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ABSTRACT  Probe-based confocal laser endomicroscopy (pCLE) allows microscopic imaging of the
alveoli during bronchoscopy. The objective of the study was to assess the diagnostic accuracy of pCLE for
amiodarone-related pneumonia (AMR-IP).

Alveolar pCLE was performed in 36 nonsmoking patients, including 33 consecutive patients with acute or
subacute interstitial lung disease (ILD), of which 17 were undergoing treatment with amiodarone, and three
were amiodarone-treated patients without ILD.

Nine out of 17 patients were diagnosed with high-probability AMR-IP (HP-AMR-IP) by four experts,
and three separate observers. Bronchoalveolar lavage findings did not differ between HP-AMR-IP and low-
probability AMR-IP (LP-AMR-IP) patients. In HP-AMR-IP patients, pCLE showed large (>20 um) and
strongly fluorescent cells in 32 out of 38 alveolar areas. In contrast, these cells were observed in only two out
of 39 areas from LP-AMR-IP patients, in one out of 59 areas from ILD patients not receiving amiodarone
and in none of the 10 areas from amiodarone-treated patients without ILD (p<<0.001; HP-AMR-IP versus
other groups). The presence of at least one alveolar area with large and fluorescent cells had a sensitivity,
specificity, negative predictive value and positive predictive value for the diagnosis of AMR-IP of 100%,
88%, 100% and 90%, respectively.

In conclusion, pCLE appears to be a valuable tool for the in vivo diagnosis of AMR-IP in subacute ILD
patients.
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Introduction

Amiodarone, a class III anti-arrhythmic agent, is one of the most commonly prescribed drugs worldwide
[1]. Since its introduction in clinical practice, several serious adverse effects have been attributed to chronic
amiodarone administration and have triggered major concerns [2]. The most severe amiodarone-related
side-effect is pulmonary toxicity [3, 4], which may lead to life-threatening conditions, such as pulmonary
fibrosis and acute respiratory distress syndrome [5-9]. The risk of amiodarone-related pneumonia (AMR-
IP) has been estimated to be 1.0% per year [10-12]. Clinical data, laboratory tests, as well as radiological
features of amiodarone-induced pulmonary toxicity on chest computed tomography (CT) scans, are usually
not specific. Bronchoalveolar lavage (BAL) fluid microscopic examination may be helpful to exclude other
aetiologies of interstitial lung diseases (ILDs) [13]. It usually discloses the presence of phospholipid-filled
macrophages as well as increased counts of leukocytes and lymphocytes. It is generally accepted that the
absence of foamy macrophages eliminates amiodarone toxicity, while their presence only confirms exposure
to amiodarone [14]. As lung biopsy may be harmful in patients harbouring respiratory failure and cardiac
disorders, the suspicion of AMR-IP usually leads to discontinuation of the drug, without having definite
evidence of the drug’s responsibility. Therefore, more reliable diagnostic criteria of AMR-IP are needed.

Probe-based confocal laser endomicroscopy (pCLE) is a new minimally invasive technique that makes it
possible to provide microscopic imaging of a living tissue. The procedure enables the exploration of
proximal bronchus and alveolar regions during bronchoscopy in real time [15-18]. Studies have
demonstrated that the main endogenous fluorophore, observed with pCLE at 488 nm excitation
wavelength, is the elastin, which is a major component of the distal lung interstitial network, present in
the axial backbone of the alveolar ducts and alveolar entrances [19, 20]. Due to tobacco tar specific
fluorescence, the technique also allows the imaging of alveolar macrophages in active smokers, while these
cells are not visible in nonsmoking healthy subjects [16]. Therefore, the pCLE pulmonary semiology
dramatically differs in smokers and nonsmokers and should be analysed separately [21].

The objective of this study was to determine the diagnostic accuracy of alveolar pCLE in amiodarone-
induced lung toxicity. For this purpose, we analysed pCLE imaging data from nonsmoking patients
presenting with subacute ILD and compared results between amiodarone-related pneumonia and other ILD
patients.

Methods

Study design

In order to assess the diagnostic accuracy of pCLE for amiodarone-induced lung disease, all consecutive
subjects recruited into the ALVEOLE trial (ClinicalTrials.gov identifier: NCT00213603) presenting with
acute or subacute ILD were selected for the present study, whether or not they were under chronic
amiodarone therapy. In addition, all amiodarone-treated patients without ILD recruited in the ALVEOLE
trial were also selected.

