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Background: Some pulmonary ground-glass nodules (GGNs) are benign and frequently 
misdiagnosed due to lack of understanding of their CT characteristics. This study aimed to 
reveal the CT features and corresponding pathological findings of pulmonary benign GGNs 
to help improve diagnostic accuracy.
Patients and Methods: From March 2016 to October 2019, patients with benign GGNs 
confirmed by operation or follow-up were enrolled retrospectively. According to overall CT 
manifestations, GGNs were classified into three types: I, GGO with internal high-attenuation 
zone; II, nodules lying on adjacent blood vessels; and other type, lesions without obvious common 
characteristics. CT features and pathological findings of each nodule type were evaluated.
Results: Among the 40 type I, 25 type II, and 14 other type GGNs, 24 (60.0%), 19 (76.0%), 
and 10 (71.4%) nodules were resected, respectively. Type I GGNs were usually irregular (25 
of 40, 62.5%) with only one high-attenuation zone (38 of 40, 95.0%) (main pathological 
components: thickened alveolar walls with inflammatory cells, fibrous tissue, and exudation), 
which was usually centric (24 of 40, 60.0%), having blurred margin (38 of 40, 95.0%), and 
connecting to blood vessels (32 of 40, 80.0%). The peripheral GGO (main pathological 
component: a small amount of inflammatory cell infiltration with fibrous tissue proliferation) 
was usually ill-defined (28 of 40, 70.0%). Type II GGNs (main pathological components: 
focal interstitial fibrosis with or without inflammatory cell infiltration) lying on adjacent 
vessel branches were usually irregular (19 of 25, 76.0%) and well defined (16 of 25, 64.0%) 
but showed coarse margins (15 of 16, 93.8%). Other type GGNs had various CT manifesta-
tions but their pathological findings were similar to that of type II.
Conclusion: For subsolid nodules with CT features manifested in type I or II GGNs, 
follow-up should be firstly considered in further management.
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Introduction
The advent of CT screening for lung cancer has increased the incidence of ground- 
glass nodules (GGNs). GGNs, especially part-solid GGNs, are more likely to be 
lung cancer than solid nodules.1–4 Furthermore, most part-solid GGNs are con-
firmed as minimally invasive adenocarcinomas or invasive adenocarcinomas, often 
requiring surgical resection.5,6 Although GGNs have a high probability of malig-
nancy, quite a few lesions were benign. Among them, most are transient and a small 
number of persistent lesions are finally confirmed as focal interstitial fibrosis.7–9 

These GGNs are often misdiagnosed as lung cancers and treated by unnecessary 
surgical resection. Therefore, carefully discriminating benign GGNs from malig-
nant ones remains a challenge.
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Previous studies have investigated the differences in 
CT features between benign and malignant GGNs and 
found that larger size, lobulation, spiculation, air broncho-
gram, and solid component were indicative of 
malignancy.10–13 However, Felix et al14 found that the 
resolving GGNs were more likely to be lobular, polygonal, 
mixed, and larger than persistent GGNs, which was con-
trary to the results of other studies. Additionally, these 
studies only revealed the relative CT features of benign 
GGNs but failed to summarize their common CT charac-
teristics, resulting in limited differential diagnostic value. 
Therefore, further studies should focus on determining 
whether benign GGNs have some distinct features to 
help improve the diagnostic accuracy of benign GGNs.

In clinical practice, we found that benign GGNs had 
various CT manifestations, but some of them had similar 
CT features, which were not well studied. We hypothesize 
that benign GGNs have some relatively consistent CT 
characteristics, which might be related to pathological 
findings. Therefore, this study aimed to reveal the CT 
features and corresponding pathological findings of pul-
monary benign GGNs to help improve diagnostic 
accuracy.

Patients and Methods
This retrospective study used non-identifiable data and have 
no potential risks to patients, so the study was approved by 
ethics committee of The First Affiliated Hospital of 
Chongqing Medical University and the requirement for 
informed consent was waived. This study was conducted 
in accordance with the Declaration of Helsinki.

