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IMAGING IN UROLOGY

Radiation management

00:00:44

* Radiation exposure : C,harge per unit mass of air

cause b5 passage of radiation thmush tissue.

measured in coulombs (€)/ Koy

* Absorbed dose : energy absorbed $rom radiation

€>(P0$u!"€.

Measured in gray (6\5).

* &quivalent dose : Conversion factor applied to
absorbeds dose to measure different interaction of
radiation with difSerent type of tissue.

measured in Sievert (V).

Conversion factor for d\agnos’c‘\c X rays = 1.

* eflective dose : Denotes radiation rigk 1o a population

of potients from an imaging s’cud5.

measured in Sievert (&v).

gstimodion of range of eMective doses for various

imaging modalities allows ass\gr\men& of relative
rodiokion level :

| RADIATION  TRADITIONAL
QUANTITY  UNIT

[ Exposure
| Absorbed dose T rad

i n T
Equivalent dose | rem

| Effective dose | rem

{ roemgeni( R)

SI UNIT CONVERSION

[ RETATIVE EFFECTIVE
| RADIATION DREE e
LEVEL (RRL) ~ ESTIMATED
RANGE

None '? 0

Minimal <0.1 mSv

Low 0.1-1.0 mSv

Medium | 1-10 mSv

|
High '10-100 mSv

coulomb | 1 C/kg = 3876 R
‘1 (C)kg ) )
gray 1 Gy = 100 rad
(Gy)
sievert 1 Sv = 100 rem
(Sv)
sievert
(5v)
EXAMPLE
EXAMINATIONS

Ultrasound, MRI
Chest radiographs

contrast

body PET

Lumbar spine radiographs, pelvic radiogr aphs
Abdomen CT without contrast, nuclear medicine,
bone scan, *“Tc-DMSA renal scan, IVP,
retrograde pyelograms, KUB, chest CT with

Abdomen CT without and with contrast, whole-

CLINICAL
RELEVANCE )
Charge per unit mass
Energy absorbed by
tissue

Absorbed energy
based on tissue type "
Biologic risk
associated with
absorbed energy
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Radiation Prohzoi"mn :
Recommended (.\C(‘,upn{im\n\ expoaure S0 Iy )’};J/ yr.
No sale dose of radiation (linear no threshold model.
Greater risk to eyes oand _90:\00\3.
Reduction in radiation exposure.
* Limiting time of exposure :
* use short bursts.
* Last image hold.
* Maximizing distance from radiation source :
* exposure diminishes as square of distance from
radiotion source.
* Positioning image intensifier close to patient

reduces scotter radiation.

Image
intensifier

X-ray
source

Sh'\eld'\ng :
* Rodiadion resistont eye protection, leaded gloves.

* coliimoade o minimum required visual fluoroscopy held

Controst medio. :
I ﬁ\\\e‘r(jw: like reoctions :
* \diosyneradic, anaphylactoid, not dose dependent.
* Differ \r~nmtmol09|cal\\j from true aller qic reactions.
* Antigen antibody response rarely identified, no true
lae reoction.

* mechanism of action : Combination of 53s’cem\c
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etfects :

* Release of vasoactive substances like histamine.

* Activation of physiologic cascades : Complement,
Kinin, coagulation, S\brinol\jhc systems.

* nhibition of enzymes like cholinesterase leads o
prolonged vagal stimulation.

* Patient anxiety and fear of actual procedure.

a. Ph\\jsioiosic reactions :

* Not allergic like, dose and concentration dependent.

* Physiclogic response to contrast medium molecular
properties creading chemo’coxici'tﬂ.

* effects can be due to hyperosmolality.

* Can also be due to binding of specific contrast
molecules to activators.

