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Abstract
To evaluate the clinical usefulness of surgical resection of persistent malignant-looking ground-glass-opacity nodules (GGN) without
a preoperative tissue diagnosis.
From September 1998 to November 2011, we retrospectively enrolled 288 patients (126men, 162 women; mean age, 59.3 years)

with lung adenocarcinoma proven by surgery and which appeared as GGN on chest computed tomography (CT, ground-glass-
opacity [GGO] proportion >20%). We divided the study subjects into 2 groups: patients with a preoperative tissue diagnosis (PTD
group, n=207) and patients without a preoperative tissue diagnosis (No-PTD group, n=81). In patients with GGN having GGO≥
90% (n=140), we divided them into 2 groups: PTD group (n=83) and No-PTD group (n=57). The clinical and surgical outcomes
were compared between the 2 groups.
In 204 patients who underwent lobectomy for stage Ia lung cancer, there was no significantly different recurrence-free survival

between the 2 groups (P=0.721). A significantly lower percentage of No-PTD group waited>14 days for surgery (77.8% vs 87.9%,
P=0.030) and were hospitalized for >7 days (56.8% vs 89.9%, P<0.001). They showed a shorter mean surgery time (136.9 vs
155.0 minutes, P=0.019). In patients with GGN having GGO≥90%, the results were the same as those of all of the study subjects.
No-PTD group can gain benefits perioperatively, showing no different recurrence-free survival with PTD group in stage Ia lung

cancer.

Abbreviations: CT = computed tomography, GGN = ground-glass-opacity nodules, GGO = ground-glass-opacity, No-PTD
group = patients without a preoperative tissue diagnosis, PTD group = patients with a preoperative tissue diagnosis.
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1. Introduction ground-glass-opacity nodules (GGN) has increased.[2] As many
Lung cancer was the leading cause of cancer mortality worldwide.
Due to recent advances in diagnostic imaging modalities such as
computed tomography (CT), the detection of small, indeterminate
lung nodules has increased.[1] In particular, the ability to detect
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previous studies have revealed, persistent GGN, especially
those with a solid component, are likely a malignancy such as
adenocarcinoma.[3,4]

The detection of indeterminate nodules on CT scans indicates
the needs for further clinical evaluations. Percutaneous needle
biopsy of lung nodules has been established as a high diagnostic
performance modality.[5,6] However, nodules with a higher
ground-glass-opacity (GGO) component tend to show relatively
a lower diagnostic accuracy (51.2%–82.0%).[7–9] Also, several
previous studies had reported serious complications associated
with percutaneous needle biopsy, especially in patients with high
comorbidities and poor lung function.[10,11] Therefore, we need
to assess the balance of the risks and benefits when we encounter
each case of percutaneous needle biopsy. Moreover, many
researchers suggest that sublobar resection would be sufficient
for pure GGN as they rarely accompany nodal metastasis and
they often appear as multiple lesions which may not be treated
using lobectomy.[12,13] However, the clinical usefulness of
surgical resection of persistent malignant-looking GGN without
preoperative tissue diagnosis is not still thoroughly investigated.
The purpose of this study is to evaluate the clinical usefulness of

surgical resection of persistent malignant-looking GGN without
preoperative tissue diagnosis, by comparing the clinical and
surgical outcomes in patients with (PTD group) and without a
preoperative tissue diagnosis (No-PTD group).
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2. Materials and methods preoperative tissue diagnosis, we divided the study subjects into
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This study was approved by the institutional review board of our
medical institution. The acquisition of informed consent was
waived due to the retrospective study design.
2.1. Patients
2.2. CT protocol and image interpretation
From September 1998 to November 2011, lung adenocarcinoma
in 1813 patients was diagnosed by surgical pathology at our
institution. Of these patients, 307 patients showed 320 GGNs
having a percentage of the GGO component within the nodule
>20% on preoperative CT scans.[14] GGN was defined as a
nodule showing a hazy, increased attenuation that did not
obliterate the underlying bronchial or vascular structures, as seen
on thin-section CT.[15] By semiquantitative measurements using
10% scale units, the proportion of GGO of a GGN was
measured, and patients with GGN having GGO�20% were
excluded as it was considered to be obviously subsolid
nodules.[14] Of these 307 patients with 320 GGNs, 19 patients
with 20 GGNs were excluded due to no follow-up CT scanning
after surgery. Finally, we enrolled 288 patients with 300 GGNs,
that is, 126 men (mean age, 61.6 years; range, 36–86 years) and
162 women (mean age, 57.4 years; range, 30–77 years) with a
mean age of 59.3 years (range, 30–86 years) (Fig. 1). Of these 288
patients, 9 (3.1%) patients had more than 1 surgically proven
GGN (range, 2–5). GGNs seen on CT, but had not been
confirmed pathologically, were not reviewed in this study.
We reviewed clinical parameters such as patient age, sex,

