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Abstract

Introduction
Lung carcinoma is the most common cancer with 2.1 million (11.6%) newly diagnosed cases in 2018. 
Over the years, many cytotechniques have been developed but their combination with histology is 
still an area of controversy. Imprint and crush cytology are considered simple, rapid and cost effective 
for a low resource setting in the early diagnosis and management of lung cancer. Here, we aimed to 
assess the diagnostic accuracy of imprint and crush cytology and compare them with histopathology. 
Method
A prospective study was conducted from May 2017 to April 2018 at the Pulmonary medicine unit 
and Department of Pathology at National Academy of Medical Sciences (NAMS), Bir Hospital. A total 
of 53 patients were enrolled in the study who showed visible mass on bronchoscopy. Three to five 
bits of tissue were obtained, imprint and crush smear were prepared from them and the tissue were 
then sent for histopathological examination. The level of significance selected was p < 0.005.
Results
The most common age group affected was 60-69 years. 91% cases were smokers, with a male 
predominance. The most common location of endobronchial growth was left upper lobe. 43 cases 
were malignant in biopsy.  The sensitivity, specificity, accuracy and positive predictive value of 
imprint cytology was 71.05%, 87.50%, 73.91% and 96.43% respectively while that for crush cytology 
was 74.36%, 75%, 74.47% and 93.55% respectively. The diagnostic yield of imprint, crush smear and 
forceps biopsy were 52.8%, 58.4% and 81.1% respectively. Squamous cell carcinoma was the most 
common carcinoma in this study.
Conclusion
Imprint and crush cytology yield additional information that can be complementary to endobronchial 
biopsy. They are convenient, do not burden the patients and thus can be carried out wherever 
possible during bronchoscopy.
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Introduction
Lung carcinoma is currently the most common 
cancer in the world. According to the Global 
Initiative for Cancer registry Development 
(GLOBOCAN) in 2018, 2.1 million new cases 
(11.6%) were of lung carcinoma. It is also the most 

common cancer occurring in men worldwide 
and most of the cases are seen in emerging 
economies of the world.1 About 80% of the cases 
occur in smokers, either active or passive. Other 
risk factors are industrial exposure to harmful 
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chemicals, environmental smoke exposure, air 
pollution and molecular genetics.2

The earliest study on rapid diagnosis and 
microscopy of tumors can be traced back to 
Dudgeon and Patrick.3 Since the advent of 
fiberoptic bronchoscopy in 1968, cytological 
diagnosis of lung cancer has advanced from 
sputum cytology to bronchial aspirate, bronchial 
wash, bronchial brush and Transbronchial needle 
aspiration (TBNA). In some settings, other 
additional procedures like imprint and crush 
cytology are also used as an adjunct for diagnosis 
of lung cancers.4

Though there are various techniques for rapid 
diagnosis of lung carcinoma, each of them 
have their own advantages and limitation. Even 
the sensitivity of forceps biopsy is dependent 
on location as well as the morphology of the 
tumor. Thus it is a standard practice nowadays to 
combine different cytological procedures during 
bronchoscopic sampling to achieve a higher yield 
whenever possible.5 Crush cytology which has 
been commonly practiced for CNS tumors6 can 
also be applied for endobronchial growth biopsy 
as a rapid diagnostic method. The pickup rate is 
considered good and in one study was found to 
be even better than that for biopsy.7

This study aimed to compare the cytological 
methods (Imprint and crush smear) and 
endobronchial forceps biopsy in the diagnosis of 
malignant endobronchial lesions. It also includes 
their correlation and comparison.
Methods
A prospective study was conducted from May 
2017 to April 2018 at the Pulmonary medicine 
unit, Department of Internal Medicine and 
Department of Pathology at National Academy 
of Medical Sciences (NAMS), Bir Hospital. After 
approval from the Institutional Review Board 
(IRB), NAMS, the patients who were suspected 
to have bronchogenic carcinoma on clinico-
radiological basis and underwent bronchoscopic 
biopsy for diagnosis were enrolled in the study. 
Patients who refuse to take part in the study, 
age less than 15 years, lesions that were clinico-
radiologically inconsistent with diagnosis of 
malignancy and patients with contraindication to 
bronchoscopy were excluded.