In each case, the aetiological diagnosis of ILD was assessed by a panel of experts on the basis of clinical,
radiological, biological and follow-up data. In addition to the panel’s diagnosis, the amiodarone-treated
patients group was subjected to a second review by three independent specialists without knowledge of the
panel’s conclusions. All of the reviews were performed blinded to pCLE data.

Two groups of subjects were defined according to the experts’ reviews, as follows. 1) Group A consisted of
all the patients undergoing amiodarone therapy, with three subgroups: group Al, comprising patients with
interstitial pneumonia and high probability of amiodarone-related pneumonia (HP-AMR-IP); group A2,
patients with interstitial or alveolar pneumonia and low probability of amiodarone-related pneumonia (LP-
AMR-IP); and group A3, patients undergoing amiodarone therapy but without interstitial pneumonia.
2) Group B consisted of ILD patients who were not receiving amiodarone therapy. pCLE data from group
Al were compared to those from groups A2 and B.

Subjects

Patients were part of the cohort prospectively enrolled in the ALVEOLE trial from April 2006 to May 2011.
The ALVEOLE trial was approved by the institution review board (No. CPP NO1: 2005/029, Rouen
University Hospital, Rouen, France). All of the patients signed a written informed consent before the
pCLE procedure.

Inclusion criteria in the ALVEOLE trial were: diffuse or focal parenchymal lung disease with indication for
bronchoscopy, age >18 years, signed written informed consent. Exclusion criteria were: bleeding disorder,
pulmonary hypertension, contraindication for a bronchoscopy, history of anatomical or functional
pneumonectomy.
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Patients included in the ALVEOLE trial were considered for the present study when the following criteria
were present: nonsmoker or smoking cessation at least 6 months previous, subacute ILD (<3 months),
non-ILD under amiodarone treatment.

Diagnosis of ILD

In order to establish the final aetiological diagnosis of ILD, patient’s baseline clinical, radiological and
biological data, as well as follow-up data, were analysed by a panel of four experts, including pulmonologists
(G. Zalcman and V. Jounieaux), a radiologist (A. Genevois) and a pathologist (F. Roussel), blinded to the
PCLE results. The diagnosis of AMR-IP was achieved based on the aforementioned information and,
specifically, on the patient’s evolution after drug discontinuation with or without corticosteroids treatment,
and exclusion of other causes of interstitial lung disease.

For amiodarone-treated patients, a second assessment was performed separately by three independent
specialists (L. Thiberville, S. Dominique and E. Bergot) 4 months after the panel’s review, blinded to the
pCLE results. This assessment was based on the same baseline and follow-up information, without
knowledge of the conclusions of the previous panel. For this purpose, each expert rated patient’s diagnosis
as low, intermediate or high probability of AMR-IP. After both reviews, patients were classified as HP-
AMR-IP when both the panel and at least two of the independent reviewers agreed.

In vivo, real time alveolar microscopic imaging

The pCLE imaging of alveolar areas was achieved using a Cellvizio Lung device with 488 nm excitation,
coupled to a spectrometer (Mauna Kea Technologies, Paris, France). All of the endoscopic procedures were
performed according to a protocol previously described [16]. Briefly, a 4.4-mm bronchoscope (MP60
model; Olympus, Tokyo, Japan) was inserted into the airways down to the smallest reachable bronchi. The
pCLE miniprobe was then introduced into the working channel of the bronchoscope, and was pushed
smoothly beyond the bronchoscope view into the successive divisions of the bronchial tree until it
penetrated into a pulmonary lobule, as previously described [15-17, 22].

PCLE sequences were recorded and stored for subsequent analysis. As much as possible, pCLE alveolar
imaging was performed in the regions of interest according to the chest CT scan abnormalities.

In situ fluorescence microspectrometry

Spectra of the microscopic area were recorded in vivo through the spectroscopic channel of the pCLE device,
simultaneously with the image acquisition as previously described [16]. The spectral analysis was performed
using a specific deconvolution (Levenbergt—Marquardt) algorithm. This algorithm is based on a linear
combination of three spectral components: the normalised elastin and the tobacco tar emission spectra
experimentally measured, and a Gaussian spectrum with tunable width and central wavelength. Spectra
from AMR-IP patients were compared to those acquired in a previous study from smoking healthy
volunteers [16].

