e-ISSN: 0975-9506, p-ISSN: 2961-6093
Available online on www.ijpga.com doi: 10.25258/ijpga.16.11.48

International Journal of Pharmaceutical Quality Assurance 2025; 16(11); 298-301

Original Research Article

Intraoperative Ultrasound—Guided Brain Lesion Surgery: A Prospective
Observational Study from a Tertiary Neurosurgical Center

Ravi Prakash!, Samrendra Kumar Singh?, Om Prakash Gupta’, Brajesh Kumar?, Niraj
Kanaujia3, Shristi Shreya®

Senior Resident, Department of Neurosurgery, Indira Gandhi Institute of Medical Sciences (IGIMS),
Patna, Bihar, India
2Additional Professor, Department of Neurosurgery, Indira Gandhi Institute of Medical Sciences
(IGIMS), Patna, Bihar, India
3Additional Professor, Department of Neurosurgery, Indira Gandhi Institute of Medical Sciences
(IGIMS), Patna, Bihar, India
4Associate Professor, Department of Neurosurgery, Indira Gandhi Institute of Medical Sciences (IGIMS),
Patna, Bihar, India
SAssociate Professor, Department of Neurosurgery, Indira Gandhi Institute of Medical Sciences (IGIMS),
Patna, Bihar, India
®Junior Resident, Department of General Surgery, Venkateshwara Institute of Medical Sciences, Uttar
Pradesh, India.

Received: 08-09-2025 / Revised: 22-10-2025 / Accepted: 28-11-2025
Corresponding Author: Dr. Shristi Shreya
Conflict of interest: Nil

Abstract:

Background: Surgical resection of intracranial lesions demands precise localization and real-time assessment of
residual pathology. Brain shift limits the reliability of preoperative MRI/CT-based neuronavigation. Intraoperative
ultrasound (IOUS) offers real-time imaging, portability, and affordability, making it particularly valuable in
resource-limited settings.

Objective: To evaluate the effectiveness of IOUS in localization, characterization, and extent-of-resection
assessment during brain lesion surgery.

Methods: A prospective observational study of 35 consecutive patients undergoing planned brain lesion surgery
at IGIMS, Patna. IOUS using the SonoSite M-Turbo (5-12 MHz linear probe) was employed for lesion
localization, margin delineation, resection guidance, and final cavity evaluation. IOUS findings were compared
with postoperative contrast-enhanced CT/MRI for concordance.

Results: IOUS successfully localized lesions in all patients (100%). Lesion echogenicity showed strong
correlation with preoperative imaging. Complete concordance (100%) was observed between IOUS assessment
of residual tumor and postoperative imaging. Deep-seated lesions were adequately visualized, and IOUS modified
the surgical trajectory in 14.3% of cases. No complications were attributable to IOUS use.

Conclusion: IOUS is a reliable, accurate, and cost-effective intraoperative navigation tool. It enhances surgical
precision, reduces residual tumor burden, and provides real-time feedback, making it a valuable adjunct in
neurosurgery, especially where intraoperative MRI/CT is unavailable.
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Neurosurgery.
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Introduction

The management of intracranial lesions— Intraoperative ultrasound (IOUS) overcomes these
neoplastic, vascular, inflammatory, or infectious— limitations by providing real-time imaging, enabling
requires precise localization and maximal safe continuous guidance during resection. IOUS offers
resection. Preoperative CT and MRI are several advantages:

indispensable for diagnosis and planning, but their
utility intraoperatively is compromised by brain
shift, which occurs after dural opening, CSF release,
and tissue manipulation. Consequently, standard
neuronavigation becomes progressively inaccurate.

e immediate availability

e portability and low cost

e accurate localization of deep and superficial
lesions

e  dynamic visualization of residual tumor
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e suitability for repeated imaging without
interrupting surgical workflow

Compared with intraoperative MRI or CT, IOUS is
more feasible in most neurosurgical centers,
especially in low- and middle-income countries.

This study assesses the diagnostic reliability and
surgical impact of IOUS in brain lesion surgeries
performed at a tertiary center.

Aim and Objectives

Aim: To evaluate the role of intraoperative
ultrasound in localization and surgical management
of brain lesions, particularly in delineating margins,
identifying residual disease, and enhancing extent of
resection.

