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ABSTRACT

Objectives: To determine the diagnostic accuracy of imprint cytology in identifying margin positivity in patients undergoing
breast-conserving surgery for breast cancer, using histopathology as the gold standard.

Study Design and Setting: This cross-sectional validation study was conducted in the Department of Surgery at Khyber
Teaching Hospital, Peshawar

Methodology: A total of 154 women aged 30-80 years diagnosed with malignant breast lumps and undergoing breast-
conserving surgery were enrolled using non-probability convenience sampling. Imprint cytology was performed intraoperatively
by pressing clean glass sides against the resected margins of the lumpectomy specimen. Slides were air-dried, stained with
hematoxylin and eosin, and examined microscopically. Final margin status was determined by histopathol ogical examination,
which served as the reference standard. Sensitivity, specificity, positive predictive value (PPV), negative predictive value
(NPV), and overall accuracy of imprint cytology were cal culated.

Results: The mean age of participants was 51.15 + 11.87 years. Imprint cytology demonstrated a sensitivity of 40.8%,
specificity of 78.3%, PPV of 61.7%, NPV of 60.7%, and overall diagnostic accuracy of 61.0% in detecting margin positivity.
The chi-sguare test showed a statistically significant association between imprint cytology and histopathology findings (p
= 0.010).

Conclusions: Imprint cytology provides arapid and economica method for intraoperative margin assessment during breast-
conserving surgery, particularly useful in resource-limited settings. However, its diagnostic reliability is operator-dependent
and requires standardization for broader clinical application.

Keywords: Biopsy, Breast Conservation, Breast Neoplasms, Diagnostic Accuracy, Histopathology, Intraoperative Care,
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examination often reveals a palpable mass, sometimes
accompanied by skin dimpling or lymphadenopathy. Enlarged
axillary lymph nodes may signify regional or distant
metastasis.®

Early detection significantly improves the prognosis of
breast cancer. This can be achieved through awareness
campaigns promoting regular breast self-examinations and
timely clinica assessments of any suspiciouslesions. Imaging
techniques such as mammography and ultrasound, alongside
biopsy, are essential diagnostic tools.® However, the definitive
treatment of breast cancer often requires surgical excision
of the tumor.

Historically, mastectomy, the complete removal of the breast,
was the standard surgical approach. However, in recent
decades, the concept of breast-conserving surgery (BCS),
including lumpectomy followed by radiotherapy, has gained
momentum as an effective aternative for early-stage breast
cancer.” This shift reflects a growing demand for preserving
breast aesthetics and improving quality of life without
compromising oncological safety.®

One of the critical challenges in breast-conserving surgery
is ensuring compl ete tumor excision with negative surgical
margins. The presence of cancer cells at the resected margin
significantly increases the risk of local recurrence and may
necessitate additional surgery.® Thus, intraoperative
assessment of margin status is vital to reduce reoperation
rates and enhance trestment outcomes. However, determining
margin status during surgery can be technicaly difficult
without reliable, rapid, and cost-effective diagnostic tools.

Imprint cytology has emerged as a promising technique for
intraoperative margin assessment. The method involves
pressing freshly excised tissue onto a glass slide to transfer
cells, which are then stained and evaluated microscopicaly.
This approach is less expensive, faster, and more
straightforward compared to frozen section analysis, which
iscurrently considered the gold standard. In astudy evauating
imprint cytology, sensitivity and specificity were reported
as 80.0% and 85.0%, respectively, with a high negative
predictive value (NPV) of 97.0%.% These results indicate
its potentia utility in confirming clear margins during surgery,
thereby minimizing the need for repeat procedures.
Another study involving 522 patients reported that imprint
cytology identified 26.1% of patients as margin-positive
and 73.9% as margin-negative. However, imprint cytology
was glightly less accurate than frozen section analysis,
particularly in terms of false-positive rates, which were
reported to be as high as 13.4%. Nevertheless, the false-
negative rate was remarkably low at 0%. Moreover, when
combined with frozen section analysis, the false-positive
rate decreased significantly to 2.5%, suggesting that the
integration of both techniques might offer a balanced
approach in clinical practice.*?

Despiteits promising profile, imprint cytology isunderutilized

in many clinical settings, particularly in low-resource regions.
One significant limitation in adopting imprint cytology more
broadly isthe variability in its diagnostic accuracy reported
across different international studies. These differences may
stem from variationsin technique, interpretation, and patient
demographics, thus limiting the generalizability of existing
findings.

