the diagnosis of primary bronchogenic carcinoma.
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sharp and smooth, (2) moderately smooth, (3) undulated
borders or minimal spiculation, and (4) gross marginal
spiculation. Benign nodules usually show a well-defined
smooth edge. However, over a third of malignant nodules
and lung metastases show similar characteristics.”) Most
malignant nodules present with irregular and spiculated and
ill-defined margins.*” However, the usefulness of reliance
on marginal irregularity as limited as benign nodules
may occasionally present with speculation. Pathologically,
spiculation is related to desmoplastic reaction. Spiculation
may also be the result of infiltration of interstitial planes and
lymphatics by tumor. Pleural tags seen in association with
malignant nodules have similar connotations. Unfortunately,
neither spiculation of tumor margins or pleural tags are
specific findings with malignant nodules and are seen with
benign lesions!*”!

The most important factor in the assessment of cavitation
within a lung mass is the wall thickness. A study by Naidich
et al’®! found that all lesions with a wall thickness of 1 mm
were benign. Among tumors with wall thickness between 5
and 15 mm, 51% were benign, whereas with wall thickness
over 15 mm, 95% were malignant. The conclusions of
another earlier study indicated that although thin wall
cavities were always benign, thick wall cavities were usually
indeterminate.!*?!

Cavitation within a lung tumor is not specific for bronchial
neoplasms. Gorich J et al'*® examined 100 cavitating lung
masses by CT with histopathological correlation. Three
pathological subsets were identified: bronchial carcinomas,
lung metastases, and benign lesions. The incidence of
cavitation was significantly higher in malignant tumors.
Cavitation in malignant tumors was thick walled

and often associated with radiation of tumor tissue,
mediastinal lymphadenopathy, ipsilateral displacement
of the mediastinum, and intrapulmonary satellite foci
and infiltration of the thoracic wall. Primary tumors were
distinguished from metastases by their ill-defined outer
contours. Eighty per cent of cavitating lung tumors were
squamous cell carcinomas, the remaining 20% consisted
of adenocarcinomas and large cell carcinomas. Small cell
carcinomas practically never show cavitation.®

Miura H et al'* studied 47 resected lung adenocarcinomas
and found cavitation in 7 cases (14.9%). The tumor size
varied from less than 3 cm in diameter to more than 5 cm.
Some cavities were multiple. Histological examination
revealed four types of cavities: (1) central necrosis due
to suspected central ischemia; (2) the inner wall of the
cavity was lined by viable cancer cells without necrosis
presumably secondary to detachment of the central portion
of a papillary growth tumor without necrosis; (3) the inner
wall was composed of cancer cells and bronchus, probably
caused by ectatic change of peripheral bronchi following
tumor invasion to more central bronchi; and (4) the alveolar
expansion type where the inner wall was composed of
cancer cells and alveoli. Where the cause was presumed to
be detachment of destroyed alveoli or invasion along the wall
of cavities, a honeycomb lung was suspected as a possible
cause. Cavities can occur in small adenocarcinomas. The
prognosis of the central necrosis type is poor, suggesting
rapid tumor growth.

High-density SPNs demonstrated on CT, which appeared
noncalcified on conventional tomography, are considered
benign. Siegelman et al'*® suggested 164 Hounsfield units as
threshold above which the nodules are considered benign.

Figure 6: (a) Axial CT image at the level of the right lung base demonstrates a spiculated right lower lobe nodule with a peripheral cavity. (b) Corresponding 18-F
FDG PET/fused PET CT image demonstrates intense FDG uptake in the nodule in keeping with bronchogenic carcinoma.
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It was presumed that diffuse calcification likely accounts for
the higher CT numbers of some benign lesions.

However, the usefulness of quantitative CT measurement
has been questioned. Zerhouni et al® conducted a series
of experiments on six different scanners to study the factors
that affect the applicability of this technique. In their study,
the type of reconstruction algorithm, the design of the CT
system, the true slice thickness, and the beam kilovoltage
were factors that produced large variations in the CT
numbers of SPNs, preventing direct comparison of results
from scanner to scanner. However, they suggested that a
better standardization of technique may produce more
consistent results.

Xu DM et al*”) retrospectively evaluated 372 SPNs to
investigate whether baseline nodule density or changes in
density or nodule features could be used to discriminate
between benign and malignant solid indeterminate nodules.
They concluded that baseline nodule density and changes
in nodule features cannot be used to discriminate between
benign and malignant solid indeterminate pulmonary
nodules, but an increase in density is suggestive for
malignancy and required a shorter follow-up or a biopsy.