Objectives

1. To utilize IOUS for real-time intraoperative
guidance.

2. To correlate IOUS findings with preoperative
CT/MRL

3. To evaluate [OUS accuracy against
postoperative imaging.

4. To assess its impact on extent of resection and
surgical decision-making.

Materials and Methods

Study Design: Prospective observational study.
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Setting: Department of Neurosurgery, IGIMS
Patna, India.

Inclusion Criteria

e  All elective brain lesion surgeries
e Deep-seated lesions

Exclusion Criteria

e Emergency surgeries
e Surface or cortical lesions (where IOUS may
offer limited value)

Sample Size Calculation
Based on Cochran’s formula:
n=7*xp(1-p)/C*
Assumptions:

o Z=1.96(95% CI)
e p=0.8 (expected sensitivity of [OUS)
e C=0.15 (absolute precision)

This yielded n = 27. Considering intraoperative
exclusions, 35 patients were enrolled.

Intraoperative Ultrasound Protocol

Equipment: SONOSITE M-TURBO machine 5-12
MHZz linear array transducer

Surgical Workflow

1. Positioning: Tumor oriented perpendicular to
cortical surface for optimal probe access.

2. Craniotomy: Extended ~2 cm beyond tumor
margins.
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3. Initial IOUS Scan:

o Probe placed on normal parenchyma near
the planned corticectomy.
o Lesion surveyed in four quadrants.
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o Echogenicity wused to characterize
pathology:

* High-grade glioma/metastasis —
heterogeneous hyperechoic

= Low-grade glioma — homogeneous
mild hyperechogenicity

= Abscess — hypoechoic center with
echogenic rim

4. During Resection:

o Repeated IOUS scans to redirect surgical
trajectory.

5. Final IOUS Scan:

o Assessment for residual tumor

o Areas of persistent echogenicity compared
with preoperative MRI

o Additional resection performed if safe

6. Correlation:

o All findings compared with postoperative
CE-MRI/CT and histopathology.

Results
1. Patient Demographics

e Total patients: 35
e Age range: 18-72 years
e Types of lesions:

High-grade gliomas: 14
Low-grade gliomas: 7
Metastases: 6
Abscesses: 4
Miscellaneous
cavernoma, etc.): 4

2. TOUS Identification of Lesions

O O O O O

(ependymoma,

e Lesion localization successful in 100% of
patients.

e Echogenic patterns matched preoperative
imaging in 94.3% cases.

3. Concordance With Postoperative Imaging

o Extent-of-resection assessment by IOUS
matched postoperative CT/MRI in 100% of
cases.

e Residual disease correctly identified
intraoperatively wherever present.

e IOUS altered surgical decision-making in
5/35 patients (14.3%) by revealing
unexpected residual tumor.

4. Safety
e  No IOUS-related complications.
Discussion

This prospective study validates the usefulness of
IOUS as a real-time navigation tool in brain lesion
surgery. The high concordance between IOUS and
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postoperative imaging (100%) underscores its
reliability in detecting residual tumor—a critical
factor influencing prognosis.

Comparison With Literature
Our findings align with multiple studies:

e Kumar et al., Moiyadi et al., and Velho et al.
report high accuracy of IOUS and cost-
effectiveness compared to intraoperative MRI.

e Chacko et al. demonstrated IOUS effectiveness
in assessing extent of resection.

e Sahoo et al. highlighted innovative use of
saline—air contrast to improve lesion border
visualization.

In the present study, deep-seated lesions were
clearly delineated, supporting reports by Abraham
et al. that IOUS enables minimally invasive
approaches to deep tumors.

Strengths

e Real-time imaging

e High accuracy

e Low cost and portable

e  Useful in resource-limited settings
Limitations

e  Operator-dependent

e Image quality inferior to MRI

e Artifacts in previously irradiated or calcified
tumors

Despite these limitations, IOUS remains an
invaluable intraoperative adjunct.

Conclusion

Intraoperative ultrasound is a powerful, reliable, and
cost-effective tool for brain lesion surgery. It
enhances precision by accurately defining tumor
margins, detecting residual disease, and guiding
resection in real time. Its portability and
affordability make it especially beneficial in
neurosurgical centers without access to high-end
intraoperative imaging.

IOUS should be considered a standard
adjunctive modality in brain tumor surgery.
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