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IMAGING IN UROLOGY

Radiation management

- 1

----- Active space -----

- 00:00:44

Terminolosies .
* Rodiation exposure :
- dwarge per unit mass of air coused b5 poassoge of radiokion ’chmugh

tissue.

- measured in coulombs (€71 kg,

* Absorbed dose :

- gnergy absorbed from radiation exposure.

- Measured in gray (6\5).
* equivalent dose :

- Conversion foctor applied to obsorbeds dose to measure ditferent
interoction of radiation with difSerent type of tissue.

- measured in Sievert (V).

- Conversion factor for d'\agnosﬁc X roys = .

s eflective dose :
- Denotes radiodion risk o o population ot podients £rom an imaging

Sfud}j.

- meosured in Sievert (SV).

- ggtimodion of range o efSective doses for various imaging modalities

allows ass'sgnmen’c of relative.

coulomb | C/Kg = 3876 |

it
‘ exposure f e ( ?eﬂ | R Charge per unit 1c/) kg = 3870 R Charge per unit mass
' f - | moss
f [
|  Posorbeddose | rod aroy @y I &y =100rad | energy absorbed by tissue
; | { Absorbed energy based on
| equivalent dose rem | Sievert (V) I SV =100 rem _
I ! tissue tupe
i Biologjic risk associated with
efSective dose rem Sievert (S\) &
| obsorbed energy
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2 - introduction to Urology

..... AGHV® 8980 e * Radiakion level :

Skl

Ulrasound, MR\

Minimal 404 msv Chest rodiogrophs
Low O.-1LO mSv Lumbayr spine rodiogrophs, pelvic radiogrophs
: Abdomen CT without contrast, nuclear medicing, bone scan,
medium =10 MSV mic-DMSA renal scan, VR, re’«ogmde pyelograms, HuB, chest
CT with controst
High I0—100 MmSV Abdomen CT without and with contrast, whole-bod PET
Radiation protection :

* Recommended occupational exposure : SO mav/ ye.
* No safe dose of radiotion (Linear no threshold mode).
* Greofer risk to eyes and gonads.

Reduction in radiotion exposure :
* Limiting time of exposure :
- Use short bursts.
- Lost imoge hold,
* Moaximizing distance from radiodion
source :
— exposure diminishes as
square of distance $rom
“vadiokion source.
B Pos.iﬁon‘\ng imcuje intensifier Posiﬁonin3 of the rodiotion source
close 1o patient reduces
scadter rodiation.
° Shie\ding :
- Rodiodion resistont eye protection, leaded gloves.
~ Collimate to minimum required visual Sluoroscopy Reld,

Contrast media.:
nl\er&tj—-l‘\l«e reoctions :
. \dios.ﬂncrodc'\c, anaphylactoid, not dose dependent.
* Difler imnunologically $rom true allergie reactions.
* Antigen antibody response rarely identifed, no true Ig& reaction.
* mechanism of action : Combination of systemic efects :
- Release of vasoactive substances like histamine.

Urology - v1.0 « Marrow SS Surgery




%br‘mol\lj’dc systems.

Imaging In Urology - 3

~ Activadion of phgsxoiogic cascades * Complement; Kinin, coaguloedon,

- Inhibition of enzymes like cholinesterase leads to prolonged \/agad

stimudodion.

- Paotient anxie’cﬂ ond fear of actual procedure.

Phgsiolog'\c reoctions :

* Not aller 85——!‘%9, dose and concentration dependent.
i P\’Bsiologic response to contrast medium moleculor properﬁes creodc‘mg

chemo‘coxic‘s’cg.

¢ cflects con be due to hgperOSmolal'\‘c}j.

* Con also be due to b\nding ot spec‘x%c contrast molecules 1o activators.

