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Background: The accuracy of intraoperative pathological diagnosis of small-sized pulmonary nodules 
including ground-glass opacity (GGO) is important for the surgeon to choose a suitable surgical procedure. 
Diagnosis of the small-sized lesions of the lung by frozen section (FS) is very difficult for the pathologist 
because of limited FS technology. Here we tested an effective inflation treatment for FS to improve the 
diagnostic accuracy of small-sized lung lesions.
Methods: The lung specimens were derived from 113 patients who underwent the surgery at Shanghai 
Chest Hospital in 2018–2019. The specimens were randomly divided into two groups—uninflated or inflated 
with diluted embedding medium (Tissue-Tek OCT; Sakura Finetek-USA, CA). The qualities of the FSs were 
compared with that of corresponding permanent paraffin sections. The FS diagnoses were compared with 
the final pathologic diagnoses of corresponding permanent sections.
Results: Our results showed that the quality of FS of lung tissue was excellent after inflation with diluted 
embedding medium (1:1). The total consistency between diagnosis of inflated FS and final pathological 
diagnosis was 85.7%. In control group, however, the consistency was only 70.2%. When the lesions 
were less than 1cm, the consistency between diagnosis of inflated FS and final pathological diagnosis was 
90.3%, compared to 64.9% consistency in uninflated group (P=0.014, <0.05). When the lesions’ computed 
tomography (CT) measurement threshold ≤−350 HU, the consistency between diagnosis of inflated FS and 
final pathological diagnosis was 88% compared to 73.2% consistency in uninflated group (P=0.071, >0.05). 
Accuracy, sensitivity and specificity were observed about 90% for adenocarcinoma in situ (AIS), whereas it is 
drop to more than 80% for minimally invasive adenocarcinoma (MIA) in inflated FS. 
Conclusions: Inflation with diluted embedding medium (1:1) could make lung tissue expand well during 
FS. By using this method, small-sized lesions (especially less than 1 cm) could be correctly diagnosed to 
enable adequate surgical procedure, and evaluation of which can be easily based on the intraoperative 
pathological diagnosis. The small lesions especially AIS could be readily identified on FS. Therefore, this 
method improves the diagnostic accuracy of FSs for small-sized lung lesions, and has important practical 
consequences for further therapy.
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Introduction

Lung cancer has become the most common malignancy in 
the world (1), and it is one of the major causes for cancer 
death of women in Shanghai in these years. With recent 
advances in computed tomography (CT) techniques, such as 
thin-section CT scanning and low-dose CT screening, the 
detection rate of small-sized lesions increased (2). For stage 
I lung adenocarcinomas, surgical resection is the standard 
treatment for patients who can tolerate the procedure. 
However, the size of resection (i.e., sublobar vs. lobar 
resection) is a controversial issue (3). Patients with complete 
resection of adenocarcinoma in situ (AIS) and minimally 
invasive adenocarcinoma (MIA) have a low risk of recurrence 
(4-6). Sublobar resection is important for the patients with 
small sized lung adenocarcinoma. The type of resection is 
based on pathological diagnosis of frozen section which can 
be very demanding for small-sized lesions (7,8). 

To select the appropriate surgical protocol, accurate 
histological type is required before or during surgery, 
especially for patients with lung nodules with diameter 
<1 cm. Some research recategorized and compared the 
diagnostic accuracy of frozen-section and final-pathology 
according to the latest WHO 2015 classification of 
pulmonary adenocarcinoma. The overall consistency of 
diagnosis between frozen section and paraffin section was 
80%. The diagnostic error of frozen section mainly occurred 
in diagnosis of AIS and MIA. The average consistency in 
diagnosing AIS and MIA was only 64% (46–74%) (9-12). 

The most common FS error was overdiagnosis of MIA as 
invasive adenocarcinoma (IA) (11,12). Lepidic pattern was the 
most important issue that need to be identified on the frozen 
sections. Tendency diagnosis such as “favor AIS”, “favor MIA”, 
or “favor IA” were commonly used in practice. Non-standard 
diagnosis has hampered surgeons to choose appropriate 
surgical procedures, therefore, novel methods were needed to 
improve the diagnostic accuracy of FS. Our research aims to 
improve the diagnostic accuracy for small-sized lung lesions 
especially less than 1 cm by frozen sections. We described here 
a simple, easy and quick procedure that improves the quality of 
lung tumor specimens for frozen section. 

