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Introduction

Pulmonary nodules are common. Since introduction of 
helical computed tomography (CT) in the early 1990s 
and multidetector row CT in the late 1990s, the detection 
of nodules as small as 1–2 mm in diameter has become 
routine. In fact, the majority of smokers who undergo thin- 
section CT have been found to have small lung nodules, 
most of which are smaller than 7 mm in diameter (1). In 
the National Lung Screening Trial 39% of participants 
had a positive finding defined as a non-calcified pulmonary 
nodule larger than 4 mm (2). The clinical importance of 
these extremely small nodules differs substantially from 
that of larger nodules detected on chest radiographs. These 
small nodules in the vast majority are benign. 

Due to the increase of incidentally detected pulmonary 
nodules and the information obtained from several screening 
programs, updated guidelines and recommendations for 
the management of small pulmonary nodules have been 
proposed. Pulmonary nodule management guidelines are 

based on size, density and patient risk. These updated 
guidelines coincide in proposing periodic follow up for 
small nodules, less than 8 mm of diameter (3,4). On the other 
hand, the new 8th edition of the tumor, node and metastasis 
(TNM) classification for lung cancer establishes that each 
centimeter is important and separates cancers smaller than 
1 cm as T1a (5). In this paper we review the management 
of pulmonary nodules focused in the incidentally detected 
pulmonary nodules smaller than 8 mm. 

Pulmonary nodules characteristics 

A pulmonary nodule is a rounded or irregular opacity, 
which may be well or poorly defined, measuring ≤3 cm 
in diameter (6). A pulmonary nodule is considered small 
if its largest diameter is 10 mm or less. A micronodule is 
considered a pulmonary nodule <3 mm (6,7). Most nodules 
smaller than 1 cm are not visible on chest radiographs and 
are only visible by CT. Nodules are classified into three 
main categories based on their density, solid and subsolid 
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nodules; subsolid nodules (SSNs) include non-solid nodules 
and part solid nodules (PSN). Solid nodules are seen most 
frequently, and they are of soft tissue density and obscure 
the contour of vessels with which they are in contact. Non-
solid nodules or pure ground glass nodules (GGNs) are 
focal nodular areas of increased lung attenuation, including 
both well and poorly defined lesions, which do not obscure 
normal parenchymal structures, including airways and 
vessels. PSN or mixed nodules are a combination of both 
ground-glass and solid components, the latter obscuring 
underlying lung architecture (6). 

Most small solid pulmonary nodules are benign, 80% 
granulomas and intrapulmonary lymph nodes, 10% 
hamartomas and 10% other benign lesions. Calcification 
in a small nodule favors a benign cause, central, laminar, 
pop corn or diffuse patterns of calcification are reliable 
evidence of benignancy (Figure 1) (8). Calcifications may be 
observed rarely in lung cancer, they use to be amorphous or  
punctate (9) and pulmonary metastases from a primary 
bone-forming malignancy can be densely calcified. Fat 
content suggests a hamartoma or occasionally a lipoid 
granuloma or lipoma (Figure 1) (10). Intrapulmonary lymph 
nodes are very common pulmonary nodules, they use to be 
located below the carina, they have oval, round, triangular, 
or trapezoidal shape with sharply defines borders; solid 
and homogenous density and frequently had a discrete 
thin tag extending to the pleura (11). They frequently are 
located perifissural. Typical perifissural lymph nodes are 
defined as a fissure-attached, homogeneous, solid nodule 
with smooth margins and an oval, lentiform, or triangular 

shape. Perifissural nodules are benign (12,13). Multiplanar 
reformations (MPR) are very useful in the evaluation of 
perifissural nodules and intrapulmonary lymph nodes  
(Figure 2). Consider follow-up of larger intrapulmonary 
lymph nodes, especially in the presence of a known 
extrapulmonary malignancy (4), and in perifissural 
nodules that do not meet all typical features e.g. spiculated 
borders or nodules with a shape that does not appear to be 
influenced by the fissure (12) (Figure 3). 