The rationale of this study stems from the observed gap in
the literature regarding the diagnostic accuracy of imprint
cytology for intraoperative margin assessment in breast-
conserving surgeries, especialy in local contexts where
advanced pathology facilities may not be readily available.
Understanding the reliability of imprint cytology in these
settingsis critical to optimizing surgical decision-making,
improving patient outcomes, and reducing the need for
secondary procedures. Therefore, this study aimed to
determine the diagnostic accuracy of imprint cytology in
identifying margin positivity in patients undergoing breast
conservation surgery.

METHODOLOGY

This cross-sectional validation study was conducted at the
Department of Surgery, Khyber Teaching Hospitdl, Peshawar,
over a period of six months from 1st October 2024 to 31st
March 2025. Before initiating the study, ethical clearance
was obtained from the Institutional Research and Ethical
Review Board (IREB) of Khyber Medicd College, Peshawar,
under approval number 714/DME/KMC, dated 19"
September, 2024.

The sample size was calculated using a sensitivity and
specificity-based formula, assuming an anticipated breast
cancer prevalence of 40.0%, asendgitivity of imprint cytology
at 80.0%, a specificity of 85.0%, amargin of error of 10%,
and a 95% confidence level.** A total of 154 participants
were included in the study.

Patients were recruited from the indoor surgical department
using anon-probability convenient sampling technique. The
study population included women aged between 30 and 80
years, diagnosed with malignant breast lumps and scheduled
for breast-conserving surgery (lumpectomy). \Women were
excluded from the study if they had received neoadjuvant
chemoradiotherapy, underwent intraoperative conversion to
non-conservative surgery, had a recurrent breast lump,
secondary lesions in the breast, or evidence of distant
metastasis. The diagnosis of breast cancer was confirmed
preoperatively through fine-needle aspiration cytology
(FNAC) or core needle biopsy. Malignancy was identified
based on cytological criteria, including increased nucleus-
to-cytoplasm ratio, cellular atypia, hyperchromasia, and
nuclear irregularities.

During surgery, imprint cytology was performed
intraoperatively. Clean glass slides were gently pressed
against the anticipated surgical margins of the excised
lumpectomy specimen. The number of slides used was
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determined by the operating surgeon. The slides were air-
dried, stained with hematoxylin and eosin (H&E), and
examined immediately by a consultant histopathol ogist
under alight microscope. If malignant cells were seen on
imprint cytology, the margin was labeled as positive; if no
malignant cells were observed, the margin was considered
negative. After margin clearance was confirmed, the
lumpectomy specimen was sent to the hospital’s pathol ogy
lab for histopathological examination, which served asthe
gold standard for determining margin status.

All participants provided written informed consent before
inclusion in the study. Baseline demographic and clinical
parameters were documented using a structured proforma.
Theseincluded patient age (in years), body massindex (BMI
in kg/m?), side of the affected breast, involved quadrant,
lump size (in centimeters), duration of symptoms (in weeks),
menopausal status (pre- or post-menopausal), and history
of ora contraceptive pills (OCPs), hormone replacement
therapy (HRT), and comorbidities such as diabetes mellitus
and hypertension.

After surgery, the results of imprint cytology were compared
with the histopathology findings of the surgical specimen
to determine the diagnostic accuracy of imprint cytology in
detecting margin positivity. The outcomes of interest included
sensitivity, specificity, positive predictive value (PPV), and
negative predictive value (NPV).

All collected data were entered and analyzed using SPSS
version 26. Descriptive statistics were applied to compute
means and standard deviations for continuous variables and
frequencies with percentages for categorical variables.
Inferential statistics included the generation of 2x2
contingency tables to compare imprint cytology with
histopathological results. Diagnostic accuracy metrics such
as sensitivity, specificity, PPV, and NPV were calculated
accordingly. In addition, effect modifiers such as age,
menopausal status, lump size, and presence of comorbidities
were controlled through stratification, and post-stratification
analyses were conducted to assess their impact on diagnostic
performance.

