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Telediagnosis of transbronchial fine needle
aspirations – a feasibility study
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Aim: To analyze the diagnostic accuracy of telediagnostic
procedures for transbronchial fine needle aspirations.Mate-
rial and methods: A double blind study was performed on
cytological slides of 54 randomly selected cases with trans-
bronchial fine needle aspirations. The slides were digitized
using a Leica digital camera DC100 mounted on a micro-
scope Leica Laborlux S, and analyzed by an experienced
pathologist without knowing the definite diagnosis or any
additional clinical data. The diagnoses stated by analyzing
the digital images were compared to the final conventional
diagnoses. In addition, the duration of the digital diagno-
sis, used magnifications, and difficulties for correct sampling
were documented.Results: The “digital” diagnoses of the 54
cases were all in general agreement with the definite diag-
noses. No wrong positive or wrong negative case in respect to
malignant/non-malignant (31/23) or to small cell/non-small
cell (9/22) occurred. The performance of a digital diagnosis
lasted for 115 s at average (15–260 s), and is significantly
longer compared to that of conventional fine needle aspira-
tion judgement (20 s). The screening magnification was com-
monly set to×2.5, that for definite diagnostic analysis×40.
Benign diseases (2 tuberculosis and 3 sarcoidosis cases) were
correctly classified.Conclusions: Telepathology systems can
probably be used for fine needle aspiration analysis with-
out major diagnostic errors. Their use can improve the endo-
scopic sampling and avoid second anesthesia when missing
the lesion of request during the first examination.
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1. Introduction

Diagnostic telepathology is now-a-days an estab-
lished diagnostic technique, and includes all diagnos-
tic aspects in pathology [2–7,16,17,22]. The electronic
transfer and the quality of transferred images permit a
diagnostic work at electronic display stations which is
comparable to viewing histopathological and cytolog-
ical images at a microscope [8–10,14,16,18,28]. From
the basic point of view, two different application modes
can be distinguished, namely I interactive or on-line di-
agnostic work between at least two work stations, and
II passive or off-line procedures when both work sta-
tions are active independently from each other [16,27,
29–31]. Application mode I is the basic procedure for
on-line distant diagnosis, and is mainly performed for
intra-operative frozen section services. It requires fast
line connections, and the transfer of an overview image
with subsequent high resolution images, or a remote
control microscope. Application mode II is mainly
used for expert consultation services, often in an In-
ternet data transfer mode [12,16,19–21,30]. It does not
require a transfer of huge amount of image data, and
can be performed with a quite small number of still im-
ages if the selection of diagnostic important images is
guarantied [23,24]. A more detailed analysis of both
application modes comes to the conclusion that the key
problem in telepathology is related to the bias of im-
age selection, i.e., to assure that especially those im-
age compartments are transferred which are diagnostic
relevant. To assure a transfer of these image compart-
ments an adequate sampling technique is necessary,
in other words, a stratified sampling [11]. This proce-
dure basically requires sophisticated knowledge of the
information procedure, i.e., diagnostic knowledge of
pathology [11]. This is the major constraint of an ap-
propriate use of telecytology. The search for atypical
cells in cytological smears is combined with an over-
load of normal cells, and usually less than 1% of all
cells present are those with diagnostic information [1].
In contrast to common cytological smears fine nee-
dle aspirations are not overloaded with normal cells,
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and the rate of tumor cells within the total of aspirated
cells might even reach 80–100%. Thus, the diagnostic
judgement of fine needle aspirations does not require a
detailed and sophisticated sampling technique. In ad-
dition, it is based upon a simple and easy to perform
tissue preparation and staining procedure, which is not
comparable to the high sophisticated sampling and tis-
sue preparation technique in frozen section services.
Fine needle aspiration telecytology fulfills all basic as-
pects to be applied in an on-line or interactive telecytol-
ogy: The handling in the surgical (endoscopy) theater
is simple and fast, and the diagnosis at the pathologist’s
side is not handicapped with difficult or time-requiring
screening or sampling procedures. This study has been
performed to analyze and simulate on-line telecytology
with bronchial fine needle aspirations in order to col-
lect some basic data and parameters for implementa-
tion this technique into patient oriented work.

2. Material and methods

This double-blind study was uses non-selected trans-
bronchial fine needle aspirations performed in the
Department of Endoscopy of the Thoraxklinik, Hei-
delberg, and analyzed in the Department of Pathol-
ogy, Thoraxklinik, Heidelberg from March 1, 2000–

May 30, 2000. All cytological specimens seen during
this period were included in the study, i.e., no selec-
tion criteria were applied. The slides were digitized us-
ing a Leica digital camera DC100 mounted on a micro-
scope Leica Laborlux S. The screening procedure of
the slides was performed in the black-and-white mode
of the camera due to easier focus and shorter image
acquisition time. A low magnification objective (×2.5)
was used for screening, followed by a×10 objective
for first and a×20 objective for second analysis of the
cells. The diagnostic important areas were then trans-
ferred into the color display and analyzed by an experi-
enced pathologist without knowing the final diagnosis
or any clinical data of the patient using a×40 objec-
tive. The telecytological diagnosis was then compared
to the final conventional diagnosis, and the definite his-
tological diagnosis, if available. In addition, the dura-
tion of the digital diagnostic procedure, the used mag-
nification, the number of analyzed images, and poten-
tial difficulties for correct sampling were documented.
A total of 54 patients was included in the study.

3. Results

Synopsis of material is given in Table 1. A total
of 38 men and 16 women was included in the study.

