VERSION 2
PRESENTED BY JANETTE WYBO, BAS, RDMS, RDCS, RVT

CELIAC - SMA - RENALS OH MY !

R | \\\‘*:‘//’ T o J ‘ ?0 f' 3 A = ; RT KIDNEY ' ':E;w'
- : “r»ﬁ:’ uuuuu . .x‘ ;D:gg.
Reks 2 ‘/ - . " 4 P | 10 13.0
> / ﬂ - A~ Cf: , ?  — & o;u
" £ v’ ' 4 [ o - DR 2
\, o8 - . s 3 /‘/ é— CF
~ %‘- - .&‘ ’ - !/‘) s ‘;‘5.’ = ”~ CC‘
’10 3 = - %;;‘
015
—
— ‘?r == .:.‘;_
PATRICK WASHKO BSRT,RDMS,RVT,FSVU £ S == = —
TECHNICAL DIRECTOR i 5 T -
REX HOSPITAL (UNC HEALTHCARE) ——

RALEIGH, NC

PRESENTED BY JANETTE WYBO, BAS, RDMS, RDCS, RVT -—
CLINICAL COORDINATOR

ASCENSION PROVIDENCE HOSPITAL SCHOOL OF DMS Aﬂ_" UNC REX
i

@ Will (TEATTHCARE



mailto:Patrick.Washko@Unchealth.unc.edu

A SPECIAL THANKS TO THE :
UNC REX HEALTHCARE
NORTH CAROLINA HEART AND VASCULAR HOSPITAL
PERIPHERAL VASCULAR LAB TEAM

* S. WAYNE SMITH M.D.,RVT,RDMS,FSVM,RVPI
* PATRICK A WASHKO BSRT,RDMS,RVT,FSVU
* ROBERT MENDES M.D

* ELVIRA CASTELLANOS RDMS,RVT

* OTIis DARDEN RDMS,RVT

* DORIAN DE FRIETAS M.D. RVPI

* KELLY EDWARDS BS RDMS

+ JASON KIM M.D, RVPI

* MARTYN KNOWLES M.D. RPVI

* LAUREN LISSENDEN BS, RVT

* ANNA MOORE BS, RDMS, RVS

* LILIANA NANEZ M.D. RPVI

* JIM MORGAN MS, RVT

* LAUREN ODOM RDMS, RVT

* BRANDY O’HARA RDMS, RVS

* OLUSEGUN OSINBOWALE, M.D. RVPI

* HILLARY SAWYER RVT

¢ BOB ScISSONS RVT,FSVU (HONORARY STAFF MEMBER)
* DANIEL SHERRILL RVT

* DARYL SMITH MBA,RDMS, RVT

* KRISTEN STAHURA BS RVT

* BRIAN STULL, RDMS,RVT I’_‘I l ] | QC REX
|l

« AARON THOMAS, PA.C, RVT HEAILTHCARFE

e SHARON WERTZ RDMS, RDCS, RVS




How LONG HAVE YOU BEEN PERFORMING
VASCULAR ULTRASOUND EXAMS?

A. O-2 YEARS

B. 3-b YEARS

C.6-10 YEARS

B

BEFORE THEY HAD COLOR |

DOPPLER!

Il
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VWHEN YOU' VE BEEN SCANNING FOR A WHILE...
YOU START SEEING THINGS...

Does
anyone see
a Duck?




DOES EVERYBODY SEE A SLOTH ?

‘47 9"/ !
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PATRICK'S ULTIMATE GOAL.

CVERYDAY IS TO...

C REX
il HEALTHCARE



FIRST STEP — KNOW ANATOMY

Celiac trunk

AO RTA Hepatic veins
l VC nferior phrenic artery
* CELIAC

Left renal vein i - . " SR Right renal vein
° SMA Left renal artery ! I ‘

Abdominal aorta — T ) e j 7 |
Subcostal artery ,' L ' ‘ ;"'-‘l_( Al e/ "\ ; :
* MA s JLN ‘ N R o ) J Superior mesenteric artery
B » = .. " .? v AR ,\ ! o §
4 QENAL ARTERIES Left common iliac artery

and vein

Inferior phrenic artery

Right renal artery

Inferior mesenteric artery and vein

\:' § " ‘ g ! . ; T
¢ ?ENAL VEINS , 4 ' ! ;_ ar 2 | .g/ . ’ Testicular artery and vein
WY 1L '/ 'y

Right internal iliac artery

—— Testicular artery and vein

in UNC REX
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2ND STEP — KNOW NORMAL FLOW PATTERNS

) *BLUEPRINTS ARE ESSENTIAL
IN COMPLEX MATTERS !

............