After history and clinical examination, Complete 
blood count (CBC), Prothrombin time (PT), 
X-ray, Computed tomography (CT) scan, sputum 
smear for AFB and cytology were performed. 
Relevant history, radiological findings and other 
investigations were recorded in the proforma 
developed for the study. Well informed written 
consent was obtained and the procedure for 
bronchoscopy was explained to the patient. The 
procedure was carried out and supervised by chest 
physician as an elective procedure. Bronchoscopy 
was done with flexible bronchoscope (Olympus 
BF 119) of diameter (5.1 mm). After examining 
the healthy side, the bronchoscope was then 
passed to the diseased side. 

Three to five bits of tissue were obtained 
and imprint and crush smear were prepared 
from them and the tissue were then sent for 
histopathological examination. Imprint smears 
were prepared from the tissues by rolling the 
tissue in a glass slide by help of tweezers. Crush 
smear were prepared from at least one biopsy 
sample wherein the tissue fragment was taken 
on a clean glass slide and spread using another 
glass slide. The biopsies were then collected in a 
container with 10% formalin. Wet smears were 
fixed in 100% methanol and were later stained 
by Papanicolau (Pap) method whereas the air-
dried smears were stained with Giemsa stain. 
Additional procedures like bronchial washings, 
brush cytology, TBNA, Endobronchial ultrasound 
(EBUS) and transbronchial biopsy were also 
performed as per need.
Both histology and cytology was reported by two 
different pathologist who were blinded to each 
other’s results and the results was subsequently 
analyzed. The imprint and crush smears were 
reported as negative, suspicious or positive for 
malignancy and when positive for malignancy 
was reported, subtyping was done as much as 
possible. The histopathology was taken as the 
diagnostic reference and classification of the 
tumor was done according to 2015 World Health 
Organization (WHO) classification of lung tumor. 
For data analysis, SPSS and Excel program were 
used.  Chi-square test and Fischer exact test was 
done for comparing the categorical data.  P value 
< 0.005 was considered statististically significant. 
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Interpretaion of Kappa coefficient: 
Kappa <0: less than chance agreement, 0.01-
0.20: slight agreement, 0.21-0.40: fair agreement, 
0.41-0.60: Moderate agreement, 0.61-0.80: 
Substantial agreement, 0.81-0.99: Almost perfect 
agreement.8

Results
A total of 53 patients were enrolled in the study. 
The age ranged from 40 to 84 years with a mean 
age of 62.6 years. Maximum number of lung 
cancer cases were in the age group of 60-69 years. 
Most of the cases were males (67.4%) with a male 
to female ratio of 2:1. 85% of cases were cigarette 
smokers and among those that were positive for 
malignancy,  39 cases (91%) were smokers and 4 
cases (9%) were non smokers. Involvement of left 
lung was more compared to right lung, with most 
common location being left upper lobe (30.2%) 
followed by right upper lobe (26.4%).

There were 52.8% positive cases and 13.2% 
suspicious cases in imprint cytology, 58.5% 
positive and 9.4% suspicious cases in crush 
cytology and 81.1% positive and 1.9% suspicious 
cases in forceps biopsy. Biopsy had the maximun 
number of positive cases (43 out of 53 cases) as 
compared to other modalities. Squamous cell 
carcinoma was the most common malignancy  
followed by adenocarcinoma among imprint 
and forceps biopsy whereas adenocarcinoma 
was the most common malignancy detected in 
crush cytology. Squamous cell carcinoma was 
the most common tumor among the smokers 
(48.7%) whereas adenocarcinoma (100%) was 
the only tumor found in non-smokers (Table 1) 
(Photomicrograph 1, 2 and 3)

