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lecture Outline

Historical Background

Indications
= Diagnostic Testing for CAD

x Appropriate Use Criteria (AUC): Dx: Cath and
Revascularization

Complications

a General Issues: Quality Imprevement, Infection Control, and
the High Risk Patient

= Arterial Access
» lodinated Radiegraphic Contrast Agents
Radiation Management

= Radiation PhysIcs
= Radiation Safety Program in the Catheterization Lalb



Historical Perspective
Cardiac Catheterization/PCI

1929-Werner Forsmann, right heart
catheternzation

1959-Masen SeRES, coronary: cine-
angiograpny.

196/-Melvinrdudkins, femoral
catheters

197/~ Andreas Gruentzig, PTCA

1994-first stent (US FDA approved)
2003-first DES (US EDA approved)

mnnmnmnmmnnmnmnmmnmrnm..
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INDICATIONS FOR DIAGNOSTIC CATHETERIZATION IN THE ADULT PATIENT

Coronary Artery Disease
Symptoms
Unstable angina
Postinfarction angina

?;gii(l:l ::ekngtp?gnt\?vi:?legtiezaz:iici/rtlasdiagnostic testing Ap p ro p ri ate U se C I I te ri a;
A e s Diagnostic Catheterization

Strongly, positive exercise tolerance test M ay 20 1 2

Early positive, ischemialin = 5/leads, hypotension; prolongediischemia intorecovery.
Pasitive exercise: testing following myocardiallinfarction
Strongly, positive:Nuclear: Myacardial perfusion test
Increased lung uptake: or ventricular dilation' post stress
[largesingle or- multiple areas of ischemic myoecardium
Strongly, positive stress echocardiographic study.
Decrease inieveradll ejection fraction or ventricular:dilation with stress
Llarge single area or multiplelerlarge areas: of new wallfmotioniabnermalities

Valvular Disease
Symptoms
Aortic stenosis\with'syncepe; chestipain, or congestive heart failure
Aortic insufficiency, With progressive heart failure
Mitralfinsufficiency. of; stenesis With' progressive:congestive heart failure symptoms
Acute orthopnea/pulmonary. edema pest-infarction /- acute mitral insufficiency.
Djagnostic.Testing
Progressive resting LV dysfunction with regurgitant lesion
J IV function and/oer chamber dilation With exercise

Adult Congenital Heart Disease
Atrial SeptaliDefect.
Age = 50\withrevidence of corenary. artery disease
Septum| primum:er; Sinus vVenoesus defects
Ventricular Septal Defect
Catheterization for: definition of:ceronary. anatemy.
Coarctationofithe Aorta
Detection of; collaterals
Coroenary;arteriography ifiincreased age and/or: risk factors are present
@ther;
Acute MI therapy: for considered primary PCI
Mechanical complication post infarction
Malignant cardiac arrhythmias

Cardiac transplantation Chambers CE, ET AL. The Cardiac Catheterization Laboratory:
Pre-transplant donor. evaluation Diagnostic and Therapeutic Procedures in the Adult Patient;
Post transplant annual coronary. artery graft rejection evaluation Kaplan, JA, Cardiac Anesthesia, 4th Edition, 41-94, 1999.

Unexplained congestive heart failure
Research studies with' Institutional Review Board review and patient consent



ACCE/SCAI/STIS/AATS/AHAZASNE
2012 Appropriateness Criteria for.
Coronary. Revascularization

Appropriate Use Ratings by Low-Risk Findings on Noninvasive Imaging
Study and Asymptomatic (Patients Without Prior Bypass Surgery)

Low Risk Findings on Noninvasive Study

Asymptomatic

Symptoms Stress Test
Med. Rx Med. Rx

Class Il or IV
Max Rx

Claz=zlorll
Max Rx

Asymptomatic
Max Rx

Classllar IV
Molmin Rx

Classlorll
Mofmin Rx

Asymptomatic
Mo/min Rx

CTO of
Coronary 1vZ; no
Anatomy other

dizease

High Rizk
Max Rx

Int. Risk
Mo/min Fx

Low Risk
Max Rx

disease
with

Low Risk
Mofmin Rx

CTO of
Coronary | 1vZ; no
Anatomy other

disease

High Risk
Mo/min Rx

Int. Risk
Max Rx

disease
with



cute Coronary Syndromes

UA/NSTEMI

—» CardiogenicShock  s———

|

!

LowRizsk
Features

u

Successful
Reperfusionwith —
Lytic ar PCI

Intermediate/High -
RiskFeatures

.