Patients
From March 2016 to October 2019, patients with surgi-
cally resected and pathologically confirmed benign GGNs 
or GGNs resolved during follow-up were enrolled retro-
spectively. Inclusion criteria were as follows: (1) the lesion 
was a GGN (diameter, ≤3 cm); (2) availability of thin- 
section CT images with a thickness ≤1 mm; (3) the 
patients’ clinical and pathological data were complete for 
those with resected GGNs. Exclusion criteria were as 
follows: (1) patients with diffused lesions, which would 
influence the evaluation; and (2) CT images contained 
significant motion artifacts. Finally, 79 patients with 
benign GGNs were enrolled in this study. The patient 
selection procedure is shown in Figure 1.

CT Examinations
All patients were scanned on a 128-slice MDCT scanner 
(Somatom Definition FLASH, Siemens Healthcare, 
Forchheim, Germany) at the end of inspiration during 
a single breath-hold. Non-contrast CT examinations were 
performed with the following parameters: tube voltage, 
110–120 kV; tube current, 50–150 mAs; beam pitch, 1.0; 
detector collimation, 0.6 mm; rotation time, 0.5 s. All 
patients were scanned from the thoracic inlet to the lung 
base. The data were reconstructed into the images with 
slice thickness ≤1 mm using a high-resolution reconstruc-
tion kernel and displayed with a standard lung window 
setting (width, 1600 HU; level, −600 HU).

CT Data Analysis
All patients’ CT data were independently reviewed on 
a PACS workstation (Carestream Vue PACS) by 2 radiol-
ogists (Z.G.C. and F.J.L.) with more than 10 years’ experi-
ence of chest CT interpretation, who were blinded to the 
pathological results of nodules. Any divergences of the 
two radiologists during evaluation were resolved by con-
sensus. Data analysis was performed on both the original 
and reformatted images.

The overall manifestations of benign GGNs were eval-
uated, and most of them were manifested as ground-glass 
opacities (GGOs) with internal high-attenuation zone and 
GGNs lying on adjacent blood vessels. Therefore, based 
on the overall CT manifestations, GGNs were classified 
into three types: type I: ground-glass opacity (GGO) with 
internal high-attenuation zone (CT value of high- 
attenuation zone is at least 200 HU higher than GGO) 
(Figure 2A); Type II: GGN lying on adjacent blood vessels 
(Figure 2B); Other type: GGNs with other various CT 
features rather than those manifested in type I and II 
nodules. Type II and other type GGNs had no significant 
high-attenuation zone. The following CT features were 
further evaluated for each GGN type: nodule location, 
shape (round/oval or irregular), diameter (mean of the 
longest diameter and perpendicular diameter on axial 
images), border (well defined or ill defined), and margin 
of well defined lesion (smooth or coarse). Additionally, for 
type I GGNs, the number, location, shape, diameter, and 
edge (clear or blurred) of high-attenuation zone, whether 
the high-attenuation zone connected to blood vessels 
(artery or vein), and the uniformity of peripheral GGO 
component (homogeneous or heterogeneous) were 
assessed. For type II GGNs, the uniformity of nodules 
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Figure 1 Flowchart of study population. 
Abbreviation: GGN, ground-glass nodule.

Figure 2 CT manifestations of type I and II GGNs. (A) Type I GGN is defined as a regular (marked by white solid line) or irregular (marked by white dotted line) GGO 
containing an internal centric (a) or eccentric (b) high-attenuation zone. (B) Type II GGN is defined when one nodule edge abuts an adjacent blood vessel, and the length of 
this edge close to the vessel is more than or equal to two-thirds of the nodule’s long diameter on the same section (c). The GGNs locally cling to the blood vessels (d) or 
surrounding the blood vessels (e) could not be seen as type II lesions. 
Abbreviations: GGN, ground-glass nodule; GGO, ground-glass opacity.
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Table 1 Clinical Features of Patients with Different Types of Benign GGNs

