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Abstract 

Introduction: The best tissue sample is still very important for the diagnosis of mesothorax lymphadenopathy. 
In the past 20 years endobronchial ultrasound (EBUS) has been used efficiently in most cases of primary lung 
cancer disease or metastatic disease. Several new type of needles have been created such 19G, 18G and hybrid 
biopsies with cryoprobes. Rapid on site evaluation (ROSE) is used as an additional initial diagnostic tool. Confocal 
microscopy is a method of rapid on site evaluation.  
Patients and Methods: One hundred patients with mesothorax lymphadenopathy were biopsied with ebus 
and two groups were created one with rapid on site evaluation with confocal microscopy and one by an operator 
with microscopic evaluation with sample preparation on cytoglasses. Our main objective was to assess 
parameters such as time, false negative results between the two techniques and technical issues such as the 
accessibility and evaluation between the two techniques. Safety was also evaluated.  
Results: Rapid on site evaluation is more cost efficient with a cytologist on site, however; with a higher rate of 
false negative results. Accessibility with the Cellvizio® catheter was less possible in a few cases due to rigid angles 
within the airways especially for small lymphnodes ≤1.5cm (L4L mainly).  
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Discussion: Confocal is a safe and time-efficient technique for mesothorax lymphadenopathy. A high level of 
training is required for pulmonary physicians in order to assess the novel imaging technique. Definitely different 
parts of the nodules have to reached and evaluated in order to have a proper initial evaluation. 
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Introduction 
Computed tomography of the thorax with low 

dose radiation has been used in the past 5 years as a 
method of early lung cancer diagnosis.[1] However; 
there was still an issue with the biopsy of mesothorax 
lympnodes. Enlarged lymphnodes of the mesothorax 
could be attributed to a primary lung cancer such as; 
small cell lung cancer (SCLC), metastasis from a 
previous primary cancer such as; breast cancer, colon 
cancer or ovarian cancer. However; it could be due to 
infection such as; tuberculosis or connective tissue 
disease-sarcoidosis.[2, 3] In the past 18 years 
advanced bronchoscopic techniques have been 
included in the diagnosis. Endobronchial ultrasound 
endoscopes have been used for more than decade.[4] 
Before the advanced bronchoscopic techniques we 
used to perform biopsy with mesothoracoscopy.[5] 
Positron emission tomography added valuable 
information regarding the optimal site for biopsy and 
the status of the lymphnodes whether they are active 
or not.[6] Moreover; we tried additional techniques 
such as; elastography to visualize the optimal site for 
biopsy within a lymphnode, without any positive 
results that could be incorporated in the everyday 
clinical practice.[7, 8] Additionally, to all these biopsy 
methods another diagnostic tool was added in the 
process; rapid on site evaluation (ROSE). It provides 
the ability to check a sample whether it is sufficient for 
diagnosis and also if we have cancer cells.[9] The next 
step of evolution for rapid on site evaluation was the 
creation confocal microscopy with the CellVizio® 
system.[10] This system provides a real-time 
assessment during the biopsy procedure of the tissue 
that we are investigating and therefore we choose the 
best site of biopsy. We definitely increase the safety of 
the biopsy procedure since we perform less biopsies 
and we enhance our performance since we choose the 
best site for biopsy. Moreover; we also have a clear 
image whether we have cancer or not. Confocal 
microscopy- CellVizio® has been included in several 
procedures with robotic assistance or conventional 
guidance with fluoroscopy systems. It has also been 
used in other specialties such as gastroenterology.[11] 
The cost still remains an issue, however; this 
technology will outrun rapid on site evaluation in the 
clinical setting. Artificial intelligence is the next step 
for confocal microscopy where the system itself will 
indicate the cancer cells while performing the 

scanning. In our study we investigated the safety and 
efficiency of rapid on site evaluation in comparison to 
confocal miscroscopy during sampling of mesothorax 
lymphadenopathy. 