DEREAM HOME

leslsis) et HtH

[ SN E

T — e —

’j UNC REX

' HEATLTHCARE



ARTERIAL FLOW PATTERNS

Phrenic artery

|
Celiac trunk Suprarena

Spleen
Left gastric artery

Splenic artery

Common hepatic
artery

1

Left renal artery

Right renal

artery

Gonadal : ;
Superior mesenteric
artery

Aorta

— WSS e W WV WS

Inferior mesenteric
Right common artery

iliac artery

Left internal

Right external iliac artery

iliac artery

in UNC REX
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Low RESISTANCE FLOW

* RENAL ARTERIES

e CELIAC AND BRANCHES
—HEPATIC, SPLENIC

* [CA

* VERTEBRAL ARTERIES

HIGH/ CONTINUAL
DIASTOLIC FLOW

[F HIGH RESISTANCE IS SEEN IN A LOW
RESISTANCE BED,
|

LU I | WWWMMWWI’WWWW i REX

== HEALTHCARE



Interanl Anstceny of Liver

Low RESISTIVE =
PARENCHYMAL ORGANS [F 780 giess=
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Splenic artery



HIGH RESISTANT FLOW

* AORTO-ILIAC ARTERIES

« UPPER AND LOWER PERIPHERAL il
ARTERIES . .
High resistive
e FASTING SMA LOW OR NO A N

« SUBCLAVIAN ARTERY DIASTOLIC | "f \ k} |
* EXTERNAL CAROTID ARTERY FLOwW - .-

If low resistance is seenina high resistance bed,
something is usually not right ! M‘MM M w IW 1‘ fw

i
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CELIAC — SMA ARTERIES

Left gastric artery Stomach

Splenic artery
Left hepatic artery

’ . Celiac trunk
Duodenojejunal flexure
\( j

Transverse mesocolon\ ‘l ‘

Superior mesenteric artery

Inferior
Right hepaﬁc artery Transverse C°'°”{ ' ncreaticoduodenal
: P“t |
Celiac trunk Spleen Right colic artery — (Al arteries

Common hepatic artfery Jejunum

lleocolic artery

Gastroduodenal NeTR—— Middle colic artery
arter e P
4 Left gastroepiploic o fleocelic artery
artery lleal branch of

ileocolic artery Intestinal arteries

Pancreas
Cecal arteries =~

Right gastroepip|oiclartery

Copyright © 2012, 2008, 2001, 1925, 1280, 1283, 1978 by Mosby, an imprint of Elsevier Inc.

CELIAC TRUNK FLOW
DISTRIBUTION
Low RESISTIVE FLOW

SMA FLow DISTRIBUTION
HIGH RESISTIVE FLOW

TT uUuNC REX
QUL HEALTHCARE




SMA — IMA ARTERIES

SUPERIOR & INFERIOR MESENTERIC ARTERIES

Marginal artery

Abdominal Aorta

Middle colic

Middle Colic i:‘:i':ﬂ'::;ﬁc
Superior Mesentic Inferior
Artery pancreatico-
duodenal
Inferior
mesenteric
Right colic
Inferior Mesenteric A
AR=H lleacolic with L, ot Left colic with
anterior & posterior superior &
caecal branches inferior branche
Appendicular from
posterior caecal branch
IMA FLOW DISTRIBUTION SMA AND IMA FLOW

HIGH RESISTIVE FLOW DISTRIBUTION ﬁ UNC REX
=1 HEAILTHCARE



MESENTERIC
DOPPLER EXAM

il UNC REX

HEALTHCARE




PUTTING THE TRANSDUCER DOWN FOR YOUR
DUPLEX DOPPLER PATIENT!

FR

AO
They’ll never

know | had

Mexican food!

15=

HEALTHCARE

OREX i UNC REX



VISCERAL DUPLEX DOPPLER PREP

e NOTHING BUT FLUIDS, JELL-O AFTER 9 PM
e JELL-O IS OK FOR BREAKFAST

* PLEASE TAKE MEDS !

* NO SMOKING

* MILD LAXATIVE ( MILK OF MAGNESIA)

* PATIENTS ARE ENCOURAGED TO BRING A SNACK FOR AFTER
EXAM

RESEARCH IF ANY PRIOR DUPLEX DOPPLER OR
COMPARATIVE IMAGING EXAMS AVAILABLE!

in UNC REX
Ll FEATTHCARE



TYPICAL CELIAC SMA EXAMINATION UNC REX HEALTHCARE

0 0g®g® g ¢
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CELIAC TRUNK SUPERIOR MESENTERIC ARTERY




RISK FACTORS

ATHEROSCLEROSIS OF MESENTERIC VESSELS AFFECTS

APPROX. 18% OF ADULTS > 65
e PROGRESSIVE DISEASE LEADS TO BLOOD FLOW REDUCTION 2NP TO
SSTENOSIS OR OCCLUSION OF TWO OR MORE OF MAJOR ARTERIES
(CELIAC, SMA, IMA)
« HTN
« DIABETES
e SMOKING
« HYPERCHOLESTEROLEMIA, OBESITY, AGE AND GENETIC FACTORS
e GENERALIZED ATHEROSCLEROTIC DISEASE

(CAROTID, CORONARY, RENAL, EXTREMITY ARTERIAL,

INCREASED INCIDENCE OF AAA)

e MESENTERIC ARTERIES. FEMALES MORE COMMON



CLINICAL PRESENTATION

« POST-PRANDIAL PAIN “FOOD FEAR” (SITOPHOBIA)

e RECENT UNEXPLAINED WEIGHT LOSS

e SYMPTOMS OFTEN DELAYED IF EXTENSIVE COLLATERAL FLOW

 NEGATIVE Gl WORKUP

e PATIENTS ARE COMMONLY MISDIAGNOSED / OTHER SUSPECTED

DIAGNOSES
- EATING DISORDERS, GALLBLADDER

« DIAGNOSIS OFTEN DELAYED (AVERAGE TIME TO DIAGNOSE 12-18
MONTHS!