Methods

Patients and methods

Study subjects
One hundred and thirteen primary patients with small-
sized lung lesions, including 35 male and 78 female who 

had experienced video-associated thoracoscopic surgery 
(VATS) at Shanghai Chest hospital from 2018 to 2019, 
were enrolled. The inclusion criteria of cases were: (I) high 
resolution computed tomography (HRCT) showed pure 
ground-glass opacity (pGGO) and mixed GGO (mGGO), 
and the diameter of the lesions was 5–15 mm. (II) Patients 
were diagnosed as early stage lung adenocarcinoma 
intraoperatively. Reasons for exclusion were pathologically 
diagnosed preoperatively with family cancer history or 
missing consent for our studies. Information on smoking 
history was obtained by interview with informed consent. 
Tumor size was measured in fresh specimen. Clinical 
parameters of study subjects including age, gender, smoking 
status, tumor size and location, and surgical method of the 
patients are shown in Table 1. The Ethics Committee of the 
Shanghai Chest Hospital approved this study. Each resected 
specimen was carefully examined by the pathologist for any 
additional findings other than bullae or blebs. CT images 
and other clinical information are required in each case.

Improved frozen section technique

To evaluate the effect of embedding medium, we 
prepared serial dilutions of embedding medium with 
saline. We tried 3:2 and 2:1 dilution, but they were too 
sticky to penetrate into lung tissue. And 1:1 diluted 
embedding medium was suitable  for  penetrat ion 
by using 23-gauge needles through the pleura. We 
gently inflated the specimens from around the nodules 
and make the lung tissue swelled sufficiently (13).  
The range of inflated volume (1–2 mL) depended on the 
specimen. The lung specimens were randomly divided 
into two groups—group with uninflated sample and group 
inflated with embedding medium (1:1). One or two blocks 
of tumor tissue with the greatest diameter were sampled 
and two levels section for each block were examined. 
Each sample was embedded in Cryometrix and frozen at 
−20 ℃. Samples were cut into 5-μm-thick sections using 
Lecia-CM30505 cryostat, treated with 95% alcohol, and 
subsequently stained with hematoxylin-eosin.

Intraoperative and postoperative diagnosis

The tumors were diagnosed by pathologists immediately 
after removed from patients. The frozen section slides 
for all the cases were independently reviewed by three 
pathologists. The pathologists were required to determine 
each case as: AIS, MIA, or IA. The imprecise terms such 
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as “favor AIS”, “favor MIA”, and “favor IA” were not 
used in this study. After FS diagnosis, the specimens 
were immersed in the 10% neutral buffered formalin and 
embedded in paraffin. All the frozen section diagnosis was 
compared with final pathologic diagnoses of corresponding 
permanent paraffin sections. The pathological diagnoses 
were made according to the 2015 WHO classification for 

lung adenocarcinoma. All the pathological sections were 
independently re-evaluated by three senior pathologists (14). 

Statistical analysis 

We used Pearson’s χ2 test to compare frequencies for 
categorical variables. Logistic regression was analyzed for 

