
© 2015 Journal of Research in Medical Sciences | Published by Wolters Kluwer - Medknow| May 2015 | 460

Significance of pulmonary nodules in 
multi-detector computed tomography scan 
of noncancerous patients

Ali Toghiani, Atoosa Adibi1, Arash Taghavi1

Young Researchers and Elite Club, Islamic Azad University, Najafabad Branch, 1Department of Radiology, Isfahan University of Medical 
Sciences, Isfahan, Iran

CT scan is more sensitive and more specifi c than CXR 
for detecting nodules.[7]

According to nodule management protocol of the 
NELSON Randomized Lung Cancer Screening Trial, 
predictor factors of malignancy in nodules are: Size, 
border, calcifi cation, density, growth, and location.[8]

Larger lesions are more suspicious to malignancy. 
Malignancy probability in nodules which are smaller than 
3 mm is about 0.2%, in 4-7 mm nodules is 0.9%, in 8-20 mm 
nodules is 18% and in nodules, which are larger than 20 
mm is about 50%. Nodules which are larger than 30 mm 
should be considered malignant until proven otherwise.[9]

Smooth and discrete border, satellite nodules, 
calcifi cation, presence of focal fat within a solid SPN, thin 
walled cavitating nodules are more common in benign 
lesions. On the other hand, fast growing and upper lobe 
location are more likely in malignant ones.[10-12]

The prevalence of malignancy in SPN is varying from 
1% to 12% in the various studies.[1] Elderly patients, 

INTRODUCTION

Solitary pulmonary nodule (SPN) is one of the 
common clinical problems. In most of the times, SPN 
is discovered incidentally on chest X-ray (CXR) or on 
computed tomography (CT) scan. Pulmonary nodule 
evaluation improved by multi-detector CT (MDCT) 
which is capable for rapid and thin section imaging and 
this ability can help with detection and characterization 
of nodules. MDCT is performed for many reasons such 
as screening, investigations for pulmonary embolism 
or cardiac function and search for metastases of other 
cancers than lung cancer.[1,2]

SPN is detected in 0.09-7% of chest radiographs. Patel 
et al. have reported that 7% of 1000 healthy individuals 
had 1-3 nodules in their CXR screening and they had also 
noted that missing lung cancer in CXR was frequent.[3]

In the lung cancer screening studies, the prevalence of 
SPN was from 8% to 51%.[4-6] On the other hand, failures 
of detection or interpretive errors which lead to incorrect 
fi ndings can cause missed nodules.[2]

Background: Computed tomography (CT) scan is one the most useful devices in chest imaging. CT scan can be used in mediastinal 
abnormality, lungs, and pleural evaluations. According to the high prevalence and diff erent causes of pulmonary nodules, we 
designed this study to evaluate the prevalence and the types of pulmonary nodules in noncancerous patients who underwent chest 
multi-detector CT (MDCT) scan. Materials and Methods: Th is was a cross-sectional study which was in our hospital to evaluate 
the prevalence of pulmonary nodules in noncancerous patients who underwent MDCT. A checklist was used for data collection 
containing number, location, size, and shape of pulmonary nodules if present in CT scan, and we also included patient’s age and 
history of smoking. We analyzed the data with Statistical Program for Social Sciences software (version 18). Results: In this study, 
115 patients (40%) had a pulmonary nodule. Th e mean number of a total nodule in each patient was 0.8 ± 0.07. Mean number of 
intra-parenchymal, sub pleural, and perivascular nodules were 0.34 ± 0.04, 0.31 ± 0.04, and 0.14 ± 0.02, respectively. Th e mean 
number of calcifi ed nodules was 0.13 ± 0.02. Th ere was no signifi cant correlation between age and nodule characteristics (P > 
0.05). Conclusion: Th e prevalence of pulmonary nodules was quite frequent in MDCT scan of noncancerous cases. So, it should 
not be overvalued in noncancerous cases.
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history of smoking, larger nodule size, female sex, and 
previous history of cancer can enhance the probability of 
malignancy in SPN.[13]

We designed this study to determine the prevalence 
of pulmonary nodules in noncancerous patients who 
underwent chest MDCT and to defi ne the nodules size 
and location; because there are so prevalent in normal 
population and radiologists should consider this fact during 
reporting thoracic MDCTs. We also evaluate the correlations 
between risk factors and nodule characteristics and we 
recommend a guideline, according to previous reports.