Solid pulmonary nodules without these benign 
character i s t ic s  (ca lc ium,  fa t  or  per i f i s sura l )  are 
indeterminate. Well-defined, smooth and regular margins 
suggest nodule benignancy (14). However, 21% of 
malignant nodules have well-defined and regular margins (8)  
(Figure 4). Ill-defined, irregular or especially spiculated 
margins suggest malignancy. It is important to know that 
malignant and benign nodules associated with emphysema 
exhibited considerably more overlap in CT features than 
did nodules in non-emphysematous lungs (15).

SSNs have different implications from solid nodules. 
Transient SSNs are frequent and of inflammatory origin 
(Figure 5). In a recent study 27% of suspicious SSNs were 
transient (16). Persistent subsolid pulmonary, including 
both GGNs and PSNs, are mostly malignant lesions (17).  
They potentially manifest as early adenocarcinomas; 
the size of the ground glass component correlates with 
the lepidic component and the solid component has an 
important correlation with the histologic characteristics 
of invasive adenocarcinomas (18). This radiopathologic 
correlation has more relevance since the 2011 IASLC/

A B C

Figure 1 CT images show (A) lung window and (B) soft-tissue window thin transverse sections of a small solid nodule with internal 
calcification, typical of a healed granuloma. (C) Lung window transverse CT section shows a small solid nodule with fat content, consistent 
with a hamartoma. No further CT follow-up is recommended.
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Figure 2 Intrapulmonary lymph node characteristics. (A) Sagittal CT section shows a typical perifissural lymph nodule with a triangular 
shape and defined borders; (B) transverse CT section shows a solid nodule in the left lower lobe with a trapezoidal shaped suggestive of 
intrapulmonary lymph nodes. 

Figure 3 Transverse CT image shows a perifissural nodule with spherical shape and irregular margins in an oncologic patient (A), the 
nodule practically disappeared in the follow-up CT (B). 

ATS/ERS classification of lung adenocarcinoma (Table 1) 
(19,20), later adopted by the 2015 WHO Classification (21).  
The radio logic  character iza t ion of  the  subsol id 
pulmonary nodules is also applied in the Eighth Edition 
of the TNM Classification of Lung Cancer (22) with 
the recommendation that the T category according to 
tumor size should be determined measuring the size of the 
solid (invasive) component (22). At the present time, all 
guidelines have different and specific management protocols 
for subsolid nodules.

Measuring pulmonary nodules

To evaluate pulmonary nodules, and especially small 

pulmonary nodules less than 8 mm in diameter, it is 
necessary to perform a chest CT with thin sections ≤1.5 mm 
reconstructed with MPR and maximum intensity projection 
(MIP) with both soft tissue and pulmonary filter. MIP 
reformations are useful in the detection of small pulmonary 
nodules (Figure 6), increasing the sensitivity and reducing 
the number of overlooked small nodules, particularly in the 
central lung (23,24). 

The likelihood of malignancy in a pulmonary nodule 
correlates strongly with both its size and its growth rate, 
allowing for additional factors, such as a history of prior 
lung cancer or extrathoracic malignancy (25). Size is a 
very important predictor of malignancy in pulmonary 
nodules, so it has to be measured as accurately as possible. 



S2614

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2018;10(Suppl 22):S2611-S2627jtd.amegroups.com

Sánchez et al. Management of incidental lung nodules <8 mm

A B

Figure 4 Transverse CT sections of a solid nodule with well-defined and regular margins in the right middle lobe with the corresponding 
image of PET/CT showing increased FDG uptake, suspicious of malignancy. 

Figure 5 Pulmonary nodule, CT baseline and follow up. (A) Transverse CT image shows a part-solid nodule located in the left lower lobe 
with a central 8 mm solid component; (B) follow-up CT image after 3 months shows complete resolution, consistent with a benign etiology. 

