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Abstract

Background: Fiberoptic bronchoscopy and medical thoracoscopy are basic interventional modalities for the
diagnosis of a wide variety of pleuropulmonary diseases. In some cases, we need fast and accurate results for
decision-making. We aimed to evaluate the diagnostic accuracy of imprint cytology and its added value to the
pulmonologist.

Results: Multiple biopsies were taken from 54 patients included 31 patients with lung masses subjected to
fiberoptic bronchoscopy and 23 patients with undiagnosed exudative pleural effusion subjected to medical
thoracoscopy. Imprint cytology was done to all biopsies which are later examined histopathologically. Regarding
fiberoptic bronchoscopy biopsies, the sensitivity, specificity, positive predictive value (PPV), negative predictive value
(NPV), and accuracy of imprint cytology were 93.33, 100, 100, 33.33, and 93.55%, respectively. While in medical
thoracoscopy biopsies, the sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and
accuracy of imprint cytology were 94.74, 100, 100, 80, and 95.65%, respectively.

Conclusion: Imprint cytology is an easy, rapid, and reliable method that has a high sensitivity and specificity in the
diagnosis of lung and pleural malignancies compared with histopathology.
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Background
In order to evaluate the wide variety of pulmonary and
pleural diseases, we can use different endoscopic modal-
ities as fiberoptic bronchoscopy and medical thoraco-
scopy which can provide us with valuable specimens for
accurate diagnosis.
Different bronchoscopic techniques are used for the

diagnosis of lung cancer such as histological examination
of specimens obtained by bronchial biopsies biopsy and
cytological examination procedures such as bronchial
washing, brushing, and needle aspiration. Some combi-
nations of these techniques have been reported to in-
crease the diagnostic sensitivity for lung cancer
compared with that of bronchial biopsy alone [1]. Al-
though the diagnostic yield of endobronchialy visible le-
sions is greater than 90%, the yield of solitary lung

lesions without endobronchial abnormalities varies from
18 to 75% [2]. Fiberoptic bronchoscopy when combined
with cytology enhances the sensitivity significantly to
88% [3–5].
Pleural disease affects more than 300 people per 100,

000 of the population every year, and the patients suffer-
ing from pleural malignancy are often present by pleural
effusion [6]. The need for the usage of medical thoraco-
scopy (MT) by pulmonologists is increasing for diagnos-
tic and therapeutic purposes. MT allows direct
visualization of the pleura and subsequent biopsy of
visually abnormal areas, providing a high diagnostic yield
[7]. In malignant pleural effusion, MT provides the op-
tion to pleurodese at the time of biopsy via talc poud-
rage in order to reduce the risk of recurrence.
Histopathological results of pleural biopsies are not
available at the time of the procedure, and therefore, in
order to perform talc poudrage, the physician needs high
clinical confidence of a malignant diagnosis [8].
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Imprint cytology is a great step in rapid tissue diagno-
sis. Besides its speed and technical simplicity, it provides
excellent cellular details. A technique for examination of
imprints of fresh specimens was first described by Dudg-
eon and Patrick (1927) [9]. Imprint cytology identifies le-
sions whether it is malignant or not while the patient is
still under anesthesia and with these results, the inter-
ventional plans can be modified [10]. It provides valu-
able information on morphological details of the cell
with an immediate result with minimal artifacts, it is
cheaper, and so it is most commonly used [11].
The aim of this work was to evaluate to the sensitivity

and specificity of imprint cytology of bronchial and
pleural biopsies in diagnosing lung and pleural lesions,
using histopathological results as a gold standard for
diagnosis.

Methods
This prospective cross-sectional observational study
was enrolled in Chest Department, Tanta University
Hospitals, and Tanta International Teaching Hospital
on 54 patients; their age ranges from 34 to 74 years
during the period between November 2017 to No-
vember 2019. The Ethical Committee of Faculty of
Medicine, Tanta University, was approved the re-
search protocol and written informed consents were
obtained from all subjects.
The 54 patients were classified into two groups: the

bronchoscopic group included 31 patients aged more than
18 years who were subjected to fiberoptic bronchoscopy
after clinical and radiological suspicion of bronchogenic
carcinoma by both clinical and radiological findings. Pa-
tients with uncorrectable coagulopathy, who had oxygen
saturation < 90% or severe underlying cardiac disorder
(unstable angina pectoris, myocardial infarction in the past

month, decompensated heart failure, or untreatable
arrhythmia), were excluded [12].
The thoracoscopic group included 23 patients with

undiagnosed exudative pleural effusion (according to
Light’s criteria [13] after cytological, chemical, and bac-
teriological examination of pleural fluid) subjected to
medical thoracoscopy. Patients with cardiovascular in-
stability, PaO2 less than 60 mmHg or PaCO2 more than
50mmHg contralateral pneumonectomy, severe chronic
obstructive pulmonary disease (FEV1 < 1 L or < 35%
predicted), pyogenic cutaneous lesion, or extensive
pleural adhesions were excluded [14].