MATERIALS AND METHODS

This was a cross-sectional study which was performed in 
Al-Zahra Hospital of Isfahan University of Medical Sciences 
from April to October 2013. All patients who were referred 
for thoracic MDCT scan for reasons other than malignancy 
evaluation were enrolled. Most common reasons were 
trauma patients, cases suspected to pulmonary infection, 
pulmonary thromboembolism, and evaluation for dyspnea 
that were enrolled to our study. We just exclude patients 
who did not sign our informed consent.

In this study, we enrolled all patients who underwent chest 
MDCT in Al-Zahra Hospital (referral academic MDCT 
center in Isfahan), without previous history of malignancy.

The entire chest MDCTs were performed with 64 MDCT 
scanner (made in GE company) reported daily by 
radiologists. Our sampling method was convenience time-
based sequential, and we used a check list for our data 
collection. In our check list, we evaluate location,[14] number, 
size, border and calcifi cation of nodules. The size of the 
detected nodules was calculated with computer electronic 
calipers. We also evaluate demographic information, history 
of smoking and patient’s job.

The statistical procedure was done by Statistical Program for 
Social Sciences so  ware version 18 (SPSS Inc., Chicago, IL). 
Student’s t-test and Pearson correlations were used for data 
analyses. The signifi cance level (P) was set at 0.05 and we 
present our fi ndings using mean ± standard error. This 
study was approved by research commi  ee of Islamic Azad 
University, Najafabad Branch and adopted from fi rst author 
thesis (Thesis number: 15010101912032).

RESULTS

In this cross-sectional study, we enrolled 287 patients. The 
mean age of participants was 51.32 ± 10.95 years old. One 
hundred and fi  y-nine (55.6%) participants were male, and 
128 (44.5%) were female. Thirty-four patients (12.7%) were 

a smoker (all smokers were male). In our study, pulmonary 
nodules were detected in 115 patients (40%).

From these cases, 63 ones (21.9%) had intra-parenchymal 
nodule; 66 (23%) ones had sub pleural nodule, and 
perivascular nodules were diagnosed in 40 patients (13.9%).

The mean number of nodules in all participants was 0.8 ± 0.07.

Mean number of intra-parenchymal, subpleural and 
perivascular nodules in all participants was 0.34 ± 0.04, 
0.31 ± 0.03, and 0.14 ± 0.02 respectively.

Thirty-two (11.1%) participants had calcifi ed nodules. The 
mean number of calcifi ed nodules was 0.13 ± 0.02 in all 
participants.

The mean number of smaller than 5 mm nodules was 
0.59 ± 0.05. The mean size of these nodules was 3.5 ± 0.65 mm; 
these nodules were detected in 102 participants. The mean 
number of 5-10 mm nodules was 0.18 ± 0.03 and mean size 
was 6.67 ± 0.62 mm; 39 patients had 5-10 mm nodules. Eight 
patients had nodules which were larger than 10 mm. The 
mean size of these nodules was 11.24 ± 0.42 mm.

Pearson product moment correlations showed that there 
was direct correlation between age and total number of 
pulmonary nodules (P = 0.001, r = 0.421), Perivascular 
(P = 0.001, r = 0.336), subpleural (P = 0.001, r = 0.255), intra-
parenchymal (P = 0.001, r = 0.177), and calcifi ed nodules 
(P = 0.001, r = 0.408). There was direct correlation between 
age, number of smaller than 5 mm (P = 0.001, r = 0.222) 
and 5-10 mm nodules (P = 0.001, r = 0.088). Size of smaller 
than 5 mm nodules was correlated with age too (P = 0.013, 
r = 0.114).

There was no significant difference between male and 
female participants in nodules characteristics, including 
location and size of them (P > 0.05). Table 1 shows the 
nodules characteristics in both male and females.

