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Contrast Enhanced Ultrasound -What is it?

Stabilizing Inert large M.W. gas

¢ DEfI n |t|0 n phospholipid shell eg. perflutren

* Administration of IV contrast agents containing gas microbubbles
v
* Live/dynamic assessment .

Free fatty acids Exhaled

* Enhancement patterns roughly equivalent to CT / MRI

* Caninterpret CEUS imaging based on our pre-existing knowledge

of these pa tterns AGENT GA STABILIZATION COMPANY
SONOVUE Sulfur Hexafluoride Phospholipids Bracco
DEFINITY Perfluoropropane Phospholipids Lantheus
OPTISON Perfluoropropane Albumen GE
o D Efl N |ty ( Pe rfl Ut re n) SONAZOID * Perfluorocarbon GE

 Perfluropropane (perflutren) gas encapsulated in phospholipid shell
* Requires activation via agitator (Vialmix)
* Injected IV tiny volume (0.2 —1mL) e

DEFINITY®

Activated DEFINITY®

* Circulates 5-10 minutes before bubbles naturally burst
* Tiny volume of microbubble gas breathed out in normal expiration

* Tiny amount of phospholipid is metabolised or taken up by immune cells



CEUS — How does it work?

: I - ~. 2 |
* Microbubbles | e = |
* Smaller than RBC " ';"n
* Travels through capillary beds S : 3
* Microbubbles are extremely strong signal . >
enhancers (>> CT or MRI) . ‘v;g%;,'

* 10,000 X soft tissue echo intensity

phospholipid
/molecule

* Trick is to maximise the display of the echo signal
of the bubbles (harmonic frequency) while , enhenced
suppressing the fundamental echoes

* Different methods (pulse inversion and/or
amplitude modulation)

compression compression compression

rarefaction rarefaction

Image-guided surgery and novel intraoperative devices for enhanced visualisation
in general and paediatric surgery: A review - Scientific Figure on ResearchGate



CEUS — Definity — Is it safe?

.

* TGA Approved: ot SubjectsTreated ____Jowe | s [ |
’ ; : . " Een 133

« "..forusein patients ... to improve the characterization of

focal lesions of the liver and kidney"

=]

R R L= AR v

* Contraindications

* Known allergy to perflutren, polyethylene glycol or other
ingredients

* Known (or highly suspected) right to left shunts

:
* Adverse reactions

e Uncommon and mild

* Headache (2%4), flushingiaec)iaa ce Rl

» Used to be a longer list but have been removed by FDA/TGA by o, Resprstony iress, yspepiin | o SR
* Anaphylaxis = much lower than CT contrast (<0.002%) thralgia, Flank Pain, Neck Pain, Muscle Cramp,

Pyrexia, Rigors, Abnormal Electrocardiogram

e Other

* No nephrotoxicity



CEUS —Is it suitable?

* Indications
e Cardiac

* Characterising liver and renal lesions

* Other off label uses = gallbladder, pancreas,
ovarian, endoleak, tumour thrombus

Aplie 500 POW US1 Abdomen Vv 10:44:54 AM

* Advantage over CT/MRI in special cases | - e

* Renal dysfunction

6C1
diffll5.0

25 fps

lodine/Gadolinium allergy or intolerance

o5

Reduce radiation burden (frequent follow-up) j e = g

Dynamic assessment

°10

US guided procedures

Liver Rt Lobe Trans
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*Verbal consent is appropriate

n -
‘ *Information pamphlet on CEUS can be helpful
— 1 . | +Safety and low rate of contrast alergy communicated
(o] | . i i
] Gain informed consent Consent to include cannulation and CEUS
|

2.

A > 5 *Prescription/drug charting, or
Gain authorisation to «Standing order

* Radiologist / Sonographer Pre-Scan | i ety
* Review imaging and referral R s
Pre-scan area of interest ;:t?::\?::lme S
* Patient preparation S
* Consent, cannulation and expectations et — ot S
* Contrast preparation and administration | ) S o amprire
* Agitation, drawing-up and prescription D i
» Each bolus 0.2-0.3mL with 15-20mL saline chaser 6. T —
Initiate Contast Mode :;J:;Sec:::r;cn:sf:;;iot::r:erc::lgli:ebsetr:ceire of interest
[ ]

Dynamic Assessment ) S

. - *Commence timer on ultrasound machine
Administer Definity «Inject a 10 ml saline flush

