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ABSTRACT
Background and Study Aims: Probe-based confocal laser endomicroscopy (pCLE) enables real-time microscopic visualization 
of the duodenal mucosa and has shown acute food–triggered disruption of the duodenal epithelial barrier of patients with irri-
table bowel syndrome (IBS). The interpretation of the recordings is subjective, with unknown agreement rates. The aim of this 
study was to investigate the intra- and interobserver variability of this technique.
Patients and Methods: An international multicenter study was performed, including pCLE recordings from three centers. 
Recordings were randomized and re-evaluated by five blinded experienced assessors. Low-quality recordings were excluded. 
The mucosa was considered altered if both fluorescein leakage and luminal particles were observed. Agreement was quantified 
using Fleiss' and Cohen's kappa (κ). Reference videos (i.e., videos with 100% agreement) were used to assess the optimal charac-
teristics of videos needed to make a judgment based on the optimal receiver operating characteristic curve cutoff.
Results: Of the 119 individual recordings, 87 could be used for analyses (total of 86,408 frames). Intraindividual agreement rate 
was 80%–100%, whereas the interindividual agreement rate was 85% (κ = 0.68). The agreement rate with the endoscopist ranged 
54%–95% (κ = 0.15–0.89). The optimal cutoff to distinguish altered from unaltered was by observing alterations in ≥ 2 out of 6 
mucosal spots (100% sensitivity and specificity).
Conclusion: Our study showed a substantial to perfect intraobserver agreement and a substantial interobserver agreement for 
the judgment of acute food-triggered disruption of the duodenal epithelial barrier by pCLE, confirming that this real-time read-
out is reliable and reproducible.
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1   |   Introduction

Confocal laser endomicroscopy (CLE) is a technique allowing 
for real-time microscopic visualization of the mucosa during 
various endoscopic procedures [1]. Assessment of the duode-
nal mucosa during esophago-gastro-duodenoscopy (EGD) in 
patients with irritable bowel syndrome (IBS) has shown acute 
food–Induced mucosal alterations within minutes after intra-
luminal food administration [2, 3]. This procedure has been 
termed Food Allergy Sensitivity Testing (FAST) by the pioneers 
of this application of CLE [4]. The observed alterations included 
fluorescein leakage, epithelial breaks, and widening of the in-
tervillous space due to fluorescein leaking through the mucosa 
[2, 3]. Previous studies found these reactions only in patients 
with IBS but not in disease controls [2, 3]. Furthermore, IBS 
symptoms improved after excluding the trigger food (i.e., food 
leading to acute alterations) from the diet of the patients [3]. In 
contrast, a recent study found no difference in acute alterations 
following lipid infusion between IBS patients and healthy con-
trols [5]. Based on the most recent white paper, acute mucosal 
alterations observed on CLE are defined as fluorescein leakage, 
along with the appearance of particles in the lumen (previously 
termed “cell shedding”) [4]. These criteria are based on the 
previously reported findings in animal models that impaired 
mucosal integrity triggered by inflammatory stimuli was char-
acterized by the shedding of cells and leakage of contrast agent 
[6]. However, the exact pathophysiological mechanisms under-
lying these observed alterations are unknown.

Additionally, the reliability and reproducibility of these CLE 
findings have not been systematically assessed. The currently 
available CLE system is probe-based (pCLE) (Cellvizio, Mauna 
Kea technologies, Paris). When performing pCLE, the micros-
copy probe is introduced through the working channel of the 
endoscope, which differs from the previously used and no lon-
ger available system where the microscope was built-in to the 
endoscope [2, 3]. Testing the reliability and reproducibility of 
food-induced mucosal alterations visualized using pCLE is 
especially important since the limited available literature pro-
poses judging pCLE videos in real time during the procedure 
[7–10]. Furthermore, there is no gold standard available for 
acute mucosal reactions to compare with, rendering validation 
of the observed findings difficult. This is in contrast to other dis-
eases where the reliability and reproducibility of pCLE findings 

have been studied and compared to histopathological findings, 
such as Barrett's esophagus and pancreatic cyst lesions [11, 12].

Therefore, we aimed to assess the intra- and interobserver vari-
ability of food-induced mucosal alterations in the duodenum vi-
sualized using pCLE.