The mean number of a pulmonary nodule in smoker 
patients was 1.12 ± 0.06 (16 participants had nodules) and in 
nonsmoker patients was 0.76 ± 0.03. There was a signifi cant 
diff erence between groups (P = 0.001).

Fifty-three patients in nonsmoker group had intra-
parenchymal nodule; mean number was 1.47 ± 0.03 and in 
smoker group 10 patients had intra-parenchymal nodules. 
The mean number was 2 ± 0.05.

98 patients in nonsmoker group had subpleural nodule; 
the mean number was 0.77 ± 0.03 and in smoker group 
16 patients had subpleural nodules. Mean number was 
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0.94 ± 0.03. Five patients in smoker group and 27 patients 
in nonsmoker group had calcifi ed nodules.

Ninety-seven patients between nonsmokers had perivascular 
nodule; the mean number was 0.39 ± 0.04 and in smoker 
group 16 patients had perivascular nodules. Mean number 
was 0.19 ± 0.02.

In nonsmoker group, mean number of smaller than 5 mm 
nodules was 0.56 ± 0.03 and in the smoker group was 
0.82 ± 0.06 (P = 0.199). Mean size in smoker group was 
3.57 ± 0.06 and in nonsmoker group was 3.47 ± 0.04 (P = 0.57).

In nonsmoker group, mean number of 5-10 mm nodules 
was 0.17 ± 0.02 and in the smoker group was 0.26 ± 0.3 
(P = 0.415). Mean size in smoker group was 6.5 ± 0.53 and 
in nonsmoker group was 6.68 ± 0.06 (P = 0.46).

In nonsmoker group, mean number of larger than 10 mm 
nodules was 0.04 ± 0.01 and in the smoker group was 
0.03 ± 0.01 (P = 0.056). Mean size in smoker group was 11 
and in nonsmoker group was 11.28 ± 0.03 (P = 0.54).

DISCUSSION

This was a cross-sectional study which was performed in 
noncancerous patients who underwent MDCT.

In our study, 115 (40%) of participants had a pulmonary 
nodule. Mean number of a nodule in each patient was 0.8 ± 0.07. 
Mean number of intra-parenchymal nodule was 0.34 ± 0.04, 
subpleural nodule was 0.31 ± 0.03, and perivascular nodule 
was 0.14 ± 0.02. There was no signifi cant diff erence between 
male and female participants in nodules characteristics. Mean 
number of a pulmonary nodule in smoker patients was 1.12 
± 0.06 and in nonsmoker patients was 0.76 ± 0.03. There was a 
signifi cant diff erence between groups.

Swensen et al. in 2003 evaluated 1520 American participants 
how were a smoker and older than 50 years old in Mayo 

Clinic. Their patients had at least history of 20 pack/year 
smoking. Two thousand eight hundred and thirty-two 
noncalcifi ed nodules were diagnosed in 1049 patients. 
Forty participants are diagnosed as lung cancer patients. 
One thousand seven hundred and thirty-fi ve  nodules were 
smaller than 4 mm (61%), 950 were between 4 and 8 mm 
(34%), 136 were between 8 and 30 mm (5%) and 11 were 
larger than 20 mm (0.4%).[15] In our study, 34 patients were a 
smoker and 16 participants (47%) had pulmonary nodules. 
This diff erence in prevalence of pulmonary nodules in 
smoker patients could be explained by larger sample size 
in Swensen et al. study.

Henschke et al. evaluated 1000 patients how were a smoker 
or had a history of smoking for at least 10 pack/year. Twenty-
three percent had noncalcifi ed, and 2.7% had malignant 
nodules.[16] In our study, 5 (14.7%) smoker patients had 
calcifi ed nodules. This diff erence may be because of our 
smaller sample size.

Gómez-Sáez et al. in 2014 in Spain had evaluated 25,529 
participants how were older than 35 years old. These 
patients were referred to two hospitals for chest imaging. 
Two thousand four hundred and ninety-seven patients 
underwent chest CT scan. Prevalence of pulmonary nodules 
between these patients was 17% and other participants 
underwent CXR and pulmonary nodules were diagnosed 
in 2.1% of these patients. They had reported that age, male 
sex and respiratory disease are signifi cantly correlated with 
pulmonary nodules.[17] We found more pulmonary nodules 
in male patients too. Slice thickness in Gómez-Sáez et al. 
study was 1.25 mm on the other hand in our study was 0.3 
mm. Because of this diff erence we found more pulmonary 
nodules in our patients.