smoking history, pulmonary function tests, clinical stage,
pathologic stage, and mortality by reviewing electronic medical
records.
Among the 288 study subjects, 218 underwent percutaneous

needle biopsy. To evaluate the clinical advantage of surgical
resection of persistent malignant-looking GGN without a
Figure 1. Patient
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the 2 groups, that is, PTD group (n=207) in which tissue
diagnosis was done by percutaneous lung biopsy; No-PTD group
(n=81) in which percutaneous lung biopsy was not performed
(n=70) or it turned out failed (n=11).
From September 1998 to November 2011, chest CT scans were
performed using 1 of 4 CT systems (Sensation 16 or 64; Siemens,
Erlangen, Germany), (LightSpeed 4 or 64; GE Healthcare,
Milwaukee, WI). The scan parameters were 120kV and 100
effective mA with dose modulation, and the reconstruction
intervals were 5-mm thickness and a 5-mm interval without a gap
using the standard algorithm and 1-mm reconstruction with a 5-
mm gap using the high-frequency algorithm until 2009. Then the
reconstruction intervals were 3-mm thickness and a 3-mm
interval without a gap using the standard algorithm and a 1-mm
reconstruction with a 5-mm gap using the high-frequency
algorithm. After intravenous administration of 100mL of
contrast material at a rate of 2.5mL/second using a power
injector, CT scanning was performed with a 50 seconds delay. All
images were viewed at the lung window (width, 1500HU; level
700HU) and mediastinal window (width, 450HU; level 50HU)
setting.
Two radiologists (14 and 6 years of clinical experience,

respectively, performing the chest imaging) retrospectively
reviewed the preoperative CT images obtained on the nearest
date to the surgery date in terms of the following GGN
parameters: size (diameter across the longest axis), lobar location
referring to the anatomical lobes (upper, middle, or lower lobe),
proportion of GGO within a GGN, and the presence of pleural/
fissural retraction or invasion. The proportion of GGO of a GGN
was semiquantitatively measured manually using 10% scale units
s’ enrollment.



by 2 radiologists. Because several previous studies had reported 2nd surgery rate were compared by the univariate analysis using

3. Results
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the different diagnostic performances of percutaneous needle
biopsy between GGN having GGO≥90% and GGN having
GGO<90%,[8,9] the subgroup analysis for GGN having GGO≥
90% (n=140) was done. The clinical stage of each malignant
GGN was assessed on CT imaging according to the 7th TNM
stage.[16]
2.3. Assessment of recurrence-free survival
The mean postoperative follow-up period was 43.5±20.8
months (range, 1.0–129.0). The mean postoperative follow-up
periods in the PTD group and in the No-PTD group were 42.5±
20.6 and 46.1±21.0 months, respectively.
In order to evaluate the clinical outcomes of patients who had

persistent malignant-looking GGNs, recurrence-free survival was
compared between the PTD group and the No-PTD group.
Comparison of recurrence-free survival was limited in patients
who underwent lobectomy and had the same pathologic stage.
2.4. Assessment of perioperative clinical and surgical
3.1. Recurrence-free survival
outcomes