A B

To measure pulmonary nodules, the largest diameter, 
the mean diameter or the volume can be used. The 
Fleischner Society states that mean diameter is better for 
risk estimation (7). Mean diameter is the average of long 
and perpendicular short axis diameters in the same place, 
measured in the axial plane (Figure 7). Mean diameter is 
best for risk estimation and correlate better with tumor 
volume than one measurement, particularly in elongated 
nodules and in nodules where the short dimension is 
better defined (26). For measuring small pulmonary 
nodules and SSNs, it is better to use lung window 
setting with a high spatial frequency (sharp) filter (17).  
Measurements should be expressed to the nearest mm, 

for example, a nodule with a mean diameter of 7.6 mm 
should be expressed as a 8 mm nodule (7). Measuring with 
electronic calipers has an inter and intrareader variability; 
when observers measured nodules 20 mm in diameter or 
smaller, the limits of inter- and intrareader variability were 
1.73 and 1.32 mm, respectively (27). Given this variability 
measuring diameters, the Fleischner Society recommends 
to report growth when a change in diameter of at least 
2 mm is detected (7). It is possible to do volumetric 
nodule measurements. Their potential advantages are: (I) 
volume measurements may better encapsulate the three-
dimensional nature of a pulmonary nodule; (II) volume 
estimation allows for calculation of the volume doubling 
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time (VDT), a parameter that is proposed to more reliably 
define nodule growth; and (III) it reduces the inconsistency 
between and among observers measuring diameters (28). 
To perform a good volumetric assessment is important 
to maintain consistency of acquisition and reconstruction 

(especially section thickness and reconstruction algorithm) 
and it is desirable to perform sequential nodule evaluations 
with the identical software type and version (7,28). Subsolid 
nodules and nodules attached to pleura or vessels are 
especially difficult to evaluate by means of volumetry due 
to their difficult segmentation (28). The addition of nodule 
volume to existing malignancy prediction models increases 
the proportion of nodules correctly classified (29). All the 
current guidelines are including volumetric assessment 
in their recommendations. The British Thoracic Society 
(BTS) added initial volume and volume doubling time 
(VDT) calculations to the diameter, and the Fleischner 
Society added volume to diameter in its latest updated 
guidelines (3,4). To confirm volume growth in a nodule 
it has to be superior to 25%, due to the fact that volume 
changes ≤25% may be due to interscan variability (30,31). 
Growth detection is better and early depicted by volumetric 
assessment compared to diameter. Small changes in 
diameter can represent important changes in volume 
(Figure 8); for spherical masses, a 25% increase in diameter 
corresponds to a doubling of overall volume (32). 

Follow-up CT has to be performed with low-dose 
technique of no more than 3 mGy. In follow-CT the aim is 

Figure 6 Multiple small pulmonary nodules in the right lung 
detected with the maximum intensity projection (MIP) reformation 
that increase the sensitivity of detection of small nodules, 
particularly in the central lung. 

Table 1 Correlation of the IASLC/ATS/ERS lung adenocarcinoma classification with pathologic findings and CT features

Term Pathological findings CT features

Atypical adenomatous hyperplasia Small, non-invasive, <0.5 cm, pure lepidic 
growth (tumor cells grow along the 
surface of alveolar walls)

Pure GGN

Adenocarcinoma in situ Small, non-invasive, ≤3 cm, pure lepidic 
growth

GGN/PSN

Minimally invasive adenocarcinoma Small, ≤3 cm, predominant lepidic, 
invasion ≤5 mm

PSN/SN

Lepidic predominant adenocarcinoma Invasive non-mucinous adenocarcinoma 
>3 cm, invasion >5 mm

PSN/SN

Invasive adenocarcinoma classified by 
predominant subtype

Invasive adenocarcinoma: acinar, 
papillary, micropapillary, solid

SN

The increased solid attenuation has a correlation with the invasion on histology and decreased prognosis. GGN, ground-glass nodule; 
PSN, part-solid nodule; SN, solid nodule.
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Figure 8 Pulmonary nodule. Volumetric evaluation. (A) Volumetric nodule measurement in a small nodule shows that small increase in 
diameter (from 5.7 to 6.3 mm large diameter) corresponds to a doubling of overall volume in the 6 months follow-up CT (B). The nodule 
increased from 33 to 63 mm3, greater than 25% and corresponds to a VDT of 252 days. 

A B

to evaluate nodule persistence and eventual growth rate.