7 ‘ *Inject a bolus of definity using a slow push

* Watch lesion live for phases
-~ J

* Pay attention to:

*Commence recording 30-60 svideo clips
8 . *Perform a real-time uniterrupted examination

O h | . . *Perform intermittent imaging in portal venous phase for liver lesions
|V|0rp (0] Ogy Perform CEUS examination

*Store representative video clips, images and measurements
J
\ /

* Enhancement pattern

9 *Remove cannula

* Use special techniques if applicable e

*Observe and discharge patient




APPLICATIONS

* Renal Applications * Indications
Targeted
Poor renal function
* Normal enhancement patterns Incidental Renal - Contrast allergy
and Liver Lesion - Problem solving

* Pseudo-lesions Characterisation e
Opportunistic
Young
- Point of care

Patient factors

* Solid vs Cystic lesions

* Classification of complex cysts lesions
(CEUS-Bosniak)

e Other

* Pyelonephritis (nephronia vs abscess)

o Young
Monitoring Requiring multiple studies
Treatment response

* |ntervention

* Post-ablation monitoring Operative /IR planning

Guidance Live IR guidance



Renal — Normal Enhancement Patterns

* Phases

* Hilar vessel phase

Cortical phase (10-15 seconds)

Medullary phase (45-120 seconds)
* Outer medulla

* Pyramids

No excretion to collecting system

RT KIDNEY

Contrast-enhanced ultrasound (CEUS) in nephrology: Has
the time come for its widespread use? - ResearchGate.



e Standard Modalities

* B-mode and Doppler US cannot reliably
confirm/exclude a solid lesion

* CT and MRI can be tricked out by complex
cysts with debris, haemorrhage or minimally
vascular components

* CEUS

 Superior sensitivity (vs CT/MRI) for solid
components

* Some enhancement patterns are described
for AML, oncocytoma, RCC (+ subtypes)

‘\
D

* BUT cannot reliably differentiate between
different renal tumours and RCC su btypes Contrast-enhanced ultrasound (CEUS) in nephrology: Has

the time come for its widespread use? - ResearchGate.
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62 yo male

Previous left nephrectomy for
RCC; very poor renal function.



Renal Pathology — Cystic Masses

« Complicated cystic lesions BOSNIAK CLASSIFICATION
b (U (Scisy

* CEUS more sensitive than CT in depicting cystic
wall and septa vascularity

BENIGN CYST BENIGN CYST BENIGN OR MALIGNANT CYSTIC MASS?

» CEUS lower specificity but improved sensitivity
and accuracy compared to MRI DIFFERENTIAL DIAGNOSIS

BENIGN CYSTIC MASS MALIGNANT CYSTIC MASS
°
* Cystic Nephroma

Bosnlak * Cystic Clear Cell RCC
. . e . * Localized cystic * ‘Cystic Paplliary RCC
* Malignancy risk stratification system pathology 7 TUhoomso RGO
* Classification originally CT, then later MRl and CEUS

CRITERIA
* CEUS has been shown to upgrade and downgrade
. <2 mm wall thickness m
compared to other techniques
. . sharp and regular margins irregul-a'ran'd with
* In 2020, EFSUMB reviewed, redefined and i : _

standardised Bosniak-CEUS to take into account e i _

SpeCIfICS Of CEUS anechogenic content M

 CEUS-Bosniak
5 SIMPLE CYST COMPLEX CYST
O F Ive C | asses Of Cysts (Class | - Bosniak) (Class Il or more — Bosniak)

Image: Masino, JMU 2024 - CEUS in renal cystic lesions: an update



Calcification

CELS appearance Bosniak score on
miultiparametric LS

no calcification { calcification may slightly hamper evaluation

Thin wall withaowt brregularities that show no
enhancement on CEUS, or individual microbub-
bles runnimg within tiny els in the wall

Echogenic content

Thin wall and septa without irreqularities show-

Septa number

NN

multi-septa(>=4)

or individual microbubbles
els in the wall and septa

Septa thickness

Multiple septa, thin or minimally thickened
{2-3 mmj}. Smooth or minimally thickened wall

Wall thickness

- thick wanpim)
Thin septa without irmegularities may be present,
showing no enhancement, or Individual micro-
bubbles running within tiny vessels. Differentia-
tian between non-enhancing and enhancing
wall cannot be achieved