We reviewed the parameters related to surgery, including the
types of surgery, that is, lobectomy, segmentectomy or wedge
resection, the histologic diagnosis, pathologic TNM stage,
surgery date, length of the surgery, and postoperative compli-
cations. The waiting time interval for surgery and the hospital
stay duration were calculated from the patient’s admission date,
surgery date, and discharge date. The waiting time interval for
surgery was defined as the time interval between the 1st day the
patient presented to the clinician and the day of surgery for the
resection of the lung nodule. The hospital stay duration was
defined as the total length of the patient’s in-patient hospital stay
for the preoperative work-up and surgery. In the PTD group (n=
207), the diagnostic results of percutaneous needle biopsy and
biopsy-related complications, that is, pneumothorax, hemor-
rhage, or major bleeding, were also evaluated. In addition, we
assessed the 2nd surgery rate between the PTD group and the No-
PTD group. Second surgery was defined for when completion
lobectomy was performed after resection of malignant GGN.
Second surgery did not include operation conversion such as
from video-assisted thoracoscopic surgery to open thoracotomy.
In patients with GGN having GGO≥90% (n=140), we also

calculated these surgical and clinical parameters in both groups.
2.5. Statistical analysis
Statistical analysis was performed using statistical software (SPSS
version 21.0; SPSS, Chicago, IL). A P value<0.05was considered
statistically significant.
To analyze the clinical effect of surgical resection of persistent

malignant-looking GGNwithout a preoperative tissue diagnosis,
the recurrence-free survivals were calculated and compared
between the PTD group and the No-PTD group using the
Kaplan–Meier analysis and the log-rank testing. We used a Cox
proportional hazards model with age, sex, smoking history,
nodule size, GGO proportion, the presence of pleural/fissural
retraction, and the methods to determine final diagnosis (PTD
group vs No-PTD group) as covariates to test for difference in
recurrence-free survival. In addition, surgical and clinical
outcomes including the waiting time interval for surgery, hospital
stay duration, surgery time, postoperative complications, and the
3

the Student t tests and Fisher exact tests.
Of these 288 patients, 207 patients had a preoperative tissue
diagnosis and 81 patients had no preoperative tissue diagnosis.
The characteristics of all of the 288 patients are summarized in
Table 1. The mean size of the nodules in the PTD group (n=207)
was 22.3mm (range, 7–66mm), and the mean size of the nodules
in the No-PTD group (n=81) was 14.6mm (range, 6–39mm),
with a mean overall size of 20.2mm. In 9 patients with multiple
GGNs, 6GGNs in the same lobe and 6GGNs in the different lobe
were surgically resected.
Regarding the proportion of GGO within a GGN, the

percentage of patients with GGO≥90% was significantly higher
in the No-PTD group than in the PTD group (70.2% [59/84] vs
42.1% [91/216], P<0.001). The characteristics of the 140
patients with a GGN having GGO≥90% are summarized in
Table 2.
In patients who underwent lobectomy for stage Ia lung cancer
(n=204), there was no significant difference in the recurrence-
free survival time between the PTD group and the No-PTD group
(P=0.721, Fig. 2). The estimated 5 year, recurrence-free survival
rate was 91.0% in the No-PTD group and 88.8% in the PTD
group. The proportional hazards model showed that there was
no significant covariate among these 7 covariates (P≥0.060,
Fig. 2). The methods to determine final diagnosis (PTD group vs
No-PTD group) was not a significant factor associated with
recurrence-free survival (hazard ratio=1.00 [95% confidence
interval, 0.26–3.91], P=0.998).
In the subgroup of patients with GGN having GGO≥90%

who underwent lobectomy for stage Ia lung cancer (n=98,
Fig. 3), the No-PTD group tended to have a longer, recurrence-
free survival time than the PTD group.