Pulmonary nodules and risk of cancer

There are different parameters to assess the probability of 
malignancy in pulmonary nodules, including radiological 
and clinical predictors. The first radiological predictor 
of malignancy is size. The average risk of cancer in solid 
nodules smaller than 6 mm (100 mm3) in patients at high 
risk is less than 1%, and for nodules measuring 6–8 mm 

(250 mm3) there is an estimated average risk of malignancy 
of approximately 0.5–2.0% (33). The cancer risk is much 
lower in low-risk patients. The cancer risk increases in 
pulmonary nodules larger than 8 mm. In the NELSON 
study the risk of malignancy in nodules larger than 10mm 
was 15.2% (34). Other radiological nodule features are 
spiculation, pleural indentation, nodule growth (Volume 
doubling time <400 days.) and upper lobe location (4). 
In small nodules is difficult to assess specific radiological 
features; as nodules become larger, their morphology 

A B

Figure 7 Small solid pulmonary nodule measured in the long and perpendicular short axis diameters to obtain the mean diameter, measured 
in the axial plane. 
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Figure 10 Solid pulmonary nodule growth. (A) Transverse CT section shows a small solid pulmonary nodule in the right lower lobe; (B) 
follow-up CT image after 6 months shows increase in the size of the nodule with spiculated borders. Surgery revealed invasive adenocarcinoma. 

A B

A B C

Figure 9 Radiologic features of pulmonary nodules. (A) Transverse CT section of a 8 mm solid pulmonary nodule with irregular margins 
(arrow); (B) transverse CT section shows a spiculated predominantly solid nodule with small air bronchiologram; (C) transverse CT sections 
show a small nodule with spiculated margins and pleural retraction. All three pulmonary nodules, regardless of its size, have radiological 
features of malignancy. 

becomes more distinct, and management should be strongly 
influenced by the appearance of the nodule rather than 
by size alone (Figure 9) (3). In the evaluation of SSNs, 
to include radiological criteria as internal structure, 
presence of bullae, solid core characteristics, borders or 
surrounding tissue increases substantially the malignancy 
rate compared with the average risk based on nodule type 
and size (16). The NELSON study showed that new solid 
nodules (incident not prevalent) have a high probability of 
malignancy even at a small size and should be followed up 
more aggressively than known nodules or nodules detected 

at baseline (35).
Growth rate is an important predictor of malignancy 

(Figure 10). Growth rate is better estimated by volumetry 
and VDT. Software-calculated pulmonary nodule VDT 
of more than 500 days has a 98% negative predictive 
value for the diagnosis of solid malignant pulmonary 
nodules; and VDTs in the range of 20–400 days have been 
reported for malignant solid nodules (Figure 8) (36). In the 
NELSON screening trial, growing nodules were stratified 
in risk groups according to VDT (high risk <400 days; 
intermediate risk 400–600 days; low risk >600 days) (37). 
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SSNs represent slow growing cancer and manifest longer 
VDT.

Age and smoking are the classical clinical risk factors for 
lung cancer. Age is clearly related with the risk of cancer. 
Lung cancer is uncommon in individuals younger than 
35 years and is unusual before the age of 40 years. The 
likelihood of malignancy increases more than twofold 
for every 10-year increase in age (38). Cigarette smoking 
has been established as the major risk factor for lung 
cancer since the 1960s; current or former smokers were 
approximately eight times more likely than never-smokers 
to have malignant nodules (38). A smoking history of 
30 pack-years or more and quitting smoking within the 
past 15 years have been used as the qualifying tobacco 
exposure threshold for the NLST screening program, and 
they should be considered indicative of high-risk status 
in patients with solid nodules (2). Other risk factors are 
emphysema, idiopathic pulmonary fibrosis and known 
extrapulmonary or pulmonary malignancy. All these risk 
factors are more useful and applicable in solid pulmonary 
nodules than in SSNs.

Some of these features have been included into prediction 

models to characterize pulmonary nodules. Currently the 
American College of Chest Physicians (ACCP) guidelines 
suggest using the Mayo Clinic prediction model based on 
patient categorization into low (>5%), intermediate (5–65%) 
and high risk (>65%) of malignancy (25), while the BTS 
guidelines (4) suggest the use of the Brock (33) and Herder 
models (39). 

Nodules <8 mm and the guidelines

Guidelines for management of pulmonary nodules on CT 
are general recommendations, not orders, and have to be 
applied in each patient individually. 