MILD REACTIONS |
Self-limiting signs or symptoms - o |
Allergic-Like Irlj\!sirologi(
Limited urticaria/pruritus | Limited nausea/emesis
Limited edema | Transient flushing warnvchills |
Limited throat irritation | Headache/dizziness/anxiety/altered
ltaste
Nasal congestion | Mild hypertension |
Sneezing, eye irritation, rhinorrhea | Vasovagal but resolves spontaneously |
MODERATE REACTIONS |
Commonly require medical management and may become severe if not treated ﬁ
Allergic-Like Physiologic B )
Diffuse urticaria/pruritus Protracted nausea/emesis 1
Diffuse erythema Hypertension ) |
Facial edema Chest pain 1
Throat tightness Vasovagal responds to treatment }
Wheezing/bronchospasm mild - |

| SEVERE REACTIONS

Life-threatening, may result in morbidity or mortality if not treated. Cardiac arrest may
! occur from allergic-like as well as physiologic adverse reactions

TTAllclrsj( -Like | Physiologic *
| Diffuse edema/facial edemasshortness of | Vasovagal reaction resists treatment
breath , |

| Diffuse erythema and hypotension | Arrthythmia

[ Laryngeal edema with hypoxia Seizures

I ry -
| Wheezing/bronchospasm with hypoxia

Hypertensive emergency
[ Anaphylactic shock/hypotension/tachycardia

Treotment of controst reactions :
Loomild
* Observofion, reassuronce.
* Diphenhydramine, chlorpheniramine, diazepam.
* eronchospasm management.
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A. Moderote :

* Incidence : 0.5 to 4 %,
* Cloae obaervation.

* MHydrocortisone, salbutamol, oxygen.

3, Sevevre':

eEmergency treatment :

* Rapid administration of epinephrine is the treotrent

of choice.

* IV 01 mi/Kg of 190000 dilution (0.0 ma/ka) slowiy

into running saline infusion, repeated every s to IS min,

moximum single dose | mi (0. map, total dose | Mg,

* 1M 0.01 mg/kg of F000 dilution (0.0 mI/kg) o maxi-

mum OIS mg of 000 it < 30 Kg (0.3 mg it weight > 30

kg in lateral thigh, repeated every s %o IS min up to |

mil mg).

VasSopressors

* most eflective vasopressor : Dopamine (a 4o 10
'“03/ kg/mir.

Premedication :

No Known strateqy fo eliminate risk of severe adverse
reaction to contrast media.

Low osmolar contrast media is preferred in patients
with Known history of allergy

AR may happen after extravaseular procedures 0o
ReP.

Corticosteroid premedication lowers likelihood of ALR.
Adverse eflect of premedication : Leukocytosis,
asymptomatic hyperglycemia, possible infection risk.
Oral steroids preferable.

Steroids required at least b hrs beyore contrast media
injection.

Adiministration within 3 hrs not useful

Accelerated vV premedication only used when no

alternatives present
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1. Prednisone: 50 mg by mouth at 13 hours, 7 hours, and 1 hour before

contrast media injection
Plus diphenhydramine (Benadryl) 50 mg intravenously, intramuscularly,
or by mouth 1 hour before contrast medium injection

2. Methyliprednisolone (Medrol): 32 mg by mouth 12 hours and 2 hours

before contrast media injection
Plus diphenhydramine (Benadryl): 50 mg intravenously, intramuscularly,
or by mouth 1 hour before contrast medium injection

Delaﬁed contrast reactions ¢

Occur from 3 hrs o 7 o\ags after contrast.
m/c allergic like and cutaneous reactions.

Tﬂp'\coJ\B resolve sponfaneOusB.

Spec'\%c contrast considerakions :

Allergic patients (unrelated o contrasd a +o 3 times

more \iKeB to have contrast reaction.

Reoction 1o | class doesnt increase risk of reaction o

another type of contrast medium.

Contrast reactions more common in patients with

anxietg.

Asthma. increases chance of ALR (premedication not

recommended).

&eta blockers can lower threshold for contrast

reactions (cessation not recommended).

Premedicotion not recommended solely on cardiac

stotus.

nger’chgroid patients may develop ’charokox'\cosis with

controst (rore).

woshout of 2 1o b Wks recommended after contrast

study before rodiciodine therapy.

Premedication not recormmended for myasthenia

growis/ pheochromocytoma/sickle cell trait.

Lorge volume extrovasation of contrast :

* Swelling, edema, erythema, pain, celulitis,
compoytrment Sljﬂdforﬂe.

¢ Moximum symptoms in a4 to 48 hrs.

i Pr\mourﬁ mechonism : H\jperoanolali{\ﬁ o¥ contrast.
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Rx : Manual massage, plastic surgery consult.