SPNs may be homogeneously solid or ground-glass or
heterogeneously solid or ground-glass density. A lesion is
said to be solid when it completely obscures the underlying
lung parenchyma. Nonsolid nodules (ground-glass nodules)
have lung parenchyma visible through them.®*¢!

In the Early Lung Cancer Action Project, both solid and
part solid nodules were seen in patients at both baseline and
repeat CT screening for lung cancer. A part-solid, nodule
is more likely to be malignant than a solid one, even when
nodule size is taken into account.®!

Contrast enhancement in a SPN is an indicator of malignancy
and vascularity. Malignant neoplasms enhance (median,
40.0 HU; range, 20 to 108 HU) significantly more than
granulomas and benign neoplasms (median, 12.0 HU; range,
-4 to 58 HU). The degree of enhancement is significantly
related to the amount of central vascular staining.”*”" Less
than 15 HU after contrast injection as criteria for benignity
has a sensitivity of 98%, specificity of 58%, and accuracy
of 77%.72

Yi CA et al”™ studied 131 patients with SPNs to evaluate
enhancement dynamics of SPNs at multidetector row CT
and to correlate results with extent of tumor angiogenesis

in pathologic specimens. Their study revealed that dynamic
enhancement with multidetector row CT shows high
sensitivity and negative predictive values for diagnosis of
malignant nodules but low specificity because of highly
enhancing benign nodules. They showed that the extent of
enhancement reflected the underlying angiogenesis, which
is considered an indicator of malignancy in SPNs.

Jeong et al” studied 107 patients with SPNs by analyzing
combined wash-in and wash-out characteristics at dynamic
contrast-enhanced multidetector row CT showed 92%
accuracy for distinguishing benign nodules from malignant
nodules

Bayraktaroglu et al” drew a similar conclusion in their
study of 45 SPNs where there was a significantly greater
enhancement in malignant nodules than in benign ones.
Lung nodule enhancement of 15 HU or less strongly
indicates benignity.

Jiang and associates”® examined dynamic enhancement
pattern in the differential diagnosis of SPNs. The study
involved 50 pathologically and 1 clinically confirmed patients
with SPNs (diameter £ 4 cm) undergoing multidetector row
CT. The study revealed that net enhancement value is an
important indicator for differential diagnosis of malignant
and benign SPNs. When net enhancement of 20 HU was set
as the cutoff point to differentiate malignant nodules from
benign ones, the sensitivity, specificity, positive predictive
value, negative predictive value and accuracy were 96.43%,
69.57%, 79.41%, 94.12%, and 84.31%, respectively. The study
also showed that peak enhancement and net enhancement
values are positively correlated with the expression of
vascular endothelial growth and microvessel density, both
of which reflect the extent of angiogenesis in SPNs to some
extent.

Dynamic contrast-enhanced magnetic resonance imaging
(MRI) scanning has been used in the assessment of a SPN.
It has been shown that a malignant SPN depicts a much
higher enhancement associated with a higher maximum
peak and a faster slope than the SPN, while a significant
wash-out was seen only in malignant SPNs. In one study,
a sensitivity of 100% was recorded with a combination
of curve profiles and morphological enhancement
patterns.””!

A further study has shown that when using enhancement
curves, malignant and active inflammatory nodules can be
distinguished with a sensitivity of 93% and a specificity of
100%.78
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Role of 18-FDG PET [Figures 6-9]

Tumors grow, multiply, divide, and invade surrounding
tissues and metastasize. Glucose provides the basic energy
source for both normal and abnormal cells. F-18 Deoxy-2-
Fluoro-D-Glucose analogue when administered to a patient
would follow a similar metabolic pathway to glucose. Since
cancer cells have a higher metabolic rate than normal body
cells, cancer would show enhanced uptake and detected by
18 FDG PET imaging. 18 FDG PET has a sensitivity of 96%,
specificity of 78%, and accuracy of 92%. SPNs are assessed
by either visual method or SUV measurement; both are
comparable and have similar accuracy. However, all that
glows is not cancer and false positive may occur with lung
infections, sarcoidosis, talc pleurodehesis, postirradiation
pneumonitis, and postsurgical inflammation. False-negative
examinations may occur with bronchoalveolar carcinoma,
adenocarcinoma, and carcinoids. Other limitations include
negative studies in SPNs close to the diaphragm and adjacent
to the normally hot myocardium.

Christensen et al have shown that PET has a much higher
specificity and only a slightly reduced sensitivity and is
preferable to CT in evaluating indeterminate pulmonary
nodules. However, CT remains useful and is usually the
first choice because of the high NPV, more widespread
availability higher patient through put, and lower cost.”!