RESULTS

The study included atotal of 154 women with a mean age
of 51.15 + 11.87 years. Most participants were above 50
years of age (51.3%), while 48.7% were aged 50 or below.
The mean BMI was 23.83 * 2.64 kg/m?, with 51.9% of
participants having a BMI of 24.0 or below. The average
duration of symptoms was 6.16 + 2.84 weeks, and the
majority (63.0%) presented within six weeks of symptom
onset. Post-menopausal women comprised 63.0% of the
cohort, while 37.0% were pre-menopausal. In terms of parity,
53.2% were nulliparous and 46.8% were multiparous.
Comorbid conditions were common; 27.9% of participants
had diabetes mellitus, and 33.8% had hypertension. A positive
family history of breast cancer was reported in 23.4% of

the cases. Regarding hormonal factors, 22.1% of participants
had ahistory of oral contraceptive pill (OCP) use, and 13.6%
reported hormone replacement therapy (HRT) use. Asfor
the side of involvement, 46.1% had lumpsin the right breast,
45.5% in the left, and 8.4% had bilateral breast involvement.
Hormone receptor statuswas positivein 53.9% of participants
and negative in 46.1%. (Table 1) Among the 154 patients
assessed, imprint cytology was positive for malignant cells
in 46.1% of the cases, while 53.9% were negative.
Histopathological examination, considered the gold standard,
confirmed margin positivity in 30.5% of the specimens,
whereas 69.5% were margin-negative. (Table 2)

By comparing imprint cytology with histopathology, the
gold standard, revealed asensitivity of 40.8% and a specificity
of 78.3%. The positive predictive value (PPV) was calcul ated
at 61.7%, while the negative predictive value (NPV) was
60.7%. The overall diagnostic accuracy of imprint cytology
in detecting margin positivity was found to be 61.0%. The
association between imprint cytology results and
histopathological findings was statistically significant, as
indicated by a chi-square test with a p-value of 0.010.

The stratified analysis revealed notable variability in the
diagnostic performance of imprint cytology across different
clinical and demographic subgroups. Age-wise, diagnostic
accuracy was relatively better in women aged over 50 years
compared to those 50 or younger, indicating age-related
tissue and cellular changes may influence interpretation.
Participants with a BMI =24.0 exhibited higher sensitivity
and predictive values, suggesting leaner patients may offer
better-quality specimensfor cytological evaluation. In terms
of menopausal status, pre-menopausal women showed higher
specificity and positive predictive values compared to post-
menopausal women, which may reflect hormonal influences
on tissue morphology. Nulliparous women demonstrated
dightly better diagnostic accuracy than multiparous women.
Lateralization of the lesion also influenced results, with
right-sided tumors yielding higher specificity and PPV
compared to left or bilateral lesions, while imprint cytology
performed poorest in bilateral cases.

Patients without a history of oral contraceptive or hormone
replacement therapy showed notably higher specificity and
PPV, suggesting less hormonal influence on cellular features
that could mimic atypia. Additionally, better performance
was observed in hormone receptor-positive tumors compared
to receptor-negative ones, likely due to more distinct
cytological featuresin these cases. Overall, imprint cytology
demonstrated variable sensitivity and specificity depending
on patient and tumor characteristics, emphasizing the need
to consider individual clinical profiles when interpreting
intraoperative cytology results. This stratified analysis
highlights the importance of tailored clinical application
and further supports the need for standardization and expertise
in utilizing imprint cytology effectively. (Table 4)
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DISCUSSION

In the present study, the mean age of participants was 51.15
+ 11.87 years, with the magjority being older than 50 years.
This age distribution reflects the global epidemiological
trend where breast cancer risk significantly increases after
the fourth decade of life, which also serves as arationale
for theinitiation of breast cancer screening protocolsin most
countries. Our findings are comparable to those reported by
Yadav et a., who documented a mean age of 48.1 + 10.6
years, with most participantsin their sixth decade.®* Similarly,
Ashref et a. reported that 63.3% of their patients were above
the age of 50 years, and Hashmi et a. observed amean age
of 53.4 + 12.4 years.** *® These findings reinforce the well-
established association between advancing age and the
incidence of breast cancer. However, in contrast to our
results, astudy by Vinod K et a. reported a younger cohort,
with most participants between 40 and 50 years of age.*
Thisdiscrepancy could be attributed to differencesin selection
criteriaand regional patient demographics.

