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Introduction

The increasing number of organ transplants performed across Italy has made intraoperative
evaluation of donor organs more frequent in pathology laboratories. Although this procedure may
appear simple and straightforward, it can involve significant technical difficulties, primarily related to
producing adequate histological preparations within a limited timeframe. Pre-analytical variables,
including preparation methods, freezing processes, and the depth of tissue sectioning, significantly
influence the quality of these preparations, sometimes leading to histological artifacts. These issues
are particularly prominentin liver evaluation, especially regarding the quantification of hepatic
steatosis, a critical parameter in donor organ suitability criteria.

Additionally, the recent implementation of artificial intelligence algorithms for automatic
quantification of liver steatosis has underscored the importance of technical procedures in sample
preparation (Gambella A. et al., JHEP, 2024). Despite these needs, there are currently no specific
technical laboratory recommendations for evaluating organ samples at the cryostat.

Objective of the Study

This study aims to compare the quality of different liver tissue samples prepared at the freezer, varying
by cutting depth, assessing (I) overall morphological adequacy and (ll) suitability for digital analysis by
Al algorithms.

Materials and Methods

Six liver parenchymal samples were collected and analyzed via cryopreservation, with biopsies
performed from fresh tissue to replicate intraoperative evaluation conditions during transplantation
(core biopsies and fine needle biopsies). All samples were frozen using PrestoCHILL (Milestone
Medical, Bergamo, Italy) in a standardized manner for 60 seconds at -40°C. Subsequently, a single
laboratory technician prepared three 4-micrometer-thick sections for each sample at -20°C using a
cryostat. For each case, the first section contained the entire hepatic parenchyma (first level),
followed by two additional levels spaced 20 um apart (second and third levels). Sections were H&E
stained using PrestoPRO (Milestone Medical, Bergamo, Italy). The evaluations included:

e () Overall quality of each section (semiquantitative scale: poor, suitable, optimal)
e (Il) The best section for each sample.

All slides were digitalized with a Ventana DP200 scanner (Ventana Medical Systems, AZ, USA), and the
virtual sections were analyzed using QuPath image analysis software (version 0.6.0). This analysis
assessed:

o () Total number of segmented cells
e (ll) Overall tissue segmentation capacity (partial or complete)

e (llIl) Relative cell density



Results

Assessment of sample quality was performed independently and blindly by three experienced
pathologists.

The second level of sectioning (obtained 20 um after the first cut) was most frequently rated as
the best preparation (72.2%), compared to 5.6% for the first level and 22.2% for the third level.

Regarding suitability for Al analysis, the second level showed a significantly higher cell count
(median: 877447) compared to the third level (median: 317380; p=0.004), and a trend toward
higher cell counts compared to the first level (median: 695448; p=0.069).

All samples with the second level had complete tissue segmentation (i.e., extending over the
entire tissue surface), while only 67% and 17% of samples achieved this with the first and third
levels, respectively.

In one particular sample (sample #5), all three levels showed complete cellular segmentation.
In this case, the second level exhibited a higher cell density (7893.8/mm2) compared to the
first (6328.3/mm?) and third levels (3340.6/mm?).

The overall morphological adequacy was highest in the second level (section obtained 20 pm
after the first), with 44.4% deemed "optimal," followed by the third level at 16.7%, and the first
level at 0%.

Fig.1. A) first, B) second and 3) third cutting level. Representative cuts of the liver tissue used in the

study.
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Fig.2. Second level presents an higher cells content (A), higher percentage of complete segmentation
(B), and an higher cellular density vs its segmentation (C)



Discussion

The morphology analysis demonstrates that the 2nd level provides superior morphological detail and
is most suitable for digital analysis, favouring parameters like cell count, completeness of
segmentation, and cellular density. The 3rd level yielded the poorest results, likely due to less
exposure to freezing compared to more superficial tissue. Pending further analysis on the impact of
different freezing times, these preliminary data suggest that adopting an intermediate cut level, rather
than relying solely on the initial full section or deeper cuts, could optimize both traditional and digital
histological assessment of donor liver tissue.

Conclusions

Our pilot study indicates that the cut depth significantly influences the quality of frozen section
preparations for evaluating donor liver tissue, with the 2nd level being optimal for morphological and
automated assessments.

(poster presented at the Italian Cyto-Histotech Association meeting, 2025)