Fleischner and BTS guidelines are the most recent 
and popular guidel ines for incidental  pulmonary 
nodules management (3,4). Guidelines have specific 
recommendations according to nodule characteristics 
(density and size) and cancer risk of the patient. Regarding 
density, both guidelines separate recommendations for solid 
and subsolid nodules (Tables 2,3).

The recently updated Fleischner Society guidelines are 
the most extended worldwide (Tables 2,3). These guidelines 

Table 2 Comparison between Fleischner and British Thoracic Society (BTS) recommendations guidelines for management of solid pulmonary 
nodules

Solid nodules

Fleischner BTS

<6 mm  
(<100 mm3)

6–8 mm  
(100–250 mm3)

>8 mm 
(250 mm3)

<5 mm  
(<80 mm3) or 
clearly benign

≥5 to <8 mm or ≥80 to <300 mm3

≥8 mm  
or ≥300 mm3

5–6 mm ≥6 mm or ≥80 mm3

Single

Low risk No routine 
follow-up

6–12 m CT, 
then consider 
18 to 24 m CT 

Consider 
3 m CT, 
PET/CT, 
or tissue
sampling

No follow up CT in 1 year: CT in 3 m and VDT: Brock model 

• VDT ≤400 d: biopsy, 

imaging or resection

• Risk 

assessment; 
if ≥10% risk 
malignancy: 
PET-CT 
and risk 
assessment 
with Herder 
model

High risk Optional  
12 m CT

CT at  
6–12 m, then 
CT at 18–24 m

• Stable • VDT >400: CT  

1 year and new VDT• VDT >600 d: discharge 

or follow up

• VDT 400–600 d: biopsy 

or follow up

• VDT ≤400 d: biopsy, 

imaging or resection

Multiple

Low risk No routine 
follow-up

CT at 3–6 m, then consider 
CT at 18–24 m

Risk assessment on the largest nodule 

High risk Optional  
12 m CT

CT at 3–6 m, then at  
18–24 m

m, months; yrs, years; d, days; VDT, volume doubling time.
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manage the nodules based on density, size, number of 
nodules (solitary or multiple) and the patient’s cancer risk. 
It is important that patients younger than 35 years or with 
known extrapulmonary malignancy are excluded from the 
guidelines, being not applicable in oncologic staging or in a 
lung cancer screening program.

 In solid nodules smaller than 8 mm, the recommendation 
is to do CT follow-up and in nodules larger than 8 mm the 
recommendation is consider performing CT in 3 months, 
PET-CT or tissue sampling. The establishment of this 
cut-off in 8 mm is based on the risk of malignancy. Time 
surveillance is dependent on the initial nodule size and the 
patient risk. The larger the diameter of the nodule, the greater 
the patient's risk and the shorter the time interval of follow-
up. For pulmonary nodules smaller than 8 mm, the follow-
up protocol will depend on the risk of the patient (high or low 
risk) and if the size is below 6 mm or between 6 and 8 mm.  
Nodules less than 6 mm in low risk patient do not require 
follow-up. Depending on the patient’s risk, the CT follow-up 
can be performed from 3 to 24 months. Multiple small nodules 
are also managed based on patient’s risk and nodule size. In 
this scenario of multiple nodules the follow-up is closer to rule 
out pulmonary metastases (Figure 11).

Non-calcif ied sol id nodules are fol lowed for a 
period of two years because 2-year stability implies  
benignity (40) (Figure 12). In SSNs a longer follow-up 
period is required because many of them are indolent 
or slow growing neoplasms (Figure 13). GGNs with  
diameter ≥6 mm should be followed-up for 5 years, with 

time scan intervals of 2 years, while PSN with a solid 
component <6 mm should be evaluated annually for 5 years. 
PSNs with a solid component ≥6 mm after an initial follow-
up are highly suspicious of invasive malignancy. 

BTS guidelines are based on size by means of nodule 
volumetry and VDT, and cancer risk calculated by Brock 
Model (33) or by Herder Model including PET-CT 
findings (39). These guidelines cover adults (≥18 years) with 
pulmonary nodules and one of the major difference from 
Fleischner guidelines is that they do not exclude nodules in 
patients with current or previously treated malignancy, or 
nodules detected in a CT screening for lung cancer. This is 
based on the fact that no studies were found that compared 
the features of pulmonary nodules according to the route of 
presentation. They exclude from surveillance nodules with 
benign appearance and perifissural and subpleural nodules.