Post contrast A ¢

Nonspecific term : Acute, sudden deterioration in
Kidney function within 48 hrs,

CIN : Specific for sudden decrease in Kidney
function by v administration of iodinoted contrast
medium,

Po&hoPhﬂsio\oSB : vasoconstriction, direct tubular
toxicity, osmotic mechanisms, chemotoxic
mechanisms.

Diagnosis of CIN : Occurance within 48 hrs :

Increase in ereatinine of > 0.2 mS/ dl.

a. Increase in ereatinine from boseline > SO%.

W0 < 05 mi/kg/hr Sor ot least & hrs.

&FR af least 45 mi/min/1.73 m? not independent risk
factor for CIN.

IV contrast risk factor for CIN with &FR < 20 ml/
min/1.73 m,

Incidence : & 10 S %.

most important risk factor for CIN is pre-existing

severe renal insd‘—%iciencﬂ.

Other risk factors :
om.,

> oo

n

&

~

" Deh}jdroecion.

CV disease.

Diuretic use.

Advonced age.

mujhp\e m}jeloma.
HTN.

8. H\jper uricemia.

9.

10,

Repeoded contrast injections.

Low PCV,

eF < 40%.

13. Renal tumor/ ’(mnsp\ant/ single Kidney
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13, HOCM, increased contrast v'\s:cogmj.
14, £SRD with no natural renal function is no lonqer ok risk

for CINL

Prevention :
» Hﬁdroedon.
* Sodium bicarbonate : Doubttul role.
. ace&B\ cgs’ce’me : Controversial.
Frusemide increases risk for CIN.
metformin use :
* RAdvised discontinuation 48 hrs prior in patients with
renal ‘\nSu?-Q'\ciencﬂ.
* Fodal in SO % coses.
* Rare with normal renal function.

* Discontinuation not required before ad mRI.

MRI contrast agents 00:16:56

Ggodolinium :

¥ Pammagnehc metal ion.

* Tunpaired electrons.

* Reduces Tl ond Ta relaxation times.

* Increoses tissue signal intensity on TI weighted
imoges.

* Con interfere with assay for Ca (False hypocaleemia
for 84 hrs), iron, magnesium, iron binding capacity and

zZinc.,

Rdverse efSect :
Nephrogenic ‘.;\,)‘/ieu we Mbrosis
* Fibrosing disesse of skin, subcutaneous tissue, lungs,
esophagus, heart ond ckeletal muscles.
* Intiol Yeotures are skin ’(‘rncKermg and pruritis.
* Loter : Contractures and joint \mmob\\ihj, death due to

viseeral involverment,
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* Sy ong association with advanced renal diseose,

* Onset:a daysto 3 months,

e pPatients with GFR < 20 not on chronic <‘iml\,.j",r‘;, MoSst
difficult patient population, v contrast is contraindi
cated, ad may cause NSF.

* NSF risk greatest with &@FR < 1S ( to 7% incidence).

* In h\gh risk patients, use minimal dose, consider
macrocyclic agents, avoid gadod'\am\de.

* mechanism : &d dissociates from chelates in patients
with poor renal clearance free &d binds phosphate
and other anions.

* Forms insoluble precipitate : Deposited in tissues with

subsequent fibrotic reaction.

VU ¢

* Clear liquids 13 %0 34 hr and enema & hr before
procedure.

* Seout fim.

* S0 to 100 mi contrast bolus.

* Nephrogenic phase immediately after injection.

* Next film at S minutes and every s minutes.

* Abdominal compression : Visualization of ureters.

* upright films possible for renal ptosis.

* Postvoid Rims taken.

Ploun olbdominal vmiu)ayu&:\ Y

. ",u‘,-u & ‘x)sm«n \.
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AP exposure.
Level of d\aphragnw to inferior pubic ramus.
Cost eflective to monitor residual stone burden ofter

treatment.

th'ograde Pﬂe‘OSVOPhﬁ :

Sterilize urine before study,

Con determine ureteral nor maley distal to obstruction.
Dilute contrast medium (S0 % or iess) o prevent subtle
filling defects getting obscured,

gvacuate air bubbles from syringe before instillation.

S f0 8 cC contrast usually required in normal syst.

