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Computed tomography and pathology
evaluation of lung ground-glass opacity
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Abstract. The aim of this study was to investigate the patho-
genesis of lung ground-glass opacity (GGO) and the diagnostic
value of computed tomography scan for lung GGO. Computed
tomography (CT) images of 106 lung GGO cases were
analyzed retrospectively, and the type, location, size, structure,
boundaries and surrounding lung fields were evaluated. There
were 12 cases of GGO with a diameter <1.0 cm, 36 cases with
diameter of 1.0-1.5 cm, 25 cases with diameter of 1.6-2.0 cm,
19 cases with diameter of 2.0-2.5 cm and 14 cases with diam-
eter of 2.5-3.0 cm. There were 20 lesions with a round shape
and 68 lesions with an oval shape. There were 56 lesions with
spinous processes, 18 lesions with air bronchograms and 37
lesions with surrounding pleural indentation. The diagnosis
and differential diagnosis of GGO would be improved with
combined CT scan and pathology results.

Introduction

Lung ground-glass opacity (GGO) presents as a mild increase
in the density of the lung on the high resolution computed
tomography (HRCT), while bronchial vascular bundles were
visible (1). GGO is a non-specific characteristic that may be
associated with various diseases, including bronchioloal-
veolar carcinoma (BAC) (2). In the mediastinal window of a
computed tomography (CT) scan, GGO is hardly seen or only
the solid part of the lung is visible. These signs can also be
shown in inflammation, edema, hemorrhage, fibrosis, cancer
and multiple other diseases (3). On a CT scan, four types of
GGO may be observed: Type I, which was a simple ground
glass-like shadow; type II, uneven density is observed; type III,
central high density is observed with peripheral burring GGO;
and type IV, nodular GGO is observed (4). However, with the
development of HRCT, the detection and diagnosis rate of lung
GGO lesions has improved significantly (5). In this paper, a
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retrospective analysis of 106 cases was performed to compare
and analyze focal GGO lesions with their corresponding
pathology results, with the aim of improving diagnosis and
differential diagnosis, as well as the accuracy of pre-surgery
diagnosis of GGO.

Materials and methods

Participants. A total of 106 cases with clinical diagnosis and
CT scan of focal GGO were recruited at the Affiliated Hospital
of Qingdao University (Qingdao, China) from January 2008 to
July 2014, including 74 males and 32 females. The average age
was 56.0+11.1 years, ranging from 41 to 78 years old. Among
them, 43 cases showed no prior clinical symptoms, and were
diagnosed at the time of routine physical examination. There
were 57 cases with cough or sputum, 63 cases with chest pain
or chest tightness, 28 cases with hemoptysis and 36 cases
with difficulty breathing. All patients underwent pulmonary
multislice spiral CT examination, and 46 patients had a
chest-enhanced CT scan. Patients received surgery (lobectomy,
segmentectomy or partial lung resection) to remove tumor.
Prior written and informed consent was obtained from all
patients and the study was approved by the ethics review board
of Qingdao University.

CT scan.Philips Brilliance 64-slice CT and Philips Brilliance
256 iCT layer spiral CT scanners (Philips Medical Systems
B.V., Eindhoven, The Netherlands) were used. Patients were
scanned in the supine position at end-expiration. Scan range
was from the apex to the base of the lung, including both
sides of the chest wall and axillary. The scan parameters
were as follows: Tube voltage, 120-140 kV; tube current,
50-80 mA; reconstructed slice thickness, 0.3-1 mm. A
high-resolution reconstruction algorithm was used with
lung window and mediastinal window, including lung
window of +700 to -700 HU and mediastinal window of 50
to 300 HU. After the CT scan, patients were injected with
non-ionic iodinated contrast medium iohexol (350 mgl/ml,
1.0-1.5 ml/kg, flow rate of 3-4 ml/sec) into the ulnar vein
with a binocular high-pressure syringe for an enhanced CT
scan. Patients were scanned at 25 and 75 sec after injection,
for the vascular and parenchymal phases, respectively.
GGO was categorized into four types according to CT
scan observation: Type I; type II III and IV, as described
previously (3).
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Image analysis. The scan images were adjusted for
cross-sectional, sagittal, coronal and beveled sections to
evaluate the shape of the lesion and its relationship with adja-
cent trachea. After adjustment, the CT images were read with
a double-blind method by two experienced physicians. The
location, size, shape (round, oval, irregular), edges (lobulated,
burring, spinous process), side surface (clear, rough, fuzzy)
and surroundings (vascular convergence, pleural indentation)
of lesions were analyzed with plain and enhanced CT scan.
Disagreements were discussed between these two physicians
to reach to an agreement.

