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There is Little Controversy Surrounding Renal Artery
Stent Revascularization

* Randomized trials demonstrated failure of renal
artery revascularization

* There is no apparent added benefit to
revascularization over optimal medical therapy alone

* The need for renal revascularization is relatively
uncommon

* However....

We All Accept That Atherosclerotic RAS Is Bad...

Cardiovascular Mortality
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The Mechanisms of Renovascular Hypertension
Have Been Well Described

Stenosis
‘ Renin

Angiotensinogen

Angiotensin |
\

Angiotensin Il

Vaso- Renal  Aldosterone Vascular effects Sympathetic Myocardial effects
constriction sodium secretion * Hypertrophy  nerve system * LV hypertrophy

\etention | + Remodeling / activation * Myoctye growth

* LV remodeling
Transition to alternative vascular mechanisms e.g.
Oxidative Stress
Endothelin
Vasoconstrictor prostaglandins

Garovic, VD, et al. Circulation. 2005;112:1362-1374

Renal Artery Duplex Ultrasonography—At Least the Method of Diagnosis is
Non-Controversial!

* Important, valuable,
non-invasive method to
determine presence and
severity of
renal artery stenosis

* If committed, study can be
mastered and results are
reproducible

* Must recognize the steep
learning curve




Renal Artery Duplex Ultrasonography: Examination Technique

* Perform examinations in the early morning after overnight fast
* May add use of Simethicone containing products

* Must have high quality color duplex ultrasound scanner with appropriate
software

* Ultrasound Transducer
¢ 2.25-3.5 MHz pulsed--Mechanical Sector, Phased, Curved Linear

Renal Artery Duplex Ultrasonography

* Study Initiation:
* Supine Position with Head Slightly Elevated
* Probe oriented in midline, sub-xiphoid, longitudinal
orientation
* Image Aorta and identify Celiac,
Superior Mesenteric Arteries (SMA)

* Place Doppler Sample Volume in aorta at level of
SMA--obtain Peak Systolic Velocity (PSV) at 60-
degree angle




Renal Artery Duplex Ultrasonography

Gray Scale Image of Abdominal Aorta
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Aortic Peak Systolic Velocity

SV Angle 60
Dep 58 cm

Size 2.0 mm
Freq2.5 MHz
WF Low
Dop 67% Map 2
PRF 2500 Hz

Renal Artery Duplex Ultrasonography

e This PSV within the aorta at level of SMA will
be used as the DENOMINATOR for the
RENAL TO AORTIC RATIO (RAR)

* Only valid if Aortic Velocity
>40, <100 cm/sec

* If <40 cm/sec, likely associated with
ectasia/aneurysm

* If >100 cm/sec, likely associated with
atherosclerosis/stenosis




Renal Artery Duplex Ultrasonography

* Orient transducer in TRANSVERSE position
* [dentify SMA arising anterior from the aorta
* [dentify LEFT Renal Vein crossing anterior to the aorta
(~80% of cases)

* THESE ARE KEY LANDMARKS TO IDENTIFY PRIOR TO
IMAGING RENAL ARTERIES!

Renal Artery Duplex Ultrasonography: Key Landmarks
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Renal Artery Duplex Ultrasonography

* Move Doppler sample volume posterolaterally to identify the LEFT Renal Artery
* Classic LOW RESISTANCE Doppler waveform

* Increased Diastolic flow

RIGHT Renal Artery arises cephalad to
Left Renal Artery

May need to INCREASE sample volume size
¢ Spectral Broadening is not relevant in visceral vascular DUS examinations

Obtain Doppler Velocities in Origin, Proximal, Mid, Distal Vessel
* ‘Walk’ Doppler sample volume from Aorta into Renal artery

All Doppler Angles Must Be < 60-degrees

Left Renal Artery

Col 72% Map 5 [ ) :

WF Med / | - 5V Angle -52°

PRF 2500 Hz / : : Dep 5.2 em

Flow Opt: Med V / b Size 20 mm

Freq 2.5 MHz
WF Low

Dop 72% Map 2
PRF 3731 Hz

T -1069¢emls
=-350cmls

0.67 Wy il




Right Renal Artery

Col62% Map 5
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Renal Artery Duplex Ultrasonography

e Criteria for > 60% Renal Artery Stenosis
* RAR>3.5
PSV > 200 cm/sec
* Post-stenotic Turbulence
* Resistive Index < 80 (?predictive response to intervention)
* ? Abnormal Renal Artery Hilar Waveform




The diagnosis of hemodynamically
significant renal artery stenosis
(=260%)"**

» peak systolic velocity (PSV) 22.0 m/s

« end-diastolic velocity (EDV) =1.5 m/s

«RAR 235

« acceleration time (AT) =0.08 s

- acceleration index (Al) <3 m/s?

