
Received: 27 January 2021
Accepted after revision: 27 April 2022
Correspondence: Frank Reichenberger 
Department of Pneumology 
Augustinum Hospital Munich, Germany,
Wolkerweg 16
82131 Munich 
Tel. +49-18152-9888905
FAX +49-8152-9888906
E-mail: mail@prof-reichenberger.com

SARCOIDOSIS VASCULITIS AND DIFFUSE LUNG DISEASES 2022; 39 (2); e2022016 DOI: 10.36141/svdld.v39i2.11280 © Mattioli 1885

Bronchoscopic Probe-Based Confocal Laser Endomicroscopy 
to Diagnose Diffuse Parenchymal Lung Diseases

Edith Silbernagel1, Elvira Stacher- Priehse2, Julien Dinkel3,6,11, Herbert Stepp7,  
Wolfgang Gesierich8, Michael Lindner4, Juergen Behr5,11, Frank Reichenberger8,10 
1Pneumology Clinic Altenmark / Pongau, Austria; 2Department of Pathology, Asklepios Lung Center Munich-Gauting, Germany; 3Depart-
ment of Radiology, Asklepios Lung Center Munich-Gauting, Germany; 4Department of Thoracic Surgery, University Hospital Salzburg, 
Austria; 5Department of Internal Medicine V, Ludwig-Maximilians-University of Munich, Germany; 6Department of Radiology, Ludwig-
Maximilians-University of Munich, Germany; 7Laser Research Laboratory, LIFE-Center, Ludwig-Maximilians-University of Munich, 
Germany; 8Department of Pneumology, Asklepios Lung Center Munich-Gauting, Germany; 10Department of Pneumology, Augustinum 
Hospital Munich, Germany; 11Comprehensive Pneumology Center (CPC-M), University Hospital, LMU Munich, Helmholtz Zentrum 
München, Member of the German Center for Lung Research (DZL), Munich, Germany 

Abstract. Background: Diagnosis of diffuse parenchymal lung disease (DPLD) is based on clinical  evaluation, 
radiological imaging and histology. However, additional techniques are warranted to improve diagnosis. Aims and 
objective: Probe based confocal laser endomicroscopy (pCLE) allows real time in vivo visualisation of the alveo-
lar compartment during bronchoscopy based on autofluorescence of elastic fibres. We used pCLE  (Cellvizio®, 
Mauna Kea Technology. Inc, Paris, France) to characterise alveolar patterns in patients with different types of 
DPLD. Methods: In this pilot study we included 42 therapy naive patients (13 female, age 72.6 +/- 2.3 years), 
who underwent bronchoscopy for workup of DPLD. pCLE images were obtained during rigid bronchoscopy 
in affected lung segments according to HR-CT scan, followed by cryobiopsies in the identical area. Diagnoses 
were made by a multidisciplinary panel. The description of pCLE patterns was based on the degree of distortion 
of the hexagonal alveolar pattern, the density of alveolar structures, the presence of consolidations or loaded 
alveolar macrophages (AM). The assessment was performed by 2 investigators blinded for the final diagnosis. 
Results: The normal lung showed a typical alveolar loop pattern. In amiodarone lung disease loaded AM were 
predominant. COP showed characteristic focal consolidations. IPF was characterized by significant distortion 
and destruction, NSIP showed significant increase in density, and chronic HP presented with consolidations, 
mild distortion and density. Conclusion: pCLE shows potential as an adjunctive bronchoscopic imaging tech-
nique in the differential diagnosis of DPLD. Structured and quantitative analysis of the images is required. 

Key words: interstitial lung disease, diffuse parenchymal lung disease, bronchoscopy, probe-based confocal 
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Diffuse parenchymal lung diseases (DPLD) 
comprise a variety of diseases of the interstitial and 
the alveolar compartment of different etiologies. At 
present, the diagnosis is based on clinical, radiologi-
cal and histological criteria in the context of a multi-
disciplinary discussion (1, 2, 3).

Imaging of the lung tissue is one of the major 
diagnostic procedures in DPLD, and high resolution 
thoracic computed tomography (HRCT) is currently 
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the method of choice (4-6). However, HRCT is of-
ten non-diagnostic in distinct forms of interstitial 
lung disease by providing only a low probability as-
sessment (6). Approximately 60 % of patients with 
usual interstitial pneumonia (UIP) pattern on surgi-
cal lung biopsy do not show typical UIP pattern on 
HRCT. As a result, it would be valuable to consider 
additional imaging methods (7, 8). 