Regarding body mass index (BMI), approximately half of
the participantsin our study had values exceeding the healthy
range. Ashraf et a. similarly reported amean BMI of 25.75
kg/m2 among breast cancer patients.* In a broader
epidemiological study by Lofterod et al., 30.7% of patients
with breast cancer were found to be living sedentary lifestyles,
and 34.3% were overweight or obese.’” Obesity is awell-
recognized modifiablerisk factor for breast cancer, especialy
in post-menopausal women, and is believed to increase
breast cancer risk by approximately 1.33 times.® Nonetheless,
the relationship between elevated BMI and breast cancer
risk is complex and can be influenced by various factors
including menopausal status, hormone levels, and genetic
predisposition.

The mgjority of our study population was post-menopausal,
consistent with global trends. A study conducted in India
found that 52.0% of breast cancer patients were post-
menopausal .”® The higher prevalence of breast cancer in
post-menopausal women isthought to be related to hormonal
imbalances, prolonged estrogen exposure, and age-related
cellular changes.’?

When eva uating the diagnostic accuracy of imprint cytology
for intraoperative margin assessment, we observed a
sengitivity of 40.8%, specificity of 78.3%, positive predictive
value (PPV) of 61.7%, and negative predictive value (NPV)
of 60.7%. The overall accuracy was 61.0%. These values
suggest moderate diagnostic utility, with relatively better
performance in ruling out margin positivity than confirming
it. Comparatively, Vinod et a. reported significantly higher
sensitivity and specificity of 91.6% and 100.0%,
respectively.’® Yadav et a., in their study focusing on sentinel
lymph node evaluation, al so reported high diagnostic values
with 87.5% sensitivity and 100.0% specificity.*® In contrast,
our results are more aligned with those reported by Ahuja

Table 1. Descriptive Statistics and Baseline Sociodemographic and

Clinical Parameters of the Study Cohort (n = 154)

Parameter Category Mgef:\mt)/SD
Age (years) — 51.15+ 11.87
=50 75 (48.7%)
> 50 79 (51.3%)
BMI (kg/m?) — 23.83+ 264
=240 80 (51.9%)
>24.0 74 (48.1%)
Duration of — 6.16+2.84
Symptoms (weeks) =6 97 (63.0%)
>6 57 (37.0%)
Menopausal Status Pre-menopausal 57 (37.0%)
Post-menopausal 97 (63.0%)
Parity Nulliparous 82 (53.2%)
Multiparous 72 (46.8%)
Diabetes Méllitus (DM) | Yes 43 (27.9%)
No 111 (72.1%)
Hypertension (HTN) Yes 52 (33.8%)
No 102 (66.2%)
Family History of Positive 36 (23.4%)
Breast Cancer Negative 118 (76.6%)
OCPUse Yes 34 (22.1%)
No 120 (77.9%)
HRT Use Yes 21 (13.6%)
No 133 (86.4%)
Laterality of Lump Right 71 (46.1%)
Left 70 (45.5%)
Bilateral 13 (8.4%)
Hormone Receptor Positive 83 (53.9%)
Status Negative 71 (46.1%)

Table 2. Imprint Cytology and Histopathology Findings of the
Study Cohort (n = 154)

Outcome Variable | Category n (%)

Imprint Cytology | Positive | 71 (46.1%)
Negative | 83 (53.9%)

Histopathology Positive | 47 (30.5%)
Negative | 107 (69.5%)

Table 3. Diagnostic Accuracy of Imprint Cytology Against
Histopathology as Gold Standard (n = 154)

Histopathology| Imprint Positive| Imprint Negative| Total
Positive 29 (61.7%) 18 (38.3%) 47

Negative 42 (39.3%) 65 (60.7%) 107
Total 71 (46.1%) 83 (53.9%) 154

Diagnostic Accuracy Measures:
Sensitivity: 40.8%, Specificity: 78.3%
Positive Predictive Value (PPV): 61.7%
Negative Predictive Value (NPV): 60.7%

Overall Accuracy: 61.0%, Chi-square test: p = 0.010
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Table 4. Stratified Analysis of Diagnostic Accuracy of Imprint Cytology by Clinical and Demographic Variables Using
Histopathology as Gold Standard (n = 154)