- Rl difference >0.05 (stenosis occurs when there is lower Rl value)

- difference in the size of the kidneys >15 mm

J Ultrasonography 2018;18:338-43

Renal Artery Duplex Ultrasonography—
Renal Artery Stenosis

ol 81% Map 1 . 5
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Kidney Imaging

* Turn patient in lateral decubitus position
* |[dentify kidney in longitudinal plane
* Measure pole-to-pole length (obtain three measurements)

* |dentify any cortical thinning, cysts, masses

21

Renal Artery Duplex Ultrasonography—Lateral Decubitus Position

22




Kidney Imaging

Map 4
150dBIC 2
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Renal Artery Duplex Ultrasonography
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Know Your Acoustic Windows
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Renal Artery Duplex Ultrasonography:
Lateral Decubitus View
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Renal Artery Duplex Ultrasonography

* Renal Artery Occlusion
* Absence of Doppler signal in imaged renal artery
* Patent renal vein is helpful
* Low Amplitude, Low Velocity waveform from renal medulla, cortex
? Small (<8 cm) kidney
* Look for Accessory Renal Arteries, Collateral vessels (‘Power’ Doppler)

27

Renal Artery Duplex Ultrasonography

102 patients (44 men, 58 women)

Duplex Ultrasonography and Arteriography
within 1 month

Indications
Difficult to control hypertension
Unexplained azotemia
Associated peripheral vascular disease
PSV, EDV, RAR, RI, Renal Size

28 Ann Intern Med 1995;122:833-838




Comparison of DUS and Arteriography

% Stenosis by Arteriogram

Ultrasound 0-59 60-79 80-99 100 Total
0-59 62 0 1 1 64
60-99 1 31 67 0 99
100 0 1 1 22 24
Total 63 32 69 23 187

Sensitvity 0.98 Positive Predictive Value 0.99
Specificity 0.98 Negative Predictive Value 0.97

29 From Olin JW et al, Ann Intern Med 1995,;122:833-8

End Diastolic Velocity and Degree of Stenosis

40 T 38
35+ 60-79%
M 80-99%

Number of Arteries

EDV > 150

*p < .0001

30 From Olin JW et al, Ann Intern Med 1995,;122:833-8




Renal Resistive Index

* Obtain two medullary Doppler waveforms
* 0-degree Doppler angle
* Large sample volume

» Software calculates RRI

31

Renal Resistive Index

Col 85% Map 5 +230
WE Hed | i ™ SV Angle 0°
PRF 1500 Hz ' )

Flow Opt: Low V

Dep 5.0 cm
Size 20 mm
Freg 25 MHz
WF Low
Dop 79% Map 2
PRF 1250 Hz
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Duplex Ultrasonography Predicts Outcome of Therapy in
Renal Artery Stenosis

* 5950 patients with hypertension evaluated for RAS by
Duplex US

¢ Measured Resistive Index in Renal Arterioles

[1-(%2Y)] x100

* 138 patients with unilateral/bilateral RAS underwent PTRA
or Surgery

¢ 95% Technical Success

* Creatinine Clearance and 24 h ABP Monitoring
* Baseline, 3, 6, 12 months post-procedure and annually

33 Radermacher J et al. N Engl J Med 2001;344:410-7

Duplex Ultrasonography Predicts Outcome of Therapy in
Renal Artery Stenosis

40 —
30 —
20 —

10 — #*<
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-20— Resistive Index >80

Pre Day7 3Mo 6Mo 12Mo 24Mo 36Mo 48 Mo 60 Mo

-30
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Radermacher J et al. N Engl J Med 2001;344:410-7
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Duplex Ultrasonography Predicts Outcome of Therapy in
Renal Artery Stenosis

120

Resistive Index >80

110 —
%

100 % % * %

90 —

Mean Arterial Pressure, mmHg

Pre Day7 3Mo 6Mo 12Mo 24Mo 36Mo 48 Mo 60 Mo

- Radermacher J et al. N Engl J Med 2001;344:410-7

What About Renal Hilar Velocity Waveforms?