MILD REACTIONS
Self-limiting signs or sympioms
Allergic-Like Physiologic
Limited urticaria/pruritus Limited nausea/emesis
Limited edema Transient flushing/warm/chills
Limited throat irritation Headache/dizziness/anxiety/altered
taste
Nasal congestion Mild hypertension
Sneezing, eye irritation, thinorrhea Vasovagal but resolves spontaneously
MODERATE REACTIONS
Commonly require medical management and may become severe if not treated
Allergic-Like Physiologic
. Diffuse urticaria/pruritus Protracted nausea/emesis
Diffuse ervthema Hypertension
Facial ederma Chest pain
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

Allergic-Like Physielogic

Diffuse edema/facial edema/shoriness of Vasovagal reaction resists treatmnent
breath

Diffuse erythema and hypotension Asrhythmia

Larvngeal edema with hypoxia Seizures

Wheezing/bronchospasm with hypoxia Hypertensive emergency

Anaphylactic shock/hypotension/tachycardia

Treotment of contrast reactions *
mild :
* Observation, reassurance.

° Diphenhgdrmn'\ne, chlorpheniramine; diazepam.

N 6ronchosPasm mcmagemen’c.

Urology * v1.0 + Marrow SS Surgery



4 - Introduction to Urology

moderote :

[ ]

L]

Incidence : 0.5 o & %.
Close observodion.
H5drocortisone, salbutarmol, oxygen.

Severe :
&mergencg treatment ¢

Rapid administradion of epinephrine (TOC).
v Ol m\/Kg of 110000 dilution (0.01 mg/Hg) slowly into running saline infusion,
repeated every s to IS min, maximum single dose | mi (01 mg), totol dose
1 g,
= 1M 0.0l mg/kg of KOO dilution (0.01 I kg to Mmoximum 0.S mgq of
FO0O i < 30 Kg (0.3 Mg if weight > 30 Kg) in loteral thigh, repeated
every s +o IS min up o 1 mi § mop.
Vasopressors : Most effective vasopressor : Dopamine (3 to 10 mcg/ HS/ i,

Premedicotion :

No Known strakeqy to eliminate rigk of severe adverse reaction to contrast
medio.

Low osmolax contrast media. is preferred in patients with known history of
od\e-r%.

AR may happen after extravasculor procedures 100 REP).

Corticosteroid premedication lowers likelinood of ALR.

Adverse eflect of premedication : LeuKocgcosis, asymptomadic hapergigcemiov
possible infection risk.

Oral steroids preferable.

Steroids required ot least 6 hrs before contrast media. injection.
Administradion within 3 hrs not useful.

Acceleroted IV premedicodion 0013 used when no alternatives present.

Prednisone : SO mg by mouth ok 13 hours, 7 hours, and i hour before contrast
media injection.

Plus diphenhydramine (Benadrﬂl) SO Mg intravenously, intramuseulariy, or
by mouth I hour before contrast medium injection.

methylprednisolone (MedroD : 38 Mg by mouth 1& hours and & hours before
contrast media injection.

Plus diphenhydramine @enadryp : S0 mg intravenously, intramusculariy, or
by mouth I hour before contrast medium injection.

Urology « v1.0 » Marrow SS Surgery



Imaging In Urology - 5

Delayed contrast reactions :
* Occur From 3 hre to 7 days ofter controst.
* m/c allergic like and cutaneous reactions.
s Tﬂpical\g resolve spon’car\eoustﬂ.

specific contrast considerations :
* Allergic patients (Unrelated o contrast) a to 3 times more likely to have
contrast reaction.
e Peaction to | class doesn't incrense risk of reaction to another type of
contrast medium.
* Contrast reactions more common in patients with anx‘\e’cg.
¢ Agthmo. increases chance of ALR (Premedicotion not recommended).
* peto blockers can lower threshold for contrast reactions (Cessodion not
recommended).
* Premedication not recommended solely on cordioc stodus.
* Hyperthyroid patients may develop thyrotoxicosis with contrast Rare).
* Lashout of 3 o b WS recommended after contrast study before
radioiodine therapy,
* premedication not recommended for myasthenio. va‘\s/ pheochromocg’coma/
sickle cell trait.
* Large volume extrovosadion of contrast :
- Swelling, edema, erg‘c’hema, pain, cellulitis, compartment 53ndrome.
- Moximum sgmp%oms in 84 o 48 hre.
- Primary mechanism rHﬁperosmoiah’qj‘oS% controst.
* Rx: Manual massage, plastic surgery consult.

Post contrast AL (Nonspecific term : Aaute, sudden deteriorakion in Kidney

Lunction within 48 hrs.