Primary
Reperfusion

<12 hrs

=12 hrs

ischemic symptoms,

! !

Asymptomatic; no Evidence of HF,
HF, norecurrent recurrentischemia,
or unstable
ventricular
ventricular arrhythmias present

arrhythmias

l

Severe HF, persistent
ischemia, hemodynamic
or electrical instability

present

l andno unstable

Asymptomatic; no
hemodynamic
instability and no
electrical instability

mormal
LVEF with

Depressed
LVEF with 3

—»

—

1vessel CAD

vessel| CAD

u

Asymptomatic; no HF, no
evidence of recurrent or
provocableischemia orno
unstable ventricular arrhythmias

Index
Hospitalization

Symptoms ofrecurrent
myocardialischemia andior high-
riskfindings onnon-invasive
stress testing pedformed after
index hospitalization

Postindex

Hospitalization — *

Revascularization of
non-culpritvessel(s)

Revascularization of

» non-culpritvessel(s)




Appropriate Use Ratings by HiIgh-RiIsKk Finadings,on
Noninvasive lmaging Stuady.and:CcS;class I1lior 1V
Angina (Patients;\Without:Prior-Bypass:Surgery)

High Risk Findings on Noninvasive Study CCS5 Class lll or IV Angina

Symptoms StrezssTest
Med. Rx Med. Rx

Class l or v/ High Risk
Max Rx Max R

Class | orll High Risk
Max Rx

MNodmin Rx

Asymptomatic Int, Risk
Max Rx Max Rx

Class ll orlv Int. Rizk
Nodmin Fx Nodmin Fx
Class | orll Low Risk
MNofmin R Max Rx

Asymptomatic Low Risk

Nodmin Fx Noémin Rx

CTO of1 | 1-2vz. - CTO of1 1-2vz.
Coronary VZ.;No disease; : ; Coronary vz.;no | disease;
Anatomy clther no Prox. Anatomy ﬂther no Prox.

dizease Lap o i dizsease LAD




Appropriateness Criteria for Elective Use of the
Bathroom Toilet Facilities

Symptom Status

Class 0: Class I: Class 11: Class I11: Class V-
- - - no symptoms | might haveto | need to go soon | really really I think I’m
Clinical Scenario go need to go soon  leaking
Already chronically A A A A A

incontinent, wears Depends

Age >70, female, non-
nulliparous

Age >70, female,
nulliparous

Age >75, male, known
prostate issues

Age >75, male, no
known prostate issues

Age 50-75, heavy
caffeine user

Age 50-75, no caffeine

Age <50, very nervous e.g.
about to fill out PCI
Appropriateness form

Age <50, no risk
factors




COMPLICATIONS FROM THE
CATHENTERIZATION TAB

l'efit: Hearit

cardjac
= Death
s Myocardial infarction
= Ventrcular fibrllation
|
|

Ventricular tachycardia
Cardiac perforation

Noncardiac

Stroke

Peripheral embolization
Alr

Thrombus

Cholesterol

\ascular; surgical ‘repair:
Pseudoaneurysm

A-V fistula

Embolectomy.

Repair: of brachial arteriotomy
Evacuation of hematomas

Contrast-related
Renal insufficiency.
Anaphylaxis

Right Heart

cardjac

a Conduction abnoermality.
RBBB

Complete heart block (RBBB
superimposed on LBBB)

m  Arrhythmias
s Valvular damage
m Perforation

Non:zcardiac

x  Pulmonary. artery rupture
x Pulmoenary infarction

x Balleon rupture

m Paradoxical (systemic) air
embolus




Quality Assurance

Manaatery Separate QA
Pregram for the: Cathr Lal

= Chaired by the Director

Quality’ Inaicaters

s Structural- credentialing

x Outeome- signal event tracking
With apprepriate risk
adjustment; willllikely: reguire
participation In natienal’data
hases, Ie NCDR

x PrOcess- patient management
assessment through protecels

Data Collection . Np alySiS ana Helpler-FA, Chambers, CE et al. Guidelines for-Internal Peer

P ra Ct| ce I m p roveme nt Review. I the. Caradiac Catfieterization, Laboratory,CCD: 1997

N C D R Klein LW, Uretsky BF, Chambers CE, et al. Quality Assessment
and Improvement in Interventional Cardiology. A Position

x Benc h m arki n g ris k adj ustment Statement of SCAI. Part I. Standards for Quality Assessment &
AC E / Improvement in Interventional Card. CCIl 2011.77; 927-35..