« CLINICALLY ~- ABDOMINAL BRUIT HEARD

EMBOLI TRAVELS FROM HEART OR AO

CAUSING SUDDEN ISCHEMIC BOWEL (SMA MOST OFTEN).
CATASTROPHIC EVENT WITH BOWEL WITH BECOMING INFARCTED THAT
COULD LEAD TO DEATH. NEEDS IMMEDIATE SURGICAL INVENTION SO CT

ANGIOGRAPHY IS USUALLY DIAGNOSTIC MODALITY. Aﬂ—n UNC REX
== HEALTHCARE




ABDOMINAL BRUIT MAY BE HEARD
DURING PHYSICAL EXAM

AO CELIAC SMA

DUPLEX DOPPLER IS PREFERRED DIAGNOSTIC TEST



PATIENT POSITIONING

e SUPINE

e SEMIFUPRIGHT POSITION
e ERECT

e USE LIVER AS A WINDOW
e OBLIQUE APPROACHES

ﬁf‘"‘ UNC REX

HEALTHCARE



MESENTERIC DOPPLER PROTOCOL.

* AORTA
* CELIAC
« CELIAC BRANCHES
—SPLENIC
—HEPATIC*CK DIRECTION
* SMA — PROX, MID *DISTAL
* MA*IF VISUALIZED
 EVALUATE WITH 2D, COLOR
AND OBTAIN PSSV, EDV DOPPLER

Tty Y




AORTA

e IDENTIFY VASCULATURE

* DOPPLER AT LEVEL OF CELIACC
ARTERY

« USE PSV FOR RATIOS

 NORMAL AO PSV < 100 CM/SEC

ﬁfﬁ UNC REX

HEALTHCARE




o S T

CELIAC ARTERY

CLASSsIC CELIAC ANATOMY IS SEEN IN 65-75% OF

THE POPULATION

i

2-

4=

UNC REX
HEALTHCARE



NORMAL. CELIAC ARTERY

£5) "{__ ~ d}‘;“’._: 0-AO0% 100
’ fr—— 'c‘_:n: 5.0
7 f‘:"\-““— . / .',‘/: g 115?)
: ﬁ:’)ﬂ.;, =+ CELIACPSV <200 CM/SEC
- A ;‘r e Gn 255
" | = o EDV 35 CM/SEC

* RAPID SYSTOLIC UPSTROKE

e HIGH DIASTOLIC FLOW FEEDING LOW RESISTANCE VASCULAR BED

e UNIFORM VELOCITIES WITHOUT TURBULENCE

—
UNC REX
1L HEAI%HCARE



NORMAL SPLENIC ARTERY

i, w.LM N

; [LOW RESISTANCE DOPPLER WAVEFORM
i HIGH DIASTOLIC FLOW

- i UNC REX

HEALTHCARE



NORMAL COMMON HEPATIC ARTERY

60...

4 . "f"m ‘ ‘\'M(Mfi‘"“ M@MW;;E

% 574cmls - =20

- -40

[LOW RESISTANCE DOPPLER WAVEFORM
HIGH DIASTOLIC FLOW

ﬁ UNC REX
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CELIAC ARTERY STENOSIS
DIAGNOSTIC CRITERIA

STENOSIS 70% OR GREATER Lri
e PSSV >200 CM/SEC
e« EDV> 55 CM/SEC )

DEEP BREATH 3

AC 11

POST STENOTIC TURBULENCE

*IMPORTANT TO OBTAIN A FEW
DOPPLERS TO CONFIRM HIGHEST T og 337 9 ooere bl TA (3

PSSV AND REPRODUCIBLE ED 142.5 cmls
RI 0.58

MONETA GL, YEAGER RA, DALMAN R, ET AL. DUPLEX ULTRASOUND ‘" n l ] I Q( , RE x
~‘==1"

CRITERIA FOR DIAGNOSIS OF SPLANCHNIC ARTERY STENOSIS OR OCCLUSION J H H RE
VASC SURG 1991:14:511-8 EALT CA
ROBERT M. ZWOLAK, MD, PHD ET.AL JVS 1998



IF THE CELIAC IS OCCLUDED/ SEVERELY STENOTIC
LOOK FOR RETROGRADE, COLLATERAL FLOW IN COMMON
HEPATIC ARTERY AND ANTEGRADE FLOW IN SPLENIC ARTERY