Bronchoscopy is often used in the assessment of 
DPLD, mainly for collection of histological speci-
men in the advent of bronchoscopic cryobiopsy (9). 
While inspection of the tracheobronchial tree is 
mandatory during bronchoscopy, visualization of the 
alveolar compartment is not possible with standard 
bronchoscopic techniques. 

Probe-based confocal laser endomicroscopy 
(pCLE) enables in vivo visualization of tissue in high 
resolution. A fiberoptic miniprobe excites autofluo-
rescence of elastic tissue structures by emitting laser 
light with a wave length of 488nm (10).

Mainly employed in gastrointestinal and bile 
duct endoscopy, it has been also used to visualize 
lung tissue in vivo in health and disease, especially 
in tracheobronchial diseases and pulmonary diseases 
including infections with aspergillus and pneumo-
cystis (11-15). Several imaging patterns have been 
described for distinct interstitial lung diseases, espe-
cially amiodarone lung disease and alveolar proteino-
sis as well as lung emphysema (16-22). However, 
there are sparse data exploring its use in the dif-
ferentiation of idiopathic interstitial pneumonias 
(IIP) (23).

We explored the role of pCLE to assess different 
DPLD in real time during bronchoscopy, in order 
to describe distinct pCLE imaging patterns of the 
lung parenchyma, particularly with respect to the 
underlying disease and correlation with physiologi-
cal parameters.

Materials and Methods

This is a single center prospective proof of con-
cept study on use of bronchoscopic pCLE in the as-
sessment of DPLD. We included patients referred 
for workup of newly diagnosed DPLD. All patients 
were age >18 years, in a stable clinical condition with 
no evidence of a current infection and not requiring 
oxygen supplement.

Each patient was assessed according to current 
guidelines including radiology with high resolution 

computed tomography scan (HRCT), laboratory pa-
rameters including antibodies and precipitins as out-
lined below and pulmonary function test including 
blood gas analysis and 6-minute-walk test. In addi-
tion, all subjects received a structured questionnaire 
for DPLD (24).

Pulmonary function test (PFT) and blood gas  
analysis (BGA)

Each patient underwent PFT including single-
breath diffusing capacity for carbon monoxide cor-
rected for hemoglobin (DLCOc-SB) and blood gas 
analysis at rest as well as a lung volume measurement 
using body plethysmography (Carefusion version 
V2.19.4, Höchberg, Germany). BGA was performed 
using arterialized capillary blood samples from the 
hyperaemic earlobe (Radiometer ABL 800flex).

Furthermore, all patients performed a six- minute  
walk test according to current guidelines (25).

Laboratory Tests

All patients received a basic laboratory assess-
ment including differential cell count, liver/kidney 
function tests and CRP. Additionally, in all patients 
we measured anti nuclear antibodies, anti neutro-
philic cytoplasmatic antibodies, rheumatoid fac-
tor and CCP- antibodies as well as IgG antibodies 
against aspergillus spp., thermoactinomyces spp, mi-
copolyspora spp, and dove / budgerigar feathers.

Patients were excluded due to severe restrictive 
lung disease (VC or TLC below 50% pred.), severe 
hypoxaemia (pO2 < 55 mmHg on air), inborn or ac-
quired disorder of the coagulation system, signs of 
pulmonary hypertension on echocardiography, ECG 
and brain natriuretic peptide according to current 
guidelines (26) or inability to undergo bronchoscopy 
for any medical or legal reason.

All patients gave written informed consent 
24 hours prior to the bronchoscopy examination. All 
patients obtained information by a respiratory physi-
cian and gave their written informed consent for the 
use of the pCLE confocal miniprobe during the rou-
tine bronchoscopy. The patient was informed about 
side effects post procedure, particularly bleeding and 
pneumothorax. 

The study was approved by the local ethics 
committee of the Ludwig Maximilians University 
 Munich, Germany, (Record number 048/13).



SARCOIDOSIS VASCULITIS AND DIFFUSE LUNG DISEASES 2022; 39 (2); e2022016 3

Bronchoscopy and pCLE

Bronchoscopy was performed in rigid technique 
in general anesthesia. After intubation, flexible bron-
choscopy (BF-Q 180, Olympus, Japan) was used for 
inspection of the bronchial tree and to collect mucus 
samples for microbiological and cytological examina-
tions. Afterwards, the specific miniprobe (AlveoFlex, 
Cellvizio, Mauna Kea Technologies, France) with a 
diameter of 1.4mm twice the size of an alveolar duct 
was inserted via the bronchoscopic working channel 
 (Figure 1). The miniprobe excites autofluorescence of 
elastic tissue structures by emitting laser light with 
a wave length of 488nm. It has a depth of focus of 
0-50 µm, a lateral resolution of 3.5 µm for a field of 
view of 600 µm diameter. Images were recorded with 
a frame rate of 12 images per second. No exogenous 
fluorophores were applied. The probe was pushed 
forward alongside the bronchial tree in the periph-
eral compartment under fluoroscopic guidance until 
the elastic fibres of the alveolar structure were identi-
fied. At this stage we recorded a short video sequence 
of one minute.