= Accreditation




Infection Control in the Cardiac
Catheterization Laboratory

Low! Incidence of Infection,
| |-
k _l.'

Limited follow: up

Sanmore reported a series from
1991-98 with an infection: rate: of
0.119%0, 1.7 days post precedure

4,000 post PTCA pts reported by
Ramsdale with' bacterial Infection
0.64%0, septic complication0.24%

SKin site-electric not blade razor ! O G

and 2% chlorhexidine - R

Hat and Masks recommendead »

Alr Flew 15 exchanges per hour P i
minimum.

Chambers, CE et al. Infection Control Guiaelines for the Carajac Cathieterization Laboratory. CCI 67:78-86.



ENTIFICATION OF THE
HIGH-RISK PATIENT

Age
= Infant <lyr
= Eldery =70yrs
Functional class
= Mortality 10-fold for class IV patients
compared with Itand i
Severity of erJfL.!r\/ ppstruction
= Mortality | 10-fold ferrleit main ¢ JJ
compared With one- or two:vessel
disease
Valvularrheart disease
= Asaniindependent lesion
= Greater risk when associated with
coronary artery dise 252
ventricular dysfunction

J\JJrrrlJer 1 10- UJ In ,)rlrjents WIth low.
EE (=30%)

= Furthersignificant i LVEDR =2mmbig
and BP < 100'mmHg

SEVere noncardiac disease
= Renal insufficiency.

" '\_Iv_lns.-e_l ,)-Jrlr)rlr‘r_yl and cerebral
vascular disease

= Severe pulmonary insufficiency.
= Insulin-requiring diabetes

SEase

D
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—
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ACCESS Site

Blood Chlirculation

Principal Veins and Arteries

—
- .

Pulmonary Vein =

-

Brachial Artery—"

Inferior Vena Cava




Femoral Artery

Know. landmarks

x Inguinallligament- anterior SUpPerior
lllac spine to pubic tubercle
s FA cresses inguinal ligament
appreximately: 1/3 from medial
aspect of ligament
x Needle/sheath shoeuld enter the FA
2-3 cm belew the inguinal ligament
95% pt have femoral bifurcation
below upper border of femoral head

= Role of fluorescopic identification of
landmarks and/or ultrasoeund

Vascular Complications

= One of the moest common
complications of catheterization and
single greatest source of morbidity.

0.5 — 0.6% rate




mormage
4 Pseudoaneurysm
AV fistula formation



Vascular Complications

Hematoma

Blood In soft tissues
Tender mass

NCDR CathPCl: Registry,
defined as drep in HCt of
== 10% 6r hemoglohin
drop of >= 3g/dL

May: cause femoralor
lateral cutaneous nerve
compression, take weeks
10 months to reselve

Compression IS
treatment.

Retreperitoneal
IHemmorhage

Femoral artery punctured
aoeve inguinaliligament

Signs/symptems:
hypoetension, tachycardia,
flank pain, drep in Het

Diagnesis: CIF scan or
apdominal U/s; H &P

RXx: IVE resuscitation,
ploed products, bed rest

If artery lacerated,
peripheral angioplasty with
covered stent



Vascular Complications

Pseudoaneurysm

= Hematoma In continuity. with lumen

= Dx: pulsatile mass; bruit; Duplex U/S

= All but the smallest (<2 cm) tend to rupture

s RX: Vascular Surgerny
U/S guided compression of narrew. neck (30'-60'min)
Inject with proceagulants/coils

= Proper technigues

Puncture common femoral artery

n Superficial femoral/profunda arterial punctures are more likely to
result in pseudoeaneursym formation due to smaller caliber and'lack
of beny: structure for compression

Use landmarks (anterior superior iliac crest and pubic symphysis)
Ultrasound guidance
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Vascular Complications

MO0.6 TIs0.6 3.5C ™

u AV fistula R LEA

\ . ' e T Frnq 4.0 MHz
s DUe torongoeing e G S
4 ap
N AR AT A R A A s L — - - . .0cm
pleeding from' arterial | —_— | LR
puncture site that = Fe WO 100%
SNLErs Veneus & B )
L e bop g ; T e "G s
puUncture site | S W
= SIgns/Sx: bruit %

= 1/3 close within 1 yr
Spentaneously.
s RX: surgical repair:

22712008 11:36:49 ORIGNALPRIMARY/VASCULARIDOT1/GEMSSNGLEFRAME/GEMSMGCOUNTY
VROPAAFL




ecrotic toes
osinepnIlia
Crystalsion; bx




Radial (Brachial) Approach

Check Allen Test

Use local anesthetic to
make small wheal

Make knick with
scalpel

ApPpProx 1 cm
proximally. frem: styleid
PrOCESS

After placement of
sheath, vasodilator te
help prevent spasm




[0 avold'sheath thrombosis;
heparin 3000 te 5000 unitsHV:
recommended

Complications:

s arterial aneursym,
compartment syndrome,
Infection, nerveinjury; skin AV Fistula
NECrasIS; thromhbesis,
nematoma, vascualr-injury.