Table 1 Clinicopathologic characteristics of the derivation cohort

Characteristics

Final pathology

Total (n=113) AIS (n=41) MIA (n=46) IA (n=26)
P value

Inflated Control Inflated Control Inflated Control Inflated Control

Age, years (mean ± SD) 52.3±12.5 52.7±11.8 – – – – – –

≤60 37 42 20 9 12 22 4 10 0.861 

>60 19 15 9 3 4 8 7 5

Sex

Female 39 39 17 6 13 22 9 11 0.888 

Male 17 18 12 6 3 8 2 4

Smoking

Yes 2 2 2 1 0 1 0 0 1.000 

No 54 55 27 11 16 29 11 15

Surgical types

Wedge resection 26 15 19 5 5 9 2 1 0.004*

Segmentectomy 21 17 9 2 8 11 4 4

Wedge plus lobectomy 9 25 1 5 3 10 5 10

Tumor diameter, cm (mean ± SD) 9.45±2.83 10.28±2.59 – – – – – –

≤0.8 27 17 19 6 7 10 1 1 0.107

0.9–1.4 24 33 10 4 5 19 9 10

>1.4 5 7 0 2 4 1 1 4

CT measurement threshold

≤−350 HU 50 41 27 11 16 24 7 6 0.020*

>−350 HU 6 16 2 1 0 6 4 9

Tumor location

RUL 19 22 11 3 4 11 4 8 0.110 

RML 4 7 1 3 2 3 1 1

RLL 4 11 1 2 2 5 1 4

LUL 19 12 10 2 6 8 3 2

LLL 10 5 6 2 2 3 2 0

AIS, adenocarcinoma in situ; MIA, minimally invasive adenocarcinoma; IA, invasive adenocarcinoma; SD, standard deviation; RUL, right 
upper lobe; RML, right middle lobe; RLL, right lower lobe; LUL, left upper lobe; LLL, left lower lobe.
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predictive factors. SPSS software (version 13.0., SPSS, 
Inc., Chicago, IL, USA) was used for all statistical analyses. 
For all tests, P<0.05 indicated a statistically significant 
difference.  

Results

Clinicopathological features and follow-up

The research subject with a male: female ratio 1:2.23 
includes 78 females (69.0%) and 35 males (31.0%). The 
youngest patient was 22 years old and the oldest patient 
was 74 years old. The median age was 52.5 years (Table 1).  
All patients in our study had stage I disease, and were 
followed up from the day of the lung resection. The follow-
up frequency was every 6 months for 3 years, and then once 
per year for subsequent years.

Histology  

The appearance of embedding medium-inflated lung 
tissue was different from that of uninflated lung tissue on 
frozen section. In the intraoperative frozen sections, cubic 
or spike-like tumor cells were observed along the alveolar 
wall. As collapsed alveoli was involved in the hyperplastic 
interfibrillar substance, so infiltration of tumor cell is 
difficult to be determined. The representative data in the 

study were shown in Figure 1. Infusion with 1:1 diluted 
medium reduced leakage and made specimen expand more 
completely than the other group. The alveolar walls were 
straightened, and finer details such as alveolar fenestrations 
became readily apparent in this group.  

Consistency of diagnoses from frozen and paraffin-
embedded sections

The comparison of diagnosis between frozen section and 
paraffin-embedded section were showed in Table 2. The 
consistency between the total diagnosis of inflated frozen 
section and final pathological diagnosis was 85.7% (48/56) 
whereas it was only 70.2% (40/57, P=0.047, <0.05) in 
control group. Then, we subdivided the cases into three 
groups according to pathological types. When the final 
pathological diagnosis was AIS, we could see the consistency 
was 92.9% (26/28) in inflated frozen section compared 
to only 50.0% (12/24) of consistency in control group 
(P=0.001, <0.05). When the diagnoses were MIA and IA, no 
significant difference was observed between the two groups. 

When the lesions were less than 1 cm in diameter, the 
consistency between diagnosis of inflated frozen section 
and final pathological diagnosis was 90.3% (28/31), while 
consistency for uninflated group was reduced significantly 
to only 64.9% (24/37, P=0.014, <0.05) (Table 3). 
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Figure 1 The frozen section, H&E and CT of the two groups in this study. Original magnifications: left 40×; right 100×. (A) Frozen section 
of AIS when inflated with diluted embedding medium. Final pathology (B, H&E) and CT (C) in this case. (D) Frozen section of MIA 
when inflated with diluted embedding medium. Final pathology (E, H&E) and CT (F) in this case. (G) Frozen section of IA when inflated 
with diluted embedding medium. Final pathology (B, H&E) and CT (C) in this case. (J) Frozen section of AIS in the control group. Final 
pathology (K, H&E) and CT (L) in this case. (M) Frozen section of MIA in the control group. Final pathology (N, H&E) and CT (O) in 
this case. (P) Frozen section of IA in the control group. Final pathology (Q, H&E) and CT (R) in this case. CT, computed tomography; AIS, 
adenocarcinoma in situ; MIA, minimally invasive adenocarcinoma; IA, invasive adenocarcinoma.
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When the lesions’ CT measurement threshold (15) 
≤−350 HU, the consistency between diagnosis of inflated 
frozen section and final pathological diagnosis was 88.0% 
(44/50), however, consistency for uninflated group was only 
slightly reduced to 73.2% (30/41, P=0.071, >0.05) (Table 4)  