BTS guidelines (Tables 2,3) use the cut-off of 5 mm or 
80 mm3 for solid and subsolid nodules, giving the fact that 
in the NLST and NELSON trials, the prevalence of lung 
cancer among patients with 4–6 mm nodules was 0.5%. 
Nodules less than 5 mm do not require follow-up. In the 
case of solid nodules, the recommendation is to offer CT 
surveillance to people with nodules ≥5 to <8 mm maximum 
diameter or ≥80 to <300 mm3 and use a prediction model, 
the Brock model, for initial risk assessment of pulmonary 
nodules ≥8 mm or ≥300 mm3. If the risk of malignancy  
is ≥10%, a PET-CT with risk assessment using Herder 
model is recommended. As seen in Table 1, the follow-up of a  
5–6 mm pulmonary nodule is annually and in the case of 

Table 3 Comparison between Fleischner and British Thoracic Society (BTS) recommendations guidelines for management of subsolid pulmonary 
nodules

Subsolid nodules

Fleischner BTS

<6 mm  
(<100 mm3)

>6 mm  
(<100 mm3)

<5 mm >5 mm

Single

Ground glass No routine follow-
up 

6–12 m CT to confirm 
persistence, then CT every 2 yrs 

until 5 yrs 

No follow 
up 

CT in 3 m, then:

Resolved: discharge 

Part solid No routine follow-
up 

3–6 m CT to confirm persistence. 
If unchanged and solid 

component remains <6 mm: 
annual CT for 5 yrs 

Stable: assess risk of malignancy (Brock 
model): low risk = follow up. high risk = follow 

up, biopsy or resection

Multiple 3–6 m CT. If 
stable consider 

2–4 yrs CT 

3–6 m CT, subsequent 
management based on the most 

suspicious nodules 

Growth/altered morphology: resection

m, months; yrs, years; d, days.
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Figure 11 CT images showing a 6 mm solid pulmonary nodule in the left lower lobe, stable for 3 years. Solid lesions without changes 
during at least 2 years are considered benign lesions.

A B

Figure 12 Subsolid pulmonary nodule growth. (A) Transverse 1.5 mm CT section shows a pure ground-glass nodule in the right lower lobe; (B) 
CT obtained 3 years after shows a subtle increase in the size with the appearance of a 5 mm solid component, highly suspicious of adenocarcinoma. 
Patient underwent to surgery and pathology showed lepidic growth with a small central area of invasion confirming a minimally invasive 
adenocarcinoma. In subsolid nodules a longer follow-up period is required because many of them are indolent or slow growing neoplasms. 

A B

a 6–8 mm nodule, the follow-up is earlier compared to 
Fleischner guidelines, being at 3 months, giving the fact that 
at this time CT will reliably detect growth in larger nodules, 
and will also demonstrate resolution in the majority of 
resolving nodules. After this, the follow-up mainly depends 
on the VDT. Automated or semi-automated volumetry is 
more accurate than diameter measurements and accuracy 
of VDT assessment is better after 1 year than 3 months, 

especially for small nodules (<6 mm). In the context of 
multiples pulmonary nodules the recommendations is 
to base the risk assessment on that of the largest nodule  
(Figure 11). In the CT follow-up VDT has to be calculated 
to decide management: according to VDT there are 
different options; (I) VDT >600 days, consider discharge 
or CT follow-up; (II) 400–600 days, consider biopsy or CT 
follow-up; and (III) VDT ≤400 days, consider resection or 
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local treatment.
Also in the case of subsolid nodules, recommendations 

differ from the Fleischner guidelines, being the follow-
up earlier, at 3 months, with a thin section CT, and if the 
nodule is stable, it assesses the risk of malignancy (Brock 
model) to decide the follow-up. 

Other pulmonary nodules management guidelines come 
from the American College of Chest Physicians (25) and 
specific guidelines for lung cancer screening as Lung-Rads 
from The American College of Radiology (ACR) (41) and 
Lu-Rads (42) from Canadian Authors.