Acceleration Index

AVelocity
1

AT > 100 msec OR AI < 291 cm/sec? consistent with > 60 % DR

Acceleration Time
P

36




Renal Hilar Velocity Waveforms

Hilar Sensitivity Specificity PPV (%) NPV (%) Accuracy
Parameters (%) (%) (%)
AT 67 89 56 93 85
Al 67 79 40 92 77

J Vasc Tech 1995;19:105-10

37

Renal Artery Duplex Ultrasonography

* Potential Sources of Error

* Avoid diseased aortic signal
(may invalidate RAR)

* Maintain Doppler Angle 0-60 degrees

* Spectral Broadening is NOT helpful
(due to large sample volume), however, post-stenotic
turbulence MAY be helpful

* Make sure you are sampling renal artery (watch
waveform)

* Scan the entire artery

38




Renal Artery Duplex Ultrasonography

* Limitations
* Difficult Body Habitus
* Overlying Bowel Gas

* Anatomic Variants

* Accessory Renal Arteries
(VERY CHALLENGING)

* Fibromuscular Dysplasia
* Significant Parenchymal Renal Disease
* Inexperience/Frustration

39

So, if you start on a Monday morning like this....

40




Renal Artery Duplex Ultrasonography

41

Renal Artery Stent Duplex Ultrasonography

RRA STENT

42




Renal Artery Stent Duplex Ultrasonography

Map 3
150dBIC 3
Persist Med
Fr Rate High
2D Opt:Pen

Col 76% Map 1
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PRF700 Hz /
Flow Opt:Med V /
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Can You Think of a Better Non-Invasive Method of Studying a Renal Artery Stent?

RIGHT RENAL ARTERY STEHT
Vot
Ry 2

STENTRo

B
=%
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Persistent Ostial Right Renal Artery Stenosis--The Stent Missed!

SV Angle -60
Dep34 cm
Size20 m

Freq2.5 MHz

L

] ) WA
T Y
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Renal In-Stent Restenosis

04/25/2006 07:35:53AM TIS0.6 MI 0.7

S$4-1/Abd Renal
;r 13Hz 60°

56%
WF 120Hz
‘|’_ 5 SV2.0mm
+ PSV -390 cm/s 2.0MHz
EDV -191 cmis 4:8cm
RI 0.51

J:
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The Society for Vascular Surgery practice guidelines on
follow-up after vascular surgery arterial procedures

R. Eugene Zierler, MD? William D. Jordan, MD,” Brajesh K. Lal, MD,~ Firas Mussa, MD,” Steven Leers, MD;*
Joseph Fulton, MD,” William Pevec, MD,? Andrew Hill, MD," and M. Hassan Murad, MD, MPH,' Seattle, Wash;
Atlanta, Ga; Baltimore, Md: Columbia, SC: Pittsburgh, Pa; Poughkeepsie, NY: Sacramento, Calif: Ottawa, Ontatio, Canada;
and Rochester, Minn

Rates of Restenosis After RASR
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J Vasc Surg 2018;68:256-84

The Society for Vascular Surgery practice guidelines on
follow-up after vascular surgery arterial procedures

R. Eugene Zierler, MD? William D. Jordan, MD,” Brajesh K. Lal, MD,~ Firas Mussa, MD,” Steven Leers, MD;*
Joseph Fulton, MD,” William Pevec, MD,? Andrew Hill, MD," and M. Hassan Murad, MD, MPH,' Seattle, Wash;
Atlanta, Ga; Baltimore, Md: Columbia, SC: Pittsburgh, Pa; Poughkeepsie, NY: Sacramento, Calif: Ottawa, Ontatio, Canada;
and Rochester, Minn

DUS Criteria for RA ISR

* When to Survey Following RASR?
* 1,6, 12 months post-intervention
* Progressive increase in PSVR, RAR

J Vasc Surg 2018;68:256-84




42 year old WM with 6 Drug HTN

PHILIPS 07/25/2005 08:13:09AM TIS1.1
S4-1/Abd Renal

FR 10Hz
R1

49

42 year old WM with 6 Drug HTN

PHILIPS 07/25/2005 08:03:39AM TIS0.5 MIO0.5
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M M3
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RI 0.66 R
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42 year old WM with 6 Drug HTN
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07125/2005 0B:10:27TAM TIS0.6 MID.5
$4-1iAbd Renal