Table 1 Demographic, clinical, and radiological characteristics
of the studied patients

Bronchoscopic group
(N = 31)

Thoracoscopic group
(N + 23)

Age (years) 61.51 ± 7.92 54.78 ± 7.57

Male/female 23/8 9/14

Clinical presentations, N (%)

Dyspnea 27 (87.09 %) 23 (100%)

Hemoptysis 13 (41.93%) –

Wheezes 18 (58.06) –

Fever 3 (9.68) 7 (30.43%)

Chest pain – 13 (41.93%)

CT finding, N (%)

Lung mass 14 (45.16%) –

Lobar collapse 10 (32.25%) –

Consolidation 7 (22.57) 4 (17.39)

Pleural effusion – 23 (100%)

Parenchymal
infiltrates

– 8 (34.87%)

Pleural nodularity
and masses

– 11 (47.81)

Fig. 1 Biopsy techniques in the bronchoscopic group
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Bronchoscopy
All the bronchoscopies were performed after the adminis-
tration of IV midazolam 2–2.5mg. Supplemental doses
were given if required: 1 mg at 2–10-min intervals, with a
usual maximum total dose of 3.5–7mg to achieve ad-
equate sedation and spraying lidocaine (2% solution) in
the nose and mouth. Arterial oxygen saturation (SaO2)
and heart rate were continuously monitored by pulse ox-
imetry. Oxygen was administered through a nasal cannula,
and the flow was adjusted upward from 1 L/min to main-
tain SaO2 greater than 90%. Bronchoscope (Pentax FB 19
TV, Tokyo, Japan, with a 3.2-mm working-channel diam-
eter and 60-cm working length) equipped with biopsy for-
ceps were used. After visualization of the vocal cords,
lidocaine (1mL of a 2% solution) was sprayed as needed.
All segments of the bronchial tree were visualized. Five to
six biopsies were taken by forceps or cryoprobe (Erbokryo,
ERBE Medizintechnik GmbH, Tuebingen, Germany) and
were obtained from each patient. From each bit of tissue,
an imprint smear was prepared and the rest of the tissue
was sent for histopathology [15].

Thoracoscopy
All thoracoscopies were performed in the endoscopy
suite using rigid thoracoscopy (Karl Storz; Tuttlingen,
Germany) and its equipment and videoscopy unit (cam-
era (Karl Storz Endoskope Telecam Pal 20211020) with
light source (Pentax LH-150 PC). Pethidine 100 mg (50
mg IM, 50mg IV injection) was used to ensure proper
control of pain. The vital signs of the patients were
monitored (blood pressure, heart rate respiratory rate)
during the procedure; also, oxygen saturation was mea-
sured by pulse oximetry with spontaneous ventilation

during the procedure. Oxygen was provided to maintain
oxygen saturation above 90%. The patient was placed in
the lateral decubitus position side that will be operated
upon up and the arms above the head. The lateral chest
wall at the side of entry (4th or 5th intercostals space,
midaxillary line) was sterilized with iodopovidone solu-
tion. The skin, subcutaneous tissues, periosteum of the
ribs, and parietal pleura at the site of entry were infil-
trated by lidocaine 2% as local anesthesia. Skin incision
about 1 cm was made at the planned thoracoscopic in-
sertion point. Blunt dissection with round-ended scissors
was carefully performed through the chest wall.
The rigid thoracoscopy was passed through the trocar

port (using 6 mm blunt tip trocar with 8.5 cm working
length). The parietal, visceral pleurae and lung were ex-
amined. The cupped biopsy forceps were used to obtain
multiple (5–10 pleural biopsies) from abnormal pleural
nodules, pleural congestion, thickening, adhesion, or
ulcers.
At the end of the procedure, a chest tube connected to

an underwater seal was inserted and fixed to the skin of
the chest wall by a suture [6].