In every patient we performed pCLE imaging in 
the most prominent and affected lung areas accord-
ing to HRCT scan, that were accessible for place-
ment of pCLE probe. This includes segment 2 or 3 
in the upper lobe, the middle lobe or the lingula, and 
preferably lateral subsegment of segment 8, or seg-
ment 9 in the lower lobes. If no appropriate images 
could be retrieved from the privileged subsegments, 
we examined the neighboring subsegment.

For histology, we performed 3 cryobiopsies us-
ing a 19 mm cryoprobe to obtain a sufficient tissue 

specimen from the identical lung segment which 
had been examined by pCLE. The freezing time 
was 2 seconds at the first freezing procedure. If no 
sufficient specimen could be obtained, the freezing 
time has been expanded to 3 seconds. Afterward, 
bronchoalveolar lavage (BAL) was performed in the 
middle lobe or the lingula using 120 mls of 0.9% sa-
line for cytological evaluation. Post bronchoscopy all 
patients received a chest- X- ray to exclude a pneu-
mothorax. Histology samples were analysed by a 
 pathologist specialized in lung diseases.

Diagnosis of DPLD

Each patient was discussed in the multidiscipli-
nary pneumology- radiology- pathology ILD board 
to make a final diagnosis of the DPLD (3, 5). 

pCLE Image Acquisition, Processing 
and Evaluation

The assessment was performed in a team of 
2  investigators blinded to clinical data as well as re-
sults of diagnostic workup and the final diagnosis of 
the multidisciplinary ILD- board (ES and FR), us-
ing Cellvizio Viewer Software version 1.6.0 (Mauna 
Kea technologies, France).

Firstly, the pCLE video sequences were re-
viewed to analyse the most prevalent changes and 
findings. Based on these experiences we described 
four categories of findings that involves degree of 
distortion of the hexagonal alveolar pattern, density 
of alveolar structures, focal consolidations, and pres-
ence of loaded alveolar macrophages.

Afterwards, the pCLE video sequences were 
semi- quantitatively assessed. Therefore, we devel-
oped a four- scale evaluation system for each category 
from “0”- no presence of changes to “3” significant 
presence of changes in every category mentioned 
above. Example images are shown in figure 2. 

Finally, the results of the assessment were 
matched with the DPLD diagnoses of the MDD.

Results

Diagnosis of DPLD 

Between November 2013 and November 2016 
we included 42 patients with newly diagnosed 
DPLD. Five non- smoking patients with normal 

Figure 1. Flexible bronchoscope (6 mm outer diameter) with 
pCLE probe in the working channel
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Grade 0 Grade 1 Grade 3Grade 2

Consolidation
areas of localized thickening of alveolar structures

Grade 0 Grade 1 Grade 3Grade 2

Loaded Alveolar macrophages
Presences of loaded cell components 

Distortion
Disruption of normal alveolar loop architecture and replacement by disordered fibre- like structures

Grade 0 Grade 1 Grade 3Grade 2

PFT and lung parenchyma on HRCT but an addi-
tional indication for bronchoscopy served as normal 
controls.

All patients were diagnosed according to clini-
cal, radiological and histological findings after multi-
disciplinary team discussion (table 1)

Bronchoscopy and Side Effects

Bronchoscopies were well tolerated, and all pa-
tients were extubated after the procedure. 

During the diagnostic procedures includ-
ing transbronchial cryobiopsies, there were minor 
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categories (distortion, density, consolidation, pres-
ence of loaded alveolar macrophages (AM)). The 
semi- quantitative image analysis was performed by 
a 4- degree score according to representative sample 
images (figure 2). 

Table 2 shows the results in respect to the un-
derlying clinical disease.