Cornp\\ca’cions :
l. Ptje\ombudar bockSlow : Opac\?xcahon of medul\arg
ptjram'\ds.

Q

Ptje\os'mus bockSlow : Tear in cal\jceod fornix lead‘mg

t0 controst leoks in renal sinus.

o

1 P\jelo\ijphahc bhockSlow : Opaci?\ca{\on of renal
\\ﬁmpho.hc chonnels.
4, Ptﬁe\mer.ous bockSlow : Contrast e tering venous

Sbj%’(en'\.

9/728



Loopogy “Ph‘j :
* Advance catheter just proximal to abdominal wall
foscio.
* paloon inflated with S 1o 10 Ml water,
* Oblique \ims useful.

* Drainage fm useful.

Qe’crograde ure’chrographﬂ :
* measures total lengfh of urethral stricture.
. r-\no&omg of urethra distal to stricture visuallsed.

Normal RUG using
ceotheter lechnique

Bulder urethia
Normal retrograde urothrog

Stofic mjstoarawuh\j :
* Visualizes structural inteqr ity o¥ bladder.
* Shope oand contour of b\ddder.
* Supine position.
* eBlodder Wled under gravity with a00 to 400 ml
contrast,
* Obligue Mims useful (diverticulae, \stulae).
* Postdrainage Wim required,
* BAs sensitive as CT cystography in detecting bladder

rupture.

10/ 728




VOide c5s’tograph5 :

evaluotes pos{er'\or urethroo

a. VUR.
2, Supine or semi uprigh’f pos'\’don.

4. /| oblique views useful.

Attenuation of X ray photons passing &hrOuSh patient.

Computer based reconstruction of cross sectional
imoges.

Amount of transmitted radiation measured by
detector on opposite side of X ray beam.

Helicol (multidetector CT) : Patient moves through
corx’cmwoushj rotoi‘mg 8antnj.

Current CT @ A Yo 330 rows of detectors.

aroy scole of eoch pixel of CT image depends on
ormount of rodiotion absorbed at that pont.
Attenuodion volue is expressed in HW

Rir HU = 1000, bone HU = +l000, water HU = 0.

Phoses of CeCT :

* unenhonced CT : 1 phase.

* Corticomedullary phase : 30 o0 70 seconds, defines

00:31:06
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vasculoture and perfusion.

Mephrogemc phase : 90 to 18O seconds, allows sensitive
detection and characterization of renal masses.
excretory phase @ 2 to S minutes, visualization of PCS

and ureter.

excellent signal contrast resolution of soft tissue.
Free proton orient odong magne’c\c 2 oXis.

RF antenna. or coil placed over area of interest.

Coil fransmits RF pulses ’chmugh patient.

Protons release energy on stopping RF pulse.

T weigh&ed images generated b5 time to return to
equilibrium in 2 axis, Ta weighted images in XY axis.

Ta images : Water appears bright
Cortex brish’cer thon medulla.

Fok imag'\ng :

Inversion recovery imaging.

Chemical shift imaging (m.e).

* In phase and out of phase images taken.

* Loss of signal on OP imaging s/0 intracytoplasmic
fot.

Fot soturation imaging.

Spectrol presoturation with inversion recovery (SPIRD.

Spectral presaturation attenuated inversion recovery

(SPAIR).

mulhpo.rwﬂetric mel

I

a.

2.

Ta weighted sequence.
DL,
DCE.

. MRS,
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ULTRASONOGRAPHY AND NUCLEAR
IMAGING

Ultrasonography 00:00:40

Phgsicod principles :

* usSG waves produced by applying short bursts o¥
altemading electrical current to series of crystals
housed in transducer.

° ARernating expansion and contraction of erystals via
piezoelectric eflect creates mechanical wave.

Rarelacton

* Longitudinal waves produced (graphically sine wave).

* Reflected component of wave received by transducer.

¢ Amplitude : Maximum excursion in positive or negative
direction from baseline (higher amplitude = brighter
pixeD.

- wcweleng*ch : Distance between a peaks.

* Cycle : Complete path of wave between a peaks.

* IHertz : | cycle/sec.

* Average velocity of sound in human tissues : 1540 m/s.

Transducer/
receiver
Pulse
generalor
Master
clock Monitor
1

Time-gain - Scan
compensation converter
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Resolution : ﬂb'\hhj to diseriminate between a o‘h]ezcie close to

each other.