None of these guidelines is specifically addressed to 
nodules in patients with a history of an oncologic disease. 
Most of guidelines exclude oncologic patients, making the 
management of nodules in this patient group particularly 
challenging. In a recent survey sent to all members of 
the Society of Thoracic Radiology regarding criteria for 
the management of incidentally detected lung nodules 
in oncologic patients, radiologists tend to report every 
detected nodule and to routinely recommend follow-up CT 
examinations (43). In this setting 75.84% of the respondents 
recommend short term follow-up CT for every incidentally 
detected nodule, being nodule size the most important 
factor determining follow-up intervals (43). In oncologic 
patients the usual recommendation is a 3 to 6 months  
follow-up due to the shortest VDT of metastases compared 
with primary tumors. In oncologic patients, the same as 
in non-oncologic patients, baseline nodules (prevalent) 
have a lower malignancy risk than new or incident (not 
incidental) nodules (Figures 14,15) (35,44). Prevalent 
nodules are common in oncologic patients and many of 
them are not malignant. The incidence of indeterminate 
pulmonary nodules on staging chest CT in patients with 
colorectal cancer varied from 4% to 42%, and the majority 
(70%) did not have any clinical significance (45). There are 
some radiological findings that increase the probability of 
malignancy of prevalent nodules in patients with cancer: 
nodules larger than 6–7 mm, number of nodules, contour 
irregularity and presence of pleural studding (44,46).

Figure 13 Transverse thin CT section of the upper lobes shows 
multiple and bilateral subsolid nodules of variable size. A nodule 
of greater size and density is identified in the right upper lobe 
(arrow). In the context of multiple pulmonary nodules the 
recommendations is to assess the risk based on that of the largest 
nodule. Follow-up CT is recommended in 3–6 months. 

Figure 14 Transverse CT sections through the right upper lobe in a oncologic patient shows increase in size of a micronodule (arrow) 
during 12 months CT follow-up, suggestive of malignancy, regardless of size. 
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Further techniques in management of small pulmonary 
nodules

Especially in oncological patients, but also in non-
oncological patients with radiologically suspicious nodules, 
or with new or enlarging pulmonary nodules, or in patients 
with high cancer risk, it may not be suitable to wait 3 to  
6 months to confirm whether a lesion is malignant or 

not, due to the important therapeutic implications. 
Small nodules are not reliably characterized by contrast 
enhancement evaluation or positron emission tomography 
scanning and biopsy is difficult to perform. The usefulness 
of PET-CT in pulmonary nodules of 8 mm is low in both 
oncological patients and incidental pulmonary nodules in 
non-oncological patients. Among pulmonary nodules less 
than 10 mm with no FDG uptake in oncologic patients, 
more than 19% proved to be malignant in the follow-
up (47). In these circumstances, it can be considered 
to obtain tissue for diagnosis, either by surgical or 
percutaneous biopsy.

Biopsy of small pulmonary nodules

Percutaneous biopsy is a very useful technique in the 
management of pulmonary nodules (48). Cytological or 
histological specimens may be obtained with fine needle 
aspiration biopsy (FNAB) or with core needle biopsy 
(CNB) devices, respectively. Biopsy procedures are more 
difficult in small nodules (<10 mm) than in larger nodules 
(Figure 16). Ng et al. demonstrated that CT-guided FNAB 
is a useful tool in the diagnosis and management of small 
pulmonary nodules (49). In this paper, they reported 
sensitivity for malignancy and overall accuracy of 67.7% 
and 78.8%, respectively. Pneumothorax occurred in 52.7% 
of the patients, with 9.1% patients requiring a pleural 

Figure 15 Transverse CT sections show growth of a new nodule (circle area) in the CT follow-up in a patient with melanoma, suspicious of 
metastases. In oncologic patients new or incident nodules have higher risk of malignancy than baseline nodules. 