Common hepatic artery Celiac trunk Left gastric

Pancreatico-
duodenal

?‘fﬁ UNC REX

Ref — Textbook of Diagnostic Sonography, Hagen-Ansert, 2018 > HEALTHCARE



Xiphoid process of sternum

IF INCREASED CELIAC PSV
CONSIDER CELIAC COMPRESSION s | SN
MEDIAN ARCUATE LIGAMENT SYNDROME. [

« TWO DIAPHRAGMATIC CRURA ARISE FROM
VERTEBRAL BODIES ON EACH SIDE

¢ PASS SUPERIOR/ANTERIOR TO S S

SURROUND AORTIC OPENING /? NS

JOINED BY THE MEDIAN ARCUATE |

LIGAMENT AT THE AORTIC HIATUS

— i —— T e et ——— —
‘ 5 s.occ W a8 _

5K

4
“ =9

UNC REX

HEALTHCARE

i




CELIAC COMPRESSION

" UNC REX
<L HEALTHCARE



CELIAC COMPRESSION

\\—//

p—

\‘-\§~___ e
e MOST COMMONLY AFFECTS- P — --/
e YOUNG AGE (20-40 YRS.) 7
— FEMALE L S g
2
— THIN

* CHARACTERISTIC INDENTATION OR N~
“"HOOKED” APPEARANCE §§~

* WILL HELP TO DIFFERENTIATE FROM|
ATHEROSCLEROTIC NARROWING

e OFTEN INTERMITTENT COMPRESSION

* EVALUATE WITH PATIENT WITH
INSPIRATION/ EXPIRATION

* POSSIBLY SUPINE AND ERECT

CELA

i UNC RLE

HEALTHCARE



CELIAC COMPRESSION

« PSV DECREASES WITH INSPIRATION

e PSV ALSO DECREASES WITH UPRIGHT POSITION

e SOME HAVE SEVERE COMPRESSION THAT

PERSISTS DURING BOTH INSP/EXP

e LOOK FOR POST STENOTIC DILATATION

« SMA RARELY INVOLVED

e COLLATERALIZATION CAN OCCUR FROM A
SMA THROUGH PANCREATICODUODENAL F

-

ARCADE (LOOK FOR RETROGRADE GDA)

AO CA WIEX



SYMPTOMATIC MEDIAN ARCUATE LIGAMENT PATIENT

19 5 o ) ) v @ . ) . . B . P.recisio‘n 3
' o AX ,
; N T e 6C1
i . — diffT5.0
I 0 ‘ 3 = ’ 48 fps
. G:66
‘ DR:65
0 SMI3.0
" CG40
o5 e
>t’ -
] »
) Angiogram with
09 . . .
Post Stenotic Dilation
2 = UNC REX
S— 5 @__ HEALTHCARE



PRE AND POST SURGICAL PROCEDURE

ffﬁ UNC REX

HEALTHCARE



SUPERIOR MESENTERIC ARTERY

,/’.4

) e ARISES 1-1.bCM
BELOW CELIAC

| [ "4 _ RUNS PARALLEL TO

JUST SUPERIOR TO
RENAL ARTERIES

e RV PASSES
UNDERNEATH SMA

= REX
il (FEATTHCARE



ANATOMICAL VARIANTS

SEPARATE ORIGINS COMMON ORIGIN
CELIAC AND SMA CELIAC AND SMA
‘\\‘“”/,\ A . . . . . . Pfecisiop APure

SMA




ELIAC AND SMA COMMON TRUNK

| — —

p’

—
- A
- e
| — ™ -

-

]

DG:19 /71k7 /F:3
]
!
,
1'
..

243.6 cm/s

49.2 cm/s

ﬁ’i—"‘ UNC REX
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ANOTHER SMA VASCULAR ANOMALY
REPLACED RIGHT HEPATIC ARTERY

RIGHT HEPATIC ARTERY OFF THE SMA
COMMON VARIANT NOTED
APPROXIMATELY 35%

« ALTERS FLOW DYNAMICS (SMA MORE
[ OW RESISTIVE)




RIGHT HEPATIC ARTERY OFF
SUPERIOR MESENTERIC ARTERY

recisi +
+ O+ + + + QO o+ + * « O

ﬁfﬁ UNC REX

HEALTHCARE



NORMAL SMA DOPPLER WAVEFORM

* RAPID SYSTOLIC UPSTROKE

e LOW DIASTOLIC FLOW SINCE FEEDING A HIGH RESISTANT VASCULAR
BED (FASTING PATIENT)

* UNIFORM VELOCITIES WITHOUT TURBULENCE

7:,:—.':‘ SMA FASTING PSV <275 CM/SEC
F EDV 14 cM/SEC
" SMA (POSTPRANDIAL)

J g ! ‘.
>3 e I [ LOOK

—
UNC REX
ﬂ;". HEAIS%HCARE



CELIAC — SMA DOPPLER COMPARISON

CELIAC - LOwW RESISTANT

0-

F

~N

LOGIQ
S8

SMA HIGHER RESISTANT
TITII UNC REX

== HEALTHCARE



SMA STENOSIS
DIAGNOSTIC CRITERIA

Qis SHSI0 3 B HIEIO € B3 BIOE L0 B QU & 3 QU SO A MIm05E P42
o0 ‘ .
. 6C1
diffT5.0

7 fps

Qscan
G:72

STENOSIS 70% OR GREATER

e PSV >275 CM/SEC L e = |
e EDV VELOCITY >45 CM/SEC iy . Sl
* FOCAL INCREASE IN VELOCITY
e POST-STENOTIC TURBULENCE 2 f smiid P
*IMPORTANT TO OBTAIN A FEW |
DOPPLERS TO CONFIRM HIGHEST

PSV AND REPRODUCIBLE

MONETA GL, YEAGER RA, DALMAN R, ET AL. DUPLEX ULTRASOUND ’ . l l I \ I ‘ I{E '—x—
CRITERIA FOR DIAGNOSIS OF SPLANCHNIC ARTERY STENOSIS OR OCCLUSION J I I I
VASC SURG 1991:14:511-8 i