Patients and Methods 
One hundred patients with lymphadenopathy 

≥1.5cm were divided in two groups of 50 patients. 
Fifty patients were investigated with Pentax 
EB-1970UK endoscope and confocal microscopy. CLE 
probe AQ-FlexTM (Mauna Kena) through an 18G 
needle Broncus Flex needle. The other fifty again the 
same procedure however; instead of confocal 
microscopy we used rapid on site evaluation (ROSE) 
with preparation of the material on cytoglasses and an 
Olympus microscope. All patients included 
underwent the bronchoscopic procedure with mild 
sedation and jet-ventilation. All procedures were 
performed from 8-15 days from last computed 
tomography scan. Possitron emission tomography 
was also performed in all patients and only patients 
with SUV ≥3 were included in the study (5-7days 
before the study). The group with CLE was named 1 
and group with ROSE 2. Moreover; we had both 
groups subdivided in two groups with lymphnodes 
up to 1.5-2cm and 2>cm. Patients with lymphnodes 
≤1.5cm were excluded from the study. All patients 
were ≥18 years old fit to undergo bronchoscopy and 
in total 78 males and 22 females participated. In group 
1 twenty patients had lymphnodes ≤2cm and thirty 
>3cm, while in group 2 sixteen patients had 
lymphnodes ≤2cm and thirty four >2cm. Four patients 
had false negative results and three were negative for 
cancer. In group 2 we had twelve false negative 
results and again three were negative for cancer. 
Fluocyne 10% (5ml/10ml) was injected in group 1 
while the procedure was ongoing. Fluorescein is the 
most commonly used agent. The fluorescein sodium 
is a Food and Drug Administration (FDA) class IIa 
drug which has been approved by the FDA for 
ophthalmic angiography or angioscopy of the retina 
and iris vasculature in conjunction with a confocal 
scanning laser ophthalmoscope. The fluorescein 
monoglucuronide has fluorescent properties and 
contributes about 20% of fluorescence as compared to 
unbound fluorescein. After IV administration, the 
urine remains slightly fluorescent for 24 to 36 hours. A 
renal clearance of 1.75 mL/min/kg and a hepatic 
clearance (due to conjugation) of 1.50 mL/min/kg 
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have been estimated. The systemic clearance of 
fluorescein was essentially complete by 48 to 72 hours 
after administration of 500 mg fluorescein. The safety 
of fluorescein sodium in gastrointestinal CLE has 
been investigated recently. A large multi-center study 
led by our group including 2272 patients (excluding 
pregnant and breast feeding females), evaluated the 
safety of intravenous use of 2.5 mL to 5 mL of 10% 
fluorescein sodium. This study showed very low rates 
of mild (1.4%) and serious (0%) side effects during 
immediate post procedure period. In addition to its 
good safety profile and rare side effects, fluorescein is 
inexpensive, easy to use, and has excellent fluorescent 
properties.[12] The optimal dose of fluorescein for 
high quality pCLE imaging has been previously 
investigated and it is approximately 5.0 mL.[13] In 
group 1 we had two mild bleeding events and had to 
be hospitalized for two days max. In group 2 we had 
four patients with mild bleeding and again 
hospitalization was maximum two days. Table 1. In 
group 1 nine patients were previously diagnosed with 
prostate cancer, two with thyroid cancer, three with 
breast cancer or four with colon cancer. In group 2 
five patients were previously diagnosed with prostate 
cancer, one with thyroid, four with breast cancer and 
three with colon cancer. Table 2. Moreover; in group 1 
three patients had previously diagnosed with 
rheumatoid arthritis and one with scleroderma and 
were under biological treatment. On group 2 four 
patients had previously diagnosed with rheumatoid 
arthritis and one with scleroderma and were under 
biological treatment. We included in our study 
patients only with lymphadenopathy and in 55 cases 
we performed biopsy from 2 lymphnode stations. The 
parameter time was evaluated as follows: for group 1; 
timer started when the confocal catheter probe 

punctured the lymphnode and evaluation by the 
operator finished. Again for group 2; timer started 
when the biopsy sample was put on cytoglasses and 
microscope. We had two ‘time’ groups E =2min and 
F=>2min. One the first out of two were recorded as 
time parameter. Patients were released the same day 
after 2 hours of the procedure. Only 6 patients 
remained hospitilised with mild bleeding up to 2 days 
max. 

Equipment 
We used Pentax EB-1970UK video-bronchoscope 

with 2.8mm working channel, Papapostolou S.A, 
Greece (Figure 1.), 18G needle Flex from Broncus®, 
San Jose, CA 95134, U.S.A. (Figure 2.) , Cellvizio® 
confocal microscopy system 488nm, Mauna Kea 
Technologies, with AQ-Flex™ 19 (-,IR) N probe, 
Remma suatained Healthcare (Figure 3.), Rapid on 
site evaluation was performed by the operator (Figure 
4.) and CLE was evaluated again by an experienced 
operator (Figure 5).  

