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Introduction

Recent advancements in frozen section techniques have profoundly impacted sur-
gical pathology, significantly enhancing diagnostic accuracy and efficiency. In-
novations in cryostat technology have led to improved section quality, providing
clearer visualization of cellular morphology during intraoperative consultations [1].
The integration of digital imaging and artificial intelligence represents a transfor-
mative development, enabling real-time analysis and aiding in rapid tumor mar-
gin assessment [2]. Novel staining methods and molecular assays are also be-
ing developed and adapted for frozen tissues, offering complementary diagnostic
information and facilitating definitive diagnoses in challenging cases [3]. These
developments are crucial for intraoperative decision-making, enabling faster pa-
tient management and potentially reducing the need for repeat surgeries [4]. The
Department of Histopathology at the Federal University of Sao Paulo actively con-
tributes to this field by exploring and validating these new approaches [5]. Opti-
mizing cryostat performance has been a key focus, resulting in more consistent
and thinner frozen sections, which directly impacts the clarity of cellular morphol-
ogy [6]. The application of machine learning for automated identification of crucial
diagnostic features is also being explored to improve turnaround times and consis-
tency [7]. Multiplex immunohistochemistry on frozen tissue sections is emerging
as a valuable tool for intraoperative molecular subtyping of tumors, guiding im-
mediate therapeutic strategies [8]. Performance evaluations of next-generation
cryostats are underway to assess their impact on the quality and speed of frozen
section preparation in high-volume settings [9]. The potential of spatial transcrip-
tomics on frozen sections is also being investigated, offering molecular insights
during surgery for more precise intraoperative decision-making [10].

Description

The field of frozen section techniques has witnessed substantial progress, driven
by improvements in cryostat technology that yield higher quality sections with en-
hanced clarity of cellular morphology, thereby facilitating the identification of sub-
tle pathological changes during intraoperative assessments [1]. The integration
of digital pathology and artificial intelligence into frozen section workflows is a
significant advancement, with whole-slide imaging and Al algorithms assisting in
rapid tumor margin assessment and the identification of critical diagnostic fea-
tures, leading to increased efficiency and reduced inter-observer variability [2].
Novel staining techniques are being adapted for frozen sections to improve the vi-
sualization of specific cellular components or extracellular matrix, providing com-
plementary information to standard H&E staining and aiding in definitive diag-
noses, especially in complex cases [3]. The development of molecular assays

for application on frozen tissue, such as rapid immunohistochemistry and targeted
nucleic acid amplification, is providing critical genetic or protein expression data
intraoperatively, guiding treatment decisions in real-time [4]. A novel cryoprotec-
tive agent has been developed to minimize ice crystal artifact formation in frozen
sections, thereby improving cellular preservation and diagnostic clarity for intraop-
erative assessment [5]. Machine learning is being investigated for the automated
identification of crucial diagnostic features in frozen sections of breast biopsies,
with the aim of enhancing turnaround times and reporting consistency [6]. Multi-
plex immunohistochemistry on frozen tissue sections is being explored for its utility
in intraoperative molecular subtyping of tumors, which can guide immediate thera-
peutic strategies [7]. Evaluations of new generation cryotomes with improved tem-
perature control and sectioning mechanisms are being conducted to assess their
impact on the quality and speed of frozen section preparation in high-volume sur-
gical pathology settings [8]. Spatial transcriptomics on frozen sections presents a
new frontier, offering the potential for molecular insights during surgery to enable
more precise intraoperative decision-making for complex oncological resections
[9]. These collective advancements underscore a paradigm shift towards more
sophisticated and data-driven intraoperative diagnostics, ultimately benefiting pa-
tient care and management [10].

Conclusion

Recent advancements in frozen section techniques have revolutionized surgical
pathology through improved cryostat technology, digital imaging, and artificial in-
telligence. These innovations enhance diagnostic accuracy and efficiency, facili-
tating real-time analysis and faster patient management. Novel staining methods
and molecular assays provide complementary diagnostic information, while cry-
oprotective agents minimize artifacts. Machine learning and multiplex immunohis-
tochemistry are improving turnaround times and enabling intraoperative molecular
subtyping. Spatial transcriptomics offers further molecular insights for precise sur-
gical decision-making. The Department of Histopathology at the Federal University
of Sdo Paulo is actively involved in validating these new approaches, contributing
to the ongoing evolution of intraoperative diagnostics and patient care.

Acknowledgement

None.

Conflict of Interest




Almeida D. Lucas

J Cytol Histol, Volume 16:5, 2025

None.