—-—e HEAILTHCARE

ROBERT M. ZWOLAK, MD, PHD ET.AL JVS 1998



NORMAL IMA DOPPLER WAVEFORM

RAPID SYSTOLIC UPSTROKE WITH UNIFORM VELOCITIES
L.OW DIASTOLIC FLOW FEEDING A HIGH RESISTANT

VASCULAR BED IN A FASTING PATIENT (LOOKS LIKE SMA)
NO TURBULENCE

@y S. Hills School of Business

. \ MIOS5 Tis0.5
' 06/15/12 12:56:30PM ADM
Abdominal Aorta qucglo _
il Corc . T IMA - NO VALIDATED
Superio Mesentic ‘T* — CRITERIA FOR NORMAL
rtery S ,
TRy PSV 70-200CM/ SEC
- i . >
_(2;;1{5 _II_ |
Inferior Mesenteric T 4

Artery

= .50
=.100

......... o imioh UNC REX
’ : 1 === HEALTHCARE




IMA STENOSIS
DIAGNOSTIC CRITERIA

STENOSIS 70% OR GREATER F ESSaet =

e LIMITED PUBLISHED v =

VELOCITY CRITERIA _4 ; e f

« PSV > 200 CM/SEC S T j

e EDV VELOCITY >45CM/SEC S 3 )

* FOCAL INCREASE IN PSV —L |

* POST-STENOTIC TURBULENCE — —— s—" e

IMA PSV 424.3 cm/sec e

?ELLERITOJSAREVIN MV, ASVELROD l?:J, RYyoo S, NAIDICE)HJB,. ﬁ UNC REX
NP ARATIVE ANAL YIS O DOPPLER CHITEFA FOR THE DUAGNOSIS OF il FEATTHCARE

MESENTERIC STENOSIS. RSNA PRESENTATION, 2006



TREATMENT

* PERCUTANEOUS ANGIOPLASTY
* STENTING

* EMBOLECTOMY

* SURGICAL. BY-PASS

Bt . Y en 19 ]
l;.\' B e e A SA 2
e Map HIOI0
~ — -D 6.0 cm
DR 57
R 12Hz
= AO  100%
p) 4
-
- . ¥ : -
- 4 x
. L \_ :
4=
B Y
—
—
=
i
SMA STENT 3 MONTHS

Il

UNC REX
HEALTHCARE



CASE STUDY

68 YEAR OLD MALE WITH HX OF HTN, EPIGASTRIC PAIN
AFTER EATING (CRAMPING SENSATION) WITH NAUSEA

UNEXPLAINED 50 LB. WEIGHT LOSS IN LAST YEAR

PREVIOUS CABG, EVAR AND NEW DIAGNOSIS OF
PARKINSON Dz

PRESENTS FOR MESENTERIC DOPPLER EXAM

in UNC REX
Ll FEATTHCARE



MESENTERIC DOPPLER EXAM

Logia i = p

27 / g
£ - 2 | - -

£ ’ﬁb ; - \
A e = \ 5=

[ \
A ; ‘-' t \
fom \
oM - \
¥ I f/ 3 - \
o~ / \ )
i 27 ~ : \ II
cm/s . A
e TSSEenE e -
- 107
o™ | e YL ] 0-F

1 CA PS 367.2 cm/s|
2 CAED121.6 cm/

{1 CAPS 358.9 cmis|
-/ {2 CAED109.8 cm/

¢« CELIAC
Jras T PSSV 367
1 e o | e r CM/SEC

oo CELIAC TRANS - | s
A CELIAC TRANS "W

T O L2 i il S e Fa00 F400 A
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HEPATIC ARTERY DOPPLER

o I
1 CHA PS 44.6 cms,

2 CHAED13.8 cmis|

f

v
"

o

IR [0 S O T 1 |, 13 o

FINNASN T

A

2

o-CHI
Frq

~A0%

ICF
_iFrq

LA
PRF
-\WF
S/P
-iAQ%

10+

2 My WL :
.A-du A
“1”" I.”' ' b l{_ cmis
L8 JE T TS Sk N W (S D L ks e i | ""‘b/’l AA ‘M‘ | S S | E-zo
-1 -0

CELIAC TRANS

Il

UNC REX
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SMA DOPPLER

st ]
SMA PS 440.1 cm/s| ‘
SMA ED 179.2 cm/s| " ;

SMA PSV
440 CM/SEC

o™ T
1 SMA PS 172.2 cmis|
2 SMAED 34.9 cm/s|

.

-21
cm/s

—
UNC REX
ﬂ_;.". HEAIS%HCARE



MESENTERIC DOPPLER CASE STUDY

e CELIAC ARTERY HIGHEST PSV 367 CM/SEC, EDV 122
CM/ SEC

e SMA HIGHEST PSV 440 cM/SEC, EDV 180 CcM/SEC

* REVERSED HEPATIC ARTERY FLOW WITH TARDUS PARVUS
NOTED

e PSV CELIAC/AORTIC RATIO = 6.8 PSSV SMA/AORTIC RATIO
= 8.1

> 509% STENOSIS IF RATIO IS 3 OR GREATER



RENAL DUPLEX
DOPPLER

fﬁ‘ UNC REX

L= HEALTHCARE
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RENAL ARTERY ANATOMY

e OCATED 1-2 CM BELOW THE SMA

* RRA HAS A LONGER COURSE AND
COURSE POST TO IVC

e | RV TRAVELS BETWEEN AO AND SMA

* ARISE FROM THE LATERAL OR
POSTEROLATERAL WALL OF THE
ABDOMINAL AORTA

e ~259% OF PTS HAVE DUPLICATED
RENAL ARTERIES — LIMITS FINDINGS

in UNC REX
Ll FEATTHCARE



RENAL ARTERY ANATOMY
RRA 9-10 O'CLOCK
LRA 2-4 O’'CLOCK

R RN
y b iy

\ /

i UNC REX



WHY ARE WE
PERFORMING RENAL
DUPLEX?