Determination of BAC content. Resected tumor tissues were
fixed in 4% neutral formaldehyde at room temperature for
24-48 h and embedded in paraffin. Subsequently, the tumor
tissues (5-um thick sections) were stained with hematoxylin
(for 3-5 min at room temperature) and eosin (for 1-4 min
at room temperature) according to routine procedure. Five
fields under high magnification (x100) were randomly
selected. The BAC content relative to the whole tumor was
evaluated and calculated as previously described (6). The
tumors were categorized into four types based on BAC
content: Type I, BAC content in 290% of lesion area; type II,
BAC content in 50-89% of lesion area; type I1I, BAC content
in 10-49% of lesion area; and type IV, BAC content of <10%
lesion area.

Statistical analysis. SPSS 17.0 software (SPSS, Inc., Chicago,
IL, USA) was used to compare CT scan and pathology results
with y? test analysis. Spearman rank correlation analysis was
used to analyze the correlation between CT value and BAC
content. P<0.05 was considered to indicate a statistically
significant difference.

Results

Image characteristics of GGO. To determine the characteris-
tics of lung lesions, HRCT scans were performed. As shown
in Table I, among the 106 cases, there were 28 lesions in the
right upper lobe, 21 lesions in the right middle lobe, 15 lesions
in the right lower lobe, 19 lesions in the left upper lobe,
15 lesions in the left middle lobe and 8 lesions in the left lower
lobe. Of the 106 cases, there were 12 lesions with diameter
<1.0 cm, 36 lesions with diameter of 1.0-1.5 cm, 25 lesions
with diameter of 1.6-2.0 cm, 19 lesions with diameter of
2.0-2.5 cm and 14 lesions with diameter of 2.5-3.0 cm. There
were 20 lesions of round shape (Fig. 1A), 68 of oval shape
and 18 lesions of irregular shape. There were 56 lesions with
burring edge (Fig. 1B) and 32 lesions with leaf edge. There
were 28 cases of air bronchogram (Fig. 1C) and 37 cases of
pleural indentation surrounding the lesions (Fig. 1D). There
were 16 patients with lesions of 20-55 HU in enhanced CT
scan. There was no obvious necrosis or calcification in all
cases.

CT classification and pathology of focal GGO. To determine
the association between GGO and its pathology, GGO was
categorized into four types according to CT scans: Type |
is simple GGO (47 cases, as in Fig. 2A-D); type II is uneven
density GGO (34 cases, as in Fig. 2E and F), type III is
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Table I. Computed tomography characteristics of all cases.

Occurrence

Variable n %
Lesion location

Right upper lobe 28 264

Right middle lobe 21 19.8

Right lower lobe 15 142

Left upper lobe 19 17.9

Left middle lobe 15 142

Left lower lobe 8 7.5
Lesion diameter (cm)

<1.0 12 11.3

1.0-1.5 36 340

1.6-2.0 25 23.6

2.0-2.5 19 179

2.5-3.0 14 13.2
Lesion shape

Round 20 18.8

Oval 68 64.1

Irregular 18 169
Lesion edge

Burring 56 52.8

Leaf 32 30.1
Air bronchogram 28 264
Pleural indentation 37 349

central high density with peripheral burring GGO (19 cases)
and type IV is nodule GGO (17 cases, as in Fig. 2G and H).
Pathology of type IV GGO revealed the tumor was solid,
with no air filling, proliferation of elastic fibers and inter-
rupted or destroyed reticular structure in the tumor. The CT
findings, pathology results and statistical analysis are shown
in Table II. The malignancy ratio was 68.0% in GGO type I,
61.7% in type 11, 73.6% in type III and 70.5% in type IV. As
shown in Table II, the malignancy ratio in GGO types 111
and IV was higher than that in types I and II. This finding
suggested that CT scan is of clinical importance in the
diagnosis of GGO.