= AV Eistula (lefit)

= Radialrartery.
pcclusion/thrombosis

s 10.5% pt-had ne RA bleod
flow at 7 day f/u*




Radiographic Contrast Media

Classificationiisihasediuponitheragent'siability tor a/ssoc/ate (1611C) 01101 G/5506/ate (RORIGRIC) INTONIONICI PATLICIES

lonic Meonoemer:

Nonionic Monoemer: Nonionic DiImer:




Radiographic Contrast Media

Product Type Concentration Osmolality
(mgl/mL) (mOsm/kg H,0)

ilohexol (Omnipaque) non-ionic 350 844
lopamidol (/sovue) non-ionic 370 796
loxilan (Oxilan) non-ionic 350 695
lopromide (Ultravist) non-ionic 370 774
loversol (Optiray) non-ionic 350 792
lodixanol (Visipaque) non-ionic 320 290
loxaglate (Hexabrix) lonic 320 600

Kozak M, Robertson BJ, Chambers, CE. Cardlac. Catheterization. Laboratory. In: Kaplan, JA, ed. kaplan's
Cardjac Anesthesia, 5th ed., p. 307, 2006;



“Allergic” Reactions to RC\M

Differentiate: ChemotoxiC frem Anaphylactoid

Anapnylacte/a nor anaphylactic,since nen-1gE medicated

therefore no skin tests are available or Invitre tests to

detect potential allergic rxns

Allergy tor“fish’ IS, unrelated te: RCM allergy: since the

presence of iodine In fish and contrast media Is net a

COMMOn antigenic factor.

A of a small dose of contrast may.: well
potential reactions to the therapeutic dese.

Incidence off Repeat Anaphylactold Contrast Reactions
x \Without prephylaxis- 44%

= With stereid and diphenhydramine-5%

= With steroids, diphenhydramine, and non-ienic contrast-0.5%

Reisman RE. Anaphylaxis, in Allergy. and Immunology, AM: Coll or Physicians, 1998



Anaphylactold Reaction Prophylaxis

Prednisone: 50 mg po 6pm, midnight, and 6
AM prior te: catheterization.

= Most Important dese likely the ene =12 Ars prior.
Diphenhydramine: 50mg, given I\-on call
NOR-10NIC contrast used.

Limited role for H, bleckers andrephedrine.
x Shoeuld net use Hz_without H,.

s Ephedrine not proven beneficial in the cardiac pt.
Emergent procedures, limited data:

s Hydrocoertisene, 200 mg IV g 4 hrs, until
procedure .

Goss JE, Chambers CE, Heupler. Systemic Anaphylactorad Rxns to. RCM/ CCD. 1995, 34 88-104.



Therapy for Anaphylactoid Reactions

Minoer-Uticaria, With or.

without Skinltching

x  No therapy.
a  Diphenhydramine, 25-50mg V.
Epinephrne 0.3 ¢c of 131,000 soelution

sub-Q g 15 min up to 1 cc

mg 1n 20 cc NS IV over 15 mins

Facial/llarvngeal Edema

Call’anesthesia
ASSesS alrway

02 mask, Intubation,
Iracheostomy. tray.

Mild-Epinephrine sq
Moderate/Severe: Epi-IV 0.3 cc of
1:1,000 solution sub-Q'q 15 min; 1 cc
Diphenhydramine 50 mg V.
Hydrocortisone 200-400 mg V.
Optional: H2 blocker:

Bronchosapsm

Cimetadine 300 mg or ranitadine S0

Oxygen
Mild- albuteraliinhaler, 2" pufis

Moderate-Epinephrine 0.3 cc of 1:1,100
Sub-Q up to 1 cc

Severe-Epinephrine IV as bolus 10
micrograms/min then nfusion 1 to 4
micregrams/min

Diphenhydramine 50 mg V.
Hydroecortisone 200-400mg 1V,
Consider. H2 blocker:

