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Background: Following increased screening efforts and the use of thin-slice computed tomography (CT), 
there has been a considerable increase in the incidence of ground-glass nodules (GGNs) in adults. As a 
result, we have more and more treatments for ground-glass nodules in adults, but few in children. Most think 
development pattern of pulmonary GGNs is lung inflammation, tumor, or tuberculosis that are more related 
to acquired or environmental factors. By studying the incidence of pulmonary GGNs in preschool children, 
we sought to determine whether we had ground glass nodules in the lung before we were teenagers, but we 
didn’t pay attention to them until later. If the hypothesis holds, we may change the cognition and treatment 
strategies of ground glass nodules. Even not, there are few epidemiological studies with big data that can fill 
this gap.
Methods: We retrospectively collected the data of all preschool children who had undergone CT at the 
Children’s Hospital of Zhejiang University School of Medicine from 2013 to 2020. These data were filtered 
according to the following exclusion criteria: severe artifacts, data with identical names to the original data; 
and patients without follow-up records (≥3 months). Inclusion criteria: must have undergone thin-slice CT 
(≤1.25 mm) at the first and last follow-up. Two thoracic radiologists with 5 years of experience and another 
senior one assessed the images. 
Results: There were a total of 13,361 cases after relevant exclusions, 311 patients were finally enrolled. 
Clinical features: age at diagnosis (year): 3.56±1.84, female: 147, male: 164, follow-up interval (month): 
6.90±4.74, leukemia: 99, pneumonia: 21, lung cyst: 8, space-occupying lesions outside the lungs: 69, foreign 
body in respiratory tract: 6. After manual screening and reading, only 1 patient meets all requirements. The 
results showed that between 2013 and 2020, the incidence of GGNs that could be basically determined in 
the Children’s Hospital of Zhejiang University School of Medicine was 0.32%.
Conclusions: There have been few previous studies of GGNs in children, and based on our study, we 
found that there is still some associated morbidity for preschool children, it is rarely found when they are 
young.
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Introduction 

The concept of ground-glass nodules (GGNs) was proposed 
with the advent of high-resolution computed tomography 
(CT). It is not only a new concept in imaging, but also a 
new clinical problem. With the broad application of thin-
slice CT, GGNs, the incidence of which is increasing, have 
attracted widespread attention (1,2) in the Asian population. 
A Korean screening study (3) reported GGN lesions in 2.7% 
of participants.

In 1993, Remy-Jardin (4) systematically defined ground-
glass opacity (GGO) for the first time. According to their 
definition, GGO must meet the following four standards: 
(I) ground-glass shadow with increased density; (II) the 
pulmonary blood vessels and pulmonary bronchi underneath 
are not blocked; (III) a high-resolution CT imaging result; 
and (IV) there is a wider window width setting [window 
width: 1,500–2,000 Hounsfield unit (HU), window level: 
−500 to 700 HU]. According to the Fleischner Society, 
GGN is an imaging feature characterized by increased 
density of ground glass and the ability to simultaneously 
show underlying pulmonary vascular and bronchial  
shadows (5). For known studies: most pure GGNs and mixed 
GGNs regressed or disappeared within 3 months, which 
suggested their inflammatory nature (6), the NELSON 
study showed that approximately 63% of GGN disappeared 
after 3 months of follow-up (7), and that persistent GGN 
often heralds malignant lesions. Ye reported that 92.6% of 
persistent GGN were finally confirmed to be malignant (8).  
Most reports have predominantly involved adults, with 
few teenagers or children. Although there is an increasing 
number of young patients aged 20–30, it is not known 
when the development of GGN occurs (9). In recent years, 
more cases of children with lung adenocarcinoma have 
been reported (8,10). Matsuguma et al. (11) and Kobayashi 
et al. (12) reported that 41% and 29% of mixed GGNs, 
respectively, showed significant growth. The similar Korean 
study was also reported. Chang et al. reported that 12% of 
pure GGNs increased significantly (13). This leads to some 
small nodules, which are ignored. If atypical adenomatous 
hyperplasia is regarded as a precancerous lesion of lung 
cancer, more than 90% of persistent GGNs are lesions 
related to lung cancer, especially lung adenocarcinoma (14). 
We aimed to analyze the GGN among preschool children, 
especially the incidence of persistent GGN and whether 
GGN have occurred in this age group. We present the 
following article in accordance with the STROBE reporting 
checklist (available at https://tp.amegroups.com/article/

view/10.21037/tp-22-465/rc).