Wall quality

irregular wall

Enhancing smooth thick (= 4 mm) wall or s
and|or enhancing iregular (> 3 mm)

or septa. Mo nodules are seen

Septa quality

or septa. Enha 3
either nodules with obt 5 (=4 mmj or Nodule

with acute margins of any size

nodule on wall

Image: EFSUMB 2020 Proposal for a Contrast-Enhanced
Ultrasound-Adapted Bosniak Cyst Categorization Node margin

nodule with obtuse margin nodule with acute margin

Image: Jin, Zhuang, Lin et al - CEUS Bosniak Classification: intra- and inter-rater agreement,
confounding features, and diagnostic performance. Insights Imaging 2024



Bosniak 1 Bosniak 2

Active Surveillance of Renal Masses: The Role of ] AME MEDICAL |
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Image: Rubenthaler, Cancers (2020) - CEUS for Follow-up of Bosniak 2F Lesions

Bosniak 1 or 2 Bosniak 3 Bosniak 4
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,' ;' ar agre ; " ; Hine S e complex cystic renal lesion
. — B-mode US, High frequency B-mode US, Color Doppler US, CEUS
‘ - = CEUS-Bosniak- IIF CEUS-Bosniak- 11l CEUS-Bosniak- IV
o) By 38 l
in six months
' :a (CEUS if relevant change in
= S size or B-Mode

k ¢ catio bly predicts maligs S99 morphology)

L

Interdisciplinary conference
(urology, nephrology, radiology)

reported consent

CT/MRI-B < IIF CT/MRI-B<1II CT/MRI-B IV
+ + +

CEUS-BIII CEUS-B lll/IV CEUS-B III/IV

* CEUS-Cystic Renal Lesion Evidence

Additional
CEUS

criteria to

be defined

* High sensitivity (many studies including Cantisani et al 2017)

* Some studies showing superiority over CT (Clevert et al 2020, Xu
et al 2018)

» Strong CEUS-Bosniak histopath correlation (Herms et al 2024)

* Lon g-term su rveillance adva ntage due to access/no radi ation; Ultrasound-based “CEUS-Bosniak”classification for cystic renal lesions:
World Journal of

particularly Bosniak IIF, given long-term stability of these STryag 2n 8-year clinical experience
lesions (Wei et al 2022)

b
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Renal Pathology — Other Uses

* Inflammatory

Think Outside the Box

* Pyelonephritis/lobar nephronia A e
I use to spell Zatz-it
= AbSCGSS Whose nose is so high

that "most nobody pats it. . . .

So, to get there and do it,

¢ Va SC U | a r - - - - 2 I built an invention:

The Three-Seater Zatz-it
Nose-Patting Extension.

® Renal iSChaemia : A‘- ‘ ','74-: o ) —On Beyond Zebra!
* hilar/branch vessel and cortical absent S N, :
* segmental, unilateral

 Cortical necrosis
» preserved hilar/branch vessels a
* cortical perfusion absent
 diffuse, bilateral

* Renal Transplant Evaluation
* Intervention

* Guiding / targeting therapy b
* Post-ablation follow-up




Summary — How do | interpret my findings?

* Known normal enhancement pattern

|dentify normal variants and pseudolesions
 Column of Bertin, dromedary hump Normal
* Scarring

Column of Bertin has
medullary pyramid

Occasional bubble without

Benign Cyst Nodularity is benign

Cystic lesions S
« Differentiate from solid genign Complicated  lrig]

Cyst
* Use Bosniak concepts

Bosniak 2, 2F, 3

Malignant Comp. ,q. Bosniak 2, 2F, 3

Solid lesions Gyt
* Angiomyolipoma
RCC with Necrosis

* Oncocytoma, RCC, Lymphoma
* l|dentify regions of necrosis

Necrotic area do not
Have enhancement

Echogenic RCC ‘

Other .

Angiomyolipoma ‘

Enhancement often
More peripheral

T 1 1elelel
EEOOO0N
EEEO00ON

* Lobar nephronia vs abscess

* Hypoperfusion, ischaemia/infarct
Image: Richard G Barr Northeast Ohio Medical University



ADDITIONAL CASES

The kid”eys do so Many things
They sort and Sort
and then they c\€an/

1f they put you in a Pickle
It's because
ﬂ’eg're sometimeg fickle.