Results 
For confocal microscopy less false negative 

results were observed Moreover; less false negative 
results were observed when lyphnodes were >2cm in 
size and when >2 stations were punctured. Almost 
the same false negative results were observed 
between confocal microscopy and ROSE group 2 
when the lymphnodes ≤2cm and only one station was 
biopsied. Regarding ROSE group 2false negative 
results almost the same between the different 
lyphnode size and multiple stations biopsy, however; 
with less observed when the lymphnode size was 
>2cm. Figure 7. 

 

Table 1. Study data 1 

No.  Sex Lymph node size Metastasis Connective tissue disease Time 
 Male Female 1-≤2cm 2-3cm Thyroid, Colon, Breast, Prostate Rheumatoid arthritis, scleroderma 2min 2>min 
Group 1 38 12 30 20 14 4 4 22 28 
Group 2 40 10 34 16 8 4 5 14 36 

SPN: Solitary Pulmonary Nodule, NSCLC: Non-Small Cell Lung Cancer 

 

Table 2. Study data 2 

No. NSCLC diagnosis Lymphoma False negative Prostate 
cancer 

Breast 
cancer 

Colon  
cancer 

Thyroid 
cancer 

 Adeno-carcinoma Squamous cell Neuro-endocrine       
Group 1 17 8 2 2 12 9 3 4 2 
Group 2 18 13 1 3 4 5 4 3 1 
False Negative 7 8 3 2  0 0 0 2 

Group 1 three patients negative for cancer upon follow-up 
Group 2 three patients negative for cancer upon follow-up 
NSCLC: Non-small lung cancer 
Lymphoma: Non-Hodgin (3 B line and 2 T line) 
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Figure 1. Pentax ebus system EB-1970UK. 

 
Figure 2. 18G needle Flex from Broncus®, San Jose, CA 95134, U.S.A. inserted through the working channel of an EB-1970UK Pentax Endoscope. 

 
Figure 3. Cellvizio® confocal microscopy system 488nm, Mauna Kea Technologies, with AQ-Flex™ 19 (-,IR) N probe, Remma suatained Healthcare. 
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Figure 4. Rapid on site evaluation preparation solutions and microscope. 

 
Figure 5. CLE images, left necrosis and right adenocarcinoma. 

 
Figure 6. Left normal bronchial wall, middle normal lymphnode, right infiltrated cancerous lymphnode 
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Figure 7. False negatives according to the type of rapid on site evaluation and nodule size. Vertical lines denote the 95% confidence intervals of means based on the ANOVA’s 
error mean square. Levels means whose intervals do not overall differ significantly.  

 
Figure 8. Statistical output of a correspondence analysis: a two dimensions plot, the Greenacre adjusted inertia (percentage contribution to the first two dimensions) and partial 
contributions of coordinates to each dimension.  

 
 

The multiple correspondence analysis pointed 
out a 85,25% explanation of inertia variation (Figure 
8.) concerning the first two dimensions.  

Dimension 1 is best described by confocal 
microscopy lymphnode size >2cm and 2 stations, both 
arranged at the right part of corresponding plot and 
far apart from the rest categories. Similarly, 
dimension 2 is best formed by lymphnode size group 
1 (<2cm) and Cellvizio®, both positioned at the lower 

part of the plot and also far apart from the other 
categories. Rapid on site evaluation from an operator 
for pulmonary nodules >2cm are also affiliated each 
other due to their close distance and moderate 
contributions for the axes formation. There were less 
false negatives for the operator group when the 
lymphnode size was >2cm and 2 stations were 
sampled.  
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Figure 9. Mean number of false negatives distribution according to the combined effect of lymphnode size/number of sample stations and rapid on site technique-group 2. 
Vertical lines denote the 95% confidence intervals of means based on the ANOVA’s error mean square. Levels means whose intervals do not overall differ significantly.  

 
Adenocarcinoma is easier to diagnose with 

confocal microscopy and lymphnodes >2cm in most 
cases in ≤2minutes. Metastatic adenocarcinoma was 
also easier to diagnose with confocal microscopy in 
≤2cm. 95% confidence interval plot (Figure 9.) indicate 
that confocal microscopy and lymphnode size >2cm, 
>2 sample stations and primary adenocarcinoma or 
metastatic are close related, confidence interval 
weakness when with ROSE group 2, carcinoid, 
thyroid metastatic cancer and pulmonary nodule size 
≤2cm, connective tissue disease and time. Five 
patients were diagnosed with lymphoma, three with 
Non-hoghkin B-line and two with T-line. Two false 
negative lymphoma patients were in group 2. The 
false negative results were associated with group 2 
(ROSE technique) lympnodes <2cm and less than 1 
station sampled.  

