
Introduction: Tissue specimens obtained through biopsy or surgery are routinely evaluated by pathologists the following day. However, when immediate pathological information is required during surgery, intraoperative consultation using frozen section (FS) analysis becomes necessary1.This technique involves rapidly freezing tissue samples to enable thin sectioning while maintaining tissue architecture. First explored by Raspail in 1825 and refined by Stilling in 1842, this method offers significant advantages over traditional paraffin processing, including faster turnaround time with minimal tissue alteration.2
Frozen sections serve multiple critical purposes: distinguishing benign from malignant lesions, detecting lymph node metastasis, and assessing surgical margins for complete tumor resection.1,3 In Hirschsprung's disease (HD), intraoperative frozen sections are essential for localizing a ganglionic bowel segments and guiding resection levels. 4,5Similarly, in malignancies, FS diagnosis guides the extent of surgical resection.6
Despite its utility, the frozen section technique has inherent limitations, including the inability to obtain consecutive thin sections and challenges in maintaining tissue integrity, particularly in loosely structured tissues.2 The quality of FS diagnosis depends on multiple factors: specimen quality, pathologist expertise, tissue type, lesion characteristics, and histological complexity.7,8
Given that FS results directly influence surgical management decisions, periodic evaluation of diagnostic accuracy is essential for quality assurance. This study was conducted to assess the accuracy of frozen section diagnoses at our tertiary care institution by comparing them with final histopathological reports.
Materials and methods 
This retrospective study was conducted in the Department of Pathology, Sher-i-Kashmir Institute of Medical Sciences (SKIMS), Srinagar, from June 2021 to June 2024. SKIMS is a major tertiary care referral hospital serving the population of Jammu and Kashmir and neighboring regions.
Study Population:
The study included all patients who underwent intraoperative frozen section analysis during the study period. A total of 54 cases were analyzed.
Frozen Section Procedure:
Tissue specimens were received fresh in the frozen section room from the operating theatre. The procedure followed standard protocol:
· Gross inspection and dissection of the specimen
· Embedding in optimal cutting temperature (OCT) compound
· Sectioning using a cryostat at -20°C to -25°C
· Rapid hematoxylin and eosin (H&E) staining
· Microscopic examination by an experienced pathologist
· Immediate communication of preliminary diagnosis to the surgeon
Remaining tissue was preserved and sent for routine histopathological processing using formalin fixation and paraffin embedding.
Data Collection:
The following data were collected from pathology records:
· Patient demographics (age, gender)
· Clinical indication for frozen section
· Site of tissue origin
· Frozen section diagnosis
· Final histopathological diagnosis
· Turnaround time
Statistical Analysis:
Frozen section diagnoses were compared with permanent section (PS) reports to determine concordance. Diagnostic accuracy, sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) were calculated using standard formulas. Data analysis was performed using SPSS version 21.0 (IBM Corp., Armonk, NY, USA). Categorical variables were presented as frequencies and percentages.
Observation and Results
The study comprised 54 patients with ages ranging from one day to 74 years. The gender distribution showed 30 (56%) females and 24 (44%) males.
Indications for Frozen Section
The most common indications were:
1. Determining upper resection level in Hirschsprung's disease: 25 cases (46%)
2. Assessment of surgical margins or lymph node status: 18 cases (32%)
3. Diagnosis of malignancy: 12 cases (22%)
 Distribution by Anatomical Site:
Analysis by tissue origin revealed colorectum as the most common site (25 cases, 46.3%), followed by breast (7 cases, 13%), gallbladder (6 cases, 11.1%), lymph nodes (6 cases, 11.1%), liver (4 cases, 7.4%), and other sites including pancreas, parotid, stomach, lung, and bladder (Figure1).
Site-Specific Analysis:
Colorectal Cases (n=25, 46.3%): All cases were confirmed Hirschsprung's disease patients. Frozen sections were performed to determine optimal resection levels and identify the transition zone. Complete concordance (100%) was achieved with permanent section diagnoses (Figure 2).
Breast Cases (n=7, 13%): Six cases were invasive ductal carcinoma (IDC), with four requiring margin assessment. One case was diagnosed as abscess. All frozen section diagnoses matched final histopathology reports (100% concordance).
Gallbladder Cases (n=6, 11.1%): Four cases were adenocarcinoma (Figure 3) and two showed gallbladder wall thickening. Among malignant cases, margins were free in three and involved in one case. The two non-malignant cases were diagnosed as adenomyomatus and xanthogranulomatous cholecystitis. Complete concordance (100%) was observed with permanent sections.
Lymph Node Cases (n=6, 11.1%): Five cases showed concordance with final diagnosis (Figure 4 and 5). One false-negative result occurred due to sampling error—malignant foci were missed due to inadequate deep sectioning. Diagnostic accuracy for lymph node assessment was 83% (5/6 cases).