Tables 1: Association of cigarette smoking with 
type of cancer

Diagnosis Smoking  Total 
Yes (No/ %) No (No. / %)

Squamous cell Ca 19 (48.7%) 0 19 
Adenocarcinoma 12(30.7%) 4(100%) 16
Small cell Ca 8(20.5%) 0 8
Total 39 (90.7%) 4 (9.3%) 43(100%)

Photomicrograph 1. Crush cytology (x400)
Cytological features of Squamous cell carcinoma 
displaying scattered atypical squamous cells with 
irregularly keratinized cytoplasm, hyperchromatic 
chromatin in a necrotic background. (Giemsa)

 
Photomicrograph 2. Imprint cytology (x400)
Cytological features of adenocarcinoma showing 
loose aggregates of atypical cells with moderate 
amount of cytoplasm and moderate to marked 
nuclear pleomorphism. (Pap)

Photomicrograph 3. Imprint cytology. (x400)
Cytological features of small cell carcinoma 
showing cluster of small cells with scanty        
cytoplasm, nuclear molding and stippled 
chromatin. (Giemsa)
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Photomicrograph 4. Forceps Biopsy (x100)
Histological features of Squamous cell carcinoma 
showing stromal invasion by atypical squamoid 
cells in cords and diffuse pattern. The cells are 
pleomorphic with hyperchromatic nuclei and 
abundant eosinophilic cytoplasm. (H & E)

The sensitivity, specificity, accuracy and positive 
predictive value of imprint cytology was 71.05%, 
87.50%, 73.91% and 96.43% respectively (Table 
2) while that for crush cytology was 74.36%, 
75%, 74.47% and 93.55% respectively (Table 3). 
The diagnostic yield of imprint, crush smear and 
forceps biopsy were 52.8%, 58.4% and 81.1% 
respectively.

Table 2: Statistical analysis of Imprint cytology
Imprint Diagnosis on biopsy

Positive Negative Total
Positive 27 1 28
Negative 11 7 18

Total 38 8 46

Table 3: Statistical analysis of Crush cytology

Crush cytology Diagnosis on biopsy
Positive Negative Total

Positive 29 2 31
Negative 10 6 16
Total 39 8 47

96.4%  and 93.5% cases diagnosed positive by 
imprint and crush were diagnosed so by biopsy 
respectively whereas 61.1% and 58.8% cases 
diagnosed negative by imprint and crush was 
diagnosed as positive by biopsy respectively. 
One case diagnosed as positive by imprint was 
diagnosed as negative in biopsy. The agreement 

between the imprint and crush smears and 
biopsy was fair and statistically insignificant (Table 
4). For imprint smears, the accuracy of tumor 
typing was 100% for squamous cell carcinoma, 
adenocarcinoma and small cell carcinoma and 
thus the agreement of tumor typing with biopsy 
was substantial and statistically significant (Table 
5). The accuracy of tumor typing was 100% for 
small cell carcinoma, 92.9% for adenocarcinoma 
and 91.7% for squamous cell carcinoma in crush 
smears and the agreement of tumor typing with 
biopsy was moderate and statistically significant.

Table 4: Statistical analysis of Imprint cytology 
and bronchial biopsy

Forceps biopsy 
Imprint 
cytology 

Negative Positive Suspicious Total 

Negative 7 (38.9%) 11(61.1%) 0 18
Positive 1(3.6%) 27(96.4%) 0 28
Suspicious 1(14.3%) 5(71.4%) 1(14.3%) 7
Total 9 43 1 53

Kappa test, k value: 0.336  and p: 0.103 

Table 5: Statistical analysis of Crush cytology and 
bronchial biopsy
Forceps biopsy 
Crush cytology Negative Positive Suspicious Total 
Negative 6 (35.3%) 10 (58.8%) 1(35.3%) 17
Positive 2(6.5%) 29 (93.5%) 0 31
Suspicious 1 4(80%) 0 5
Total 9 43 1 53