We could describe distinct pCLE patterns in 
respect to the underlying lung disease (figure 3 a-f ) 

pCLE of Normal Alveolar Tissue

In patients with normal lung imaging, we found 
fine alveolar septal structures with separated loop 
characteristics and minimal blurring reflexes repre-
senting secretions, but no macrophages or architec-
tural distortion were noted (see images  distortion 0, 
density 0, AM 0, consolidation 0).  (figure 3 a)

bleedings that could be stopped by bronchoscopic 
means, but none of the patients required endobron-
chial tamponade or balloon blockage, prolonged 
ventilation, transfusion, or radiological/surgical 
interventions. 

In 9 patients we diagnosed a postinterventional 
pneumothorax (22%), most likely caused by trans-
bronchial cryobiopsy. These patients required a tho-
racic drainage for 3.6 (1.2) days. All pneumothoraces 
occurred during the first 15 examinations.

None of the patients experienced a post- 
interventional exacerbation or infection during the 
further hospital stay of mean 1 ½ days.

pCLE-Patterns

The pCLE video sequences were assessed 
semi-quantitatively using the prespecified four 

Density
Increased quantity of fibre- like structures with partially preserved alveolar loops 

Grade 0 Grade 1 Grade 3Grade 2

Figure 2. 4 items sample images for semi- quantitative analysis using a 4- degree score (0-3) images were obtained from patients included 
in the study 

Table 1. Patients characteristics, pulmonary function tests and GAP score in respect to the underlying disease in mean (SD)

Gender
m/f

Age
(SD)

VC 
(L)

VC 
(%)

TLC 
(L)

TLC 
(%)

DLCO 
c-SB (%)

P02 
mmHg

PC02
mmHg GAP

COP 8/2 69 
(11)

3.36
(0.9)

88.5 
(18.3)

5.81  
(1.1)

90.1 
(21.9)

69.16
(19.1)

70.93
(8.3)

35.27 
(3.0)

3.1  
(1.19)

NSIP 5/5 72 (6.0) 2.34 
(0.8)

77.3 
(16.4)

4.58  
(1.0)

82.2 
(13.7)

45.38  
(17.8)

67.02 
(8.5)

35.32 
(2.4)

3.9  
(1.4)

Chronic HP 6/2 71 (5.4) 2.58 
(0.8)

74.61 
(25.0)

4.37  
(1.0)

71.83 
(22.5)

46.75  
(14.6)

72.31 
(13.0)

34.30 
(3.7)

4  
(1.6)

IPF 6/3 73
(4.9) 

2.27 
(0.8)

66.02 
(20.3)

4.14  
(0.7)

67.02 
(8.3)

41.06  
(17.0)

63.77
(8.4)

40.75 
(2.86)

4.77  
(1.6)

AMR-IP 4/1 72 (9.3) 2.87 
(0.7)

67.46 
(17.9)

5.18  
(0.9)

72.18 
(14.6)

35.5
(7.5)

57.68 
(5.3)

32.2 (2.0) 5 
(2)

Total mean
           (SD)

n=42 72.62
(2.31)

2.61
(0.21)

72.36 
(4.87)

4.67
(0.23)

75.41 
(5.9)

48.52
(3.55)

67.14 
(2.87)

35.73 
(0.58)

4.32
(0.33)
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with the histological subtypes, e.g. fibrotic or cellular 
HP. (figure 3 d)

pCLE pattern in Idiopathic Pulmonary 
Fibrosis (IPF)

In IPF, the pCLE pattern is characterized by a 
severe distortion and destruction of the alveolar struc-
tures and increased density with a “hair- perm” like 
pattern in the most severe cases. In 3 cases with active 
smoking, we could detect loaded AM (case 7, 12, 16).  
Minor findings included consolidation and local 
changes. (figure 3 e)

pCLE Pattern in Amiodaron-Lung Disease

The hallmark of this ILD is the vast amount of 
loaded AM, which are situated like grape vine within 
the alveolar spaces. This is in contrast to active smok-
ers, in whom increased numbers of loaded but freely 
floating AM were found. No other characteristic 
findings were observed. (figure 3 f ) 

pCLE and BAL

BAL results were compatible with the under-
lying DPLD (data not shown). Concerning pCLE, 
there was no correlation between BAL differential 
cell count and pCLE pattern in the whole patient 
group. 

Pulmonary Function Test (PFT) and 
Clinical Performance Status (GAP Score)

The PFT showed a moderate restrictive pattern 
with a varying degree of impaired diffusion capacity 
as outlined in table 1. No patient showed a resting 
hypoxemia or hypercapnia at time of initial assess-
ment. GAP score (27) showed a mild to moderate 
degree of clinical impairment

Neither PFT nor GAP score did show a signifi-
cant correlation with pCLE results.

