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Intraoperative 
ultrasound

Lesion Identification

Lesion Localization

Trajectory and entry 
point planning

Lesion extent 
delineation Resection control

Identification of 
normal anatomy

Orientation within 
the operative field

Protect critical 
structures
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Prehistoric Era of US

From – Auer, Velthoven. Intraoperative Ultrasound Imaging in Neurosurgery, Springer, 1990 
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iUS- Improved Image resolution
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Navigation with 
preoperative MRI

2-D Ultrasound

Navigated 3-D 
Ultrasound

Navigated 2-D 
Ultrasound

Multimodal 
Intraoperative 

Image guidance

❑Based on Preoperative MRI
❑Multiplanar imaging with full 

head view of MRI

❑Post-craniotomy brain-shift and 
brain deformation results in 
loss of accuracy

❑Impossible to rely on for 
resection control

❑Real time update
❑Fast updates, repeatability
❑Convenient, readily available
❑Cost-effective

❑Operator dependent
❑Learning curve
❑Orientation and image 

interpretation difficult

❑Multiplanar US image displays 
with co-display of 
corresponding MR

❑Serial US images in coplanar 
displays possible

❑Brain-shift compensation
❑Direct Navigated US option

❑Costlier (but still many times 
lower than IOMR)

❑US-MR image fusion improves US 
orientation and image 
interpretation

❑Brain-shift appreciation and 
compensation

❑More intuitive

❑Multiplanar US views not possible 
especially in conventional ACS 
planes

❑Co-registration of serially acquired 
US images not possible
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As part of a Multimodal Approach
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• Important to get a good quality image

• Better the image quality → better the utility of the US → 
better the extent of resection (Solheim et al, 2012)

• And lower neurological morbidity (3% vs 45%)
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Good basic 2D B mode US Image
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US SCAN 
Performance/ 

Acqisition

US Image 
interpretation/ 

Action

Optimal 
iUS guided 
procedure

Core Competencies
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Skill Set

Knowledge

Ability/ Attribute

COMPETENCY

Competency Skill sets Knowledge Ability/ Attributes

Performing an optimal 

intra-operative US 

1. Insonation skills 

2. Hand eye 

coordination skills

1. Technical know-

how 

Innate personal visuo-spatial skill, 

analytical, learning and problem-

solving abilities.

Analyzing the intra-

operative US images 

and performing US 

guided procedures

1. Insonation skills

2. Visuo-spatial 

orientation skills

3. Hand eye 

coordination skills 

1. Technical know-

how

2. Image/ Artefact 

interpretation

Innate personal visuo-spatial skill, 

analytical, learning and problem-

solving abilities.
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Practical Skill sets (Hands-on)

Insonation Technique (visuomotor 

skills)

Acoustic Coupling

Methodical insonation

Visuo-spatial Orientation Skills Identify 3D shape and sizes of various structures

Identify depth, lie and positions of different structures

Hand Eye coordination 

(visuomotor/visuospatial)

Performing wide orthogonal scan with orientation of direction

Target various objects and lesions at different depths

Theoretical Skill sets (Knowledge)

Technical Knowhow Familiarization with the Equipment/ Controls

Insonation with various probes

Optimizing US scan parameters

Image interpretation Semeiology

Anatomical Landmarks

Pathological anatomy

Appreciate and identify artefacts
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Practical Skill 
Acquisition



Atlas Based Training
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Credits – Dr Amit Choudhary/ Dr Ajit Mishra

Image 
Interpretation –
Iterative Learning
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Adequate craniotomy

Temporal Craniotomy Frontal Craniotomy

From Prada et al (eds):  Intraoperative Ultrasound (IOUS) in 
Neurosurgery 

Corpus 

Callosum

With tumor

Cavum 

Septum

Third 

Ventricle

Falx

Frontal 

lobe
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SERIAL RESECTION CONTROL SCANS

3-5 mm 
uniform 
hyperechoic 
rim is usually 
normal 

Understanding Artefacts
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Skill Sets Training Methods
Phantom/ 

Model 

Based

Simulation 

/ Atlas 

Based

Live 

surgery 

Mentoring

Practical Skill sets
Insonation Technique Acoustic Coupling √ √

Methodical insonation √ √ √
Visuo-spatial 

Orientation Skills

Identify 3D shape and sizes of various structures √ √ √

Identify depth, lie and positions of different structures √ √ √

Hand Eye coordination Performing wide orthogonal scan with orientation of 

direction 

√ √ √

Target various objects and lesions at different depths √ √

Theoretical skill sets
Technical Knowhow Familiarization with the Equipment/ Controls √ √

Insonation with various probes √ √
Optimizing US scan parameters √ √

Image interpretation Semeiology √ √ √
Anatomical Landmarks √ √
Pathological anatomy √ √
Appreciate and identify artefacts √ +/- √
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