in UNC REX
Ll FEATTHCARE



INDICATIONS

« EVALUATE PATIENTS WITH HYPERTENSION (RENOVASCULAR HTN)
—UNCONTROLLED DESPITE OPTIMAL MEDICAL TREATMENT
6% OF PATIENTS WITH UNCONTROLLABLE OR MALIGNANT HTN HAVE RAS
—HTN WITH PROGRESSIVE DECLINE IN RENAL FUNCTION
—ABRUPT ONSET OF HTN

s FOLLOW UP RENAL ARTERY STENT OR ANGIOPLASTY
e ABDOMINAL OR FLANK BRUIT

* COMPARE WITH OTHER IMAGING MODALITY THAT SUSPECTS VASCULAR
ABNORMALITY (ANEURYSM, PSEUDOANEURYSM, AVF)

* EVALUATE IF KNOWN AORTIC DISSECTION TO EVAL IF COMPROMISE FLOW

e RENAL VASCULAR ABNORMALITY (RENAL VEIN THROMBOSIS, NUTCRACKER
SYNDROME, CONGENITAL RENOVASCULAR DZ)




TWO MAJOR CAUSES OF RAS

ATHEROSCILEROSIS — MORE THAN 2./ 3 OF PATIENTS
e PRIMARILY AFFECTS MEN OVER THE AGE OF 45

* USUALLY INVOLVES THE AORTIC ORIFICE AT PROXIMAL
MAIN RENAL ARTERY

* PARTICULARLY COMMON IN PATIENTS WITH DIFFUSE

ATHEROSCLEROSIS, BUT CAN OCCUR AS A RELATIVELY
ISOLATED RENAL LESION.

FIBROMUSCULAR DYSPLASIA — IN COMPARISON TO
ATHEROSCLEROSIS, FIBROMUSCULAR DYSPLASIA

* MOST OFTEN AFFECTS YOUNGER WOMEN AND TYPICALLY
INVOLVES THE MID-DISTAL MAIN RENAL ARTERY OR
INTRARENAL BRANCHES



OTHER LESS COMMON CAUSES OF RAS:

VASCULITIS (TAKAYASU'S ARTERITIS)
DISSECTION OF THE RENAL ARTERY
THROMBOEMBOLIC DISEASE
RENAL ARTERY ANEURYSM
RENAL ARTERY COARCTATION
EXTRINSIC COMPRESSION
RADIATION INJURY
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RENAL DOPPLER PROTOCOL

* COMPLETE KIDNEY ULTRASOUND
—RENAL LENGTH, GRAY SCALE :

+ AORTA PSV i T .

* MAIN RENAL ARTERY — PROX, MID, DISTAL (HILUM)

*  INTRARENAL ARTERIES | N

* COLOR AND SPECTRAL DOPPLER < 60O°
—PSV, EDV

* INDICATE WHERE EXAM IS LIMITED
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RENAL DUPLEX DOPPLER EXAM

EXTREMELY DIFFICULT STUDIES

e SKINNY IS NOT ALWAYS EASY !

 EXPERIENCE PLAYS KEY ROLE
e KNOW HOW TO OPTIMIZE EQUIPMENT SETTINGS
e BREATHING, CHF, GAS CAN HINDER EXAM

e MULTIPLE ANGLES OF INTERROGATION APPROACH
(SAG, TRANS, CORONAL, SUPINE, RLD, LLD)



UTILIZATION OF PROBES

e STANDARD CONVEX ,CURVED
* /VECTOR

* DO NOT BE AFRAID TO USE NON-STANDARD
PROBES FOR INSONATION !

* MULTIPLE ANGLES OF INTERROGATION

* PATIENTS DISSERVE EXCELLENCE IN IMAGE QUALITY AND
SO DOES YOUR READING PHYSICIAN
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KNOW YOUR TOOLS
USE LOTS OF GEL!

B Pt \\ LINEAR ARRAY
. A_SCANHEAD
-~ "=~ T CURVED ARRAY

SCANHEAD

b . PHASED ARRAY
’ ‘ _ SCANHEAD
e >




OBLIQUE AND LATERAL
PROBE CHANGE FOR INTERCOSTAL INTERROGATION

CURVED MICRO
CONVEX
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CURVED 6C-

PROBE CHANGES CAN MAKES LARGE DIFFERENCES

MICRO CONVEX oMC-1

= REN VASC COMP ?0000000700000009’000000 80"'

RRA Ds 98.8 cmis 0
RRA Dd 29.8 cmis
R SUP RI 0.64
R HIL RI 0.68
R INF RI 0.67 35
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«r\w" '}\Q!}MM’.Q‘M wuw‘!‘ﬁ:"y\a‘ﬂ'\'}”wﬁrmn»‘} «ﬂ.\'fm'.wnm.