Clinical Features Type I (n = 40) Type II (n = 25) Other Type (n = 14) P value

Sex
Man 20 (50.0) 5 (20.0) 7 (50.0) 0.041‡

Woman 20 (50.0) 20 (80.0) 7 (50.0)

Age (y) 53 ± 11 54 ± 11 50 ± 10 0.838&

Current or former smoker 18 (45.0) 2 (8.0) 6 (42.9) 0.003§

Current or former drinker 16 (40.0) 1 (4.0) 3 (21.4) 0.003§

Surgically resected 24 (60.0) 19 (76.0) 10 (71.4) –

Resolved in follow-up 16 (40.0) 6 (24.0) 4 (28.6) –

Follow-up time (month)* 4.5 ± 4.4 2.4 ± 0.5 7.4 ± 5.4 –

Mode of detections
Accidentally found 4 (10.0) 4 (16.0) 3 (21.4)
Found by physical examination 29 (72.5) 14 (56.0) 10 (71.4) 0.413§

Symptomatically found 7 (17.5) 7 (28.0) 1 (7.1)

Malignancy history 2 (5.0) 1 (4.0) 1 (7.1) –

WBC (uL−1) 6872 ± 2931 6131 ± 2900 6087 ± 1733 0.296&

Eosinophil (uL−1) 154 ± 223 94 ± 100 70 ± 38 <0.001&

Notes: Data are presented as n (%) or Means ± standard deviation. *Data are collected from patients with resolved GGNs. ‡Calculated with the Pearson χ2 test. 
§Calculated with the Fisher’s exact test. &Wilcoxon rank sum test. 
Abbreviations: GGN, ground-glass nodule; WBC, white blood cell.

Table 2 Thin-Section CT Features of Different Types of Benign GGNs

CT Features Type I (n = 40) Type II (n = 25) Other Types (n = 14) P value

Lesion location
Right upper lobe 15 (37.5) 13 (52.0) 6 (42.9) 0.384§

Right middle lobe 2 (5.0) 2 (8.0) 4 (28.6)

Right lower lobe 7 (17.5) 4 (16.0) 1 (7.1)

Left upper lobe 11 (27.5) 4 (16.0) 3 (21.4)
Left lower lobe 5 (12.5) 2 (8.0) 0 (0.0)

Mean diameter (mm) 11.4 ± 4.8 9.2 ± 3.3 9.8 ± 2.9 0.299&

Uniformity of GGO or GGN
Homogeneous 18 (45.0) 12 (48.0) 4 (28.6) –
Heterogenous 22 (55.0) 13 (52.0) 10 (71.4)

Lesion shape
Round/oval 15 (37.5) 6 (24.0) 4 (28.6) 0.527§

Irregular 25 (62.5) 19 (76.0) 10 (71.4)

Lesion border
Ill defined 28 (70.0) 9 (36.0) 5 (35.7) 0.010‡

well defined 12 (30.0) 16 (64.0) 9 (64.3)

Margin of well definednodules
Coarse 11 (91.7) 15 (93.8) 7 (77.8) 0.540§

Smooth 1 (8.3) 1 (6.3) 2 (22.2)

Notes: Data are presented as n (%) or Means ± standard deviation. ‡Calculated with the Pearson χ2 test. §Calculated with the Fisher’s exact test. &Wilcoxon rank sum test. 
Abbreviations: GGN, ground-glass nodule; GGO, ground-glass opacity.
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and the adjacent blood vessels (artery or vein; normal, 
dilated, or distorted) lied by nodules were evaluated. 
When the interpretations of two radiologists differed, the 
divergences were resolved by consensus.

Statistical Analysis
All statistical analyses were performed using the 
Statistical Package for Social Sciences program (version 
22.0, IBM, Armonk, NY). Continuous data are pre-
sented as mean ± standard deviation, while categorical 
data are presented as numbers and percentages. 
Statistical differences of three GGN types were analyzed 
using the Wilcoxon rank sum test for patient age, WBC 
and eosinophil count, and mean diameter of GGN. And 
patient’s sex, smoking and drinking history, mode of 
detection, and CT characteristics (lesion location, 
shape, border, and margin of well defined nodules) 
were analyzed using the Pearson χ2 test and Fisher 
exact test, as appropriate. A P value <0.05 indicated 
a significant difference.