Hypotension/Shock

x  Epmephrine IV -boeluses
m Large volumes 0.9% NS (1-3'1)
m CVP, PA catheter
x  Airway, Intubation as needed
= Diphenhydramine 50 mg IV
= Hydrocortisone 400mg IV
= | unresponsive...
H2 blocker:
Dopamine/nor epinephrine



2011 PCIliGurdelines
3.3 Anaphylactold:Reactions
Recommendations

Class |

1 Patients with pror evidence off an anaphylactold reaction
L0 contrast media shoeuld receive appropriate steroid and
antihistamineprophylaxis prior te repeat contrast
administration'. (Level//ofiEvidence;B)

@Class Ilil: Ne Benefit

17 In patients with prior histery: ofiallergic reactions to
shellfishier sealeod; anaphylactold prophylaxis for contrast
reaction' s notbeneficial. (Level ofiEvidence: C)



Pre-procedural Clinical Risk Factors
for Contrast Induced Nephropathy.

Modifiable Risk Non-modifiable Risk
Factors Factors
= Diabetes/Chroenic Kidney.

s Contrast volume
= Hydratien status

x Concomitant
nephrotoxic agents

= Recent contrast
administrations

disease

= Shock/hypoetension

= Advanced age (= (5
yIs)

= Advanced congestive
heart failure

Klein LW, Sheldon MA, Brinker J, Mixon TA, Skeldiong K, Strunk AO, Tommaso CL, Weiner B, Bailey SR, Uretsky B, Kern M, Laskey W
. The use of radiographic contrast media during PCI: A focused review. Cathet Cardiovasc Int 2009; 74: 728-46



Multi-factorial Predictors of CIN
A Risk Score for Prediction of CIN

Multivariate Predictors
Hypotension 5 points
IABP use 5 points

CHF 5 points

SCr >1.5 mg/dL 4 points
(>132 pmol/L)

Age>75y 4 points
Anemia 3 points

DM 3 points
Contrast volume 1 point/100 mL

Risk group:
Risk score:

70 -

60 -

50 A

40 -

30 -

20 A

10 A

H Development dataset N=5571

O Prediction dataset N=2786

0

Moderate High Very High
<5 6 to 10 11to 15 216

CIN, contrast-induced nephropathy; DM, diabetes mellitus; IABP, Intra-aortic balloon pump

Mehran R et al. J Am Coll Cardiol. 2004:44:1393-1399.

(1, The Sty for(aiovastuar )

X7 dngourphyand e
SCAI




Mortality with CIN

Acute Renal Failure (ARF)™: In-hospital Death After PCI in
In-hospital Mortality Patients With CIN*

% In-hospital mortality

40 - 25 - P<0.001
35.7 22 ECIN
20 - ONo CIN
30 - 5 7
P<0.0000001* 9 Mayo Clinic
> 151 Registry
2 :
20 - g included
';_E 10 - 7586 patients
10 - 5
14
0 &
No ARF ARF Dialy<is Death
*ARF defined as SCr >25% from baseline; 1P value for differences between proportions *CIN defined as SCr =0.5 mg/dL
McCullough PA et al. Am J Med. 1997;103:368-375. (} The oty o Grdiovasuar Rihal CS et al. Circulation. 2002;105:2259-2264.
e L P / Angiography and Intervertions (3" The Society for (ardiovastular
1TeAart /= =z 2

heart ’ Angioaphy and nfervenfions

ITNsTITUTE




Reducing Risk for

@I

Identify Risk

= Low risk; eGFR > 60
ml/1.73 m2

Optimize hydration status.

= High risk; eGFR < 60
ml/1.73 m2

Schedule outpatient for
early arrival and/or delay
procedure time to allow
time to accomplish the
hydration.

Pre-Procedure

x Hydration

Normal Saline preferred
over D5 Y2 noermal

Sodium' Bicarhonate,
mixed reviews

x \VIEGICALIGNS
NSAID! step I poessible

N-acetylcysteine, mixed
Feviews, no clear benefit

Proceaure

= CrCl to contrast ratio

a Contrast
\/olume, repeat stuides
Type-mixed reviews

Post Procedure
= Hydration, Normal Saline

Schwelger MJ, Chambers.CE, Davidson CJ, et al. PreventiohBrieIN. CCl 2007, 69:135-40



2011 PCIliGuidelines
3.2:contrast-Inauced Acute Kiadney Injury.

Recommendations

classii
1 Patients should e assessed for riskiof contrast-induced AKid before PCI:
(LeveliofiEvidence: C)
2. Patients undergoing cardiac catheterization withfcontrast media should
receive adeguate preparatory hydration:. (Levellof Evidence: B)

3. In'patients with chronic Kidney disease (creatinine clearance
<60cc/min), thewolume ol contrast media should be'minimized: . (Leve//of.