4.0 30 20 40 0
DG:25 /39k /F:183 RRA

RRA

e # 38
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FLOW DIRECTION DOES NOT CHANGE

SUPINE RRA PROX LLD RRA DISTAL

* REN YASC COMP SO P e © o 7.3 Aplio500  REX HEALTHCARE Abdomen PW #:39:15
RRA Ps 54.7 cmis 0 I8} 3 6C1 ' 171 Precision APure+
RRA Pd 19.4 cmis IFTED O + o+ e e e W s W & m % @ @ & ve % @
RRA Ms 67.1 cm/s ’ o0
RRA Md 24.2 cmis 10 fps
RRA Ds 72.5 cm/s i Qscan
RRA Dd 23.4 cmis : Dg:gg I s
s :
® CF22 574 I
. CG:23 cmis 171
>. 4.7k cmis 4 g
” F:3 |
< -
73.0
> 29° . ((
010 8.1cm -
12 ) Precision A Pure+t )'
©10
+14
DG:13 /3.0k /F47
RRA SUP G

THIS IS ONE OF THE REASONS WHY RENAL
ARTERIES NEED TO BE INTERROGATED

FROM MULTIPLE ANGLES! ”‘"ﬂ—n UNC REX
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DON'T

Aplio 500  REX HEALTHCARE Abdomen

7:39:112A

SE AFRAID TO DRA W
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Precision A Puret
+ [e] + + + .
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393
cmis

TORTUOUS VESSELS

Precision APuret
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RENAL PERFUSION SETTINGS

171 5 Precision APuret
I o0 M1Ir9
. 6C1
diffT5.0
l : 11 fps
172 2
cm/s G:88
DR:60
CF22
o5 CGi41
6.8k
= F7
>
10

Renal Perfusion

TEEEEREETEE TEETE
'00 S .

Directional Power Doppler

MONOCHROME -SMI

Il

Mim
17

6C1
diffT5.0

60 fps

G175
DR:60

SMI3.0
CG:40
7.4k
F&
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DON'T FORGET ABOUT DIRECTIONAL POWER DOPPLER !

010

*13

Precision* APuret
* +* * *
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Min I °0
1. .
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COLOR FREQUENCY CHANGE

POOR COLOR FLOW

LOWER COLOR FREQUENCY

LOGIQ
E9

FR 8
CHI
o-frg 40
_Gn 55
D 17.0
“A0% 100
_CF
Frq 36
Gn 200
-UA 18
_PRF 37
WF 297
SIP 3116
-A0% 100
10"
W

15°

40

LOGIQ
E9 A

1111
g1l

FR 12
CHI
o-frq 40
_Gn 33
D 17.0
“A0% 100
: CF
Frq 1.9
Gn 20,0
-LIA 18
.PRF 20
WF 160
“SIP 3116
~A0% 100
'y
4
15=
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DIAGNOSTIC CRIT

= RIA

DIRECT METHOD — COLOR +*+ DOPPLER

RENAL / AORTIC RATIO (RAR) > 3.5

PEAK SYSTOLIC VELOCITY OF RA
PEAK SYSTOLIC VELOCITY OF AO

PSSV > 180-200 CcM/SEC
PSV >225240 cM/SEC (PATRICK'S LAB)
VELOCITIES SHOULD BE REPRODUCIBLE
LLOOK FOR POST STENOTIC TURBULENCE

AORTIC VELOCITIES LESS THAN
-40 -50CM/SEC AND GREATER THAN 120
CM/SEC CAN SKEW RAR RESULTS

RRRRRRR

.....
4 9k

.......................

RRA
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RIGHT RENAL ARTERY

T - Gn 57
25 . SIA 214

- Map H/0/0
D 14.0 cm
_ DR 69
FR 11 Hz

_AO  100%

{‘ 2.5 MH

117
100 %
1.7 kH4
102 Hz
314

RRA
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PROX RRA PSV 625 CM/SEC
EDV 95 CM/SEC

Rt Prox RA PS 625.6 cm/s - er:x 453 MHz
Rt Prox RA ED 95.6 cm/s " SiA 214
Rt Prox RA RI 0.85 Map HI/0/0
- D 16.0 cm
5-DR 69
2 FR 11 Hz
" AO 100 %
4
! " CF
- 10- Fra 2.5 MHz
cmis _Gn 52
L/A 17
- AO 100 %
- PRF 0.8 kHz
_ WF 103 Hz
SIP 314
RRA 12=
- PW
AC 60-goo 1.9 MHz
43
100 %
16.0 kHz
80 Hz
4
40
7.0cm

L. HEALTHCARE



PROX LRA STENOSIS

'vel A 4136cmis D+ + + + O + s e+ O

o
Vel B 85.4cmis b
‘:.\
N o —
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g YT . — . 'n ,..»..”'- ™ DG e mis
-4.0 -3.0 -2.0 -1.0 0
DG:27 /71k [/F:333 LRA

Vel A 413.6 cmis
Vel B 85.4 cmis




DIAGNOSTIC CRITERIA

INDIRECT METHOD

e KIDNEY LENGTHS-CORTEX ASSESSMENT FOR Y
REDUCED SIZE

* PERFUSION KIDNEY- COLOR DOPPLER USED TO
ASSESS THE PERFUSION TO THE EDGE OF THE RENAL B
CORTEX .