3.2. Perioperative clinical and surgical outcomes

In total 288 patients, the type of surgery was classified into
lobectomy (83.3%, 240/288), segmentectomy (3.8%, 11/288),
and wedge resection (12.8%, 37/288). Most patients underwent
lobectomy in the PTD group (92.8%, 192/207) and the No-PTD
group (59.3%, 48/81), but the proportion of wedge resection for
the PTD group was significantly lower than that for the No-PTD
group (3.9% [8/207] vs 35.8% [29/81], P<0.001).
The clinical and surgical outcomes in all of the 288 patients are

shown in Table 3. The waiting time interval for surgery was
reduced in the No-PTD group. The percentage of patients who
waited more than 14 days were significantly lower in the No-PTD
group than in the PTD group (77.8% [63/81] vs 87.9% [182/
207], P=0.030). Regarding the hospital stay duration, the
percentage of patients who stayed more than 5 days were
significantly lower in the No-PTD group than in the PTD group
(56.8% [46/81] vs 89.9% [186/207], P<0.001). The mean
surgery time for the No-PTD group was significantly shorter than
for the PTD group (136.90 vs 155.0 minutes, P=0.019). There
was no major postoperative complication in either group. The
postoperative complications rate was lower in the No-PTD
group, although there was no statistically significant difference
(7.4% [6/81] vs 7.2% [15/207], P=0.962). In the 240 patients
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undergoing lobectomy, there was no significant difference in the lung cancer (stage Ia). In addition, Nakajima et al[18] reported

Table 1

Summary of clinical and radiological characteristics of 288 patients.

Variables Total (N=288)
With a preoperative

tissue diagnosis (N=207)
Without a preoperative
tissue diagnosis (N=81) P

Age, years 59.3±9.4 60.4±8.6 56.4±10.7 0.003
Sex (M:F) 126:162 85:122 41:40 0.142
Smoking, N, %
Nonsmoker 196 (68.1%) 148 (71.5%) 48 (59.3%) 0.119
Ex-smoker 50 (17.4%) 31 (15.0%) 19 (23.5%)
Current smoker 42 (14.6%) 28 (13.5%) 14 (17.3%)

Pulmonary function test
FEV1, L 2.6±0.6 2.5±0.6 2.7±0.6 0.037
FEV1, %

∗
95.0±18.8 95.1±18.5 94.7±19.5 0.856

FEV1/FVC, %
∗

99.8±11.2 99.4±11.6 101.1±10.2 0.261
Nodule size, mm 20.2±9.5 22.3±9.4 14.6±7.2 <0.001
�10mm 47 (16.3%) 11 (5.3%) 36 (44.4%) <0.001
>10mm, �20mm 113 (39.2%) 85 (41.0%) 28 (34.5%)
>20mm 128 (44.4%) 111 (53.6%) 17 (21.0%)

Location, N, %
Upper 159 (55.2%) 123 (59.4%) 36 (44.4%) 0.061
Middle 20 (6.9%) 12 (5.8%) 8 (9.9%)
Lower 109 (37.8%) 72 (34.8%) 37 (45.7%)

GGO proportion
GGO≥90% 140 (48.6%) 83 (40.1%) 57 (70.4%) <0.001
GGO≥50%, <90% 65 (22.6%) 49 (23.6%) 16 (19.8%)
GGO<50% 83 (28.8%) 75 (36.2%) 8 (9.9%)

Pleural/fissural retraction, N, % 88 (30.6%) 72 (34.8%) 16 (19.8%) 0.015
T stage†

T1 205 (71.2%) 135 (65.2%) 70 (86.4%) 0.002
T2 82 (28.5%) 71 (34.3%) 11 (13.6%)
T3 1 (0.3%) 1 (0.5%) 0 (0.0%)

N stage†

N0 287 (99.7%) 206 (99.5%) 81 (100.0%) >0.999
N1 1 (0.3%) 1 (0.5%) 0 (0.0%)

M stage†

M1a or M1b 0 (0.0%) 0 (0.0%) 0 (0.0%) –

FEV1= forced expiratory volume in 1 second, FVC= forced vital capacity, GGO=ground-glass-opacity.
∗
FEV1 (%) and FEV1/FVC (%) were calculated by dividing the values of patients and the values of predicted normal values in the normal population for any person of similar age, sex, and body composition.