Axial resolution :

Ability to identify as separate a objects in
direction of travelling wave.

Dependent on frequency of sound waves.
Higher frequency : Better axiol resolution.

a. Lokeral resolution :

Ability to identity separotely objects equidistant
from transducer.

Function of focused width of usE beam.
Characteristic of transducer.

Location of narrowest beam adjustable by user.
more focused beam : Better lateral resolution at
that locadion.

Image quality enhanced by locating narrowest

beam width (focus) ot depth of object or tissue of

interest,

High %’requen(‘lj transducers (1-18 MH2) : Less depth, better

resolution (more absorption — less reflection — less depth\.

Low 31”(€U\lud!")(LLj fransducers (3-S5 MH2) : More depih, less

resolution.

mechonisms of attenuation :
ReSlection !
* Wave strikes an object, surface or boundary

(nterface) between unlike tissues.

* pflected by impedance ot tissues.
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a. SCa’c’cerinS :
* Sound waves strike small or irreqular object.
* Produce spher'\cal scotter waves,

Spherical scatter waves

3, Interference :
* Scotter waves collide in or out of phase.
* Pottem of interference responsible for echo
architecture or texture of organs.
* ‘Speckling’ seen in organs with fine, internal
histology (testis).

4. Absorption :
* mechanical energy converted to heat.
* Absorption directly proportional to frequency,
* Higher frequency — ropidly attenuated —
limited depth of penetrance.
As %eqwm«j goes up, depth of penetration decreases.

T T T T T T T T

2 4 6 8 10 12 14 16
Depth of penetration (cm)
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Artifacts in Utrasound :

. Acoustic ;;nr,\dm.mnq :

‘%’vqn\\‘\cam ottenuntion or reflection of cound

waves ot tissue interface,

£cho information p()”,hrr ior o interface ochscured .

5) \e > A 3 S u “. ut y net
D objects appear cresenteric, difficult to ae
accurate measurements,

mitigated by changing angle of insonation,
frequency of transducer or focal 2one of

transducer.

a. Increosed {hrOugh transmission :

Less attenuation of waves while passing through
an object.

waves passing through object (simple 055‘0 has
more enerqy,

Reflected wave has more eneroy.

Tissue posterior to c5s’t appears brishker.
mitigated by changing angle of insonation or
a@jus%ing time gain compensation settings.

2, Eci(jmg ortiYoct :

5dt72¢c66a790cd4d0ebbh50¢c

Relraction withoul rellection

Intertace

L T X

Angle of incidence
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e Laves strike o curved suy Loce or interfoce ot
incident angle Refraction of wave alono plane of
interface.

e QOvercome b § ch«mq\r\q angle o¥ insonation,

Teslis RT

4, Reverberation artifact :

* Large differences in impedance between a
adjacent tissues.

* Strong reflection of incident wave.

* USG wave bounces back and forth b/w reflective
interfoces.

* €g9:gos Suid misxdure in small bowel.

* Comet tail artifact : Blackish line beyond the

edg’mg artifoct.

Modes of USG 00:14:40

l G\rekj scole
* & mode me emplou)ed,
* Reol time 3D images in shades oF g ey,
* Position of pixel determined by duration of round

trip of sound wave.
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. uupp|€r :
* Principle : Frequency shift when sound waves

strike a. moving object.
* pAllows characterization of maotion (blood, urine).

3. Color doppler :
* evaluates velocity and direction of motion.
» erigh‘cer the color, Srea‘cer the Veloc‘rtﬁ.

4. Color Slow with spectral display :
* Allows interrogadtion of particular areas within USE
field for Sow.
* Displays the flow as continuous wave form.
* evaluotes pattern and velocity of blood flow in
intrarenal or penile vasculature.
* Provides informadion about peripheral vascular
resistance in tissues (Resistive index).
* RI=PSV-eDV/PSV.
S. Power doppler :
* Rssigns amplitude of frequency change to color
* Does not permit evaluation of Velocity or direction
of Sow.
* Less affected by back scattered waves.
* more sensitive mode for detecting blood Slow.
* Less angle dependent than color doppler, 3 to S
times more sensitive as color doppler Yor detecting
Sow.
* useful for evaluating testicular torsion.