Results
Patients’ Clinical Characteristics
Seventy-nine patients (mean age: 53 ± 11 years; range: 
19–79 years) were included, comprising 32 (40.5%) 
men (mean age: 55 ± 10.5 years; range: 36–79 years) 
and 47 (59.5%) women (mean age: 51 ± 11 years; 
range: 19–68 years). Among 79 patients with GGNs, 
53 (67.1%) were confirmed by surgical resection and 
pathological examination, and 26 (32.9%) by disap-
pearance during follow-up (mean follow-up time: 4.8 
months ± 4.5; range: 0.5 ~ 16 months). A total of 24 
resected GGNs had follow-up results (mean follow-up 
time: 3.0 months ± 2.9; range: 0.3 ~ 8.5 months), 22 
(91.7%) GGNs had no significant change, and 2 (8.3%) 
GGNs showed a slight decrease in size or density. At 3 
months after first detection, most of transient GGNs 
(19/26, 73.1%) resolved, whereas most of resected 
nodules (22/24, 91.7%) remained stable.

Among 79 patients, there were 40 (50.6%), 25 
(31.6%), and 14 (17.7%) patients with type I, type II, 

Figure 3 A patient with a type I GGN confirmed by surgical operation. Axial CT image (A) shows a 16.6 mm round mixed GGN located in the left lower lobe, the internal 
high-attenuation zone (black arrow) is centric, round, and blurred, and the peripheral GGO (white arrow) is ill-defined. Sagittal CT image (B) and VR image (C) confirm that 
the internal high-attenuation zone is connected to an adjacent blood vessel. Histopathologic analysis (D) reveals thickened alveolar walls with inflammatory cells, fibrous 
tissue and exudation in high-attenuation (red circle) zone and a small amount of inflammatory cell infiltration in the peripheral GGO zone (black circle). 
Abbreviations: GGN, ground-glass nodule; GGO, ground-glass opacity.
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and other type GGNs, respectively. There were more 
women (P = 0.041), nonsmokers (P = 0.003) and nondrin-
kers (P = 0.003) in type II than in other two types. 
Eosinophil count was higher in patients with type 
I GGNs than that in patients with type II and other type 
lesions (P < 0.001), and eosinophilia was observed in 3 
patients with type I GGNs. Patients’ clinical characteristics 
are summarized in Table 1.

CT Features of Different Types of Benign 
GGNs
CT features of each GGN type are summarized in 
Table 2. There were no significant differences in their 
location, diameter, shape, and margin of well defined 
nodules among different types (P = 0.384, p = 0.299, 
P = 0.527, and P = 0.540, respectively), whereas there 
was a significant difference in lesion border (P = 
0.010). Benign GGNs were mainly located in the 
upper lobes and had an irregular shape. Type II and 
other type GGNs were usually well defined but had 
coarse margins. For each type of benign GGNs, there 

were no significant differences in their CT features 
between resolving and resected ones, except for the 
diameter in type II (P = 0.006).

For type I GGNs, the peripheral GGO components 
were frequently ill-defined (28/40, 70.0%). Most 
nodules (38/40, 95.0%) only had a single high- 
attenuation zone with a mean diameter of 3.5 mm 
(range: 1.2 ~ 7.5 mm). Among the 40 high- 
attenuation zones, 24 (60.0%) were centric and 16 
(40.0%) were eccentric, 22 (55.0%) were regular 
(round or oval) and 18 (45.0%) were irregular, 38 
(95.0%) had blurred edge and 2 (5.0%) had clear 
edge, and 32 (80.0%) connected to adjacent blood 
vessels (arteries: 20/32, 62.5%, veins: 12/32, 37.5%) 
(Figures 3 and 4).