2   |   Methods

2.1   |   Study Design

This is a multicenter, blinded study to assess the reproducibil-
ity of pCLE to assess food-induced mucosal alterations. To this 
end, we evaluated intra- and interobserver variability and the 
learning curve of this technique. This study was conducted by 
an international panel of investigators from three European cen-
ters involved in ongoing prospective pCLE research: KU Leuven 
(Belgium), University of Gothenburg/Sahlgrenska University 
Hospital (Sweden) and University Hospital Schleswig-Holstein, 
Campus Lübeck (Germany). The videos evaluated during this 
study originated from one multicenter and two single center 
studies investigating food-induced mucosal alterations in the 
duodenum using pCLE in patients with IBS (DRKS00029323, 
DRKS00013534, NCT05097872, and NCT06413004). Studies 
were approved by each local institutional review board, and 
all study participants provided witnessed informed consent 
before undergoing any study-related procedure (Internal ref-
erence number Leuven: S65495, Gothenburg: 2021-04336 and 
2022-06370-02, Lübeck: 2022-111 and 2022-547_1).

2.2   |   Selection of Assessors

The most experienced assessors from each center participated 
in the video revisions: two assessors from both Gothenburg and 
Leuven, and one assessor from Lübeck. Previous experience of the 
assessors is provided in Table S1. All five assessors completed the 
CLE course provided by Mauna Kea Technologies via an online 
platform (https://​www.​cellv​izio.​net/​learn/​​image​-​inter​preta​tion/​
diges​tive/​9-​irrit​able-​bowel​-​syndrome—last accessed on July 10, 
2024). All endoscopists performing the exams received training by 
Mauna Kea, either online or in person, or by experienced peers, 
prior to performing the exams used in this study.

Two inexperienced assessors (previous experience in Table S1) 
from one center conducted the same video revision on the 
center's own videos to assess the learning curve. Both asses-
sors completed the CLE FAST course provided by Mauna Kea 
Technologies. In the 2 months following the initial video revi-
sion, they attended at least 7 more CLE exams in real life and 
followed a structured teaching intervention (outline provided in 
Appendix S1) before conducting video revision on a random se-
lection of videos from the initial assessment for the second time.

2.3   |   Probe-Based CLE

Upon reaching the duodenum and confirming its normal ap-
pearance during standard EGD, fluorescein was applied intrave-
nously as a contrast agent and the microscopy probe was gently 

Summary

•	 Acute food induced mucosal alterations have been vis-
ualized in the duodenum using confocal laser endomi-
croscopy but the reproducibility of these findings have 
not been previously assessed.

•	 Agreement rates between real-time in  vivo imaging 
and blinded post hoc assessment were substantial. 
Post hoc agreement rates between blinded assessors 
from different centers was substantial.

•	 Current criteria for acute food induced mucosal alter-
ations allow reproducible and comparable detection of 
alterations.

https://www.cellvizio.net/learn/image-interpretation/digestive/9-irritable-bowel-syndrome
https://www.cellvizio.net/learn/image-interpretation/digestive/9-irritable-bowel-syndrome
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placed on the duodenal surface through the working channel of 
the endoscope. Evaluation was performed at baseline and after 
the sequential administration of food. The presence of both in-
traluminal fluorescein and luminal particles (previously termed 
“cell shedding”) was defined as altered mucosa (previously 
termed “positive”), and the absence of both intraluminal fluo-
rescein and luminal particles as unaltered mucosa (previously 
termed “negative”) [4, 7, 8]. Figure 1 depicts altered and unal-
tered mucosa. Several separate mucosal areas (termed “spots”) 
were visualized for approximately 30 s each before moving on to 
the following spot. Although no universally established cutoff 
exists, the global judgment of altered mucosa required visible 
alterations in several separate spots. In contrast, one single al-
tered spot was not enough to consider a globally altered mucosa. 
This judgment was based on real-time visualization of at least 4 
separate mucosal spots by the endoscopist as a binary outcome: 
altered (previously termed “positive”) or non-altered (previously 
termed “negative”) mucosa. After visualization of altered mu-
cosa (i.e., 2/4 or more spots with alterations), the procedure was 
stopped, and no further food was applied.

While the general protocol is similar in all centers, Table  S2 
highlights differences in the center-specific protocols.

2.4   |   Selection and Re-Assessment of pCLE Videos 
for the Current Study

Every center compiled videos from nine randomly chosen in-
dividuals enrolled in their respective studies. If an individual 
underwent two pCLE exams, all videos from both exams were 
included. The only reason for exclusion of a specific individual 
was if the final judgment of the endoscopist was doubtful.