Imaging data analysis
The pCLE image analysis was performed simultaneously by two observers (M. Salaiin and L. Thiberville)
blinded to the patient’s charts and diagnosis.

Measurements were performed using the dedicated Medviewers 1.1 software (Mauna Kea Technologies).
Cell size was assessed according to its greatest dimension. Fluorescence intensity was quantified using the
MedViewer Signal Quantification Toolbox, with the lower and upper level thresholds of the look-up table
set to one and 8000, respectively. The pCLE features considered for quantitative analysis were as follows.
1) The presence of fluorescent cells: this feature was defined as the presence of at least one detectable cell per
area explored during pCLE; 2) the presence of cells >20 or >30 pm, defined as the presence of at least one
cell with a diameter >20 or >30 pm per area explored; 3) the cellular organisation, assessed by the number
of areas where the cells appeared aggregated or isolated as analysed from the dynamic video sequences; and
4) the fluorescence intensity of the pCLE signal: fluorescence intensities were computed from the frames
displaying the maximal cellular density. Fluorescence intensity results were expressed as the median of the
pixels intensity for each selected frame.

Two kinds of analysis were performed: 1) per area analysis, in which the features (e.g. “the number of
alveolar areas showing cellular infiltration”, or “the number of alveolar areas with cells >20 pm”) are
compared on the basis of their frequency in each group; and 2) per patient analysis, where the number of
patients presenting the pCLE features are compared between groups. For this purpose, pCLE features were
defined as “positive” for one patient when present in at least one of the explored areas.
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Bronchoaveolar lavage analysis

BAL was performed using four aliquots of 50 mL saline. Cytological cellular analysis of the BAL fluid
included total and differential cell count, presence and semi-quantification of foamy macrophages and
Golde score. Foamy macrophages were identified on the basis of their cytoplasmic aspect after May—
Griinwald-Giemsa coloration, where the cytoplasm is filled by rounded vacuoles optically empty on
conventional optical microscopy. The Golde score was assessed as described [23]. Briefly, a total of 100
individual macrophages were scored after staining by Perl’s Prussian blue method. Each cell was ranked for
hemosiderin content by using the following scale: 0, no colour; 1, faint blue in one portion of the cytoplasm;
2, deep blue in a minor portion of the cell; 3, deep blue in most areas of the cytoplasm; and 4, deep blue
throughout the cell.

Statistics
The frequencies of the pCLE features were compared between groups using Fisher’s exact test. The median
fluorescence intensities were compared using the Mann—Whitney test.

Sensitivity, specificity, positive predictive value and negative predictive value, as well as 95% confidence
intervals, were computed to assess the diagnosis accuracy of pCLE for AMR-IP.

To take into account multiple comparisons, the p-values presented are corrected according to Bonferroni,
(pB=1-(1-p)"/™ where p is the uncorrected value, pB is the corrected value of p, and n is the number of
comparisons).

Results

Subjects

Subjects on amiodarone therapy

The classification of the patients undergoing amiodarone treatment as HP-AMR-IP and LP-AMR-IP did
not differ between the panel’s review and the three independent specialists’ review. There was a good
agreement between the independent observers (k=0.61; Fleiss kappa).

After the experts’ reviews, nine patients were diagnosed with HP-AMR-IP in the absence of an alternative
diagnosis (group Al), and eight patients were classified in group A2, with LP-AMR-IP (alternative
diagnoses were subacute cardiac failure (n=2), infectious pneumonia (n=2), organising pneumonia (n=2),

33 patients with subacute
ILD (<2 months)

A

10 alveolar areas
explored

Group A3

174 pCLE sequences

4

17 ILD patients receiving
amiodarone v

16 ILD patients not
receiving amiodarone

85 pCLE sequences

l l 89 pCLE sequences
9 HP-AMR-IP patients 8 LP-AMR-IP patients !
44 pCLE sequences 41 pCLE sequences 59 alveolar areas explored
Group B
4 4
38 alveolar areas explored 39 alveolar areas explored
Group A1 Group A2

FIGURE 1 Flow chart of the subacute interstitial lung disease (ILD) patients undergoing the endomicroscopy procedure. pCLE: probe-based confocal laser
endomicroscopy; HP-AMR-IP: high probability for amiodarone-related interstitial pneumonia; LP-AMR-IP: low probability for amiodarone-related interstitial

pneumonia.