For 25 type II GGNs, 14 (56.0%) abutted the pulmon-
ary artery branches and 11 (44.0%) abutted the pulmonary 
vein branches, but these vessels had no significant changes 
in morphology (Figures 5 and 6). In addition, 12 (48.0%) 
and 13 (52.0%) cases were homogeneous and heteroge-
neous, respectively.

Figure 4 A patient with a transient type I GGN. He had blood eosinophilia (eosinophil count, 620/ul). Axial (A) and sagittal (B) CT images show a 13.7 mm oval mixed GGN located in 
the right upper lobe, the internal high-attenuation (black arrow) zone is eccentric, irregular, and blurred, and the peripheral GGO (white arrow) is partly ill-defined. VR image (C) 
confirm that the internal high-attenuation zone is connected to an adjacent blood vessel. At follow-up CT (D) obtained 2.5 months later, the GGN has disappeared. 
Abbreviations: GGN, ground-glass nodule; GGO, ground-glass opacity.
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Fourteen other type GGNs included 5 (35.7%) lesions 
with bubble lucency, 4 (28.6%) clinging to pleura or 
fissure with a wide base, 3 (21.4%) with faint density 
and ill-defined border, and 2 (14.3%) with a significant 
irregular shape.

Pathological Findings
The pathological findings of 53 surgically resected GGNs 
were reviewed. In 24 type I GGNs, the pathological compo-
nents were thickened alveolar walls with inflammatory cells, 
fibrous tissue and exudation (22, 91.7%) and granuloma (2, 
8.3%) for internal high-attenuation zones, and a small amount 
of inflammatory cell infiltration with (21, 87.5%) and without 
(3, 12.5%) fibrous tissue proliferation for peripheral GGOs. 
The main pathological findings were similar for 19 type II and 
10 other type GGNs, including focal interstitial fibrosis (type 
II GGNs: 8/19, 42.1%; other type GGNs: 4/10, 40.0%) and 
fibrous tissue proliferation with inflammatory cell infiltration 
(type II GGNs: 11/19, 57.9%; other type GGNs: 6/10, 60.0%).

Discussion
Pulmonary GGNs have a high probability of being malig-
nant, but some of them are benign, frequently misdiag-
nosed as lung cancers and treated by unnecessary surgical 
resection. Thus, being able to recognize benign GGNs by 
CT is important. Previous studies failed to summarize the 
common features predictive of benign GGNs.15,16 In this 
study, we investigated benign GGNs and found that they 
had some common CT features, which could be explained 
well by their pathological findings. These new findings 
may be helpful for distinguishing the potential benign 
GGNs.

Among benign GGNs, type I lesions were the most 
common. Their internal high-attenuation zones were 
mostly single, usually having blurred edge and connecting 
to the adjacent blood vessels. And the peripheral GGOs 
were usually ill-defined, which was consistent with 
a previous study.17 Pathologically, the high-attenuation 
zone within GGN represents the inflammation and 

Figure 5 A patient with a type II GGN confirmed by surgical operation. Axial CT image (A) shows a 9 mm round well defined GGN (white arrow) with slightly coarse 
margin located in the left upper lobe. A blood vessel (black arrow) is close to the edge of this lesion. MPR (B) and MIP (C) images confirm that one edge of this nodule 
(white arrow) widely abuts the upper blood vessel (black arrow). Histopathologic analysis (D) reveals focal interstitial fibrosis with inflammatory cell infiltration. 
Abbreviations: GGN, ground-glass nodule; MPR, multiplanar reconstruction; MIP, maximum intensity projection.
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exudation, which lead to its blurred edge. In addition, 
inflammations in high-attenuation zone were more severe 
than those in the peripheral GGO area. This indicates that 
the high-attenuation zone may be the primary lesion ori-
ginating from terminal bronchioles, while the peripheral 
GGO was just caused by it.

Oh et al18 reported that transient GGN, especially 
transient part-solid GGN, might result from eosinophil 
infiltration and blood eosinophil count was expected to 
be an indicator of lesion benignity or malignancy. 
However, blood eosinophilia showed very low 
sensitivity.19 In this study, only 3 patients with type 
I GGNs had eosinophilia. Thus, pulmonary eosinophil 
infiltration might be responsible for a very small portion 
of benign part-solid GGNs.