CINE:
* Specific for sudden decrease in Kidney function by v administrotion of
odinoded contrast medium.
* Pathophysiology : vasoconstriction, direct tubular toxicity, osmotic
mechanisms, chemotoxic mechanisms.
* Diagnosis of CIN —» Occurence within 48 hrs :
- Increcse in creatinine of > 0.3 mg/ dl.
- Increase in ereadinine from baseline 7 S0%.
- W0 <05 mi/ikg/hr Sor ok least G hrs.

Urology * v1.0 « Marrow SS Surgery
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6 - Introduction to Urology

* Risk factors :
- &FR ot least 45 ml/min/1.73 m* not independent risk $actor for CIN
— IV contrast risk factor for CIN with &FR < 30 mi/min/1.73 m?.
- Incidence : 4 10 S %.
= most important risk factor for CIN is pre-existing severe renal
ins@?—%icienc&

Other risk foctors for CIN :

¢ om. * Hyperuricemio.
N Dehg)drod—ion. * Repeated contrast injections.
¢ CV disease. * Low PCV.
® Diuretic use. * €F < 40%.
* Rdvanced oge. *  Renal tumor/transplont/singje Kidney,
. mul’c‘\ple mﬂeloma. ¢ HOCM, increosed contrast \/iscosi‘cg.
® HTNL
Prevention :
N H5drodrion.

¢ Sodium bicarbonote : Doubtiul role.
* N oaetgi c\mjsteine : Controversiol.

metformin use :
® Rdvised discontinuation 48 hrs prior in patients withrenal inSu&lS}'nciencg.
® Fotol in SO % cases.
¢ Rare with normal renal function.
® Discontinuation not required before 6d MRl

Note :
* Furesemide increases risk $or CIN.

® ESRD with no natural renal function is no longer ok risk Sor CINL

Gadolinium :
e Pammasnetic metal ion.
® Tunpaired electrons.
* Reduces Tl and TA relaxation times.
* Increases tissue signal in’censi’cl,j on Ti u)eigh’ced imoges.
* Can interfere with assoy for Ca (False hypocaleemia for a4 hirs), iron,
magnesium, iron b’mding capaci’cg and 2inc.

Urology + v1.0 - Marrow SS Surgery



Imaging In Urology - 7

Adverse effects :
Nephrogenic systemic fbrosis
Fibrosing disease of skin, subcutaneous tissue, lungs, esophagus, heart and

skeletol muscles.
Initiol features are skin thickening and pruritis.

Loker : Controctures and joint imnmobility, deoth due to Vvisceral involvement.

Strong ossociodion with advanced renal disease.

Onset: a doujs +0.3 months.

Patients with GFR. < 30 not on chronic dialysis, most difSicult podient

populadion, v contrast is contraindicoted, &d Moy couse NSF.
NSF risk greodest with 6FR < 1S (i to 1 % incidence).

In high' risk podients, use minimal dose, consider magerocyclic agents, avoid

gadod‘»am'\de.

ad dissociokes from chelotes in paﬁen&s with poor renal
clearonce —> Free 6d binds phosphoece ond other anions —> Forms insoluble
precipitate —> Deposited in tissues with subsegquent Kbrotic reaction.

Plain imaging modalities

00:20:01

vu @
* Clear liquids 13 to 34 hr and enema. & hr before procedure.
* Scout fim : Non contrast image to see the locokion of stones.
* S0 40 100 mi contrast bolus.
. t\laphrogen'\c phase '\mmed'\odey ofter injection.
e pext fim ot S minutes and every s minutes.
* Abdominal compression ¢ vicuolizotion of ureters.
* upright fims possible for renal ptosis.
* Postvoid Rims taken.
Plain abdominal radiography :

Supine posi’cion.

AP exposure.

Level of diaphragm to inferior pubic ramus.

Structures 1o look in plain obdominal rao\iogmph :

Look for Sroctures of pelvighip and saeroiliac joint.
Renal shadow lying LI-LS.

ANy %re\gn body and Kidney stones can be visualised.
Psoas can be identified.

|

\

i

1

Cost eSSective to monitor residual stone burden oSter treotment.

Urology * v1.0 - Marrow SS Surgery
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8 - Introduction to Urology

----- Active space ----- Moara'de Pﬂdosraphﬁ :
| ® Sterilize urine before study,
\ * Coan determine 0 Cbstru
‘ * Diute contrast medium (50 % or less) to prevent subtle filling defects
gett ing obscured,
* evacuode air bubbles from syringe before instillation.
* Sto 8ee contrast usually required in normal syst.