Kappa: 0.276 ,  p value:0.107

Discussion
Lung carcinoma is one of the leading cause of 
cancer related death in industrialized countries. 
Its etiology is not just limited to smoking, but 
is multifactorial.9 With the advent of specific 
chemotherapy and several targetable molecular 
alterations, classifying the tumor as simply 
Non- small cell lung cancer (NSCLC) is no longer 
recommended.10

Among the 53 patients enrolled, 43 cases were 
found to be malignant by forceps biopsy alone. 
Maximum number of lung cancer cases were in 
the age group of 60-69 years which was similar to a 
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study done by Koul et al.11 and Siang et al.12  Males 
(67.4%) were predominantly affected, with a male 
to female ratio of 2:1. This result is similar to the 
finding mentioned in Spencer’s pathology, where 
the gender distribution for lung cancer is 68% in 
males and 32% in females.13 However, this result 
is in contrast to the findings mentioned in WHO 
classification of lung tumors which states that the 
male to female incidence ratio for lung cancer 
overall decreased from 2.8 to 1.5.14 The possible 
explanation can be linked to variation (20-fold) in 
lung cancer rates by region1 along with historical 
patterns of cigarette smoking prevalence that has 
largely affected the distribution of lung cancer.15

In our study, 85% of the enrolled patients were 
smokers, with a male predominance. In a study by 
Bhat et al., 81.5% cases were smokers4 and Bodh 
et al. also found 88.24% males and 50% females 
were active smokers in their study.16

Our study had squamous cell carcinoma as 
the most common carcinoma in smokers 
(Photomicrograph 4) whereas adenocarcinoma 
was the only subtype found in non smokers. 
In the study by Pradhan et al., squamous cell 
carcinoma was the most common type (63.64%) 
followed by adenocarcinoma (29.09%) and small 
cell carcinoma (7.27%), which is similar to our 
study.17 However, in the study by Agrawal et al., 
adenocarcinoma was the most common type 
(29.26%).18

In our study, involvement of left lung was more 
compared to right lung, with most common 
location being left upper lobe (30.2%) followed by 
right upper lobe (26.4%). This finding was similar 
to the results from Surveillance, Epidemiology 
and End Results Program (SEER) study where 
lung cancer was predominant in upper lobes for 
all age groups, sex and race. However, they also 
noted a predominance of right sided lung cancer 
compared to left, which is in contrast to our 
study.19 Siang et al. also found a predominance of 
primary lung tumors in the upper lobes (47.5%).12 

Though the studies are ongoing, the hypothesis 
behind upper lobe predilection in smokers has 
been linked to increased exposure to smoke 
and that the carcinogens may persist longer due 
to lesser ventilation, lymphatic clearance and 
delivery of protective substances when compared 
to lower lobe. Also, the anatomic, physiologic and 

functional differences between the upper and 
lower lobes may be responsible.20

In this study, the sensitivity, specificity, accuracy 
and positive predictive value of imprint cytology 
was 71.05%, 87.50%, 73.91% and 96.43% 
respectively with a diagnostic yield of 52.8%. 
This was the least sensitive procedure among 
all the three procedure. Though the agreement 
regarding the diagnosis between imprint and 
biopsy was fair, there was a substantial agreement 
regarding tumor typing. In the study by Bhat et 
al., imprint smears showed better positive yield 
with sensitivity, specificity, positive predictive 
value and negative predictive value of 83.6%, 
100%, 100% and 79.4% respectively.4 In the study 
by Paulose et al., they found a 100% accuracy of 
tumor typing in imprint smear, which is similar to 
our study.21 