Table 1

Synopsis of material

Feature Men (N = 38) Women (N = 16) Total (N = 54)

Age (years, min–max) 34–80 34–80 34–80

Fine needle aspiration through

trachea 10 4 14 (26%)

main bronchus 15 6 21 (39%)

stem bronchus 13 6 19 (35%)

Table 2

Confirmation of fine needle aspiration diagnosis (telecytology) by final conventional diagnosis (if both bronchial biopsy
and an operation was performed, only the diagnosis of the surgical specimen is stated)

Lesion Fine needle telecytology Bronchial biopsy Surgical specimen

Malignant 31 19 12

small cell lung cancer 9 9 0

non-small cell lung cancer 22 8 14

epidermoid 10 5 7

adenocarcinoma 12 3 5

large cell anaplastic 0 0 2

Benign lesion 23 22 2

inflammation 18 18 0

epithelioid cells (tuberculosis) 5 0 2

(sarcoidosis) 3 0
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Table 3

Duration and objectives used in telecytology simulation

Procedure Objective Duration (mean, in seconds)

Overview screening ×2.5 70

First judgement ×10 25

Second look ×20 10

Definite diagnosis ×40 10

Total 115

Fig. 1. Black-and-white image at low magnification (×10) used for
cellular screening.

Fig. 2. Gray value distribution of a screening image at low magnifi-
cation (obtained from Fig. 1).

The sex distribution, mean age and the frequency dis-
tribution of the diagnoses do not differ from the ba-
sic patients collective of the Thoraxklinik. The asso-
ciation of the telecytology diagnosis with the final cy-
tology report is given in Table 2. No wrong positive
or wrong negative telecytology report occurred in re-
spect to malignant/non-malignant diagnosis or small
cell/non-small cell carcinoma. By telecytology, adeno-
carcinoma were stated in two cases in contrast to the
definite diagnosis of an epidermoid carcinoma. This
error is, however, only of minor therapeutic influence.
The telecytology diagnostic period (115 s, see Table 3)
is considerably longer compared to that of conven-
tional diagnostic procedure (measured to 20 s). The
screening procedure at the video screen was mainly
performed with an objective×2.5 in contrast to screen-
ing at the microscope (×10 or×20); that for the defi-
nite diagnosis was×40 in both techniques. The screen-
ing with black-and-white images at low magnification
as shown in Fig. 1 cannot be judged on spatial reso-
lution and is mainly based upon gray value distribu-
tion which is shown in Fig. 2. The diagnostic important
area as selected to the lower threshold of the gray value
distribution is shown in Fig. 3. The final digitized im-
age of the same case showing atypical cells consistent
with a small cell anaplastic carcinoma are presented in
Fig. 4. The nature of the atypical cells can be judged
without any major difficulties.

4. Discussion

On-line telepathology to be applied in frozen sec-
tion service has now been established in several in-
stitutes of pathology [16,19–21,25,26]. The technical
and diagnostic aspects have been discussed by sev-
eral authors, and it can be agreed that the diagnos-
tic accuracy is somewhat lower, however compara-
ble to conventional frozen section service [3,13,21,
25]. The major constraints of telepathology frozen sec-
tion services are the long duration for assessment of
intra-operative diagnosis which has been reported to
about 30 min at average [1,9,21,25], and difficulties
to maintain high technical standards in slide prepara-
tion over a long period of time [12]. Basically, tele-
cytology does not require difficult tissue preparations
or specialized personnel. The preparation of diagnos-
tic adequate smears is by no means comparable to that
of working with a cryostat, and can be done in a few
minutes. The major constraint is the screening of the
slide and the rare diagnostic events. Cytology diag-
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(a)

(b)

Fig. 3. Selection of diagnostic important area by gray value thresh-
olds. The upper compartment displays the boundary and the density
of atypical cells, the lower one the calculated center (in green color)
of a potential automated sampling procedure.

Fig. 4. High resolution image (×40) used for telecytology diagnosis
(small cell lung carcinoma, the same case as shown in Fig. 1).

nosis requires high magnification in contrast to histo-
logical diagnosis, telecytology is handicapped by con-
tinuously transfer of high and low resolution images.
Fine needle aspiration is a medical technique which
avoids the principal constraint of cytology. It is based
upon aspiration of cells which are present at the place
of the lesion, and possesses a high sensitivity. Trans-
bronchial, ultrasound-guided fine needle aspiration is
especially useful for lesions suspicious for diseases in-
volving intra-pulmonary lymph nodes and tumors with
preferable submucosal growth such as adenocarcino-
mas and small cell lung cancer.

This feasibility study clearly demonstrates the prin-
ciple application of on-line telediagnosis in trans-
bronchial fine needle aspirations. No major diagnos-
tic errors occurred. The duration of the total diagnostic
procedure is short enough to permit new tissue sam-
pling if adequate sampling of diagnostic appropriate
cells failed. Using a more appropriate image acquisi-
tion camera based upon video standard with color live
images the slide screening procedure can be improved
interactively. On the other hand, our study indicates
that screening of cytological slides can be performed
automatically by simple gray value analysis at low
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magnification. These data reflect to results published
on histological images at low magnification [15]. Sim-
ple gray value analysis does not permit a detailed diag-
nosis either in cytology or in histology; however, it per-
mits the detection of areas of potential diagnostic im-
portance [15]. In summary, this feasibility study con-
firms the theoretical consideration on potential use of
inter-active telecytology procedures for transbronchial
fine needle aspirations, which can probable combined
with automated sampling procedures.
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