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Introduction
Frozen section analysis (FSA) is a critical intraoperative diagnostic tool 

used to provide real-time pathological assessments during surgery. This 
research article evaluates the diagnostic accuracy of FSA, examining its 
utility, limitations and impact on surgical decision-making. A review of recent 
studies, clinical trials and comparative analyses demonstrates that while FSA 
offers rapid and valuable insights, its accuracy is influenced by several factors 
including the type of tissue, experience of the pathologist and institutional 
protocols.

Frozen section analysis (FSA) is an essential diagnostic tool in 
intraoperative surgical pathology, providing real-time evaluation of tissue 
samples during surgery. This technique involves rapidly freezing and slicing 
tissue specimens to facilitate immediate examination under a microscope. 
Since its inception, FSA has been instrumental in guiding surgical decisions 
by offering quick insights into the presence or absence of malignancy, tumor 
margins and other pathological features. Despite its advantages in terms of 
speed and impact on surgical strategy, the accuracy of FSA can vary based 
on several factors, including tissue type, pathologist expertise and institutional 
practices. This article explores the diagnostic accuracy of FSA, examining its 
effectiveness, limitations and role in modern surgical practice.

Description
A comprehensive review of literature was conducted, focusing on studies 

published in the last decade. Key databases searched included PubMed, 
Google Scholar and institutional archives. Inclusion criteria encompassed 
studies that reported on the diagnostic accuracy of FSA in various surgical 
contexts, including cancer surgeries, neurosurgery and orthopedic procedures. 
Both retrospective and prospective studies were included, with a focus on 
sensitivity, specificity and positive/negative predictive values of FSA.

Sensitivity refers to the ability of frozen section analysis (FSA) to correctly 
identify true positive cases—i.e., detecting malignancy or pathological 
changes when they are indeed present. High sensitivity in FSA means that 
the test is effective at identifying patients who need further intervention due to 
the presence of disease.

Studies generally report that FSA has a sensitivity ranging from 80% 
to 90% for detecting various types of cancers. For instance, in breast 
cancer surgeries, FSA typically demonstrates high sensitivity, helping to 
ensure that tumors are adequately removed and reducing the likelihood of 

residual disease. However, sensitivity can vary with tissue type and tumor 
characteristics. For example, low-grade tumors or highly heterogeneous 
tissues may present challenges, potentially leading to false negatives where 
the test fails to identify malignancy [1].

Specificity refers to the ability of FSA to correctly identify true negative 
cases—i.e., ruling out malignancy or pathological changes when they are 
not present. High specificity means that the test is effective at avoiding false 
positives, thereby preventing unnecessary additional surgeries or treatments.

The specificity of FSA generally ranges from 85% to 95%. In surgical 
settings, this high specificity is crucial for minimizing the risk of over-treatment 
and ensuring that only truly affected tissues are subjected to further surgical 
procedures. Nonetheless, certain conditions or pathological features can lead 
to false positives, where FSA inaccurately suggests the presence of disease, 
potentially leading to unnecessary additional procedures.

The combination of sensitivity and specificity provides a comprehensive 
view of FSA's diagnostic accuracy. While FSA is a powerful tool in guiding 
intraoperative decisions, its limitations underscore the importance of follow-up 
with permanent section analysis for definitive diagnosis. The accuracy of FSA 
is influenced by factors such as tissue type, the experience of the pathologist 
and the specific protocols followed at the institution [2].

Several factors impact the diagnostic accuracy of FSA:
• Tissue type: Certain tissues, such as those with high cellularity or 

necrosis, may be challenging to interpret accurately.

• Pathologist experience: Pathologists with extensive experience in 
intraoperative analysis tend to achieve higher accuracy rates.

• Institutional protocols: Variability in institutional protocols, 
including the methods of cryosectioning and staining, can influence 
the accuracy of FSA.

Frozen section analysis (FSA) plays a crucial role in surgical decision-
making by providing immediate pathological insights that guide real-time 
surgical strategies. Here’s how FSA impacts various aspects of surgical 
decision-making:

One of the primary uses of FSA is to assess surgical margins, particularly 
in cancer surgeries. By examining the margins of resected tissues, FSA helps 
determine whether the cancerous cells have been completely removed or if 
additional tissue needs to be excised. For example, in breast cancer surgery, 
FSA can confirm whether the margins are clear of cancer, thereby reducing the 
likelihood of cancer recurrence and the need for reoperation [3].

FSA can also provide preliminary information about the type and grade of 
a tumor, which is critical for tailoring the surgical approach. For instance, in 
cases of brain tumors or gastrointestinal cancers, FSA can help differentiate 
between benign and malignant tumors, influencing the extent of surgical 
resection and the need for adjunctive treatments.

In complex surgical procedures, such as those involving delicate 
structures or uncertain diagnoses, FSA provides rapid feedback that can 
significantly alter the surgical plan. For example, during orthopedic surgeries 
for suspected malignancies, FSA results can guide the surgeon in deciding 
whether to proceed with limb-sparing techniques or an amputation.

Immediate feedback from FSA can improve surgical outcomes by ensuring 
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that the initial surgery is as effective as possible. Accurate FSA results can 
reduce the need for additional surgeries, minimize the risk of postoperative 
complications and enhance overall patient outcomes. By making real-time 
adjustments based on FSA results, surgeons can optimize the extent of 
resection and avoid the pitfalls of incomplete or excessive treatment.

Despite its advantages, FSA has limitations, including the potential 
for false-negative and false-positive results. False negatives may lead 
to inadequate resection, while false positives can result in unnecessary 
additional surgery. Additionally, FSA cannot always provide the same level 
of detail as permanent section analysis, particularly for certain histological 
features [4].

Comparative studies between FSA and permanent section analysis often 
show that while FSA is highly accurate, it is not infallible. Permanent section 
analysis remains the gold standard for definitive diagnosis, particularly for 
detailed histopathological examination.

Ongoing research aims to improve the accuracy of FSA through 
advancements in cryotechnology, digital imaging and artificial intelligence. 
Enhanced techniques in cryosectioning and staining, along with the 
integration of AI tools, may reduce diagnostic errors and improve the overall 
effectiveness of FSA [5].

Conclusion
Frozen section analysis remains a valuable tool in intraoperative surgical 

pathology, providing critical diagnostic information that aids in immediate 
surgical decision-making. While its diagnostic accuracy is generally high, 
it is not without limitations. Continuous improvements in technology and 
technique are essential to maximize the benefits of FSA and reduce its 
potential drawbacks.
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