The study showed sensitivity, specificity, 
accuracy and positive predictive value of crush 
cytology was 74.36%, 75%, 74.47% and 93.55% 
respectively with a 58.4% diagnostic yield. The 
agreement for diagnosis between crush cytology 
and histopathology was fair but regarding the 
tumor typing, it had moderate agreement and 
was statistically significant.
In a study by Nayanar et al. squash cytology 
alone was positive alone in 18 cases among the 
100 patients who underwent bronchoscopy. 
The agreement between squash cytology and 
histology regarding the subtype was 100% 
for small cell carcinoma and adenocarcinoma 
whereas it was 88% for squamous cell carcinoma, 
which is quite similar to our study.7 The results of 
our study is in contrary to the study by Bhat et 
al., in which the crush cytology had a sensitivity, 
specificity, positive predictive value and negative 
predictive value of 81.6%, 100%, 100% and 77.5% 
respectively.4

In our study, bronchial biopsy was taken as the 
gold standard and had the maximum number of 
positive cases (43 out of 53). 81.1% cases were 
diagnosed as positive. 19 cases were typed as 
squamous cell carcinoma, 16 cases as adeno 
carcinoma and 8 cases as small cell carcinoma. It 
is similar to the findings of Ghazarian et al. with 
a diagnostic yield of 81.1% in bronchial biopsy 
of macroscopically visible tumors.22 In contrary, 
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adenocarcinoma was the most common subtype 
(51.1%) in endobronchial biopsy, in the study by 
Pujari et al.23

Although according to WHO, adenocarcinoma is 
said to be on rise and is even considered as more 
common than squamous cell carcinoma in many 
of the countries14, our study revealed squamous 
cell carcinoma as the most common subtype. The 
reason for this result in our study can be due to 
the presence of endobronchial tumors that are 
more commonly central tumors, the prototype of 
it being squamous cell carcinoma, as compared 
to adenocarcinoma which is commonly located at 
the periphery.24

In a study by Wong et al., they demonstrated 
a variation in diagnostic yield according to 
the visibility of the lesion with 98.1% for 
endoscopically visible lesion to 61.5% for 
endoscopically not visible lesion. The reported 
diagnostic yield from bronchoscopy varies and 
the optimal combination of sampling techniques 
has not been established.25

The likely reason of low sensitivity and yield for 
imprint and crush cytology in our study can be 
linked to a number of factors like scant tumor 
cellularity, extensive necrosis and fibrosis of the 
biopsy specimen, poor smear quality, error in 
fixation, drying artifact, preparation technique 
and processing of collected samples. Another 
reason for reduced yield may be sampling of 
necrotic tissue and normal bits of tissue, small 
size of the biopsy specimen which may fail to 
provide adequate cellularity.4262728 29

But it is still recommended to use imprint and 
crush smear whenever possible as it is cost 
effective and the speed of this examination and 
reporting makes it worth performing. Advantage 
like rapidity of preparation and preservation of 
cellular details also adds to its usefulness. It does 
not require any additional effort or equipment 
and may add to the diagnostic yield. But still 
histology is needed for assessing grade, invasion 
and typing. Doing the two procedures together 
can be termed as complimentary.29 30 We had a 
good results regarding the tumor typing, so it can 
be used in conjunction with histopathology to 
identify the type of malignancy. 

Since biopsy as a standalone procedure may not 
be able to clinch a diagnosis in each and every 
case, it can be used in combination with any of 
the aforementioned cytological procedures, 
depending on the situation and tumor 
characteristics. Still, we can consider biopsy to be 
the gold standard as it is an invaluable procedure 
since it offers tissue for IHC, which is very much 
needed in this era of targeted therapy.31

Conclusion
We had good agreement regarding the tumor 
typing between the two cytology procedures 
with histology. Both the procedures are simple 
and inexpensive methods and can be prepared 
rapidly and if processed with precision and can 
result in good morphological evaluation. Though 
crush cytology has an additional disadvantage 
of tissue being used up during the procedure, 
imprint cytology has the additional benefit of 
preventing tissue loss and can be performed even 
if we are faced with less number of biopsies. So 
with precaution to remove the limiting factors, we 
can use these procedures whenever possible as 
they may help in providing additional and faster 
information regarding the diagnosis.
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