The most noteworthy feature of type II GGNs was that 
lesions abutted adjacent blood vessels but did not surround 
and affect them. This manifestation may be related to the 
peripheral interstitium of blood vessels, which possibly act as 
a barrier to inflammatory extension.20 To determine the rela-
tionship between nodules and blood vessels, multiplanar 

reconstruction (MPR) is a basic tool. When a blood vessel 
is close to the edge of a GGN or a GGN locates at a vessel 
bifurcation on axial images, MPR is essential for evaluating 
the relationship between lesions and blood vessels.

It is worth mentioning that part-solid GGNs are also 
frequently detected in malignancy. However, in our experi-
ence, and those from the literature, solid components in 
malignant GGNs are often irregular and have coarse mar-
gins or present as multiple spots,21 and the peripheral 
GGOs are usually well defined. In contrast to type II 
benign GGNs, malignant GGNs tended to wrap and drag 
vessels into lesions.22 Gao et al22 and Lv et al23 found that 
the blood vessels passing through the nodules without any 
changes were commonly observed in both benign and 
malignant GGNs, but distorted and/or dilated vessels 
were more frequently observed in malignant GGNs. 
These differences could help to differentiate benign and 
malignant GGNs.

Most benign GGNs could resolve during follow-up, but 
a few persist. The guidelines of British Thoracic Society 
and the Fleischner Society recommend an initial follow-up 

Figure 6 A patient with a transient type II GGN. Axial CT image (A) shows a 15.6 mm well defined GGN (white arrow) with slightly coarse margin located in the right 
upper lobe. One blood vessel (black arrow) is close to the edge of this lesion. MIP (B) and VR (C) images confirm that two edges of this nodule abut adjacent blood vessels 
(black arrows). Follow-up CT scan (D) performed 3 months later shows the disappearance of this lesion. 
Abbreviations: GGN, ground-glass nodule; VR, volume rendering reconstruction; MIP, maximum intensity projection.
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CT scan 3 months after the first detection,24,25 which is an 
appropriate interval to wait before determining the possi-
ble intervention.26,27 In this study, the mean resolved time 
of transient GGNs was 4.8 months and most GGNs dis-
appeared within 3 months, which was consistent with 
a previous report.18 However, most of the resected nodules 
with follow-up CT remained stable at 3 months. This 
difference may be related to different pathological compo-
nents. Therefore, although some nodules with these certain 
features had no change at 3 months, follow-up was still 
recommended.

There are several limitations in this study. First, the 
benign GGNs were confirmed by operation or follow-up. 
Although GGNs were confirmed as benignity through 
different ways, this brings us more knowledge. For the 
nodules with similar manifestations, some could provide 
information about their pathological components and 
others indicate whether they would resolve in the future. 
Second, it was unknown whether CT features presented in 
type I and II GGNs could be found in malignant GGNs. 
This study primarily aimed to find those nodules requiring 
follow-up after the first detection by identifying the com-
mon CT features of benign GGNs, but not to determine 
their unique characteristics. Our next study will be com-
paring the benign and malignant GGNs with similar CT 
features, such as the part-solid nodules. Third, a few 
patients with benign GGNs in this study still had no 
definite features because of small sample sizes. Further 
studies with larger sample sizes are required.

Conclusion
In conclusion, benign GGNs have some common CT features. 
Nodules with isolated, blurred internal high-attenuation zones 
connecting to the blood vessels and peripheral ill-defined 
GGO (Type I), or nodules abutting but not surrounding 
blood vessels (Type II) are likely to be benign and might be 
resolved during follow-up. Therefore, when GGNs with these 
certain characteristics are detected, follow-up should be firstly 
considered in view of their higher proportion among benign 
GGNs, which may be helpful to reduce the unnecessary opera-
tions of non-cancerous GGNs.
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