Videos were extracted in the proprietary .mkt format to avoid 
data compression losses. Every video represented the recording of 
one condition in one individual (i.e., 1 video for baseline, 1 video 
after every food administration). All videos were de-identified 
and named using two letters per center, followed by a randomly 
assigned number from 0 to 2000 (e.g., Belgium: BE0022). While 
blinding to the center was not feasible, investigators were blinded 
to the order of the video (i.e., baseline or after food administra-
tion), the food administered, and the patient characteristics. All 
videos were recorded at 8 frames/s and played in the Cellvizio 

viewer—the proprietary software for reviewing .mkt files. First, 
videos were played in real time without pausing or rewinding—
thus reproducing the real-time evaluation during endoscopy. In a 
second session, all videos were reviewed at half speed (4 frames/s) 
with the possibility of pausing and rewinding freely.

Assessors quantified the number of different mucosal spots vi-
sualized. Different spots were identified by loss of contact with 
the mucosa (i.e., blackout of the image) and rapid movement 
suggesting displacement of the probe elsewhere on the mucosa. 
For every spot, investigators assessed the presence or absence 
of fluorescein leakage and luminal particles. Since no univer-
sal validated cutoff exists on the presence or absence of mucosal 
alterations, every investigator provided a global assessment of 
the mucosa on a 6-point Likert scale ranging from 1 = “definitely 
unaltered” to 6 = “definitely altered” (Figure  2). Video qual-
ity was assessed for every recording on a 6-point Likert scale 
ranging from 1 =“insufficient quality, impossible to judge” to 6 
=“optimal quality, judgement possible” according to the subjec-
tive judgment of the assessors (Table S3). Table S4 provides an 
overview of all assessments conducted for every video.

The methodology of post hoc assessment and scoring was exten-
sively discussed in several preceding online meetings between 
the assessors. There was no exchange of information regarding 
post hoc assessment before all assessments had been completed 
and logged in the data file.

To assess intraobserver variability, 5 randomly selected videos 
were included in duplicates in the dataset. They were saved 
under different filenames, and assessors were not aware of 
which videos were duplicated.

2.5   |   Objectives

The primary objectives were to assess the interobserver variabil-
ity between post hoc assessors in real-time as well as interob-
server variability between post hoc assessors and endoscopists 
in real-time. These assessments were done based on the binary 
outcome “altered” versus “unaltered.”

Further objectives were to assess the intraobserver variability for 
post hoc assessment and the interobserver variabilities between 

FIGURE 1    |    CLE images of the duodenal mucosa. Left panel: Unaltered mucosa with intervillous space devoid of fluorescein (empty arrow). Right 
panel: Altered mucosa with intervillous appearance of fluorescein (solid white arrow) and particles (solid black arrow) in the intervillous space.
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post hoc assessors in real-time and endoscopists from the same 
center. Sensitivity analyses were performed with only 4 out of 5 
assessors, removing one assessor at a time, to assess whether a 
single observer induced a strong bias by severely over- or under-
performing. Further sensitivity analyses were carried out using 
a three-point outcome (“unaltered,” “doubtful,” or “altered”).

The interobserver variability of inexperienced assessors with 
their experienced counterparts and with the endoscopist from 
the same center was assessed before and after a structured train-
ing intervention.

2.6   |   Data Transformation

All analyses were conducted after transformation of the Likert 
scale to a binary outcome (“altered” or “unaltered”) as well as 
a three-point outcome (“altered,” “doubtful,” or “unaltered”). 
For the binary outcome, altered mucosa was defined as a rating 
of 4 or above on the Likert scale (Figure  2A). For the 3-point 
outcome, ratings 1 and 2 on the Likert scale were transformed 
to “unaltered,” 3 and 4 to “doubtful,” and 5 and 6 to “altered” 
(Figure 2B). Sufficient quality was required for further analysis; 
therefore, all videos with a median quality judgment of all asses-
sors of ≤ 2 were excluded from further analysis.

2.7   |   Statistics

Interobserver variability was assessed using Cohen's kappa (κ) 
in case of two assessors, Fleiss' κ in the case of three or more 
assessors [13, 14]. In case the outcome was not binary, ordinally 
weighted kappa was calculated. Kappa values were interpreted 
as proposed by Landis and Koch [15]: < 0 = poor agreement, 
0.01–0.20 = slight agreement, 0.21–0.40 = fair agreement, 
0.41–0.60 = moderate agreement, 0.61–0.80 = substantial agree-
ment, 0.81–1.00 = almost perfect agreement. Optimal cutoffs of 
the receiver operating characteristic (ROC) curve were calcu-
lated with the Youden index [16]. Agreement rates are presented 
as percentages and corresponding kappa values.