Evidence:B)

@Glass Ilil: Ne Benefit

1. Admimistration ofiN=-acetyl-L'=-Cysteine I1s not useful for the prevention of;
contrast-inducedAKid: (Level/ ofiEvidencerA')



Radiation Management in
the Cardiac Catheterization
Laleratory




Principles of X-ray Image Formation

X-ray generation IS Inefficient VacuumTupe  LovEeitroenia OBkl

0 KVp 100 k\’p

Cathode

Cathode current (Im_A) = A Bl
number of X=ray photons !

= lncreasing mA Increases
apsoerption and Increases
patient dose.

ACCF/AHA/HRS/SCAI FLUOROSCOPY CLINICAL COMPETENCE STATEMENT

— ACCEF/AHA/HRS/SCAI Clinical Competence
T u b € VO Itag € (k VD) Statement on Physician Knowledge to
ner f X-r h N Optimize Patient Safety and Ima e Quality in
w O ay p Otons Fluoroscopically Guided Tnvasive C Mdlomsulldr Procedures
u I Acreasin g kvp d ecreases ilier[f‘ alrltl ( Iﬁ etlllret Amemm Ltlallece nt Cardiolo . Fo )undltmn/
ab SOr ptl on : an d re d Lices Task Force on Lhmul anpeteme and ﬁmnc

patlent eXpOSU Fe. ACCFE/AHA/HRS/SCAI CGlinical Gompetence

Statement...JACC 2004. Vol.44, 2259-82



X-ray Image Formation

Scattered radiation

m Principal selce of exposure te the patient; Stail.
s Increases with field size & intensity. ol X=ray. heam.

Image Noeise

s NOISe decreases as the X-ray: deSe Increases.

= Point-to-poeint variations: in: brghtness Is called
/Image; nojse.

x NoJse should be apparent In fllerescopic Imaging.

ldeal X-ray Imaging balances the requirements

for contrast, sharpness, and patient dose.

x Optimal X=-ray’ Imaging reguires a kVp' (peak tube voltage)
that produces the hest balance of Image contrast, and
patient dose.




Fluoroscopic. Time. /east useful.

Patient [otal Air Kerma at.the
DOSE Interventional Reference Point.(x, .,
Gy)Is the Xx-ray. energy. delivered to air

Assessment 15cm frem fer patient dese burkden

for deterministic skin effects.

AlrKermaArea Producti(Py,.. GYcir)
IS the preduct of air kerma and x-ray:
fleldrarea.: Py, estimates potential
stochastic effects (radiation
INAUCEC CGancGer,).

Peak SkinDose(PSD; Gy)iis the
maximum dose received by any lecal
area off patient skin. No'current
method to measure PSD; 1t can be

/

i1 \ - £ -
{.Jﬁ’ﬂ%%%ﬁﬁ%\\f estimated if air kerma and Xx-ray.
sl 2 TR iR NV ’ _
@L’/‘\“ N —~— geometry details are known. Joint

Commission Sentinel event, =15 Gy.



Total Air Kerma at the

Interventional Reference Point

a/k/a Reference Al
Kerma, Cumulative Dose

Measured at the IRP,
may. be' Inside; outside,
OF on surface of patient

ISe-centerIs the pointin (fixed to the
space through which the ZYFIE QY
central ray of the

radiation beam Intersects

with the rotation axis of Praciat

the gantry.

Isocenter




Air Kerma-Area Product (Py,)

Also abbreviated as KAP, DAP

Dose X area of irradiated field (Gy:cm?)

Total energy delivered te patient:

a Good/indicatorofistochastic . Iisk
m POor descriptor of skin dose




Biolegic Effects of Radiation

DeterMINISEICINJURIES

= When large numbers of cells are damaged and
die Immediately: or shortly after Irradiation.
Units-Gy. .

= [here s a of visible texicity. posti . O
proecedure ranging frem erythema to: skin ¥
NECrosIS.

StechastiC INJUKRIES

= When a radiation damaged cell, the cell
descendents become clinically impertant. The ‘
nigher the dose, the more likely this process. .