† The clinical stage was assessed on CT imaging according to the AJCC 7th TNM stage.
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waiting time interval for surgery, hospital stay duration, or mean
surgery time between the PTD group (n=192) and the No-PTD
group (n=48) (P>0.05). The 2nd surgery was only performed in
the No-PTD group (26.3%, 15/81).
In the 140 patients with GGN having GGO≥90% (Table 3),

the percentage of patients who waited for surgery for more than
14 days and stayed in the hospital for more than 7 days were
significantly lower in the No-PTD group than in the PTD group
(78.9% [45/57] vs 91.5% [76/83], P=0.044; 54.4% [31/57] vs
88.0% [73/83], P<0.001). The 2nd surgery was only performed
in the No-PTD group (15.8%, 9/57).
4. Discussion

4

We have assessed the clinical and surgical advantages of surgical
resection of persistent malignant-looking GGN without a
preoperative tissue diagnosis. Our study demonstrated that
surgical resection without a preoperative tissue diagnosis did not
have any disadvantages compared with that seen in the PTD
group in terms of recurrence-free survival. These results are
similar to those of a previous study of Sihoe et al,[17] showing no
significantly different recurrence-free survival between the 2
groups in patients who underwent lobectomy for nonsmall-cell
that intraoperative diagnosis followed by the consecutive
resection of lung cancer may be beneficial for improving the
surgical outcomes compared with PTD group. Because persistent
malignant-looking GGN had the low likelihood of N2 nodal or
distant metastasis,[19,20] the benefits for surgical resection of
persistent malignant-looking GGN without a preoperative tissue
diagnosis could be lower than those for solid lung nodules.
Recently, considering these natures of malignant GGN, several
recent studies have focused on the limited surgical resections for
patients with malignant GGN.[12,21–23] These could be mainly
explained by the high possibility of malignancy in the persistent
GGN[4,24] and the close correlations between the CT findings and
pathologic findings of malignant GGN.[25,26] Regarding the
diagnostic outcome of biopsy, the nodules with a higher
proportion of a GGO component tended to show relatively
lower diagnostic accuracy, showing 51.2% to 57.1% accuracy
for fine-needle aspiration,[7,8] and 73% concordance rate in
malignant and premalignant lesions between core-need and
surgical biopsy.[9] Percutaneous needle biopsy of GGNs has a
major potential limitation as it may not be feasible due to limited
cytologic or even histologic sampling used to differentiate
between a purely lepidic pattern and stromal invasion.[12,13]

Therefore, surgical resection of persistent malignant-looking



GGN without a preoperative tissue diagnosis might be possible study showed a 5.0% false-negative result rate. This result is

Table 2

Summary of clinical and radiological characteristics of the 140 patients with GGN having GGO≥90%.

Variables Total (N=140)
With a preoperative

tissue diagnosis (N=83)
Without a preoperative
tissue diagnosis (N=57) P

Age, years 56.9±9.6 58.3±8.7 54.8±10.4 0.035
Sex (M:F) 65:75 39:44 26:31 >0.999
Smoking, N, %
Nonsmoker 88 (62.9%) 51 (61.4%) 37 (64.9%) 0.485
Ex-smoker 26 (18.6%) 14 (16.9%) 12 (21.0%)
Current smoker 26 (18.6%) 18 (21.7%) 8 (14.0%)

Pulmonary function test
FEV1, L 2.7±0.6 2.6±0.6 2.8±0.6 0.071
FEV1, %

∗
93.5±17.7 90.9±14.9 97.5±20.7 0.030

FEV1/FVC, %
∗

99.8±10.8 97.9±11.7 102.6±8.6 0.013
Nodule size, mm 16.3±7.5 18.6±7.4 12.8±6.3 <0.001
Location, N, %
Upper 77 (55.0%) 49 (59.0%) 28 (49.1%) 0.445
Middle 8 (5.7%) 5 (6.0%) 3 (5.3%)
Lower 55 (39.3%) 29 (34.9%) 26 (45.6%)