All calculations were done in Rstudio (R version 4.3.2 
(31-10-2023)—“Eye Holes,” Copyright (©) 2023, The R 
Foundation for Statistical Computing) using the irrCAC pack-
age for Fleiss' kappa, irr package for Cohen's kappa, and the 
pROC package for ROC calculations [17–19].

3   |   Results

A total of 119 individual videos were analyzed (total duration 
of real-time recordings 197 min, total frame numbers 94,572). 
Within the three centers, the median recording length per video 
was 229, 669, and 1023 frames, respectively. Overall, a lower 
frame count was associated with a lower overall quality assess-
ment by the blinded assessors. Consequently, median quality 
judgment between centers ranged from 2 to 5.

After removing videos with a quality of 2 or less, a total of 87 vid-
eos with a total of 86,408 frames were used for further analysis. 
Median frame count for these videos was 991 (IQR: 547–1139) 
corresponding to a median duration of 124 s. A flowchart of as-
sessed videos and videos included in the final analyses is pre-
sented in Figure S1.

3.1   |   Intraobserver Agreement Post Hoc

The intraobserver agreement rate for single assessors ranged 
from 80% to 100% when using a binary outcome of “altered” ver-
sus “unaltered” and judged in real time. Using a three-category 
outcome, the agreement rate was similar (60%–100%). Slow-
motion assessments did not result in substantially different 
agreement rates. Intraobserver agreement rates for binary and 
three-category assessments in both real time and slow motion 
are summarized in Table 1.

3.2   |   Interobserver Agreement Post Hoc

Interobserver agreement rate for all videos showed 85% agree-
ment rate between all post hoc assessors ( κ = 0.68). Sensitivity 
analyses showed no strong effects of a single assessor on the 
outcome, with agreement rates of 84%–87% ( κ = 0.65–0.73). The 
agreement rates were not different when post hoc assessors only 
judged videos from their own center (agreement rates 85%–88%, 
κ = 0.69–0.73)—this metric was not available for the center with 
only one assessor. Including the category “doubtful” using the 
three-category outcome did not lead to relevant differences in 
overall interobserver variability (Table 1).

Slow-motion revision did not lead to different interobserver 
agreement rates, with overall interobserver agreement (all as-
sessors assessing all videos) being 81% (κ = 0.58).

FIGURE 2    |    The 6-point Likert scale used to evaluate videos ranging from definitely unaltered to definitely altered. Panel A: Transformation to 
the binary outcome “altered” versus “unaltered.” Panel B: Transformation to a three-category outcome that also included “doubtful.”
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3.3   |   Agreement Between Post Hoc 
and Endoscopist Within and Between Centers

The agreement rate between post hoc assessors and the judg-
ment of the endoscopists within the same center was high for two 
centers, ranging from 82% (κ = 0.52–0.56) to 90% (κ = 0.79) but 
was substantially lower in the third center, 54% (κ = 0.24). The 
agreement rates between post hoc assessment and the judgment 
of the endoscopists from different centers were similar to the 
agreement rates within centers (range of agreement 54%–95%, 
κ = 0.15–0.89); the detailed distribution is presented in Table 2. 
Agreement rates within centers were similar in slow motion 
(Table 1).

Because the judgments of the endoscopists were always binary, 
the three-point outcome was not assessed.

3.4   |   Gold Standard Videos

Of all videos that were included in the analyses, 59 showed 
agreement rates of 100% between the blinded assessors (18 al-
tered, 45 unaltered). In these videos, the agreement with real-
time judgment by the endoscopist was 97% (κ = 0.92). Due to the 
full agreement rate of blinded assessors, these videos were fur-
ther used as reference videos to determine cutoffs to optimize 
the performance of imaging.

Reference videos showed a mean of 5.5 (95% CI: 2.8–8.0) visual-
ized mucosal spots. In videos judged as unaltered, a mean of 3% of 
spots were altered. In contrast, the altered videos showed a mean 
of 61% altered spots. The receiver operating characteristic (ROC) 
curve analysis identified a cutoff of 31% of altered spots as optimal 
to make the global judgment of altered versus unaltered (specific-
ity, sensitivity, positive predictive value, and negative predictive 
value = 100%) (Figure  S2). Thus, using these reference videos, 
the optimal number of mucosal spots to visualize was found to 
be 6, and a cutoff of 2 or more of these 6 spots showed optimal 
performance in distinguishing altered from unaltered mucosa. 
Characteristics of reference videos are summarized in Table 3.