Discussion

The diagnosis of DPLD is a current hotspot in 
respiratory medicine. In this study we report our ex-
perience with pCLE in the assessment of DPLD. 

While in normal lung typical alveolar loop pat-
ters were visible, in COP focal consolidations and 

Table 2. pCLE assessment with respect to the underlying disease. 

pCLE features and assessment in the 4- degree- scale

shown as mean (number of individual values of every degree below)

 

Distortion Density
Loaded 

AM
Consolid 

ation

Mean Mean Mean Mean

(0/1/2/3) (0/1/2/3) (0/1/2/3) (0/1/2/3)

COP 1 1.75 0 1.1

 (3/5/2/0) (0/5/4/1) (8/2/0/0) (1/7/2/0)

NSIP 1.2 1.9 0.9 1.1

 (2/5/3/0) (0/3/5/2) (6/1/1/2) (3/4/2/1)

Chronic 
HP

1 1.81 0.25 1

 (2/5/1/0) (0/2/6/0) (6/2/0/0) (1/6/1/0)

IPF 2 2.38 0.11 0.88

 (0/3/3/3) (1/0/3/5) (8/1/0/0) (3/4/2/0)

AMR-IP 1.1 1.6 1.6 0.2

 (1/3/1/0) (0/3/1/1) (2/0/1/2) (4/1/0/0)

pCLE Pattern in Cryptogenic Organizing 
Pneumonia (COP)

Typical for this condition is a higher density 
and the presence of focal consolidations. The alveolar 
structure remains thin. Heterogeneity was markedly 
increased, but the structures did not show a signifi-
cantly increased distortion. No loaded AM were de-
tected (figure 3 b) 

pCLE Pattern in Nonspecific Interstitial 
Pneumonia (NSIP)

NSIP-images are characterized by a significant in-
crease in density. The alveolar structures are thickened 
but in normal configuration. They showed a character-
istic crystalline coating with “gloss like” reflections. In 
cellular NSIP loaded cells smaller than AM were de-
tected, while AM were not present. Only minor distor-
tion and consolidation were noted. (figure 3 c)

pCLE Pattern in Chronic Hypersensitivity 
Pneumonitis (HP)

In this category we did find mainly consolida-
tions with mildly increased distortion and density, 
but no loaded AM. Other features appear to correlate 
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fibres in vivo, thus capturing parenchymal structure 
indirectly. Therefore, we regard pCLE as a separate 
imaging method and evaluated the pCLE images 
in respect to the final DPLD diagnosis rather than 
in comparison with single histology or radiology 
results.

So far, we used a semi- quantitative procedure for 
image analysis. Using this method, we could describe 
pCLE patterns predominantly present in distinct 
forms of DPLD. As there is no established proce-
dure for evaluation of pCLE images, we developed 
an assessment based on a four category four scale 
system as shown in figure 1. Certainly, a significant 
subjective bias has to be considered and its usefulness 
has to be proven also in the follow-up. A better and 
more reproducible evaluation is required that also 
includes a quantitative analysis of the images (28). 
A first approach to a computerized image analysis 
has been recently published by our group (29)

higher tissue density were present. IPF is charac-
terized by significant distortion and destruction, 
while NSIP showed significant increase in density 
with “cristalline coating”. In chronic HP there were 
mainly consolidations with mild distortion and den-
sity, while Amiodarone lung disease was character-
ized by loaded AM. 

Based on these results we developed a 4- point  
4- degree semi- quantitative evaluation scale to de-
scribe typical imaging patterns according to the un-
derlying disease (table 2). 

In our opinion, pCLE enables in vivo visu-
alization of characteristic changes in respect of the 
underlying DPLD beyond the scope of radiologi-
cal and histological examinations (13). In our study, 
pCLE did not detect specific histopathological find-
ings such as fibroblast foci or interstitial inflamma-
tion. The pCLE technique uses a laser wavelength, 
that visualizes mainly elastic fibres but not collagen 

3 a normal alveolar tissue 3 b COP 3 c NSIP

3 d chronic HP 3 e IPF 3 f Amiodarone lung diseas

Figures 3 (a – f ). pCLE images of DPLD according to MDD diagnosis images were obtained from patients included in the study 
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In conclusion, pCLE harbours the potential to 
serve as an in vivo bronchoscopic imaging technique 
in the assessment and differential diagnosis of ILD. 
The major challenges are obtaining a representa-
tive sample of pCLE images and their structured 
assessment. 

Acknowledgement: We are thankfully indepted to Mr Chris Tro-
mans for linguistic correction of the manuscript.
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