DOI: 10.1183/09031936.00191911

1649



INTERSTITIAL LUNG DISEASES | M. SALAUN ET AL.

"9)qe)ieA. Jou YN

1UN aJed dAISUdUl 1N ‘eluownaud paje)ad-auolepoliwe d|-YNY Anoedo ssejb-punoub :099 ejew |y !a)ewsa) 14 abeae) uejoaajeoyduolq yg ‘Aydesbowoy payndwod 19

1g1ue yyum sIse}da1youolq jo
Juswieal) Jaye A1snodad a3e1dwo) U011BGU3IBXS SAI}I8YU| A VN UoIepIOSU0d pue sisepalyduolg  easoudsAp 8yndeqns 9)1ga4 J9yowsuoN IN/0L/0Z
ewouln.ed
}nod0-olped aqo) Jaddn jybii
Jsoued Buny Joy yuswiealy bulobug Jasued bunT 20L/LL VN ewasAydwa A1euow)nd pue ewasAydwsa Aseuouwng J9yows-x3 N/9L/61
luownaud 1enisaul
Jsoued bun) wouly yieag J9oued bun 0v9/2L VN a)npou buny jessydiiag noyum anpou buny jesaydiiag Jayows-x3 IN/OL/8L
¢V dnoug
elwaeyna)
S21394NIP PUE ‘SPI0J3}S0DI1I0D ‘UOI}ESSaD proydwiA) a1uoayd ejuownaud
auoJepolwe Jaye A19r02al eljded /a4n)iej JelpJed 8indy 0L2/S% €1/8L/559 099 1BI}}SI9)UI 3)1Iga) 3IN2BNS J9yowsuoN 4/48/L1L
9)0zeuodedyl pue SISe}231yauolq
'SP10J3)5021110D 'U01|ESSD sisoy)ibiadse uonoedy ‘butuaydIyy $50] 1yblam pue eluownaud
suoJepoluwe Ja)e A1anodad s)e1dwon Aseuouwnndoyduolg d1biay /e GE/9Y/728 e)dss Jej0aAle 'UolepI|oSU0Y 1111493l 3118} 83NdeqNS Jayows-x3 IN/6LI9L
SISB}291Ydu0lq Uoljoel} ejuownaud
UOI}ENUNIUOISIP SUOIEPOIWE J3}je 9)1qe)S SIS0}s3qsy 022/9¢ 81/82/08% ‘Buiuaydiyy eydas Jejoany 1e1I}SI)Ul 81NdEQgNS J9y0ws-x3 IN/Z8/SL
JUSWIEaU} SPI0J3}S0DI1I0D PUE UOIJESSD ejuownaud
auoJepolwe Jajje A1an0dad anIssalboly ejuownaud buisiuebug 8L/EL £/G6/0811 UoI1BPIIOSUOD pue 099 1e1111S43)Ul 31NdEgNS JayowsuoN 4/%8/%1
JUSW}EaU)} SPI0JB}S0DI1I0D PUE UOIJESSaD UOI}EPIIOSUOD |EJ3}e)Iq pUe
suoJepolwe Jsjje A1an0dal anIssalboly ejuownaud buisiuebug 09€/09 £2/%5/081 UoI1epI10SU0d |edaie)ig eaoudsAp 8jndeqns a)liga4 JayowsuoN IN/08/EL
S21101I1}UB PUB UOI}ESS3D ejuownaud
auoJepoluwe Ja)e A1anodal a3e1dwo) eluownaud snoiajul 9¢/9 6/16/08€ 099 dlBWWASY 1}13S193Ul 8)Ndeqng J9yows-x3 IN/89/Z1L
'saladnip pue ainjley oelp.ed
S2130IqIJUE Y}IM JUSW)EI) PUB UOIIESSaD 9)N2e Y}IM pajeloosse U0I}ePIIOSU0D 3G0)
auoJepoiwe Jaje juawanoldwi pidey ejuownaud snoioaju| 05/8 N Jaddn jybii pue 999 |essie)g eaoudsAp 8jndeqns a)liga4 JayowsuoN 4/88/11