Table 2 Size of biopsies in the bronchoscopic group

Size (cm) Biopsy technique T test

Forceps (n = 14) Cryo biopsy (n = 17) t P value

Range 0.3–0.9 0.9–2.1 − 7.319 < 0.001*

Mean ± SD 0.600 ± 0.211 1.441 ± 0.384

Table 3 Imprint and histopathological examination results (HPE)
in the bronchoscopic group

HPE+ HPE−

Imprint cytology + 28 (93.33%) 0

Imprint cytology − 2 (6.67%) 1 (3.22%)

Total (31) 30 (96.77%) 1 (3.22%)

Final diagnosis Squamous cell carcinoma,
17 (54.83%)

Endobronchial
tuberculosis, 1 (3.22%)

Adenocarcinoma, 11
(35.48%)

Atypical carcinoid, 2
(6.45%)

Fig. 2 Imprint cytology for bronchogenic adenocarcinoma

Fig. 3 Imprint cytology for bronchogenic squamous cells carcinoma
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Imprint cytology
The imprint smear was prepared by imprinting the tis-
sue on a clean surface of a glass slide without compres-
sing the tissue to avoid distorting the shape of the cells.
The smears were fixed in 95% alcohol for 5–6 s and then
stained by the Papanicolaou stain [16].
The tissue specimens were then placed in formalde-

hyde solution (10% formalin) for histopathological exam-
ination. The smears were read by a pathologist and
categorized as negative and positive for malignant cells.
Definite differentiation of the type of cells was not done
based on smears. Two independent pathologists re-
ported the histopathology and cytology [9].

Statistical analysis
All quantitative data were expressed as mean ± standard
deviation. Data were tested by the Mann-Whitney test
to evaluate the significance of difference among both
groups using SPSS version.20 (Statistical Package for So-
cial Sciences, version 20, IBM). A P value < 0.05 was
considered to be statistically significant. In addition, re-
ceiver operator characteristic (ROC) curves were de-
signed to assess sensitivity and specificity for the
estimated parameters, “Detector Performance Analysis
Using ROC Curves - MATLAB & Simulink Example.”
www.mathworks.com. Retrieved 11 August 2016.

Results
Demographic, clinical, and radiological characteristics of
the studied patients are shown in Table 1. No statisti-
cally significant difference was detected between both
groups as regard age and sex.
Forcep biopsies were taken from 14 (45.16%) patients,

and cryo biopsies were taken from 17 (54.83%) patients
(Fig. 1). There was a significant statistical difference be-
tween the size of forcep biopsies and the size of cryo bi-
opsies in the bronchoscopic group (Table 2).
Histopathological examination of the biopsy speci-

mens revealed malignant pathology in 30 (96.77%)

patients and benign in 1 (3.22%) patient who had
endobronchial tuberculosis. Out of 30 malignant
cases, 28 (93.33%) biopsies were positive for malig-
nancy on imprint cytology while two (6.67%) biopsies
were negative (Table 3; Figs. 2 and 3).
In the bronchoscopic group, receiver-operating char-

acteristic (ROC) curve analysis (Table 4) showed that
the sensitivity, specificity, positive predictive value
(PPV), negative predictive value (NPV), and accuracy of
imprint cytology were 93.3, 100, 100, 80, and 95.65%, re-
spectively. There was no significant relation between the
size of the biopsy specimen and the sensitivity (Table 5)
Histopathological examination of the biopsy speci-

mens revealed malignant pathology in 19 (78.26%)
patients and benign in four (3.22%) patients. Out of
19 malignant cases, 18 (94.74%) biopsies were posi-
tive for malignancy on imprint cytology while 1
(5.26%) biopsies were negative (Table 6) and (Figs.
4, 5, and 6).
In the thoracoscopic group, receiver operating charac-

teristic (ROC) curve analysis (Table 7) showed that the
sensitivity, specificity, positive predictive value (PPV),
negative predictive value (NPV), and accuracy of imprint
cytology were 94.74, 100, 100, 80, and 95.65%,
respectively.

Discussion
The present work aimed at the evaluation of the sen-
sitivity and specificity of imprint cytology of bronchial
and pleural biopsies in diagnosing lung and pleural
lesions, comparing the results with that of histopath-
ology. In this work, the sensitivity, specificity, positive
predictive value (PPV), negative predictive value
(NPV), and accuracy of imprint cytology in the bron-
choscopic group were 93.33, 100, 100, 33.33, and
93.55%, respectively. These results were in concordant
with results of Kawaraya et al. who evaluated various
cytological examinations to biopsies obtained by fiber-
optic bronchoscopy in the diagnosis of peripheral
lung cancer. The sensitivity of the imprint cytology
with histological examination was 84.8% [1]. Also,
Bhat et al. who studied the correlation between

Table 4 Receiver operating characteristic (ROC) curve of imprint
cytological results in the bronchoscopic group

Sensitivity Specificity PPV NPV Accuracy

Imprint cytological
results

93.3% 100% 100% 33.33% 93.55%

PPV positive predictive value, NPP negative predictive value

Table 5 Relation between the size of the biopsy specimen and
the sensitivity in the bronchoscopic group