Liver Cases (n=4, 7.4%): Diagnoses included hepatocellular carcinoma and cholangiocarcinoma. Common bile duct margin assessment showed free margins in two cases and involved margins in one case. All diagnoses remained unchanged in final reports (100% concordance).
Other Sites (n=6, 11.1%): These included bladder (transitional cell carcinoma), pancreas, parotid, stomach, and lung. All were sent for margin clearance assessment and showed 100% concordance with permanent sections (Figure 6).
Diagnostic Performance:
Overall, 53 of 54 cases (98.1%) showed concordance between frozen and permanent section diagnoses (Figure 1). One discordant case involved a lymph node with false-negative frozen section result due to sampling error.
The diagnostic performance parameters were:
· Diagnostic Accuracy: 98%
· Sensitivity: 96%
· Specificity: 100%
· Positive Predictive Value (PPV): 100%
· Negative Predictive Value (NPV): 90%
Efficiency and Turnaround Time (TAT):
The average turnaround time from specimen receipt to communication of the result was 20–22 minutes. This efficiency aligns with international pathology guidelines, ensuring minimal prolongation of anesthesia time for the patient.
Discussion
This study evaluated the diagnostic accuracy of frozen section analysis at a major tertiary care institution, demonstrating high concordance (98%) with final histopathological diagnoses. These findings affirm the reliability of frozen section as a tool for intraoperative decision-making.
Our diagnostic accuracy of 98% aligns closely with reported values in the literature. Studies by Abbasi et al. (2012) reported 96.5% accuracy,7 Hatami et al. (2015) reported 97%,11 and Adhikari et al. (2018) reported 97% accuracy.12 Our sensitivity of 96% and specificity of 100% are comparable to these studies, which reported sensitivities ranging from 92–98% and specificities from 87–100%.11,12,13
Hirschsprung's Disease:
Frozen section analysis demonstrated 100% accuracy for Hirschsprung's disease cases, matching results from Preston and Bale (1985);17 Maia in (2000)18 and superior to the 89% reported by Shayan et al. (2004).19 The high accuracy in HD cases reflects the well-defined histological criteria for identifying ganglion cells and the extensive experience of pathologists at our institution with this condition. Top of Form


Margin Assessment:
All margin assessments in our study (100%) were concordant with final reports. Margins were evaluated from various tissues including hepatocellular carcinoma, gallbladder carcinoma, gastric adenocarcinoma, and breast IDC. In two IDC cases and two HCC cases where margins were initially positive on frozen section, additional tissue was excised, and repeat frozen sections confirmed clear margins. This highlights the critical role of FS in achieving complete tumor resection and potentially reducing recurrence rates.12
Error Analysis:
The single discordant case involved a lymph node where malignant foci were missed on frozen section due to inadequate deep sectioning-a recognized sampling error.14 This case emphasizes the importance of thorough sectioning protocols and highlights an inherent limitation of frozen section technique. No errors related to freezing artifacts, staining quality, or pathologist interpretation were identified.
Technical Challenges:
Certain tissue types and pathological conditions present particular challenges for frozen section diagnosis. Well-differentiated pancreatic, biliary, and colonic carcinomas can be difficult to distinguish from benign mimics.9 Similarly, assessing pancreatic margins in chronic pancreatitis poses diagnostic challenges. Awareness of these limitations is crucial for appropriate utilization of frozen section services.
Quality Assurance:
The turnaround time of 20–22 minutes in our study falls within the accepted range of 18–25 minutes reported in the literature15.This reflects efficient workflow and adequate technical infrastructure. Regular comparison of frozen section diagnoses with final histopathology reports, as performed in this study, represents an essential quality assurance measure for maintaining high diagnostic standards.
Implications for Healthcare Delivery:
From a healthcare delivery perspective, accurate frozen section diagnosis has significant implications. It enables appropriate surgical planning, potentially reduces the need for re-operation, shortens overall surgical time, and improves patient outcomes. In resource-limited settings, the ability to make definitive intraoperative decisions is particularly valuable.
Study Limitations:
This study has certain limitations. As a single-center retrospective analysis, the results may not be generalizable to all institutions. The relatively small sample size and limited representation of certain tissue types restrict comprehensive analysis of site-specific diagnostic challenges. Additionally, interobserver variability among pathologists was not assessed.
Recommendations
Based on our findings, we recommend:
· Implementation of standardized protocols for frozen section processing
· Regular quality assurance audits comparing FS with final diagnoses
· Ongoing training programs for pathologists and technicians
· Development of institutional guidelines for appropriate FS utilization
· Enhanced communication between surgeons and pathologists regarding clinical context
Conclusion
This study demonstrates that frozen section interpretation at our tertiary care institution achieves high diagnostic accuracy (98%), with excellent sensitivity (96%) and specificity (100%). The single discordant case resulted from sampling error rather than interpretative error. These results support the continued use of frozen section analysis as a reliable tool for intraoperative surgical decision-making. However, recognition of technical limitations and implementation of robust quality assurance measures remain essential for maintaining diagnostic excellence and optimizing patient care.
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