Imprint
Total
+ve -ve
o | e Ve | 136849 | 6@Le% | 19(100%) | Sen=351% Sp=842%
Age (e e | 24(429%) | 32(57.1%) | 56 (100%) | PPV=68.4%, NPV=57.1%
o0 | e |7Ve [ 166710 | 12(429%) | 28(100%) | Sen=47.0% Sp=733%
e | 18(353%) | 33(64.7%) | 51(100%) | PPV=57.1%, NPV=64.7%
io | e |7Ve [ 20(690%) | 9(3LO0%) | 29(100%) | Sen=48.1% Sp=76.9%
BM 1 g e | 21(a12%) | 30(588%) | 51(100%) | PPV=68.9%, NPV=58.8%
oio | e |2ve | 9(500% | 9(50.0%) | 18(100%) | Sen=300% Sp=79.5%
e | 21(375%) | 35(625%) | 56 (100%) | PPV=50.0%, NPV= 62.5%
e | e |7ve [10(769%) | 3(231%) | 13(100%) | Sen=40.0%,Sp=90.6%)
Meno-pause e | 15(34.1%) | 29 (65.9%) | 44 (100%) | PPV=76.9%, NPV= 65.9%
Tve | 19(559%) | 15(44.1%) | 34 (100%) | Sen=41.3%, Sp=70.5%,
Post | HIP I 7 (a2.0%) | 36(57.1%) | 63 (100%) | PPV=55.8%, NPV=57.1%
| e v [ 17(654%) | 9(346%) | 26(100% | Sen=44.7% Sp=795%
parity e | 21(375%) | 35(625%) | 56 (100%) | PPV=65.3%, NPV= 62.5%
) Tve | 12(57.1%) | 9(42.9%) | 21(100%) | Sen=36.6%, Sp=76.9%,
Multi - HIP 21 (a12%) | 30 (58.8%) | 51(100%) | PPV=57.1%, NPV=58.8%
. Tve | 16(72.7%) | 6(27.3%) | 22 (100%) | Sen=40.0%, Sp = 80.6%,
Right | MR e T 22 @0.0% | 25(10%) | 49 (100%) | PPV=72.2%, NPV=510%
ity | Let | e Y| 13691%) | 009 | 22(100%) | Sen=464% Sp=785%
e | 15(3L.3%) | 33(68.8%) | 48(100%) | PPV=59.0%, NPV= 68.7%
. Tve | 0(00%) | 3(1000%) | 3(100%) | Sen=0.0%, Sp=70.0%,
Bilateral | HIP I = 30006 | 77009 | 10(100%) | PPV=0.0%, NPV=70.0%
tve | 7(438%) | 9(5635) | 16(100%) | Sen=538%, Sp=57.1%,
ves | K T 5 (3% | 12(66.7%) | 18(100%) | PPV=43.7%, NPV= 66.7%
OCPs Ve | 22(71.0%) | 9(20.0%) | 3L(100%) | Sen=37.9%, Sp=85.4%,
No | P I e 36 (40.0%) | 53 (59.6%) | 89 (100%) | PPV=70.9%, NPV=50.5%
Ve | 3(250%) | 9(750%) | 12(100%) | Sen=50.0%, Sp=40.0%,
ves | R T3 @a%) | 666.7% | 9(100%) | PPV=25.0%, NPV=66.7%
HRT Tve | 26 (743%) | 9(25.7%) | 35(100%) | Sen=40.0%, Sp=86.7%,
No | HIP 39 (39.8%) | 59(60.2%) | 98 (100%) | PPV=74.29%, NPV= 60.2%
e | vop Ve [ 16G27%) | 6(273%) | 22(100%) | Sen=372% Sp=850%
e | 27(443%) | 34(55.7%) | 61(100%) | PPV=T72.7%, NPV=557%
Receptors tve | 13(520%) | 12 (48.0%) | 25(100%) | Sen=46.4%, Sp=72.0%,
Ve | WP e 15 (32.6%) | 31(67.4%) | 46 (100%) | PPV=52.0%, NPV= 67.3%

et a., who observed a sensitivity of 45.3% and specificity
of 60.0%.%° Similarly, Nikhat AF also reported findings close
to our study, highlighting the variable diagnostic performance
of imprint cytology in different settings.*® Maloney et al.
reported higher accuracy metrics, with asensitivity of 72.0%
and specificity of 97.0%, which again underscores the
variability depending on technique, operator expertise, and
patient characteristics.®

One of the key advantages of imprint cytology liesin its

rapid turnaround time and ease of use during surgery, making
it apractica intraoperative tool. However, its effectiveness

is highly operator-dependent, and accurate interpretation
requires substantial expertise in differentiating atypical from
malignant cells. Errors may arise due to cautery artefacts,
poor staining, suboptimal drying, or sampling from necrotic
or fibrotic areas. These technical limitations can affect the
reliability of results and partialy explain the relatively lower
diagnostic accuracy observed in our study.