Size (cm) Results of imprint cytology T test

Negative (n = 3) Positive (n = 28) t P value

Range 0.3–0.9 0.3–2.1 − 1.765 0.088

Mean ± SD 0.567 ± 0.306 1.114 ± 0.523

Table 6 Imprint and histopathological examination (HPE) in the
thoracoscopic group

HPE+ HPE−

Imprint cytology + 18 0

Imprint cytology − 1 4

Total (23) 19 4

Final diagnosis Metastatic adenocarcinoma,
16 (84.21%)

Tuberculous pleurisy,
3 (15.78%)

Mesothelioma, 3(15.78%) Pleural lipomatosis,
1 (4.34%)
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imprint cytology and histopathology in endobronchial
growths using fiberoptic bronchoscopy found that
sensitivity, specificity, PPV, and NPV of 83.6, 100,
100, and 79.4%, respectively [17]. Bodh et al. who
correlated different cytohistological methods in the
diagnosis of lung tumors by using fiberoptic bron-
choscopy also found that sensitivity and specificity of
imprint smear were 81.35 and 78.12%, respectively
[18]. Goyal et al. who demonstrated the usefulness of
imprint smear cytology of bronchial biopsies in the
diagnosis of lung tumors. The imprint smears were
positive for malignancy in 84.6% cases with a diagnos-
tic accuracy of 98.08% [19]. These results also were
comparable with that of Chowdhury et al. who re-
ported sensitivity and specificity of imprint cytology
84.9 and 72.4%, respectively, when compared to histo-
pathology [20]. In the present study, there was no sig-
nificant relation between the size of the biopsy
specimen and the sensitivity of imprint cytology in
the bronchoscopic group as we used two types of bi-
opsies (forceps and cryo ones) and this add a point
to the advantages of the imprint cytology, so we can

recommend its use as a diagnostic tool even in small-
sized samples. This conclusion was reported by Dutta
et al. who found that imprint cytology could be su-
perior to conventional histopathology in the identifi-
cation of a small proportion of cancer cells against a
background of non-malignancy [21].
In the thoracoscopic group of the present study, the

sensitivity, specificity, positive predictive value (PPV),
negative predictive value (NPV), and accuracy of im-
print cytology were 94.74, 100, 100, 80, and 95.65%,
respectively. These results were in concordant with
those of Grosu et al. [22] who aimed to assess the
role of pleural touch preparations during medical
thoracoscopy for the diagnosis of malignancy. A find-
ing of malignant cells on touch preparation cytology
during thoracoscopy increases the likelihood of malig-
nancy significantly and gives a chance for immediate
pleurodsis. Porfyridis and colleagues [23] also who
evaluated the value of touch preparation cytology in
medical thoracoscopy in pleural diseases concluded
that touch cytology was highly accurate in predicting
malignancy. Additionally, a survey made by Hallifax
and colleagues [24] in the current practice of medical
thoracoscopists at predicting malignancy found that
MT provides the option to pleurodese (to reduce risk
of fluid recurrence) at the time of biopsy via talc
poudrage, with high success rate.
As noticed from the present study that the NPV of

imprint cytology was 100% in both studied groups
and that means that it is a good positive test,

Fig. 4 Imprint cytology for metastatic adenocarcinoma of the pleura

Fig. 5 Imprint cytology for mesothelioma of the pleura

Fig. 6 Imprint cytology for tuberculous pleurisy

Table 7 Receiver operating characteristic (ROC) curve of imprint
cytological results in the thoracoscopic group

Sensitivity Specificity PPV NPV Accuracy

Imprint cytological
results

94.74% 100% 100% 80% 95.65%

PPV positive predictive value, NPP negative predictive value
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accordingly, we can take the decision to stop sam-
pling and ending the bronchoscopic procedure and
also pleurodese at the time of thoracoscopic maneu-
ver. And this will shorten the time of the procedure
and avoid exposing our patients to another invasive
procedure.
The present study had several limitations such as a lim-

ited number of the study population and a limited time of
the study. And it only depended upon limited tools of diag-
nosis (bronchoscopic or thoracoscopic forceps and bron-
choscopic cryo biopsy); other tools should be included as
transthoracic core biobsy or transbronchial biopsy.

Conclusion
Imprint cytology is an easy and reliable method that can
be used to provide quick diagnosis of both pulmonary
and pleural pathology. Also, it decreases the procedure
time so it reduces the complication rate. Diagnosis be-
comes clear at least 7 to 10 days earlier, which helps in
planning management faster.

Abbreviation
MT: Medical thoracoscopy; PaO2: Partial pressure of arterial oxygen;
PaCO2: Partial pressure of arterial carbone dioxide; PPV: Positive predictive
value; NPV: Negative predictive value
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