'saljaJnip pue
S2110IqIUB Y}IM JUSW)ESI) PUB UOIIeSS3D ejuownaud
suoJepolwe Js)e yuswanoldwi pidey ainyle} delpJed ajndy 022/9¢ 6/£6/029 Buiusyolyy eydas Jejosale ‘099 1eINIISISIUI BSNYIP BIN2BgNS Jayows-x3 IN/89/01L
Zv dnoug
N2l ul syuswiealy
ajelidosdde pue spiotasoaiiod UoIepIosuod aseasip
‘uolessad auolepolwe a)idsap yieaq dI-4vY 09/01 9€/92/065 ‘Buiuaxdiyy eydas Jejoanje ‘099 Bun jennsusgul asnyip 9ndy JaxowsuoN 4/tL/6
1USW)Eal) SPI0J3)S021110d PUB UOIESSD aseasip bun
suoJepolwe Js)je A1aA023. aAIssalboly dI-4NY 9/l 8/16/05¢ UoNepIOSU0d ‘099 1B1}1}S43)UI 3SNYIP 81NdEgNS Jayows-x3 IN/89/8
JUSW)Eal) SPI0J3)S021110d PUB UOIESSD uoisnye aseasip bun
auo.epoluwe Jayje Juswarosdwi pidey dI-div y9L/Le LE/6Y7/80C 1edna)d ‘uofepijosuod ‘099 1elnsIaUl asnyip 91ndeqng 19y0Ws-x3 IN/78/L
JUBW}EAU} SPI0JB}S0DI}I0D PUE UOIJESSD S8)Npou ‘uoijepljosuod aseasip bun)
auo.epojuwe Jaye A1arodal a3a1dwioy dI-d4NY 951/9¢ v5/0%/79L ‘Buiussoly) e1das Jejodnle ‘099 1enNsIAlUl aSNyIp dindeqng JayowsuoN IN/E8/9
$1504q1) Pa1e)aJ-50159qsy
JUSW)EaJ) SPI0J3}S021110d PUB UOIESSaD UOI1ePIIOSU0D ‘SISeI3IYdU0I] ejuownaud
3U0JBPOIWE JB}e JudwaAoldwi pidey dI-dNv 2Lzl G/8%/39¢1 ‘Butuadiyy eydas Jejoane ‘099 1BIISIBYUI 3SNYIP 3NdY J9xy0ws-x3 IN/69/S
JUSW)EaU) SPI0J3)S021110d PUB UOIJESSD ejuownaud
auoJepoluwe Ja)e A1anodal anissalbold dI-4NY 8L/EL 22/69/00G1 Buruesdiyy eydas dejosale ‘099  1eINISISUI BSNYIP BINdRgNS J9yowsuoN 4/9L1y
U01}BSSaD BUOIEPOIWE ejuownaud
Jaye swoydwAs jo A1an0dad a381dwo) dI-4NY 0z1/02 €/S6/SLL Buruasoiyy eydas Jejoanje ‘099 1BINISIAUI BSNYIP dINdEgNS Jay0Ws-x3 N/YLIE
1UBW1EBaJ} SPI0J3}S02I1I0D pUB UOIESS®D ejuownaud
suoJepolwe Ja)e A1anodad s1e1dwon dI-4NY 0ev/2L 25/6€/06L Burusyolyy eydas Jejosale ‘099 1eINIISISUI BSNYIP BIN2BgNS J9yowsuoN 4/LLIT
JUSW)Eal) SPI0J3)S021110d PUB UOIESSD UoIepIosuod ejuownaud
suoJepoluwe Ja)e A1anodal sye1dwon dI-4NY 062/8% €/76/588 ‘Butuaydiy) eydas Jejosale ‘099 1eINISISIUI BSNYIP 8INdBgNS J9yowsuoN 4/6L/1
Lv dnouag
% saifooydwik)
6 asop |ej0)/syjuow /% sebeydooew/ ww sad xas