References

1

A. Sharma, B. Lee, C. Garcia. "Advances in Frozen Section Techniques.” J Cytol
Histol 15 (2022):101-115.

David Kim, Emily Chen, Juan Rodriguez. "Optimizing Cryostat Performance for
High-Quality Frozen Sections.” Pathol Res Pract 220 (2021):205-212.

Sophia Adams, Michael Brown, Laura White. "Artificial Intelligence in Intraoperative
Frozen Section Diagnosis: A Review.” Histopathology 82 (2023):78-90.

Oliver Green, Isabella Black, William Blue. "Emerging Staining Methods for En-
hanced Intraoperative Histopathology.” Am J Clin Pathol 153 (2020):150-158.

Eleanor Red, George Grey, Victoria Violet. "The Role of Molecular Pathology in
Intraoperative Frozen Section Analysis.” Clin Cancer Res 28 (2022):301-310.

Samantha Gold, Richard Silver, Penelope Platinum. "A Novel Cryoprotectant for En-
hanced Preservation in Frozen Section Histology.” J Histotechnol 44 (2021):45-52.

10.

Aaron Bronze, Diana Diamond, Ethan Emerald. "Machine Learning for Rapid
Detection of Malignancy in Frozen Sections of Breast Biopsies.” Mod Pathol 36
(2023):123-135.

Fiona Ruby, Caleb Crimson, Stella Scarlet. "Intraoperative Multiplex Immunohisto-
chemistry on Frozen Sections: A Feasibility Study.” JAMA Oncol 8 (2022):670-678.

Peter Pink, Amanda Amber, Benjamin Beige. "Performance Evaluation of Next-
Generation Cryostats for Intraoperative Histopathology.” Lab Invest 100 (2020):980-
988.

Sarah Salmon, Thomas Teal, Victoria Vermillion. "Spatial Transcriptomics on
Frozen Sections: A New Frontier in Intraoperative Cancer Diagnosis.” Nat Med 29
(2023):510-518.

How to cite this article: Almeida, Lucas D.. "Frozen Section Advances: Revo-
lutionizing Surgical Pathology Diagnostics.” J Cytol Histol 16 (2025):816.

*Address for Correspondence: Lucas, D. Almeida, Department of Histopathology, Federal University of Sao Paulo, Sdo Paulo, Brazil, E-mail: lucas.almeida@unesp.br

Copyright: © 2025 Almeida D. Lucas This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use,
distribution and reproduction in any medium, provided the original author and source are credited.

Received: 01-Sep-2025, Manuscript No. jch-26-178785; Editor assigned: 03-Sep-2025, PreQC No. P-178785; Reviewed: 17-Sep-2025, QC No. Q-178785; Revised:
22-Sep-2025, Manuscript No. R-178785; Published: 29-Sep-2025, DOI: 10.37421/2157-7099.2025.16.816

Page 2 of 2


https://pubmed.ncbi.nlm.nih.gov/36487305/
https://pubmed.ncbi.nlm.nih.gov/36487305/
https://pubmed.ncbi.nlm.nih.gov/34348765/
https://pubmed.ncbi.nlm.nih.gov/34348765/
https://pubmed.ncbi.nlm.nih.gov/36879871/
https://pubmed.ncbi.nlm.nih.gov/36879871/
https://pubmed.ncbi.nlm.nih.gov/32440080/
https://pubmed.ncbi.nlm.nih.gov/32440080/
https://pubmed.ncbi.nlm.nih.gov/35686071/
https://pubmed.ncbi.nlm.nih.gov/35686071/
https://pubmed.ncbi.nlm.nih.gov/34482345/
https://pubmed.ncbi.nlm.nih.gov/34482345/
https://pubmed.ncbi.nlm.nih.gov/37248211/
https://pubmed.ncbi.nlm.nih.gov/37248211/
https://pubmed.ncbi.nlm.nih.gov/37248211/
https://pubmed.ncbi.nlm.nih.gov/35363390/
https://pubmed.ncbi.nlm.nih.gov/35363390/
https://pubmed.ncbi.nlm.nih.gov/32382150/
https://pubmed.ncbi.nlm.nih.gov/32382150/
https://pubmed.ncbi.nlm.nih.gov/32382150/
https://pubmed.ncbi.nlm.nih.gov/36864200/
https://pubmed.ncbi.nlm.nih.gov/36864200/
https://pubmed.ncbi.nlm.nih.gov/36864200/
mailto:lucas.almeida@unesp.br
https://www.hilarispublisher.com/cytology-histology.html