The application of imprint cytology is not restricted to breast
cancer surgery. Tambane et a. demonstrated its utility in
assessing surgical marginsin cancers of the skin, oral cavity,
and colon, reporting a combined sensitivity and specificity
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of 46.15% and 86.6%, respectively.”* Furthermore, Hashmi
et a. evaluated imprint cytology for axillary lymph node
metastases in breast cancer and reported an accuracy of
83.7%, which, although lower than that of frozen section
analysis, was still acceptable in resource-limited settings.™®
However, when it came to the detection of micrometastasis
and macrometastasis, cytology was found to belessreliable.

In short, while imprint cytology provides a practical and
cost-effective option for intraoperative margin assessment
in breast-conserving surgery, its diagnostic accuracy can be
influenced by several technical and biological factors. It
may serve as auseful adjunct in settings where frozen section
is not feasible, but caution should be exercised when
interpreting borderline or ambiguous findings. Further
training of personnel, standardization of procedures, and
integration with other diagnostic modalities may help enhance
itsclinical utility.

Thefindings of this study hold important clinical relevance,
particularly in low-resource settings where access to
intraoperative frozen section analysis is limited. Imprint
cytology presents as a cost-effective, rapid, and simple
method for evaluating surgical margins during breast-
conserving surgery. ltsreal-time applicability alows surgeons
to make immediate intraoperative decisions about margin
re-excision, potentially reducing the need for second surgeries
and minimizing psychological and physical burden on
patients. While the sensitivity observed in this study was
relatively low, the moderate specificity and acceptable
negative predictive value suggest that imprint cytology may
be useful in ruling out margin positivity in selected cases.
In addition, the procedure does not require specialized
cryostat equipment, making it ideal for routine surgical
practicein secondary care hospitalsand periphera ingtitutions.
When used by trained cytopathologists, and in conjunction
with preoperative imaging and clinical assessment, imprint
cytology can serve as avaluable adjunct to surgical decision-
making and improve oncologic outcomes in breast cancer
care.

Despite its potential, this study had several limitations that
must be acknowledged. First, the relatively low sensitivity
of imprint cytology observed in our results may have been
influenced by operator-dependent variability in sample
collection, staining technique, and microscopic interpretation.
The accuracy of imprint cytology is highly reliant on the
cytopathologist’s experience and may vary significantly
across institutions. Second, artefacts introduced during
cauterization and inadequate drying or staining of slides can
impair cellular visualization and contribute to fal se negative
or false positive results. Third, the study employed a non-
probability sampling technique and was conducted at a
singletertiary care center, which may limit the generalizability
of the findings to broader populations. Additionally, the
relatively small sample size and lack of comparison with
frozen section or molecular methods may have impacted

the comprehensive evaluation of imprint cytology’s diagnostic
performance. Finally, the study did not assess interobserver
variability, which is an important consideration in cytological
interpretation. Future multicenter studieswith larger cohorts
and standardized protocols are recommended to validate
thesefindings and explore the integration of imprint cytology
with other intraoperative diagnostic tools.

CONCLUSION

In conclusion, imprint cytology offersapractical, rapid, and
economical intraoperative technique for margin assessment
in breast-conserving surgery, especially in settings where
frozen section is unavailable. Although the sensitivity
observed in this study was modest, its reasonable specificity
and negative predictive value highlight its potential role as
a supportive diagnostic tool in guiding real-time surgical
decisions. Its simplicity, cost-effectiveness, and adaptability
to resource-constrained environments make it a valuable
adjunct in the surgical management of breast cancer.
However, the effectiveness of imprint cytology remains
heavily dependent on operator expertise and standardized
techniques. Integrating this method with clinical, radiological,
and histopathological assessments may enhance its utility
in reducing reoperation rates and improving patient outcomes.
Further large-scale, multicenter studies are warranted to
validate its diagnostic reliability and establish its role
alongside existing intraoperative modalities.
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