Complications :
* Pyelotubular backSiow : Opacification of medullary pyramids.
* Pyelosinus backtlow : Tear in calyeeal Fornix leading to contrast leak in renal
SiNuS.
‘ * Pyelolymphadic backSlow : Opacification of renal lymphadtic channels.
° Piseiovenous backSlow : Contrast en’cef'\ng venous 55s’tem.

Pgelo’cubwar backSlow P\\jelol}jmphahc
backSow

Loopogmphg :
®* Advance catheter just
fascio.
* Balloon infladed with S 1o 10 Ml waker.
* Oblique fims useful.
* Drainage fim useful.

Ee{rosrade ure%hrosraphg :
®* Measures

. li\noecom5 of urethra distal 4o stricture visualised,

Balloon

Mo branol

el ;
Penile A Normai “cone
Aethra ——jm { of buibar urethra
Bulber urethia

Normal retrograde urethrogransg

Normal RUG using L
catheter technique o

Qe’crosrade ure’chrographg

Urology * v1.0 » Marrow SS Surgery
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visuolizes structural ntearitu o bladder.
Shape and contour of bladder.

Supine position.
Bladder filled under gravity with 200 to 400 ml
controst.
Oblique fims useful (diverticulae, fistuloe). E—rey cystography
Post-drainage Hiim reouired.
As sensitive o8 CT cgs’cogmphg in detecting bladder rupture.

VOid'mS cgs’cographg :

®

.

CT

evaluotes

VUR.

Supine or semi upr‘\gh’( position.
/| oblique Views useful.

00:31:02

Features :

L]

Attenuodion of X roy photons passing hrough potient.

Computer based reconstruction of cross sectional images.

Amount of transmitted rodiokion measured by detector on opposite side of X
roy beam.

Helical (Multidetector CT) : Potient moves through continuously rotading gontry,
current CT : b4 1o 330 rows of detectors.

&roy scale of each pixel of CT image depends on amount of radiotion
absorbed ot thot point —> Attenuation volue.

pttenuodion value is expre&sed in HU

Air HU = ~1000, bone HU = +000, waker HU = O.

Phases of CeCT :

unenhanced CT : I¥ phase.
: 30 +o0 70 seconds, defines vasculodure and perfusion.

90 4o 180 seconds, allows sensitive  detection and

characterizodion of renal masses.
3 o S minutes; visualization of PCS and ureter.

Urology * v1.0 - Marrow SS Surgery



10 - Introduction to Urology

MRI 00:33:52

----- Active space -----

Features :
¢ excellent signal contrast resolution of soft tissue.
® Free proton orient odorxs magneﬁc 2 oxXis.
® RF antenna. or coil placed over areo of interest.
* Coil transmits RF pulses ’chrough patient.
* Protons releose energy on gtopp’mg RF pulse.
* Tiweighted images generated by time 1o return to equilibrium in 2 axis, T&
uoe‘\gh’ced images in XY axis.
¢ Ta \mages * Water appears brigh‘c.
* Covrtex bﬁgh-%er than medullo.

Fat imaging :
¢ Inversion recowzvy imaging.
* Chemical shift imaging (m.c.).
- In phase and out of phase images taken.
~ Loss of signal on OP imaging /o intracytoplasmic fat.

L]

Fot sodurodion imaging.
* Spectral presaturation with inversion recovery epR).
° Spectral presaturation attenuoted inversion recovery (ePaiR).

Multiparametric mRi :
* Ta weighted sequence.
* DW: Texture of the organs.
¢ OCe:
- Contrast enhancement.
Different curves are seen.
- Type ! curve — Straight upright curve.
- Type 3 curve —> malignancy.
* MRS : Depends on the level of choline, citrate and ereatine.

!

Urology * v1.0 - Marrow SS Surgery
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----- actvespace - UULTRASONOGRAPHY AND NUCLEAR MEDICINE

Ultrasonography 00:00:20

Phgsicad principles :
* UsSG wWoaves produced bﬁ applgir\q short bursts of aHemaJcir\g electrical
current to series of or ‘\/)s{ms housed in tronsducer.