Pleural/fissural retraction, N, % 18 (12.9%) 13 (15.7%) 5 (8.8%) 0.307
T stage†

T1 122 (87.1%) 68 (81.9%) 54 (94.7%) 0.038
T2 18 (12.9%) 15 (18.1%) 3 (5.3%)
T3 0 (0.0%) 0 (0.0%) 0 (0.0%)

N stage†

N0 140 (100.0%) 83 (100.0%) 57 (100.0%) –

N1 0 (0.0%) 0 (0.0%) 0 (0.0%)
M stage†

M1a or M1b 0 (0.0%) 0 (0.0%) 0 (0.0%) –

FEV1= forced expiratory volume in 1 second, FVC= forced vital capacity, GGO=ground-glass-opacity.
∗
FEV1 (%) and FEV1/FVC (%) were calculated by dividing the values of patients and the values of predicted normal values in the normal population for any person of similar age, sex, and body composition.

† The clinical stage was assessed on CT imaging according to the AJCC 7th TNM stage.
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by the preoperative CT imaging diagnosis.
Surgical resection without a preoperative tissue diagnosis has

many clinical and surgical advantages, including reducing the
waiting time interval for surgery, hospital stay duration, and
mean surgery time. Although it was difficult to directly compare
the results of previous studies due to different definitions, our
study had a similar tendency to reduce the waiting time interval
for surgery, hospital stay duration, and mean surgery time.[17,27]

Considering the higher percentage of sublobar resection in the
No-PTD group, this could affect the clinical outcomes because
none of the clinical outcomes were significantly different between
the No-PTD group and the PTD group in patients who
underwent lobectomy. Although the time for an intraoperative
biopsy and analysis of frozen specimen would be additionally
needed in the No-PTD group, it did not significantly add to the
mean surgery time. In other words, surgical resection without a
preopreative tissue diagnosis could be useful without prolonging
the mean surgery time.
For solid lung nodules, previous studies reported that the

percentage of benign disease in No-PTD group ranged from
7.8% to 15.0%.[17,27] In contrast to solid lung nodules, which are
concerned about the unnecessary operation for benign lung
nodules, persistent malignant-looking GGNs are more concerned
about the false-negative result for percutaneous needle biopsy, as
persistent malignant-looking GGNs are classified into malignant-
looking GGNs after surveillance CT for a minimum of 3 years
according to the management guideline for GGNs,[28,29] and the
low diagnostic accuracy in GGNs having GGO≥90% is
frequently reported due to the low cellularity of GGNs.[8] Our
similar to the result from Kim et al,[9] reporting the diagnostic
accuracy of CT-guided core-needle biopsy for GGNs (90.5%).
The 2nd surgery was performed in 26.3% of the No-PTD

group. In light of a recent data documenting the markedly
improved 5-year survival of patients with GGN, especially pure
GGN, the potential role of limited surgical resections, including
partial wedge resections and segmentectomy, has become under
renewed scrutiny.[12,21–23,30–33] In our study, we noted that only
1 2nd surgery was performed after 2010. Therefore, the change
of surgical management for persistent malignant-looking GGN
could affect the result, referring to the high 2nd surgery rate.
There are several limitations to our study. First, its retrospec-

tive design could be a limitation such as a selection bias.
Considering the fact that the power of our analyses ranged from
63% to 99%, some of our results have a limitation to compare
the clinical and surgical outcomes between the 2 groups (PTD
group vs No-PTD group). In addition, there were 5 significantly
different clinical factors, including age, nodule size, GGO
proportion, pleural/fissural retraction, and T stage, between
the 2 groups. In order to minimize and adjust these limitations,
we consecutively included all of the patients with persistent
malignant-looking GGNs within the specific period of 13 years,
and performed a Cox proportional hazards model with these
clinical factors as a covariate to test for difference in recurrence-
free survival. A further large and prospective cohort study would
be needed to validate these results. Second, in order to determine
the necessity of preoperative tissue diagnosis of persistent
malignant-looking GGN, it is ultimately necessary to evaluate
the futile surgery rate in all patients with pathologically proven

http://www.md-journal.com


Figure 2. Recurrence-free survival time after surgery: 204 patients who underwent lobectomy for stage Ia lung cancer. There was no significant covariate among
these seven covariates in the proportional hazards model. GGN=ground-glass-opacity nodule, GGO=ground-glass-opacity, PTD=preoperative tissue diagnosis.