Diagnostic performance of frozen section in two groups 
was shown in Table 5. Accuracy, sensitivity and specificity 
for AIS in inflated frozen section were about 90%, whereas 
it is more than 80% for MIA in inflated frozen section. All 
the whole indicators were higher in inflated frozen section 
than in the control group.

Discussion

Limited surgical resection has been proposed as a treatment 
for early-stage lung adenocarcinoma (16,17). Identification 
of patients can be served by sublobectomy depends on 
the intraoperative pathological diagnosis. As precise final 
pathological diagnosis has no reference value to the size of 
resection, the accuracy of frozen section diagnosis is more 
important than ever been thought. With recent advances 
in thin-section CT screening, detection rate of small-
sized, especially 5–15 mm nodules increased. However, 
some researchers reported that the average concordance 

Table 2 Comparison of frozen section and final pathology

Group
Consistency, % (conformed/cases) 

AIS MIA IA Total

Inflate 92.9 (26/28) 66.7 (14/21) 100.0 (7/7) 85.7 (48/56)

Control 50.0 (12/24) 76.2 (16/21) 100.0 (12/12) 70.2 (40/57)

P value 0.001* 0.495 1.000 0.047*

*, P<0.05. AIS, adenocarcinoma in situ; MIA, minimally invasive adenocarcinoma; IA, invasive adenocarcinoma.

Table 5 Diagnostic performance of frozen section in two groups

Category
Accuracy, % Sensitivity, % Specificity, % PPV, % NPV, %

Inflated Control Inflated Control Inflated Control Inflated Control Inflated Control

Adenocarcinoma in situ (AIS) 91.10 78.00 89.66 90.00 92.59 65.96 92.90 36.00 89.50 96.90 

Minimally invasive 
adenocarcinoma (MIA)

85.00 66.90 87.50 51.72 82.50 82.14 66.70 75.00 94.50 62.20 

Invasive adenocarcinoma (IA) 81.80 90.00 63.64 80.00 100.00 100.00 100.00 100.00 91.80 93.30 

PPV, positive predictive value, NPV, negative predictive value.

Table 3 Comparison of frozen section and final pathology in lesions (less than 1 cm)

Group Cases Conformed number Consistency % P value

Inflated 31 28 90.3 0.014*

Control 37 24 64.9

*, P<0.05.

Table 4 Comparison of frozen section and final pathology in lesions (CT ≤−350 HU)

Group Cases Conformed number Consistency % P value

Inflated 50 44 88.0 0.071

Control 41 30 73.2

CT, computed tomography.
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rate of AIS and MIA based on frozen section was only 64%  
(46–74%) (9-12). Intraoperative pathological diagnosis of 
small-sized lung lesions based on frozen section is dilemmas 
for pathologists. The main causes for the discrepancy 
between frozen diagnoses and permanent section diagnoses 
are sampling error, interpretation error and suboptimal 
frozen section quality (18). Moreover, it is difficult to 
identify local alveolar wall collapse in AIS and MIA, and to 
differentiate invasive components from scar or solid area. 