= [here Is a

identifiable for radiation-induced neoplasm and &
heritable genetic defects. This Is In units of Sy. =




Clinical Determinants of Radiation Dose in PCI

1800 PCITptswWith totalfairKermaat RPA(KS . Gy)restimate BESID.
RPatient; proceaural; andioperaterimaging practices impacted deSe:

he pts size influenced dose; emphasizing the need for SPECITIC
Size based X=ray programs te address the relationship between
dose andiimage quality:

Ptswith B/ CABG got higherdeses; CRiITand DM; ne difference.
Procedural complexiinfitien: dose: Cili®rand Cx: PCItincreased dose.
156 radial appreach With e deSe INCrease.

Eellows 9726 case; higher volumerattending had Iower pt deSe:
IS essential tordevelop a culture ol radiation saftety.

at Mayo clinic.
Eormal training s reqguired on X-ray systems and radiation safety-

Pre-procedure dose planning & techinigues for deSe  reduction
AUKING pProecedure:

Fetterly et al, JACC Int, March 2011:4, 336-43 Chambers JACC Int March 2011:4,344-6



Determinants of Patient
X-ray Dose

s  Obese patient
s Complex/long case

s Eguipment use
s Dose awareness el
s Procedure technigue ..-ﬂ -

Chambers CE et al. Radiation Safety Program for the Cardiac Catheterization
Laboratory. Cath and Card Interv. 2011 77: 510-514.



Imaging Equipment:

PuUrehase X-ray: units
With sephisticated
dese-reduction ana
monitering features.

Maintain X-ray.
equipment in good
repailr and calibration.
Utilize the

0 assess
dose and Image
guality.




The Procedure/Patient

s Image guality peor

= [nput dose of radiation: ==
increases: exponentially s =

m Scatter radiation more

ey

s Increase fluero/cine time
x Steep angles/single port
= Repeat proced. (30-60 days)




Radial Artery Access as a Predictor: of;
Increased Radiation Expoesure Durking Dx Cath

Lang, 195 dx caths and 102 PCI; all
elective

s EXperienced operators; dosimeters for
exposure; Fluerescopy. time and DAP
for patient “dese’.

s Operator: Dx:100%:; PCI- 51%for radial
compared to femoral

i
Fig. 2-1  Inguinal anatomy and guidelines for correct vascular access.

_ Patient approx. 15% Increase Cath y no (From Kulick DL, Rahimtoola SH, eds. Techniques and applications in

interventional cardiology. St Louis, MO: Mosby, 1991: 2.)

change PCI
Mercuri, retrospective analysis of

5,954 dx caths

s 23% Increased in Measured Air Kerma
for radial’ compared to femoral

Lang, et al. CCI, 67, Jan 2006: 67, 12-16 D Radial
Artery

Mercuri, et al. JACC INT, 4, March 2011: 347-352



Operator Radiation Dose
Management

Justification of Expoesure- benefit must offset rsk
ALARA-ASHIOW ASs ReasonablyrAchievable
raining

Optimizing Patient Doese- Freom Onset OfF Procedure
Radiation Safety, Programs- CCliPaper:

Wilhelm Roentgen



Pre-Procedure _Issues
Assessment olriRIsK
= [ he obese patient /
= complex PCI/CTO
= lepeat procedures within 30-60 days \
= Oother radiation-related procedures

Informead . Consent.Components
= Procedures are perfermed using x-ray Ienizing radiation

s these x-rays are delivered to help guide the equipment as
well as te acquire Images for leng term sterage

= your physicians willdeliver. the dese required for the
proeceadure

= although risk Is present, this rarely results i sig. mjury

= IN complex cases, local tissue damage may. occur that may
reguire additional follew up and treatment.




Procedure Related Issues to Minimize
EXposure to Patient and Operator

Utilize radiation only, When Imaging IS:necessary
Minimize use of cine

Minimize use of steep angles of X-ray beam
Minimize use of magnification modes

Minimize firame rate of flerescopy. and cine
Keep the Image receptor close to the patient
Utilize collimation te the fullest extent possible

Monitor radiation dose 1n real time to assess
patient risk/benefit during the precedure




Tube Position and Scatter

s \
i Higher Exe \. Lower Eye
< Exposure - & : -'l;.-' -.,-.'l..l Exposire

A-ray Tube
Axrav

The scatter profile tilts as the x-ray tube 1s moved from the postetior to
the anterior projection or when the tube 1s moved toward the cranial or
caudal projections. Higher head and eye exposure occurs during
oblique angle projections when the x-ray tube is tilted toward the
operator or staff (II away). Radiation exposure decreases when the tube
is tilted away (II toward). If given the option, stay on the II side.