dn-mono4

sisoubelp jeury

uojjeanp auoJepolwy

1UNod 1132 1e30} S)NSal Tvg

uess 19 1say)

uonejuasald jedtund-oipey

smejs bupjows

/saeak sbe/juaned

sjualjed pajeaJ}-auo0Jepolwe ay} Jo SoI3sidajorley) | 379V

10.1183/09031936.00191911

DOlI:

1650



DOI: 10.1183/09031936.00191911

INTERSTITIAL LUNG DISEASES | M. SALAUN ET AL.

asbestosis (n=1) and allergic bronchopulmonary aspergillosis (n=1)). Three patients receiving amiodarone
therapy had no interstitial lung disease (peripheral lung cancer, n=2; bronchiectasis, n=1) (group A3)
(fig. 1).

The main characteristics of the patients under amiodarone therapy are indicated in table 1.

Among these subjects, 38 in vivo alveolar pCLE sequences were recorded from different lung segments in
HP-AMR-IP patients (group Al), 39 alveolar sequences were recorded from group A2 patients (LP-AMR-
IP), and 10 alveolar sequences were recorded from patients without ILDs (group A3) (fig. 1).

Subjects not receiving amiodarone therapy

16 patients with ILD without amiodarone therapy were diagnosed with hypersensitivity pneumonia (n=6,
23 alveolar areas explored), cryptogenic organising pneumonia (n=4, 17 alveolar areas), bleomycin-induced
diffuse lung disease (n=2, five alveolar areas), autoimmune systemic disease (n=2, nine alveolar areas),
eosinophilic lung (n=1, three alveolar areas), and Pneumocystis jiroveci pneumonia (n=1, two alveolar
areas) (fig. 1).

In vivo pCLE imaging

The pCLE added a median (interquartile range) 7 (4-13) min to the whole endoscopic procedure. No
serious adverse event, such as bleeding, post-bronchoscopy infection or pneumothorax occurred during the
endomicroscopic procedures.

Alveolar cellular imaging and BAL data
Figure 2 shows the fluorescent signal from alveolar cells in amiodarone treated patients with and without
HP-AMR-IP.

A characteristic infiltration of the alveoli with strongly fluorescent cells was present in all of the HP-AMR-IP
patients, in 35 of the 38 acinar areas explored. The presence of large alveolar cells (>20 um) with
fluorescence >100 arbitrary units were observed in every patient with HP-AMR-IP and in 32 out of 38 areas
explored from this group. These cells were detected in only one patient from group A2 (two out of 39
alveolar areas), as well as in another patient from group B (one of 59 alveolar areas). The presence of these
highly fluorescent cells in at least one alveolar area could discriminate HP-AMR-IP from other ILD patients
with a sensitivity of 100% (95% CI 0.66-1), specificity 88% (95% CI 0.47-1), and positive and negative
predictive values of 90% (95% CI 0.55-1) and 100% (95% CI 0.59-0.1), respectively (tables 2 and 3).

In contrast, a faint cellular fluorescence was observed in six patients of group A2 and in one out of the three
patients in group A3, in 14 out of 39 and two out of 10 alveolar areas explored, respectively (p<<0.001, Al

al b)
d=23.5 um

FIGURE 2 In vivo probe-based confocal
laser endomicroscopy imaging in
subacute interstitial lung disease patients
undergoing amiodarone treatment. a—c)
Specific infiltration of the alveolar spaces
with large and highly fluorescent cells
(white arrows) in amiodarone-related
pneumonia patients. Red arrows
indicate the elastic network that appears c)

normal (a, b) or disorganised and dense d=32.4 um
(c). d) Mild alveolar cellular infiltration )
observed in a patient under amiodarone
therapy, who was diagnosed with an acute
cardiac failure associated with infectious
pneumonia. The cells appeared smaller
(<20 pm) and displayed a faint
fluorescent signal (white arrows), in a
normal acinar elastic network (red
arrows). Images were retrieved from
video sequences. An example of video is
available in the online supplementary
material. d: cell diameter. Scale bars=
50 pm.
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versus A2 and Al versus A3; Fisher’s exact test) (table 2). Analysis of pCLE imaging in ILD patients without
amiodarone medication (group B) also showed a faint cellular infiltration in only six out of 16 patients, in
14 out of the 59 alveolar areas explored (table 2).

Details of the pCLE cellular features are given in table 2 and figure 3. Alveolar cells from HP-AMR-IP
patients (group Al) differed from the other groups by a larger size (p<<0.001) and stronger fluorescence

(p<<0.001). Alveolar cells were more often aggregated in group Al compared to ILD patients without
amiodarone treatment (p=0.05) (table 2).