. Hoymonic scanning :
* makes use of aberrations related to non linear
propagation of sound waves within tissue.
* Has less noise — less artifact and greater
resolution,

¥ Sonoelas&ogmphg : F\bih’(ﬂ 10 evaluate elashc'rtLJ
(.compresstbthhj ond dusP\acemenD of Imoloqnc tissues.
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8. Real time elastography (RTE) !

* external, non quantifiable mechanically produced

compression wave travels in tissue (540 m/s).

* These waves S\,xccess\veB compress tissue la.,ﬂers.

* pPeformation induced my manual\5 pressing on

am*OmB with transducer.

* Qualitative technique, highly user dependent.

* Cannot measure absolute tissue stitiness.

* Benefits : High spatial resolution, real time and

doesn’t require modifications to conventional us&

hardware.

9. Shear wave elastography (cwe) : measurable shear

wave, travelling slowly (-0 m/s) ; propagated by

’cangenﬁa] shdins force between tissue |a5ers.

Limitations ¢

* Shear waves weak , only few mm of propagadtion.

* Detection of shear wave propagation requires

very rapid acquisition speeds, may limit area of

detection.

10. 2D scaming :

* Produces composite of images.

o \mpor’can’c on procedural p\ann'\ng and precise

volumetric assessments.

I Multiporometric US& (MpusSE) : Combines different

modolities of Us&,

Attribute Ultrasound

Anodomic resolution a.3 mm (1.5 M),

Vosculoy mj 4 microbubbles.

I e,

. Gadolinium.

» N’V Problem with renal | ¢ NSF.

insufSicier K‘\j.

Tissue structure t\a:;’(oqraphx, :
I, Stroun.
3. Shear.
Chemical chorocteristics
Access Tor biopsy *  Realtire.

® Infinite &\exublldﬂ.

H 0 diffusion / ADC.

choline/sy eetroscopy,
*  Fusion techniques.

o] In bore.
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Contrast aqenkg in UsS& :

Contain microbubbles.

enhance echosen\cika of blood and tissue.

Tou’sehng \‘\Somds ottached to microbubble allow it to

selechveg accumulate in diseased or abnormal tissues.

Bubbles rapid15 degraded b5 interaction with sound

waves.

good so&e’cg profile.

Patient so&ekg measures :
mechanical efSects :

Torque and streaming,

Cavitation — small gas — filled bubbles form and
collapse — liberate large amount of energy —
may damase tissue in certain circumstances.
most |'\Ke|5 to be observed around gas containing
structures like lung and bowel.

mechanical index (M : Probability that cavitation
maﬂ occur.,

Lung and intestine : Ml < 0.7 safe.

Adjacent structures : Limit scanning time i$ i >
OA.

Thermal efSects :

Due to tissue heating by absorption ot enerqu.
Influenced by beam ?o(:us'\ns, transducer
frequency, exposure time, scanning mode and
tissue dens'\’cg.

Thermal index (TD : Probability that tissue
terperature within sonographic field will be
increased bﬂ | degree celsius.

glevations up to b deqgree celsius safe unless
exposure time < (6O seconds.

Cliniqal .Uge_s of USG 00:27:27

Renal US&G ¢
* 3.5-S MHZ, higher Yor children.
* Intraop/lap USE : b-10 MH2.
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o LK Sliqh{l\q \\ig\’\et' Han Ry, bowel qas *wmhlmr\(xk'\c on

left, LK lacks liver as acoustic window.

* LP IS degrees lateral to UP, H'\dneﬁ rotated 30 degrees
posterior to coronal plane, LP shgh’dﬁ anterior to UP.

* Normal Kidneys : Hypoechoic to liver; infant Kidneys
hgperecho'\c

* Central hgperecho\c band : Renal hilar adipose tissue,
blood vessels and PCS.

* Renal cortical thickness > 7 mm and renal parenchgmod

thickness ~ IS mm normoal.

Cortical thickness .~ Parenchymal thickness
EENG ’

Tronsobaominal pelvic Usq :
* 2510 S MKy, higher for children.
* Up 10 10 minutes observoation required 1o ver\QLJ absence

o¥ ureterol jets.
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