Methods 

The data of  a l l  preschoolers  who underwent CT 
examination in the Children’s Hospital of Zhejiang 
University School of Medicine from 2013 to 2020 were 
collected. The majority of children who have CT scans 
are reviewed for pneumonia, leukemia, and tumors. There 
were 13,361 cases in the basic data. These data were filtered 
according to the following exclusion criteria: (I) severe 
artifacts; (II) data with identical names to the original data; 
and (III) patients without follow-up records (≥3 months). 
After this process, 704 patients were selected (Table 1), age 
at diagnosis (year): 3.15±1.91, female: 310 (44.0%), male: 
394 (56.0%), follow-up interval (month): 7±6, leukemia: 
177 (25.1%), pneumonia: 59 (8.4%), lung cyst: 14 (2.0%), 
space-occupying lesions outside the lungs: 130 (18.5%), 
foreign body in respiratory tract: 12 (1.7%), fever: 105 
(14.9%), other blood disorders: 57 (8.09%), other diseases: 
104 (14.8%), no obvious abnormality: 148 (21.0%). The 
following inclusion criteria were applied: must have 
undergone thin-slice CT (≤1.25 mm) at the first and last 
follow-up. A total of 311 patients were finally selected  
(Table 2). Age at diagnosis (year): 3.56±1.84, female: 147 
(47.3%), male: 164 (52.7%), follow-up interval (month): 
6.90±4.74, leukemia: 99 (31.8%), pneumonia: 21 (6.8%), 
lung cyst: 8 (2.6%), space-occupying lesions outside 
the lungs: 69 (22.9%), foreign body in respiratory tract: 
6 (1.9%), fever: 46 (14.8%), other blood disorders: 34 
(10.9%), other diseases: 30 (9.6%), no obvious abnormality: 
54 (17.4%). Next, 2 thoracic radiologists with 5 years of 
experience in chest CT image interpretation independently 
evaluated these images. The images were read with the 
following lung window settings: window width, 1,500 HU; 
window level, −600 HU, and with the following mediastinal 
window settings: window width, 250 HU; window level, 
40 HU. A GGO was defined as an area of hazy attenuation 
within the lungs such that vessel edges and bronchi were 
preserved. Increasing attenuation in the lung that masked 
underlying structures was defined as solid attenuation, 
the CT value of macroscopically assessed GGO was 
approximately −700 to −300 HU (15). Based on this imaging 
standard, image interpretation, if there was a difference 
between the reading of the two radiologists, another senior 
chief imaging radiologist reinterpreted the image, and their 
judgment comprised the final result (Figure 1). Sample size 
estimation: the use of routinely collected data allows large 
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Table 1 Clinical characteristics of patients

Variables
No. of patients (%) 

(n=704)

Age at diagnosis (years) 3.15±1.91

Gender

Female 310 (44.0)

Male 394 (56.0)

Follow-up interval (months) 7±6

Past medical history

Leukemia 177 (25.1)

Pneumonia 59 (8.4)

Lung cyst 14 (2.0)

Space-occupying lesions outside the lungs 130 (18.5)

Foreign body in respiratory tract 12 (1.7)

Fever 105 (14.9)

Other blood disorders 57 (8.09)

Other diseases 104 (14.8)

No obvious abnormality 148 (21.0)

Values are expressed as mean ± standard deviation or number 
(percentage).