Correlation analysis between GGO CTvalue and BAC content.
To determine the correlation of GGO CT value and BAC
content, Spearman rank correlation analysis was conducted.
As mentioned earlier, the tumor categorized into four types
based on BAC content, including Type I (n=26), Type II (n=24),
Type III (n=16) and Type IV (n=13) (Table III). The CT values
were all negatively correlated with BAC content. Furthermore,
this correlation was significant (P<0.05).

Discussion
GGO is a hazy, dense shadow in the lung that appears on

high-resolution CT of the bronchus or pulmonary vascu-
lature. This manifestation is non-specific and can be seen
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Figure 1. Examples of GGO CT imaging. (A) Nodule GGO in the right lung with round shape and no burring edges. Arrow indicated the site of the lesion.
(B) Burring edge seen in sagittal section. Pathology showed BAC. Arrow indicated the burring. (C) GGO demosntrated air bronchogram (arrow) in the
left upper lung in axial section. (D) GGO in the left upper lung under visceral pleura in coronal section, with surrounding pleural indentation sign (arrow).
Pathology showed BAC. GGO, ground-glass opacity; CT, computed tomography; BAC, bronchioalveolar carcinoma.

Figure 2. GGO CT classifications. (A) and (B) Simple GGO nodules in the upper lobe with clear boundary and shape, without burring. (A) GGO type IV and
(B) type III were indicated. (C) Bronchial vascular bundle shown in GGO type II. (D) Pathology demonstrated incomplete filling of air cavity, mild interstitial
thickening and partial alveolar depression, with pathology of BAC (GGO type I). Magnification, x100. (E) CT image showed nodules of uneven density
(GGO type I). (F) Pathology indicated alveolar collapse and severe hyperplasia of elastic fibers in tumor (GGO type II). (G) CT image showed nodules of
homogeneous soft tissue density (GGO type IV). Magnification, x100. (H) Pathology showed elastic fiber proliferation in tumor with interrupted and destroyed
reticular structure, and pathology of lung cancer. Magnification, x100. GGO, ground-glass opacity; CT, computed tomography; BAC, bronchioalveolar carci-

noma. Arrows indicate the lesions.

in inflammation, injury, edema, hemorrhage, focal fibrosis,
cancer or atypical adenomatous hyperplasia (4). GGO forma-
tion results in incomplete filling of air cavity, mild interstitial
thickening and partial alveolar depression (7). An increasing
number of patients are clinically diagnosed with lung GGO,
for unknown reasons (8). Timely detection and diagnosis of
GGO is critical to future treatment and prognosis.

GGO lesions can be caused by numerous pathology
changes, which generally present as incomplete filling of
the alveolar cavity with cells and liquids (such as edema and
hemorrhage) (9), or lung interstitial thickening due to inflam-
mation, edema, fibrosis or cancer (10). At end-expiration, the
volume of alveolar air is reduced, lung interstitial volume is
normal and the number of alveolar follicles in the alveolar unit
increases (10). However, with a small amount of liquid or early

gas-liquid presence in alveoli, and restricted spatial resolution
of high-resolution CT, it is hard to distinguish these pathology
changes from the thickening of the alveolar walls (11).

In the current paper, focal GGO was divided into four
types based on CT characteristics. There were 47 cases of
type I, presenting as clear boundary with leaf edges or burring
on CT. There were 11 cases (all type I) of peripheral GGO,
with lesions below visceral pleura and away from the vascular
bundle. Their pathology showed tumor cells grew along the
alveolar wall with no alveolar collapse and mild hyperplasia
of elastic fibers in tumor. Of the 47 cases of simple GGO,
12 cases were BAC. There were 34 cases of type II, presenting
as uneven GGO on CT. Pathology showed that tumor cells
grew along the alveolar wall, with scattered alveolar collapse,
severe hyperplasia of elastic fibers and complete network
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Table II. Statistical analysis of CT and pathology of the 106 cases.