The positive bronchus sign

A positive bronchus sign is a CT concept where a
hypoattenuating tube (bronchus) leads directly to a lung
nodule. The hypoattenuating tube may extend into the tumor.
Although the sign is not specific for a malignant lesion, its
presence indicates that a high yield would be obtained by a
transbroncialbiopsy (TBB). Gaeta and associates®!! suggest
that thin-section CT should be used routinely to evaluate
SPNs, and TBB should be attempted when a third- to fifth-
order bronchus sign can be seen. Conversely, they suggest
that if it is not advisable to perform TBB in patients with
absence of bronchus sign, transthoracic biopsy should be
considered as a first diagnostic approach.®*-54

Bubble lucencies

Bubble-like lucencies/low attenuation areas are often seen in
malignant SPN, especially in bronchoalveolar carcinomas.
These lucencies may represent either patent bronchi or cystic
glandular spaces formed by the tumor.®*

The halo sign

The CT halo sign indicates ground-glass attenuation
surrounding a pulmonary nodule.®*” The halo of ground-
glass attenuation pathologically represents pulmonary
hemorrhage, tumor infiltration, or nonhemorrhagic
inflammatory processes.® When identified in an immune
compromised patient, the halo sign has proved invasive

Figure 7: Axial 18-F FDG PET image (a) and corresponding PET-CT image (b) demonstrate an intensely hypermetabolic left upper lobe nodule with SUVmax of 7.4
as compared to the mediastinal blood pool activity average of 1.9 in keeping with malignant neoplasm. (c) No evidence of nodal or distant metastasis as displayed

on the maximum intensity projection of the PET images.
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Figure 8: Axial CT images at the level of the right lower lobe displayed in mediastinal (a) and lung (b) windows demonstrate an approximately 1 cm pleural based
right lower lobe pulmonary nodule. 18-F FDG PET/fused PET-CT images (c) reveal minimal uptake within the nodule not exceeding the background suggesting a

benign etiology. Surgical pathology confirmed the diagnosis of carcinoid tumor.

Figure 9: (a) Axial CT image displayed in lung settings reveals an irregular pulmonary nodule in the right lower lobe. (b) Corresponding 18-FDG PET CT images
show increased FDG uptake with the nodule exceeding the background with SUVmax of 4.5 as compared to the mediastinal blood pool activity average of 2. Surgical
pathology confirmed the diagnosis of organizing pneumonia with no evidence of malignant neoplasm.

pulmonary aspergillosis.* Initially, the sign was regarded
as a specific sign of invasive pulmonary aspergillosis, but
it has a wider differential diagnosis and can be caused by
a variety of other conditions such as infection, neoplastic,
and inflammatory diseases. Hemorrhagic pulmonary
nodules may occur due to number of causes: (1) infective
etiology such as mucormycosis, candidiasis, tuberculosis,
viral pneumonia, and invasive aspergillosis and (2)
noninfectious origin such as Wegener granulomatosis,
Kaposi sarcoma, bronchioloalveolar carcinoma, lymphoma,

and metastasis with intra-alveolar tumor growth. A halo
sign has also been described with nonhemorrhagic lesions
such as sarcoidosis and organizing pneumonia. Diagnosis
must therefore be based on careful consideration of all
the CT chest findings within the context of the patient’s
clinical state.**%")

The halo sign can be used to differentiate hemorrhagic from
nonhemorrhagic pulmonary nodules. Most hemorrhagic
pulmonary nodules have a characteristic CT appearance

Avicenna Journal of Medicine / Oct-Dec 2011 / Vol 1 | Issue 2
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consisting of a central area of soft-tissue attenuation with
a surrounding halo of ground-glass attenuation that allows
distinction from nonhemorrhagic nodules.*”’ Despite the
nonspecific nature of the sign, the sign is important because
the clinical setting and associated radiological features may
give a clue to the diagnosis.®*®

A feeding vessel sign can sometimes be identified where a
branch of pulmonary artery is seen leading into a center of
a SPN. Two studies have shown that this sign is frequently
associated with metastatic nodules.”>**’ However, this
finding has not been substantiated using HRCT.!**%!
Nevertheless, when this sign is encountered it is helpful in
distinguishing hematogenous and vascular causes such as
metastasis and septic emboli.”"?%"]