3.5   |   Learning Curve

The agreement rate of inexperienced assessors with their more 
experienced counterparts from the same center varied from 
75% to 82% (κ = 0.52–0.63). Similarly, agreement rates with 
the endoscopist from the same center ranged from 70% to 82% 
(κ = 0.45–0.62). This contrasted with the more experienced 
counterparts who presented agreement rates between them-
selves of 85% (κ = 0.69) and between each post hoc assessor and 
the endoscopist of 90% (κ = 0.79).

Following additional exposure and a structured training in-
tervention, the agreement rate between inexperienced and 

TABLE 1    |    Agreement rates in percent for binary outcome (“altered” vs. “non-altered”), three-category outcome (including “doubtful” judgment), 
in real-time and slow-motion assessment of food-induced mucosal reactions measured by probe-based confocal laser endomicroscopy (pCLE). 
Intraobserver agreement rate is represented as a range of individual assessors, agreement rates with endoscopist are presented as range between 
post hoc assessors with endoscopists from the same center. No three-point agreement rate with endoscopist was assessed as endoscopists' judgments 
were purely binary.

Post hoc real-time assessment Post hoc slow-motion assessment

Binary Three-category Binary Three-category

Intraobserver 80%–100% 60%–100% 80%–100% 60%–100%

Interobserver overall 85% (0.68) 68% (0.48) 81% (0.58) 65% (0.42)

Post hoc with the endoscopist within 
centers

54%–90% (0.24–0.79) / 46%–88% (0.06–0.64) /

% Agreement (kappa) % Agreement (kappa)

TABLE 2    |    Agreement rates between post hoc assessors and real-time judgment by the endoscopists by center presented as percentage agreement 
(left panel) and Cohen's kappa (right panel). Within center agreement rates (i.e., post hoc assessor and endoscopist from the same center) are marked 
in green.

Assessor

Center

Assessor

Center

A B C A B C

1 82 77 78 1 0.56 0.55 0.4

2 82 77 95 2 0.52 0.55 0.89

3 91 54 88 3 0.75 0.24 0.73

4 85 62 90 4 0.53 0.33 0.79

5 79 54 90 5 0.51 0.15 0.79

Agreement (%) Cohen's kappa
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experienced assessors increased to 83%–92% (kappa = 0.65–0.83) 
as did the agreement rate of inexperienced assessors and the en-
doscopist (83%–92%; κ = 0.67–0.83).

4   |   Discussion

We report for the first time the intra- and interobserver agree-
ment rates of acute food-induced mucosal reactions assessed by 
pCLE in patients with IBS. We found high intra- and interob-
server agreement rates.

The interobserver agreement rate between assessors was sub-
stantial when videos were assessed in real-time speed without 
the possibility of pausing or rewinding. Importantly, the agree-
ment rate between real-time assessment by the endoscopist and 
post hoc blinded assessment was also moderate to substantial, 
except for one center with a lower agreement rate. One contrib-
uting factor to this finding might be that several endoscopists 
conduct pCLE in this center, which is in contrast with the other 
centers using only one or a small group of experienced opera-
tors. This hypothesis is further strengthened by the fact that all 
post hoc assessors showed relatively low agreement rates with 
the endoscopists from that center.

The kappa values we report here are similar to kappa values re-
cently reported for radiological findings such as intrahepatic duct 
dilation in patients being evaluated for suspected cholecystitis as 
measured by ultrasound (US) and computer tomography (CT) 
[20]. This is remarkable as CT and US are established imaging 
modalities for the diagnostic workup of suspected cholecystitis, 
have been used in daily clinical practice for years, and radiologists 
have undergone years of dedicated training for image evaluation. 
We report substantial agreement between experienced investi-
gators for this experimental technique, lending credibility to the 
robust evaluation of the binary outcome of “altered” versus “unal-
tered” mucosa. Interestingly, slow-motion assessment did not in-
crease the agreement rates between assessors. One can speculate 
that several factors influence this finding: first, all assessors were 
trained in and accustomed to real-time assessment. Furthermore, 
reading a slow-motion video was reported by all assessors to cause 
more fatigue—thus potentially leading to increased inattention 
bias. This was further reinforced by the fact that slow-motion as-
sessment took place after real-time assessment.