Table 3

Comparisons of clinical and surgical outcomes in total 288 patients and in the 140 patients with GGN having GGO≥90%.

Total 288 patients With a preoperative tissue diagnosis (N=207) Without a preoperative tissue diagnosis (N=81) P
∗

Waiting time interval for surgery†

>14-days 182 (87.9%) 63 (77.8%) 0.030
>28-days 125 (60.4%) 42 (51.9%) 0.187

Hospital stay duration‡

>7-days 186 (89.9%) 46 (56.8%) <0.001
>14-days 65 (31.4%) 13 (16.0%) 0.008

Sublobar resection, N, % 15 (7.2%) 33 (40.7%) <0.001
Mean surgery time, minutes 155.0±52.9 136.9±60.2 0.019
Postoperative complications, N, % 15 (7.2%) 6 (7.4%) 0.962

140 Patients with GGN Having GGO≥90% With a preoperative tissue diagnosis (N=83) Without a preoperative tissue diagnosis (N=57) P-value
∗

Waiting time interval for surgery†

>14-days 76 (91.5%) 45 (78.9%) 0.044
>28-days 51 (61.4%) 31 (54.4%) 0.405

Hospital stay duration‡

>7-days 73 (88.0%) 31 (54.4%) <0.001
>14-days 26 (31.3%) 10 (17.5%) 0.067

Sublobar resection, N, % 8 (9.6%) 28 (49.1%) <0.001
Mean surgery time, minutes 154.6±50.3 129.7±62.6 0.014
Postoperative complications, N, % 6 (7.2%) 3 (5.2%) 0.641

GGN=ground-glass-opacity nodule, GGO=ground-glass-opacity.
∗
Comparison of clinical outcomes between patients with a preoperative tissue diagnosis and patients without a preoperative tissue diagnosis.

† The time interval between the 1st day the patient presented to the clinician and the day of surgery for resection of the lung nodule.
‡ The total length of the patient’s hospital stay for the preoperative work-up and surgery.

Choi et al. Medicine (2016) 95:34 Medicine
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benign and malignant diseases. However, in our study, we

[7] Shimizu K, Ikeda N, TsuboiM, et al. Percutaneous CT-guided fine needle

Figure 3. Recurrence-free survival time after surgery: 98 patients with GGN
having GGO≥90% who underwent lobectomy for stage Ia lung cancer
GGN=ground-glass-opacity nodule, GGO=ground-glass-opacity.

Choi et al. Medicine (2016) 95:34 www.md-journal.com
.

focused the perioperative clinical and surgical advantages of
surgical resection of persistent malignant-looking GGN without
a preoperative tissue diagnosis and included patients with
pathologically proven lung adenocarcinomas. Third, the CT
imaging techniques were heterogeneous, as our study cohort
included the study subjects over a period of 13 years. Although
current guideline emphasized that it is necessary to establish the
characteristics of GGNs using contiguous thin CT sections (1
mm),[28,34] all CT examinations could not follow this current
guideline due to the retrospective study design. In our study, there
was no critical limitation to characterize GGNs considering that
the mean size of GGNs was 20.2mm. Also, we included all CT
examinations as our study subjects without any selection loss.
In summary, we found that the No-PTD group did not have

any disadvantages in clinical outcomes, showing no different
recurrence-free survival from that of the PTD group. Also, No-
PTD group had perioperative clinical and surgical benefits, which
include reduction of waiting time interval for surgery, hospital
stay duration, and surgery time. Therefore, surgical resection of
persistent malignant-looking GGN without a preoperative tissue
diagnosis could provide many clinical and surgical advantages
perioperatively without the recurrence-free survival time short-
ening.
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