Table 2 Clinical characteristics of screened patients

Variables
No. of patients (%) 

(n=311)

Age at diagnosis (years) 3.56±1.84

Gender

Female 147 (47.3)

Male 164 (52.7)

Follow-up interval (months) 6.90±4.74

Past medical history

Leukemia 99 (31.8)

Pneumonia 21 (6.8)

Lung cyst 8 (2.6)

Space-occupying lesions outside the lungs 69 (22.9)

Foreign body in respiratory tract 6 (1.9)

Fever 46 (14.8)

Other blood disorders 34 (10.9)

Other diseases 30 (9.6)

No obvious abnormality 54 (17.4)

Values are expressed as mean ± standard deviation or number 
(percentage).

cross-sectional studies to be made at little or no expense. 
This experiment is not of between-group designs, thus, 
the sample size cannot be determined by indicators such as 
the power of a statistical test. Given that other studies have 
screened multiple cases of GGNs based on a sample size 
of 6,406 (3), we believe it is reasonable that we performed 
thin-slice CT to screen for GGN in 331 of 13,361 children. 
In addition, we used several years of all pediatric CT data 
from our hospital, which are routinely collected to allow for 
a large cross-sectional study.

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study was 
approved by the Children’s Hospital of Zhejiang University 
School of Medicine, Hangzhou, China ethics committee 
(No. 2022-IRB-073) and individual consent for this 
retrospective analysis was waived. 

Statistical analysis

As we modified, this article involves a cross-sectional 
study designed to show the GGN prevalence in children, 
rather than a controlled trial or longitudinal study, which 

precludes statistical methods such as hypothesis testing or 
regression models. Therefore, it is not applicable to include 
a subsection to describe statistical methods that do not exist.

Results 

Among the images of 311 selected patients which were 
interpreted by two thoracic radiologists and a senior 
chief imaging radiologist, only 1 patient was screened 
out. The results showed that between 2013 and 2020, the 
incidence of GGNs that could be basically determined 
in the Children’s Hospital of Zhejiang University School 
of Medicine was 0.32%. Therefore, the probability of 
occurrence was interpreted as very low. We found that our 
exclusion condition that the patient must do thin-layer CT 
at the first assessment and last follow-up led to the exclusion 
of some patients who had undergone long-term follow-up  
and thin-layer CT, but did not receive thin-layer CT at 
either their first or last appointment. Subsequently, we 
relaxed the restrictions appropriately; there were 3 patients 
who did not fully meet the inclusion requirements but had 
typical radiographic pulmonary GGNs. The follow-up  
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CT scans of 2 cases of GGNs with long-term follow-up 
are displayed in Figure 2 and Figure 3. Figure 4 displays the 
image of a patient with more than 3 months of follow-up  
for whom the nodule in the left lower lobe had not 
disappeared; because the initial scan was a thick layer CT, 
it had been excluded from the formal process (Figure 4). 
The next 2 cases had undergone follow-up for more than  
3 months. Although the report pointed out that the nodules 
had not disappeared, partial imaging films could not be read 
(Figure 5).

Discussion

In this study, we found that the incidence of GGNs in 
preschool children is very rare. In the discovery of early 
lung cancer, most patients are found to have GGNs on 
physical examination (16), but this group of people are 
predominantly adults over 18 years old. With the advent 
of high-resolution CT, more tiny GGNs are being  
detected (17). In other fields such as thyroid, more and 

more positive results are being detected with more advanced 
auxiliary examinations. A study has also shown that not 
only adults have a high positive rate, but children also have 
a high incidence of disease (18). However, there have been 
very few such studies in the pulmonary field. This study 
is the first to systematically study the incidence of lung 
GGNs in preschool children. Preschool children’s lungs 
are developing and their immune systems are improving, 
so we selected children of this age group (19,20), and 
we hypothesized that if children of this age group have 
a high incidence of GGNs in the lungs, that the GGNs 
exist at a very young age, only we do not pay attention to 
them (21,22). The final data showed a low incidence of 
pulmonary GGNs in preschoolers, which is different from 
other tumors that tend arise at a younger age (23,24). The 
data showed that most of the children were presenting at 
the hospital due to pneumonia, and that the GGNs were 
incidentally detected (25). There are currently no guidelines 
for pulmonary GGNs in children, and it remains unclear 
what size a pulmonary nodule should be to require follow 