Table 4 and figure 3 describe the cellular population predominant on BAL analysis in comparison to the
alveolar cellular features observed with pCLE. From the nine HP-AMR-IP patients, five presented with a
predominant lymphocyte alveolitis, two with a neutrophil alveolitis, and two with a predominant
macrophage alveolitis. Interestingly, pCLE analysis of the lymphocyte and neutrophil alveolitis cases showed
two populations of fluorescent cells (fig. 4). One was made of small round and homogenous cells
(presumably activated lymphocytes and/or neutrophils) that could be observed in the small bronchi before
reaching the alveolar areas (fig. 4a; and online supplementary video); the other was an inhomogeneous
population of larger cells within the alveolar areas, which may correspond to activated alveolar macrophages
(fig. 4b). In the two AMR-IP patients with macrophage alveolitis on BAL, pCLE displayed only this
population of larger cells.
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FIGURE 3 Comparison of bronchoalveolar lavage (BAL) and alveolar probe-based laser confocal endomicroscopy (pCLE) results. a) The total cellularity in BAL
was not higher in the high probability amiodarone-related interstitial pneumonia (HP-AMR-IP) (medians with interquartile range) (Mann—Whitney test). b) The
proportion of foamy alveolar macrophages (AMs) in BAL did not differ between groups (Fisher’s exact test). ¢) The number of patients with Golde score >100
was higher in the HP-AMR-IP patients than in non-amiodarone treated patients with ILD, but did not differ between HP-AMR-IP and low probability for
amiodarone-related interstitial pneumonia (LP-AMR-IP) patients. *: p<<0.05, Fisher’s exact test. d) The number of alveolar areas infiltrated with fluorescent cells
observed with pCLE was significantly higher in HP-AMR-IP patients than in other groups. *: p<<0.05, Fisher’s exact test. ¢) The number of alveolar areas
infiltrated with >20 pum fluorescent cells observed in pCLE was significantly higher in HP-AMR-IP patients than in other groups. *: p<<0.05, Fisher’s exact test. f)
The cellular fluorescence intensity was higher in HP-AMR-IP patients than in the other groups (medians with interquartile range). *: p<<0.05, Mann—Whitney
test. AU: arbitrary units.
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A morphology-based interpretation of the cell population is provided on the online supplementary
material, suggesting that the large cell population may be activated macrophages. However, it cannot be
excluded that some of the largest fluorescent cells on pCLE do represent alveolar type II cells (online
supplementary material and fig. S1).

Foamy macrophages were not restricted to HP-AMR-IP but were also observed in the BAL of 20 other ILD
patients. Semi-quantitative assessment of foamy macrophage number was not related to the presence of
large fluorescent cells observed in vivo using pCLE (figure 3 and table 4).

Microspectrometry analysis

Results of microspectrometry analysis are indicated in figure 5. This analysis shows that HP-AMR-IP can be
distinguished from LP-AMR-IP patients, as well as from smoking subjects on the basis of the
autofluorescence spectra at 488 nm.

Further analysis showed that autofluorescence spectra at 488 nm from patients with HP-AMR-IP could be
characterised by the combination of the reference spectrum of elastin and of another spectrum centred at
550 nm, which appears specific for amiodarone lung toxicity. As a comparison, the spectrum from smoking
healthy volunteers could be modelled by the combination of three spectral components: the tobacco tar
component and the elastin component, and a weak component centred at 630 nm (data not shown).

Discussion

This study indicates for the first time that pCLE is able to discriminate patients with amiodarone-related
pneumonia from other ILDs. In the absence of validated diagnostic criteria of AMR-IP, these findings may
have a significant clinical value.

Here, we found that a major pCLE characteristic of amiodarone-related pneumonia is the presence of highly
fluorescent and large cells, presumably macrophages, within the alveoli. In our series, this item has positive
and negative predictive values of 90% and 100%, respectively, for the diagnosis of AMR-IP. Besides its
ability to diagnose AMR-IP among ILD patients receiving amiodarone, our study also suggests that pCLE
can discriminate AMR-IP from other ILDs, including hypersensitivity pneumonia and other drug-induced
pneumonia (furantoin- and bleomycin-induced fibrosis).

In AMR-IP patients, we were able to image these large fluorescent cells in vivo in 84% of the alveolar areas,
including the patients with lymphocyte and/or neutrophil alveolitis. Interestingly, in these cases, the large
fluorescent cells were observed along with smaller fluorescent cells, presumably lymphocyte or neutrophil
populations, in vivo.