[ ] Woremnnadirmea ow ~e "l v\t sy 8 Avcdale ia
Alternoding expansion or WA controction of o Ysraus Vioo

0 eXponsy
o B

creodes mechanical wave.

Transaucer/
recaiver

Time-gain Scan
compensation ’ - converter
Time Cireuit of UG
waves in Usg

* Longitudinal waves produced C&mphical\ﬂ sine wave).

* Refllected component of wave received by transducer.

° * Mosdmum exeursion in positive or negaﬁve direction from
baseline (Higher amplitude = brighter pixeD.

¢ waveleng‘ch * Distance between a peaks.

* Cycle : Complete path of wave between a peaks.

¢ iHert2 | 03cle/ sec.

* Average ve‘wm'nj oF sound in human tissues # 154¢

Resolution :
between a objects close to

each other.

Axial resolution :
¢ F\bilth ‘o in
direction of travelling wave.
* Dependent on frequency of sound waves.

* Wigher X""'equ'?ﬂcg : Better axial resolution. pesolution

Urology » v1.0 + Marrow SS Surgery



Ultrasonography And Nuclear Medicine - 13

Loteral resolution :

[ ]

F\bm{‘ﬂ 1o

Function of focused width of UsSE beam.

Charocteristic of transducer.

Location of narrowest beam odjustable by user.

more Socused beam : Better lateral resolution ok that locotion.

Image auality enhanced by locating narrowest beam width Focus) ot depth

of object or tissue of interest.

Hiah Sreauencu tronsducers (1-18 MH2) : Less depth, better resolution {more
) P,

absorption — Less reflection —> Less depthy.

mechanisms of attenuation :
Reflection :

(3-S MH) : More depth, less resolution.

Scattering partictas
N

* woave strikes on object, surface or boundary
(nterfoce) between unlike tissues.
s pifected by impedance of tissues.
Scszter\ng ; Spherical scatter waves
* Sound waves strike small or irreqular object. Scaktering
L]

Interference :

[ ]

Produce f;pherlc:a\ scotter woves.

scotter waves collide in or out of phase.

Pattern of interference responsible for echo
architecture/texture of orgons.

‘Speckli »v;‘,f seen in organs with fine, internal histology

(Testio).

Absorption :

[ ]

mechanical energy converted to heat.

Absorption directiy propor’cional to ¥requer\03.
Higher frequency —> Rapidly aktenuated — Limited depth of penetrance.

As frequency goes up, depth of penetradion decreases.

Urology * v1.0 - Marrow SS Surgery




14 Introduction to Urology

..... Active space - PArtifacts in ultrasound :
Acoustic shcxdowing :
. 5>l\t3ﬂi$\¢()d"ﬂ' odtenuation or reflection of sound
waoves at tissue interface.
* gcho informadtion posterior to interface
obscured .

o difSicudt to get

accurote measurements.
¢ mitigoted by o\'xar‘\qmq anq}lé’ of insonadion,
%"(c;fquencu} of fransducer or focal zone of

ransducer.,

Increased ’chrough tronsmission :

®  Less odtenuation of waves while passing

Hwouqh on objeo&;

* Woves p(.ls:sin‘cj thr ough object (S\mp\e c\tj's%) \eased through ansm‘\ssion
has more ener Y

* Reflected wave has more energy.

* Tissue posterior to (t}j&i' oppears b('\g’h‘rer_

* mit ‘\Sod‘ed b}j ck oNging ar'\gk’e of insonation or adjust g tinne gaun compensadion

sett inq:;.

Ed31n3 ortifoct :
® Waves strike a curved surface or interfoce ot incident angle : Refraction of
wave along plane of interfoce.

* Overcome bﬁ ohanqmq ax\qle of ingonation.
~ N S ~

P Testis AT

Retraction without refiection

T e R s O N S s P AN P R R R R P e N P AT AN T NSNS AP R NN e ams®ahe

Angie of incidence
mechanism of edsins ortifoct i ada'mg artifact
Reverberation artifoct :
* between & acﬁacen% tissues.

e S’trong reflection of incident wave.

* USG wave bounces back and forth b/w rellective interfaces.

Urology « v1.0 - Marrow SS Surgery