Collimators

Collimatoers are incoerporated inte the X-ray tube port .
They adjust the beam size to the minimum reguired for the
Imaging task.

Collimatoers therefore reduce scatter te other body parts and

etaff
Collimation




Procedure Related Issues to Specifically
Minimize Exposure te. Operator

Use and maintain apprepriate protective
garments

Maximize distance of operator from X-ray.
source and patient

Keep above-table and below-table shields
N eptimal pesition at all times

Keep all body parts out of the field of view
at all times




Inverse Square Law

L/ 1,=(dy*/ (d)?

This relationship shows that doubling the distance from a radiation

source will decrease the exposure rate to 1/4 the original.



Staff Radiation Protection
Shielding

s | .ead>90%;Proper care of aprons
= [hyroeid shielding; <40 yo

s Glasses-0.25 mm; must fit _
= Portable: above/below table shieldingss.. s e
s Drapes (Bismuth-barium). b
s Distance (lnverse sguare law)

Effective Dose / Procedure

| O . 02 T 30 . 2 L/SV fO r DX Cath P ' For maximum IJPD;II body
s . pr?t'm?:i;a ml:;: IEK:D
_ O . 1 7 = 3 1 5 2 L/SV fO r P C I / § IE| |- . ] ;Emil;and 'H"I"B ;miart::m

. F ' V| 3l i
s 0.29-17.4 vSv- implantable device ( LB | v et
. dose to your othervise

x 0.24-9.6 USV for ablation S
= 2-4 mSv/yr interven. cardiologist AN

Joint Inter-Society Task Force on Occupational Hazards

In the Interventional Laboratory.




Staff Expoesure Limits
Whole BOdy g n .

5 rem (50 mSv)/yr ‘ | l‘%
Eves E

15 rem (150 mSv)/ yr
Pregnant \Woemen

50 mrem: (0.5 mSyv)/mo: = -
. " 1=POSTERIOR SUBCAPSULAR OPACITY
Public | 2= PARANUCLEAR DOT OPACITIES

100 mrem (1.0 mSv)/yr

Cataract in eye of interventionist
after repeated use of over table
X-ray tube

{REPORTED BYE ¥ i

WWW. IFCP.0rg



Procedure Related Issues to
Minimize Exposure to Patient

Keep table height as
1Ighr as;comiortanly.
p0ossible for operator

Vary the Imaging lkeam
angle to limit exposure
to any 1 skin area

Keep patient's

extremities out of the

peam Protecting the patient will
protect the staff and visa,
versa




X-Ray Tube Position

Always Avoid! Better Practice

The position of the x-ray tube determines the scatter pattern.
Higher exposure occurs when the tube is in the lateral or anterior
projection. A bi-plane system routinely uses a second x-ray unit in
the lateral position.



Post Procedure Issues

cardlac.catheterization Reporits: include Fluero Time,

Toetal Alr Kerma at the Interventional Reference Point (IRP)

(K

an;’

Gy):, and/or Air Kerma Area Product (P ,Gycm?): .

ChartiDocumentation for procedures of A7 ~=5IGy.

Follow up) at 30 day IS required for A7 - of 5-10/ Gy can e

done as elther a phoene call o VISIL.

FOr Kg =10 Gy: a detalled analysis by arqualified physicist.

PSD= 151Gy: contact sk management within 24 nrs.

Staged Procedures: remember to consider prior dose.




Risk Management of
Skin Effects In
Interventional Procedures

Individualized management by,
an experienced radiation
wound care team should be
provided for weunds related to
high dese radiation.

For any patient exposed to
significant high dese, = 10 Gy,
not enly 1s medical follew-up
essential, full investigation of
the entire case Is desirable to
minimize the likeliheod of such
an event being repeated.



2011 PCIi Guidelines
3.1  Radiation Safety.Recommenaation

class' |

(Cardiac catheterization laberateres should
routinely recordirelevant patient procedural
radiation dose data (e-g.-, total airr kerma at the
Intenventionalireterence poeInt (Ks ), aliFkerma
area product (Pq,): flUerescopy: time; number: of:
CIne Images), and'should define threshoeldsiwith
cornresponding fellow-Up protecols for patients
WNO LeceIVe a high precedural radiation dese:

(Level'of:Eviadence: C)



Final Thoughts
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