We can help You with life’s '|'wisf
14’s a treatmenX
called dialysic

Bke care Of Your kidneys fwo
T keep one fof me
and give one to yo,,

9 Renal Ventures Management, LLC
CP000000000000000000000000000000000000000000000000




Case1-~ZF

* 23yo Female

* Fever, dysuria, routine US performed for ?pyelonephritis

General
C5-1
39Hz

_ RS
1.0
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Dx = complicated cyst (CEUS-
equivalent Bosniak II-F)

CEL% appearance

Thim wall without irregularities that show no
enhancement on CEUS, or individual microbub-

bles running within tiny vesseks in the wall

ng na enhancement
running within tin

Thin wall and septa without ireqularities shiow-
ing no enhancement, or individuzl micrebubbles
running within tiny vessels in the wall and septa

Multiple septa, thin or minimally thickened
{2-3mm). Smooth or minimally thickenad wall

Thin septa without irregularities may be present,
shorwving no enhancement, o Individual mdcro-
bubbles running within tin als. Differentia-

tion between non-enhancing and enhancing
wall cannot be achleved

Enhancing smooth thick [z 4 mm) wall or septa,
andfor enhancing irregular (> 3 mm) walls and]
or septa. Mo nodules are seen

Enhancing } wall or septa,
and]or en

or septa. Enhancing -tisEue protrusions,
either nodules with obtuse margins (=4 mm) or

with acute margins of any size

Bosniak score on
miultiparametric US




Case2—-JR

* 70yo Male

* Previous right partial nephrectomy for renal
tumour. New lesion seen on CT but
indeterminate.

\I\IJ
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"KIDNEY LOWER TR
Dx = Bosniak IV lesion, highly likely tumour

10.



CEUS - Breaking through the Bubble

* Advantages of CEUS

 Safety = no radiation, not nephrotoxic, low risk

Indications = patients with renal dysfunction, unable to lie
flat or keep still, portable, point of care

Realtime, multiple passes, guide intervention
Cost effective = cheaper than CT/MR

Diagnostic accuracy

* What Do You Need Next?
* Machine capable of CEUS

 Radiologists and Sonographers trained to perform

* Vendors and Definity will help set up and train

* 5-10min Radiologist time, 3omin bookings

Ultrasound machine:
o Non-linear contrast imaging mode
o 30-60 s video clips
o Optional = 3D capability, fusion capability

Equipment:
o 20-gauge cannula
Needle-free valve
20-ml saline flush
18-gauge blunt needles (no filter)

1-ml syringes
Extension set
3-way Stopcock

Stock of Definity® contrast agent:
o Refrigerator
o Definity®
o Vialmix activator

Resuscitation equipment




CEUS - References and Reading

* How to set-up and perform contrast-enhanced ultrasound - Necas 2019 -
Australasian Journal of Ultrasound in Medicine - Wiley Online Library

* How to perform Contrast-Enhanced Ultrasound - Dietrich 2018 -
Ultrasound International Open

* How to Develop a Contrast-Enhanced Ultrasound Program - Barr 2017 -
Journal of Ultrasound Medicine

* Contrast-enhanced US for the Interventional Radiologist: Current and
Emerging Applications — Malone 2020 — Radiographics

« EFSUMB 2020 Proposal for a Contrast-Enhanced Ultrasound-Adapted
Bosniak Cyst Categorization

e CEUS LI-RADS v2017

e Radiopaedia: Contrast-enhanced ultrasound

* StatDx: Contrast-enhanced ultrasound



https://onlinelibrary.wiley.com/doi/full/10.1002/ajum.12135
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5802984/
https://onlinelibrary.wiley.com/doi/full/10.7863/ultra.16.09045
https://pubs.rsna.org/doi/full/10.1148/rg.2020190183
https://www.thieme-connect.com/products/ejournals/pdf/10.1055/a-1300-1727.pdf
https://www.acr.org/Clinical-Resources/Reporting-and-Data-Systems/LI-RADS/CEUS-LI-RADS-v2017
https://radiopaedia.org/articles/contrast-enhanced-ultrasound-2
https://my.statdx.com/document/contrast-enhanced-ultrasound-basic-/22d1fcfe-1ee9-40cd-acc8-b76119125ce2?searchTerm=contrast enhanced ultrasound&searchType=documents&category=All