Figure 16 Transverse CT section in right lateral decubitus shows a 
7 mm nodule located in the left lower lobe in a patient with history 
of osteosarcoma and breast tumor. A18G core needle biopsy was 
performed with the result of metastatic breast cancer.
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drainage. Despite the lower diagnostic accuracy and higher 
complication rate than those of larger pulmonary lesions, 
CT-guided FNAB should be considered as a useful tool in 
the management of small nodules that require histological 
confirmation before treatment. One of the challenges while 
performing a percutaneous lung biopsy is the displacement 
of the nodule due to the respiratory movement. Tomiyama 
et al. demonstrated that a respiratory gating technique 
increases the diagnostic accuracy of percutaneous CT 
biopsy in nodules <15 mm from 69% (without gating) to 
96% (with gating) (50). Wallace et al. demonstrated that 
lesions between 0.8 and 1.0 cm that are not subpleural offer 
the best opportunity for success (51).

Choo et al. obtained good results in the diagnosis of 
small pulmonary nodules (<1 cm) using C-arm cone-
beam CT guidance (52). The sensitivity, specificity, and 
diagnostic accuracy of cone-beam CT percutaneous biopsy 
were 96.7%, 100% and 98%, respectively, with only a 6.5% 
rate of pneumothorax, and 5.6% of hemoptysis. Using 
C-arm cone-beam CT, Hwang et al. did not find significant 
differences in sensitivity, specificity and accuracy between 
percutaneous biopsy of nodules with a size <1 cm or larger 
nodules (from 1 to 2 cm) (53). 

Preoperative localization of small lung nodules

There are no guidelines concerning which nodules should 
be resected using preoperative localization. Ciriaco et al. 
recommend localizing nodules smaller than 10 mm and 

located more than 15 mm of the pleura (54). The study 
performed by Nakashima et al. suggested that preoperative 
localization should be considered before video-assisted 
thoracoscopic surgery operation, if the pulmonary nodule 
meets two or more of these criteria: (I) maximum diameter 
of the nodule of 5 mm or less; (II) maximum diameter to 
minimum distance between the visceral pleural and inferior 
border of nodule of 0.5 or less; and (III) nodule with low-
density (55).

There is no consensus about the method to localize 
pulmonary nodules. Hook wire is a safe and effective 
procedure that can be performed in a one-day surgery 
program (Figure 17) (56). In the meta-analysis done by Park 
et al. comparing localization with hook wire, microcoil, and 
lipiodol, the authors found that all three methods yielded 
similarly highly successful targeting rates (96%, 97%, 
and 99%, respectively) (57). Hook wire had a relatively 
lower successful operative field targeting rate because of 
dislodgement or migration; lipiodol showed the highest 
overall success rate; and microcoil localization yielded the 
lowest complication rate (57).

Zaman et al. compared the different techniques of 
preoperative localization and found that finger palpation 
showed suboptimal results and should be avoided (57). 
They concluded that radio-guided surgery is a preferable 
method (Figure 18). It showed high accuracy with minimal 
complications and operator dependence in detecting 
subcentimeter pulmonary nodules when compared with 
other techniques such as ultrasonography, finger palpation, 
fluoroscopic, hook wire, spiral wire and microcoil 
localization (58).

Conclusions

Small pulmonary nodules are common and most of them 
are benign. Guideline recommendations for these nodules 
agree to perform follow-up CT, except for low risk patients 
with nodules smaller than 5–6 mm. Nodules larger than 8 
mm require an active approach. The intermediate group of 
nodules between 6–8 mm or in high risk patients, follow-up 
is mandatory to assess stability or growth. Subsolid nodules 
have specifics recommendations in guidelines due to its 
association with the spectrum of lung adenocarcinoma. 
Regarding measuring pulmonary nodules, volumetry and 
VDT seem better than caliper diameter to assess growth in 
small nodules. The caveat of volumetry is that it is necessary 
to maintain acquisition characteristics and the same software 
evaluation to obtain good results. 

Figure 17 Transverse chest CT showing a pulmonary nodule in 
the right middle lobe with the hook wire located in the nodule. 
The patient underwent video-assisted thoracoscopic surgery 
(VATS) on the same day after placement. 
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In some specific circumstances, as high-risk patient, 
nodule characteristics or oncologic patient, follow-up is 
not the preferred option and an interventional approach to 
these nodules is performed. The monitoring of pulmonary 
nodules in cancer patients remains a topic to be defined. 
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