Confocal microscopy, lymphnode size >2cm and 
2 station sampling, time and adenocarcinoma in fact 
present a proportional result due to the following 
reasons: 

-The larger the lymphnode size >2cm and more 
stations sampled, the less false negative results.  

-The cancer type adenocarcinoma>squamous 
cell carcinoma>carcinoid decreases the false negative 
results. 

-The metastatic cancer type colon 
cancer>prostate cancer>thyroid cancer, decreases the 
false negative results. 

-Connective tissue disease versus cancer, in 
order to be 100% only follow up will verify a negative 
result in connective tissue disease patients. 

-Concerning the time of evaluation: confocal 

microscopy group 1 had less false negative results, 
indifferent of cancer type (including metastasis), or 
connective tissue disease. Side effects where not 
correlated with time, cancer type (including 
metastasis) or lymphnode size.  

-Time of evaluation was not correlated with false 
negative results. 

Nine patients were cancer free. Three in group 1 
and three in group 2 confirmed later with computed 
tomography scan after. Three of them had connective 
tissue disease. However; six patients had mild 
bleeding two in group 1 and four in group 2 and had 
to be hospitalized for 2 days max. 

Discussion 
Endobronchial ultrasound has proven an 

efficient biopsy technique with very high diagnostic 
effectiveness ≥95% when all information for a patient 
is combined; positron emission tomography scan and 
patient medical clinical history.[6, 14] Issues to be 
considered, firstly the cost-effect. Cellvizio® 
technology is still expensive since the AQ-Flex probes 
can be used for up to 6 patients each and then a new 
one has to be purchased (8.500euros per piece in our 
country). The system itself is expensive the newest 
model is ≥100.000euros and is available in most 
countries. Moreover; the probe is inserted through an 
18G Flex-Broncus™ needle which again in our country 
is available for 1300euros a piece-single use. The price 
for a single use 22G needle (mediglobe which we use 
for Pentax) is 270euro with tax, 21G needle 360 euro 
and for a 19G Olympus needle which we can use with 
adapter in Pentax endoscopes is 770euro with tax. 
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Previous studies have proved that in most cases of 
lymphadenopathy 22G needles and cell blocks can 
provide initial diagnosis and molecular profiling. [14] 
The main diagnostic issue occurs when other 
malignancies such lymphomas, sarcoma, bronchial 
cyst, infection, thymoma, sarcoidosis or post 
chemotherapy lymphadenopathy occurs. Safety 
issues have been raised between 18G and 19G needles 
versus 21G, 22G and cryoprobes, however; the 
operator should consider the diagnostic value of each 
needle. Larger needles are chosen when lymphoma or 
thymoma are suspected. We have also several tool for 
hemostasis like polymer powder, argon plasma or 
balloon dilator. [15-18] Rapid on site evaluation 
(ROSE) with the conventional method we need a 
microscope (600-6000euros) and liquid deeps, 
cytoglasses and a cytologist or certified pulmonary 
physician. The cost for ROSE per patient is less than 
120euro at least for our department, in comparison to 
CLE which is almost 1300euro per patient. Cryo probe 
is 440euros and be used multiple times, the cryo ERBE 
II system is almost 20.000euros in our country. Second 
issue is safety; larger needles or cryoprobes can 
induce larger damage during biopsy and therefore 
additional preparation is needed. Spirometry or sleep 
test should be performed for some patients in case of 
intubation. Jet-ventilation with sedation should be 
considered for most patients especially when multiple 
biopsies from different lymph node stations is 
needed. Our study is a small study with only 100 
patients included and with a strict population 
included in order to evaluate specifically the 
effectiveness of CLE versus ROSE by an experienced 
operator for mediastinal lymphnodes. Based on our 
results, CLE is an efficient diagnostic tool making a 
biopsy procedure shorter, safer, however; it could be 
more often used for other medical procedures, such as 
solitary pulmonary nodules. Solitary pulmonary 
nodules can be accessed with several diagnostic tools 
and CLE could be more efficient than ROSE, 
especially for those patients with severe emphysema 
where we need to keep local lung tissue damage to 
minimum. 
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