Using full agreement as a criterion, we identified reference vid-
eos that allowed us to identify characteristics of ideal recordings. 
Reference videos presented an average of 6 different mucosal 

spots, 2 or more of which had to be altered (= present fluorescein 
leakage and luminal particles) to be globally considered altered. 
Agreement rates between blinded assessors and endoscopists for 
reference videos were excellent, further reinforcing their valid-
ity as ideal recordings. Different approaches have been reported 
previously, ranging from the imaging of 3 [9, 10] to 5 mucosal 
spots [2]. Based on our reference videos, we propose that videos 
should ideally depict at least 6 different mucosal spots, and the 
mucosa should be considered altered if at least 1/3 of mucosal 
spots show alterations—however, this requires further assess-
ment and validation.

We demonstrated that the interobserver agreement rates between 
inexperienced and experienced assessors from the same center 
and between inexperienced assessors and the same center's en-
doscopist were lower than in the group of experienced assessors. 
After following several additional exams and a structured train-
ing using reference videos, these assessors showed agreement 
rates that were comparable to the experienced counterparts 
from the same center. While the agreement rate increased, it is 
unclear whether this is relevant as no cutoffs for agreement rates 
or other quality measures have been established.

Strengths of the study include the use of videos from multiple 
centers and the rigorous blinding. The centers involved are the 
only European centers currently using this technique in pro-
spective research protocols to the best of our knowledge, and 
the assessors that performed post hoc assessment are the most 
experienced assessors from these respective centers. By evalu-
ating the real-time videos without rewinding or pausing, we re-
produced the setting of performing the exam while judging the 
images in real-time to the best of our technical abilities. Studies 
on the reliability of new techniques such as pCLE are needed 
to quantify the performance characteristics and reproducibility 
of the technique before implementation in further research and 
potentially clinical use. Our confirmation of this assessments' 
reliability paves the way for further studies into the underlying 
pathophysiology and potential clinical implications of food-
induced mucosal alterations. More study into the relevance of 
these alterations is merited, and studies should include healthy 
volunteers to assess disease specificity, as recent studies have 
also shown acute alterations in healthy individuals [5].

Limitations of this study include limitations inherent to this 
exam. Most importantly, there is no gold standard to compare the 
assessments with. This is in contrast with other uses of this tech-
nique—such as Barrett's esophagus–where pCLE images can be 
compared to globally accepted reference standards such as his-
tology [11]. Furthermore, the criteria of altered mucosa (i.e., flu-
orescein leakage and “cell shedding”) were based on phenomena 
identified in animal models following intraperitoneal inflamma-
tory stimuli and were assessed using another imaging platform 
and have themselves never been rigorously validated for this use 
[6]. Thus, while the agreement rate of these findings was substan-
tial, it remains unclear which pathophysiological mechanisms 
lead to the observed alterations and whether these alterations 
carry any clinical relevance. Because no universal cutoffs have 
been previously determined and to reflect different degrees of 
certainty, we decided to make the global assessment on a 6-point 
Likert scale. This was an arbitrary scale and can be criticized 
as we later dichotomized our 6-point Likert scale to the binary 

TABLE 3    |    Characteristics of reference videos stratified by videos 
regarded as “altered” or “non-altered.” Data are presented as means and 
proportions (95% CI). p values are obtained using an unpaired t test and 
Fisher's exact test respectively.

Judged as 
altered 
(n = 18)

Judged as 
non-altered 

(n = 45) p

Imaged spots 6 (5–7) 5 (5–6) 0.068

Proportion of 
altered spots

61% 
(54%–68%)

3% (2%–5%) < 0.001
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outcome of “altered” versus “unaltered” to better reflect the di-
chotomous outcome during real-time endoscopy. Although di-
chotomization reduced granularity, agreement rates did not differ 
when including a category of “doubtful” interpretations. The ideal 
scale to be used remains to be determined. As reactions are not al-
ways clear cut, leaving the option to indicate certain level of doubt 
might help assessors' judgment—this requires further validation 
to ensure validity. Additional limitations include the absence of 
endoscopic images during post hoc assessments; assessors were 
not able to follow the positioning of the probe using an endoscopic 
image nor were they able to see mucosal lesions or the presence of 
bile—both of which may lead to altered microscopic images [4].

In conclusion, we found substantial intra- and interobserver 
agreement rates regarding the presence and absence of acute 
food-induced alterations of duodenal mucosa in the blinded re-
vision of pCLE images when judged in real time. Our findings 
support the use of these criteria with regard to reproducibil-
ity and comparability, but the clinical and pathophysiological 
meaning of these findings requires further studies.
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