Tammemägi et al. in 2013 had reported that 37.9% of their 
patients who were enrolled to National Lung Screening 
Trial study had pulmonary nodules. This result is agreed 
with our fi ndings.[18]

Table 1: Nodules characteristics in both male and females
Nodules characteristics Male Female P
Total number of nodules 0.83±1.28 0.8±1.3 0.764

Intra-parenchymal nodule 0.33±0.79 0.35±0.68 0.883

Subpleural nodule 0.31±0.62 0.31±0.65 0.929

Perivascular nodule 0.13±0.35 0.16±0.36 0.555

Calcifi ed nodule 0.16±0.48 0.1±0.35 0.237

Number of smaller than 5 mm nodules 0.54±0.93 0.65±0.99 0.883

Number of 5-10 mm nodules 0.19±0.54 0.17±0.48 0.726

Number of larger than 10 mm nodules 0.6±0.3 0.1±0.09 0.081

Mean size of smaller than 5 mm nodules 3.5±0.73 3.5±0.57 0.57

Mean size of 5-10 mm nodules 6.65±0.63 6.78±0.6 0.823

Mean size of larger than 10 mm nodules 11.28±0.45 11 0.871
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McWilliams et al. in 2013 had reported that the prevalence 
of SPN in high-risk population is 73.7%.[13] As they had 
evaluated high-risk patients, their reported prevalence is 
higher than ours.

According to Fleischner Society recommendations 
patients who have smaller than 4 mm pulmonary 
nodules without risk factor don’t need follow-up. But if 
they have risk factor CT at 12 months is recommended, 
and if there was no change, no more follow-up is 
needed. In patients with 4-6 mm nodules without 
risk factor work-up is the same as patients with 
smaller than 4 mm nodules with the risk factor. But if 
patients have risk factor Initial follow-up CT should 
be considered at 6-12 months and then 18-24 months 
follow-up CT if there was no change. In patients with 
6-8 mm nodules recommended workup is the same as 
patients with 4-6 mm pulmonary nodules with risk 
factor and if patient has risk factor initial follow-up CT 
at 3-6 months, then 9-12 months and 24 months if no 
change is recommended. Finally in patients how have 
larger than 8 mm nodules with or without risk factor, 
follow-up with CT at 3, 9 and 24 months, dynamic 
contrast enhanced CT, considering positron emission 
tomography scan ± biopsy is recommended.

van’t Westeinde et al. in 2008 had reported that in larger 
than 4-5 mm nodules consistency, margin and shape should 
be considered. They also reported that number, site and 
presence or absence of growth and volume doubling time 
are important factors in patient’s therapeutic plan. In their 
study growth in pulmonary nodules is defi ned as a volume 
doubling time in 400 days or less, according to nodules 
volume. Their approach to smaller than 4 mm nodules 
was the same as Fleischner Society recommendation. 
For solid, smooth or a  ached indeterminate noncalcifi ed 
pulmonary nodules, which are between 5 and 10 mm 
they recommended an annual CT scan, whilst for purely 
intra-parenchymal nodules a 3-month CT scan should be 
considered for growth evaluation.

Growing lesions which have volume doubling time <400 
days needs further work-up and diagnosis.[19]

According to previous studies pulmonary nodules which 
are smaller than 5 mm and patient does not have any risk 
factor such as the history of smoking, age <60 years and 
history of malignancy do not need any work-up. But if 
patients have any of these risk factors CT scan at 12 months 
is recommended. On the other hand in larger than 10 mm 
nodules with or without risk factor further evaluations 
seems to be needed as it was mentioned in the introduction 
larger lesions are more suspicious to be malignant.[20]

Designing multi-center studies and long-term follow-up 
of noncancerous patients with pulmonary nodules seems 
to be needed.

As shown in our study, the prevalence of pulmonary 
nodules was quite frequent in MDCT scan of noncancerous 
cases. So, it should not be overvalued in noncancerous cases.
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