The quality of the frozen section is very important for 
improving the accuracy of diagnosis of AIS, MIA and lepidic 
predominant IA on frozen section (19). Here, we reported 
our experience for improving the accuracy of diagnosis on 
small-sized lesions in the lung through modifications on 
inflation during frozen section. The diagnostic concordance 
rate was significantly improved by our effective inflation 
treatment. Uninflated lung tissue showed marked artificial 
atelectasis that mimic hypercellularity such as interstitial 
cellular infiltration. In contrast, the lung tissue inflated 
with 1:1 diluted embedding medium showed a much 
more expanded lung structure as compared to uninflated 
or saline infused tissue. We used 1:1 diluted embedding 
medium for penetrating into the lung tissue with 23-gauge 
needles through the pleura, as 3:2 and 2:1 diluted media 
were too sticky to penetrate into lung tissue. In order 
to prevent the stratification of the solutions, we inflated 
the tissue immediately after preparation of the solutions. 
In this study, we evaluated the concordance of frozen 
section diagnosis and final pathology diagnosis between 
different pretreatment groups. After inflating with diluted 
embedding medium, the concordance rate of frozen section 
and final pathology improved to 85.7% from the 70.2% 
in control group. The concordance rate in our results was 
slightly lower than previously reported. The reason was 
that we didn’t use the ambigious diagnosis such as “favor 
AIS”, “favor MIA”, or “favor IA” in our study. But in other 
studies, these terms were always involved in calculating 
concordance rates.

It is of great clinical significance to distinguish between AIS 
and MIA by frozen-section, because it was particularly useful 
for surgeons to decide the extent of surgical resection (20).  
The difficulty in precise frozen section diagnosis was 
accurate interpretation of MIA. Overdiagnosis of MIA 
leads to IA, while neglecting of the invasive component 
leads to AIS. When the noduls were larger than 15 mm, the 
possibility of IA was high. When the nodulas were smaller 
than 5 mm, they were often unsuitable for intraoperative 
diagnosis. So, we focused on patients with lung nodules 

with diameter 5–15 mm. The conformance rate of diagnosis 
on tissue sample inflated with diluted embedding medium 
was 90.3% compared to only 64.9% in uninflated group. In 
the inflated group, the error mainly occurred in MIA. But 
in the control group, the error mainly occurred in both AIS 
and MIA. When the lesions’ diameter <1 cm, the difference 
in sample quality between the two groups was very obvious. 
According to 2015 WHO classification, diagnosis of MIA 
mainly focuses on the size of invasion. In frozen section 
slides, alveolar spaces were frequently collapsed, which 
could make evaluation of invasion quite problematic. And 
also, measurement of invasive size can be influenced by 
fibrosis and scar in adjacent tissue. Additionally, only one 
FS slice of small-sized lesion was taken for pathological 
diagnosis from regions that might not be representative of 
the tumor’s pathology; therefore, the invasion status of the 
whole tumor would be misdiagnosed on the basis of one 
slide, especially for small-sized lesions. In this study, we 
improved the quality of lung tumor specimens prepared 
for frozen section. Embedding medium-inflated lung tissue 
was demonstrated to be more expanded than uninflated 
lung tissue. As “false infiltration” in inflated frozen section 
was not observed, the small-sized lesions could be readily 
identified in AIS. But in MIA, accurate measurement 
for invasive size is needed, because of existence of many 
influencing factors (21). Hence, the diagnosis for MIA was 
more difficult, which may explain lower accuracy of FS and 
FP in MIA than in AIS and IA in this study. 

We also analyzed the concordance rate between the 
inflated and uninflated groups when the lesions’ CT 
measurement threshold ≤−350 HU. The concordance 
rate of sample inflated with diluted embedding medium 
was 88%, much higher than the control group (73.2%). 
Hence it was helpful to read the CT image before sampling 
for accurate frozen section diagnosis, especially when the 
lesions’ CT measurement threshold ≤−350 HU. It was 
reported that there was a significant correlation between 
the GGO lesion and brochioalveolar cell carcinoma in 
pulmonary small adenocarcinoma (22,23). Our results 
suggested that diluted embedding medium could improve 
the quality of frozen section and increase the accuracy of 
pathological diagnosis. 

Conclusions

In conclusion, our study showed that inflation with diluted 
embedding medium (1:1) could make lung tissue expand 
well during frozen section. By employing this method, 
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correct diagnosis for small-sized lesions (especially less 
than 1cm) could be achieved to provide surgeon with more 
information to evaluate the surgical procedures. The small-
sized lesions especially AIS could be readily identified on 
frozen section. Although the case numbers were limited to 
draw a definitive conclusion, this method provided a new 
choice for improving the diagnostic accuracy of frozen 
sections for small-sized lung lesions.
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