Preschool children (aged 0–8 years) at the 
Children’s Hospital of Zhejiang University 

School of Medicine between 2013 and 2020
(n=13,361)

Inclusion:
Patients do undergo thin slice CT 
(≤1.25 mm) at the first and last 
follow-up

Two thoracic radiologists 
independently assessed the 
unprocessed images alone

Another senior chief 
imaging radiologist will 
interpret it, and the 
judgment result will be 
the final result

Total number of patients
(n=4)

n=704 patients

n=311 patients

Patients had follow-up ground glass nodules
(n=1)

Patients who did not fully meet the inclusion 
requirements but had typical radiographic 

pulmonary ground-glass nodules (n=3)

Pulmonary ground-glass 
nodules that meet the exclusion 
criteria in the original data 
but do not fully comply with 
the inclusion criteria but are 
radiographically typical

Exclusion:
1. severe artifacts
2. data with identical names from 
the original data
3. patients without follow-up 
records (≥3 months)

Whether the two 
radiologists came 

to the same 
conclusion?

No

Yes

Figure 1 Flow chart of the method. CT, computed tomography.
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A B C

Figure 2 GGNs of the left lower lobe discovered on 10 August 2020. (A-C) From 10 August 2020, 19 October 2020 and 26 November 
2020, respectively, and the nodules have not disappeared. The blue square indicates the location of the nodule. GGNs, ground glass nodules.

A B C

Figure 3 A partial enlarged view of Figure 2, Figure 3A-3C corresponds to A-C of Figure 2, respectively. The blue square indicates the 
location of the nodule. 

Figure 4 Images of a patient who underwent 3 months of follow-up, during which time the nodule in the left lower lobe has not 
disappeared. As the first time was a thick layer CT, it was excluded from the formal process. The arrows indicate the location of the nodule. 
CT, computed tomography.
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up or treatment. There are less evident data for children 
in this field, and protocols have been inferred from adult 
guidelines (26). Basically, the diagnosis and treatment of 
lung adenocarcinoma in children refer to adult lung cancer 
guidelines. The Fleischner Society indicates for solitary 
partial solid nodules less than 6 mm in diameter, it is 
recommended to follow up for 3–6 months, followed by at 
least an annual check for the subsequent 5 years, according 
to the association (27). Until now, GGNs in children 
have not been defined, and most people think of them as 
inflammation; anti-inflammatory medications are usually 
given, most of them are not followed up. Conversely, 
revisits might be too frequent, as often as every 10 days for  
2 months, which poses a very high radiation risk to 
children’s bodies (28). However, some clinicians do not 
pay attention to lung shadows and do not conduct follow-
up and review, which increases the risk of early lung cancer 
later in life (29), and also leads to some missing data. These 
inconsistencies are due to the lack of consensus on the 
diagnosis, follow-up, and treatment of GGNs in children 
and preschool children. 

Conclusions

This study is the first big data study to investigate the 
incidence of GGNs in preschool children. According to 
the results of the data analysis, the incidence of pulmonary 
GGNs in this age group is indeed not high. Due to the strict 
screening conditions and the lack of long-term follow-up,  
the nature of pulmonary GGNs cannot be determined. 
The film quality of preschool children is particularly poor, 
which greatly increases the difficulty of manual reading; 
there may also be some misdiagnosis. The actual incidence 

is probably higher than the theoretical one, but not related 
to congenital diseases. In any case, the results suggest that 
the incidence of pulmonary GGNs in preschool children is 
not of concern. However, there is still a gap in the field of 
GGN treatment and treatment of GGNs in children. More 
data or multicenter studies are needed to bridge this gap.
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