The management of a SPN begins with evaluation of
the patient’s history and risk assessment followed by
morphological review of the SPN. Depending on the
appearance and radiologic context, certain SPNs are judged
sufficiently typical of benign masses that follow-up is not
warranted. Important factors that suggest benignity is the
presence of characteristic calcification, the presence of fat
with the SPN, the size, rate of growth certain characteristics
such as SPN margins, and ancillary signs described
above.” CT evaluation is the imaging of choice but in
selected cases where the nodule is indeterminate MRI and
18-FDG PET may aid diagnosis. As 99% smaller than 4 mm
are benign, CT follow-up should be pursued in selected
cases.Henschke et al their paper conclude that in
modern CT screening for lung cancer at baseline, detected
noncalcified nodules smaller than 5.0 mm in diameter do not
justify immediate work-up but only annual repeat screening
to determine whether interim growth has occurred.”! It
should also be borne in mind that there is no conclusive
evidence, that serial CT studies with early intervention for
detected cancers can reduce disease-specific mortality, even
in high-risk patients.” Therefore, the Fleischner society does

not recommend follow-up CT for every small indeterminate
nodule.!'!

MacMahon et al in a statement from the Fleischner
society (2005) recommend altering the existing practice
of four to five follow-up CT scans of all indeterminate
SPNs, regardless of size and morphology, before being
designated benign and the patient being reassured.!'"!?!
This recommendation is primarily based on the work of
Swensen""!! on an on-going MDCT screening program.
Swensen’s finding shows that approximately 50% of
smokers over the age of 50 years show at least one SPN

on an initial scan, while 10% of the screened develop
new nodules over a 1-year period, and in additional 12%
show nodules that were missed on the initial scan. Taking
these findings into account, it is expected that the strict
application of existing recommendations would result in
multiple follow-up studies over 2 or more years for a large
proportion of all patients who undergo thoracic CT.

In SPNs 8 mm or larger, additional imaging with 18FDG
PET, percutaneous needle biopsy, and thoracoscopic
resection can be considered.!'0*-104

The Fleischner society recommendations apply only
to adults with an incidental SPN unrelated to known
underlying disease. These recommendations do not apply
to a number of clinical situations, which include the
following: 1!

1. Patients with known primary cancer known to
metastasize to lungs.

2. Patient younger than 35 years because of the risks
from radiation exposure. Fleischner society guidelines
recommend that, unless there is a known primary cancer,
multiple follow-up CT studies for small incidentally
detected nodules should be not be instituted. In such
cases, a single low-dose follow-up CT scan in 6-12
months should be considered.

3. Patients with clinical signs of infection such as the
immune compromised, the presence of a nodule may
indicate active infection, and short-term imaging
follow-up or intervention may be appropriate.

4. Comparison with previous imaging if available may
serve to demonstrate either stability or interval growth
of the SPN.

5. When a follow-up of an SPN is the only clinical
indication for CT, then a low-dose, thin-section,
unenhanced technique should be used, with limited
longitudinal coverage.

CONCLUSION

The management of SPNs involves both clinical and imaging
assessment including risk assessment and morphology
of the nodule. Emphasis should be placed on accurate
diagnosis using the least possible resources avoiding surgical
intervention where possible and the judicious use of biopsy
procedures. Full use of newer techniques should play a
part where available. Flow charts are for guidance only and
one should remember that there are always exceptions as
illustrated with several examples above. As a guide see flow

Avicenna Journal of Medicine / Oct-Dec 2011 / Vol 1 | Issue 2
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Table I: Fleischner Society recommendations for follow-up and management of nodules detected incidentally at non-

screening CT

Nodule

Low risk patients (minimal or no
smoking history or other risk

High risk (history of smoking & other
risk factors e.g. asbestos exposure)

Remarks

<4 mm

>4—-6 mm

>6—-8 mm

>8 mm

CT at 12 months, if unchanged no further

Initial follow-up CT 6-12 months, then
18-24 months follow-up CT if no change

Initial follow-up CT 3-6 months, then 9-12

Ground glass nodules and part solid nodules may
require longer follow-up
Ground glass nodules and part solid nodules may
require longer follow-up

factors)
No follow-up
follow-up
Follow-up CT 12 months if unchanged
no further follow-up
Initial follow-up CT 6-12 months then
18-24 months if no change months & 24 months if no change
Follow-up CT at 3,9 & 24 months,

dynamic contrast enhanced CT,
consider FDG PET+ BIOPSY

Similar protocol as for low-risk patients

SPN on CXR or CT

Chest CT > |

Benign calcification or fat

| Indeterminate

!

Risk stratification

N

< 4mm high risk < 4mm low risk

A
Follow up at 12 month

AN

Change in size

No change

=8 mm 4-8 mm [Table 1]
A
FDG PET/CT [—— | SUV<250r | —
or Biopsy negative biopsy
A 4
SUV 22.50r >

positive biopsy
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