e OBTAIN RESISTIVE INDEX WITH SPECTRAL DOPPLER 3 o il
OF KIDNEY PARENCHYMA AT SEGMENTAL, TN G
INTERLOBAR ARTERIES AND ARCUATE ARTERIES ?‘;?‘E::: w

 LOOK FOR SIGNS OF TARDUS PARVUS (DISTAL TO , SN
STENOSIS) “SLOW TO RISE, SLOW TO FALL” . J.A"fx
SLOW SYSTOLIC UPSTROKE

* QUANTIFY WITH ACCELERATION TIME i

* ACCELERATION TIME (AT) > 0.07 sec 1s ABN
*RESISTIVITY INDEX (RI) >0.7 1s ABN

* ANGLE CORRECT 0O-30°
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Interiobular

Renal artery

A

'I* Arcuate

Interioba

——--—~~~
~
Segmenzal\'

PR 4

”

~
i

1000P ABDMEN1
?5F CINE 0116
37CG 186G
IM826 B69DR
R3 AQ P16
10 TARDUS
PARVUS

WAVEFORM

A= 14. 7CM/S
ACC=

A= 60. 7CM/S
255. 6CM/S2

A=0. 18SEC
AT=0. 18SEC

L-a6

TIS=1.4 MI=0.9 AD=100%

10

-10
cmis

hid
A1\

\J

INDIRECT
METHOD
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FIBROMUSCULAR DYSPLASIA

FIBROMUSCULAR DYSPLASIA ARE
UNCOMMON ASSOCIATED WITH
HETEROGENEOUS HISTOLOGIC CHANGES
THAT MAY AFFECT THE CAROTID
CIRCULATION AS WELL AS THE VISCERAL
AND PERIPHERAL ARTERIES.

STRING OF BEADS IS THE CLASSIC
RADIOGRAPHIC FINDING SEEN IN FMD.

FMD USUALLY AFFECTS YOUNG TO
MIDDLE-AGED ADULTS, MOSTLY WOMEN,
BUT IT CAN ALSO AFFECT CHILDREN.




FIBROMUSCULAR DYSPLASIA VS ATHEROSCILEROSIS

FMD ATHEROSCLEROTIC

( FIBROMUSCULAR DYSPLASIA ) (OSTIAL LESION) _

Think Location-LLocation-LLocation



OBTAIN VELOCITIES WHERE
ALIASING OCCURS

B
- _Fra 4.0 MHZ
0 0"gn 27
_is SIA 312
- Map HI0/0
D 12.0 cm
_DR 69
FR 10 Hz
A0 100%
CF
Frq 4.0 MHZ
mis 5= Gn 40
LIA  0/6
IA0 100%
PRF  2.9kHz
WF 180Hz
“SIP 314

-
—
e
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HOW TO DIFF

1]

RENTIATE FMD

BOTH CAUSE RENOVASCULAR DISEASE
ATHEROSCLEROTIC DZ (PROXIMAL)
FIBROMUSCULAR DYSPLASIA ( MID-DISTAL)
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FIBROMUSCULAR DYSPLASIA
CLINICAL FINDING

69
DR:65
CF1.8
CG:20 frﬁ/‘é

4.7k

F:3

#3.0

60°

9.2cm

........................

-3.0 -2.0
RRA SUP DIS

DG:30 /6.0k /F:282
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FIBROMUSCULAR DYSPLASIA
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PRE AND POST ANGIOPLASTY
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IS THIS FMD?

28

RRA M

Y = 2.88m/s
PG = 33.1mmHg
*Mean = 0.29m/s

§=48°

9:141:18 a
4C1-§ 60
30MHz | 170m RRA M
Liver /Renal /SMA
General /V

30dB 1|e/+1/1/
PW Depth= 89mm

3.0

m/s

« -

. . L
b
R - % 'i“i\‘?&\;’ i

% ‘ B
_Frq 4.0 MHZ
Cen a7
— SA
o A - Map HI0I0
- D 120cm
69
10Hz
100%
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LET'S FINISH WITH
AN INTERESTING VASCUALR CASE!
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SAGITTA AORTA — WHAT IS NEXT STEP?
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ALWAYS OBTAIN TWO VIEWS !

’
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ABD AORTA SAG AND TRANS

UNC REX
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COLOR IMAGES

- Gn 19
28 SIA 211
Map H/0/0
-D 12.0 cm
DR 72
_FR 10 Hz
AO 100 %
RRA CF
k - 5 Frq 4.4 MHz
cmfs Gn 44
- L/IA 117
— AO 100 %
PRF 3.3 kHz
v yWF  200Hz
SIP 3i14

10=
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COLOR IMAGES

- Gn 19
SIA 211
Map H/0/0

- D 12.0 cm
72
10 Hz

100 %

28

RRA
4.4 MHz
44
17

100 %

3.3 kHz

200 Hz

3114

cmfs
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| EFT SUBCLAVIAN ARTERY

100

-100
cmis
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ANY QUESTIONS?

HEALTHCARE
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Thank You!

Patrick A Washko BSRT,RDMS,RVT,FSV

North Carolina Heart and Vascular Hospital

UNC Rex Healthcare

Peripheral Vascular Laboratory P
m UNC REX

Raleigh, NG HEALTHCARE
Patrick. Washko@Unchealth.unc.edu