Our data demonstrate that the observation of fluorescent alveolar cells using pCLE has a better diagnostic
value than BAL findings. Historically, foamy macrophages in BAL from patients with amiodarone lung
toxicity have been observed since the early 1980s [13]. However, studies have demonstrated that these
foamy cells can also be observed in patients under amiodarone therapy without ILD, suggesting that they
represent more a marker of a routine drug effect than an indicator of lung toxicity [14]. Our findings

FIGURE 4 Examples of bronchiolar and alveolar cellular fluorescence in the same patient with high probability
amiodarone-related pneumonia (patient 2). Two different fluorescent cellular populations are observed: a) regular, round
cells in bronchioles (white arrow), and b) the association of small (white arrow) and large (white arrowhead) fluorescent
cells in alveoli. Bronchoalveolar lavage showed an intense lymphocytic and macrophagic alveolitis (790 cells per mm?),
and foamy macrophages. The dynamic probe-based confocal laser endomicroscopy video sequence is available in the
online supplementary material. d: cell diameter. Scale bars=50 pm.
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strongly support this hypothesis, but provide evidence that the pCLE observed fluorescent cells do not
correspond to this foamy macrophage population.

In contrast to BAL, the accumulation of foamy cells in the lung tissue is believed to be a distinctive
histological feature of amiodarone-related pulmonary toxicity [24]. This may suggest that pCLE allows in
situ observation of activated cells in the interstitial and intra-alveolar lung compartments, whereas BAL
reflects the cell populations present in the bronchiolar and alveolar spaces, independently of their activation.
Recently, KELLER et al. [25] presented data that support this hypothesis, showing that highly fluorescent cells
could be observed in vivo in the graft from single lung recipients, whereas the original lung was free of
cellular infiltration. This is also in accordance with previous findings from the same group showing that, in
stable lung graft recipients, activated inflammatory cells are present in BAL [26]. However, while our
microspectrometry analysis suggests a different origin of the cellular fluorescent signal in AMR-IP
compared with smokers, the demonstration of the cellular or molecular processes underlying the cellular
fluorescence requires further fundamental experiments.

One of the limitations of our study is that, as usual in drug-induced lung diseases, classification of the
patient relies on probability diagnostic criteria. Here, we used, along with a strict agreement between
experts, very stringent criteria for AMR-IP, in which the presence of an alternative cause of ILD classifies the
patient as having a low probability of drug-related disease. Therefore, it is possible that some patients with a
low probability of AMR-IP might have underlying amiodarone lung toxicity as part, or as a trigger, of the
acute lung disease. This may also explain why slightly fluorescent cells could be found in alveolar areas of
such patients using pCLE. Conversely, pCLE follow-up might be helpful for early detection of lung toxicity
in patients taking amiodarone, and to monitor the regression of the cellular infiltration along with the
improvement of the ILD as the responsible drug is discontinued.

As all amiodarone-treated patients included in our study were nonsmokers at the time of alveoscopy, it
cannot be excluded that pCLE specificity for AMR-IP may be low in smoking patients. In particular, it is
possible that, in smokers, the tobacco tar-induced cell fluorescence masks the fluorescent signal related to
the drug toxicity. Therefore, the results presented here only apply to nonsmoking subjects. However,
whereas our in vivo spectrometric study is still limited and does not include nonsmoking patients not taking
amiodarone, it indicates that the fluorescent signal from tobacco tar can be distinguished from that of the
AMR-IP. Future studies are needed to confirm the usefulness of in situ microspectrometry in smoking
patients receiving amiodarone.

In conclusion, pCLE is a minimally invasive technique that can be easily added to a simple endoscopic
procedure in the context of possible drug-induced lung disease. The procedure appears particularly valuable
in nonsmoking ILD patients taking amiodarone, for whom the discontinuation of the drug may be
problematic, and should be rapidly decided. Future prospective studies are needed to confirm our data,
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FIGURE 5 In situ alveolar microspectrometry in high probability for amiodarone-related interstitial pneumonia (HP-
AMR-IP) patients, low probability for amiodarone-related interstitial pneumonia (LP-AMR-IP) patients, and healthy
smokers. Each curve represents the mean alveolar autofluorescence spectrum from a group of subjects after excitation at
488 nm. Blue: spectra acquired from non-smoking HP-AMR-IP patients (n=16); yellow: spectra acquired from
nonsmoking LP-AMR-IP patients (n=8); and pink: reference spectra from healthy smokers included in our previous
study (n=7) [16]. The fluorescence microspectrometry analysis can discriminate the different groups of patients. AU:
arbitrary units.
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which currently support a decision of drug discontinuation in the presence of alveolar large and highly
fluorescent cells during pCLE imaging.
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