Pathology

CT classification n Malignancy ratio (%) Benign Malignant x> P-value
I 47 68.0 12 32 14.370 <0.05
II 34 61.7 11 21
I 19 73.6 14
v 17 70.5 4 12
CT, computed tomography.
Table III. Correlation of different CT value and BAC content.

BAC content
CT range (HU) Type I (n=26) Type II (n=24) Type III (n=16) Type IV (n=13) r value P-value
-300 0.90 0.66 0.67 0.38 -0.678 <0.001
-350 0.87 0.69 0.58 0.36 -0.689 <0.001
-400 0.83 0.58 0.47 0.32 -0.641 <0.001
-450 0.79 0.57 0.38 0.28 -0.653 <0.001
-500 0.77 0.48 0.34 0.24 -0.643 <0.001
-550 0.78 043 0.30 0.21 -0.638 <0.001

HU, Hounsfield unit; CT, computed tomography; GGO, ground-glass opacity; BAC, bronchioloalveolar carcinoma.

structure within the tumor. There were 19 cases of type III,
presenting as central high-density and peripheral GGO on CT.
Pathology showed alveolar collapse, proliferation of elastic
fibers in tumor center, fractured reticular structure of elastic
fibers and growth of tumor cells along the wall. There were
17 cases of type IV, presenting as homogeneous soft nodules
on CT. Different types of GGO on CT show differences in
pathology (12). In the current study, malignance accounted
for 68.0% in type I, 61.7% in type 11, 73.6% in type III and
70.5% in type I'V. The malignance rate in types III and IV was
higher than that in types I and II, which showed the clinical
importance of the CT evaluation of GGO.

Lung GGO is usually associated with atypical adenomatous
hyperplasia (AAH) and BAC. It has previously been reported
that AAH is a precancerous lesion of lung cancer (13). This type
generally consists of smaller lesions, with no leaf or burring
edges on CT. In the current study, 9 cases had these character-
istics. Simple GGO can also be BAC. There were 27 cases of
simple GGO, but pathology showed lung cancer with pathology
of tumor cell growing along the alveolar wall (14). The BAC
lesions were larger than AAH, with high density, air broncho-
gram, burring and leaf edges, thus these two types of cancer
can be differentiated by CT. Yang ef al reported that out of
55 cases of BAC, 56% showed air bronchogram (15). If BAC is
of peripheral type, pleural indentation may be visible (16). Solid
GGO is generally shown in adenocarcinoma, which is usually
larger than an AHH lesion. BAC can also show heterogeneous
density with strips or patchy shadows and pleural indentation,

with a smaller proportion of solid GGO compared with adeno-
carcinoma (17). It has been reported that mixed GGO density
is of higher lung cancer incidence (18). Therefore, mixed GGO
density should be considered as high-risk, and surgical inter-
vention is highly recommended.

GGO can also be a sign of inflammation, thus regular
follow-up is important to determine the nature of the lesions
and further treatment. When GGO shows on a CT scan, inflam-
mation should be ruled out first. Kodama ef al (19) showed that
focal GGO resulting from acute inflammation or hemorrhage
can be resolved in the first three months of follow-up. If the
size or density of the lesion increases within 3-6 months, it is
necessary to determine the nature of the lesions. If the lesion
has remained the same size or slightly increased, combined with
cancer history, malignancy is of a higher possibility. If the lesion
has burring or leaf edges, lung biopsy should be conducted for
diagnosis. In the follow-up, regardless of the GGO size, if soft
tissue has increased, adenocarcinoma is possible and surgical
intervention is recommended (20). It has previously been shown
that CT is of high specificity and moderate sensitivity in the
diagnosis of focal lung nodules (21). With the development
and wide application of CT examination, it can be used as the
primary tool for the inspection of focal pulmonary nodules.
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