Angiography
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Angiography

Post-Intervention Angiography




1 Month Post-Bilateral Stents
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One Month Post Bilateral Stents

09/01/2005 07:13:22AM TIS0.6 MI 0.6
C5-2/Abd Renal

gl
3 M

2PSV12980cme—+———+ ¢ % 4 Py
EDV 27.50cm/s RRA origin stent
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7.2sec
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Transplant Renal Artery Stenosis

E. Iliac artery

Stenosis F-.\_____

Stent expansion i
Final outcome

Biomed Res International 2018;

Transplant RAS Duplex Criteria

Prestenting (n = 52) Poststenting (n = 52) p value
Systolic peak velocity (SPV) at the
level of TRAS (m/sec) 3,0 (2,6-3,6) 1,4 (1,2-1,7) <0,001
(median, IQR)
Resistive index (RI) at
parenchymal level (n) 0,68 (0,62-0,73) 0,72 (0,69-0,77) 0,01
(median, IQR)
Systolic blood pressure (mmHg) 145 (140160 140 (120-150 01
(median, IQR) ( ) ( ) >
Diastolic blood pressure (mmHg) 85 (80-90 80 (75-85 0.06
(median, IQR) ( ) ( ) ’
eGER (ml/min/m2)

49 (35-56 53 (41-63 0,11

(median, IQR) ( ) ( )

Biomed Res International 2018;




Renal Artery Duplex Ultrasonography

* Important, accurate modality to diagnose RAS and
follow adequacy of revascularization

* Requires significant hands-on training
* Learning curve is steep
* ~10% of exams are inconclusive

* Ultrasound contrast agents will likely improve the
accuracy and ease of RADUS

62

Mesenteric Artery Atherosclerosis

+ Chronic mesenteric ischemia is a serious, yet difficult clinical diagnosis that is often
unrecognized until serious consequences develop
» Most common etiology:
* Atherosclerosis
+ Others:
» Fibromuscular Dysplasia
* Arteritis
« SAM
» Compression Syndrome




It's All About The Blood Flow....

Lelt gastric

Celiac trunk

. Splenic
Right gastric

Gastroduodenal Right gastroepiploic

rior icodusdenal
Superio: Leh gastroepiploic

Inferior p: duodenal
Superior mesenteric

Marginal artery of Drummond

Middle colic

Right colic Lelt colic

EBranches to small intesline Inferior mesenteric

lleacolic

Sigmoid
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Acute Mesenteric Ischemia:
Etiology

* Embolization (generally to SMA): 50%

¢ If thrombus, most common from Afib. Remember to consider
atheroemboli after cath procedure

* Thrombosis of an atherosclerotic plague (generally

at the vessel origin): 20%
* Non-occlusive vessel ischemia: 20%
* Mesenteric vein thrombosis: 10%

Wesley Moore: Vascular and Endovascular Surgery




Key Clinical Facts

* Classic presentation: pain out of proportion to exam & gut emptying
at the onset of pain

* No specific lab finding; most frequent abnormal labs: AWBC in
>75%, ANlactic acidosis in >75% and amylase in >50%

* 25% have heme + stool
* Mortality is high---50% to 80%

Diagnosis (Acute Mesenteric Ischemia):
ACR Appropriateness Criteria Imaging

Radiologic Procedure Rating Comments RRL*
) Fast noninvasive study that also evaluates PR
ICer abdomen with contrast YES ° other causes of abdominal pain. T
Arteriography abdomen 3 Allows diagnosis and treatment with a PR
single procedure.
X-ray abdomen 7 Initial study for patients with acute P

abdominal pain.

Longer when compared to CT. Limited in
distal thrombosis/embolism or

MRA abdomen without and with contrast 7 nonocclusive mesenteric ischemia. See (e}
statement regarding contrast in text under
“Anticipated Exceptions.™

High sensitivity and specificity for venous
US abdomen NO 6 occlusion. and can assess other causes of (o}
abdominal pain.
3 Lower sensitivity and specificity than o
MRA that incorporates contrast.

MRA abdomen without contrast

*Relative

Rating Seale: 1,2,3 Usually not appropriate; 4,5,6 May be appropriate; 7,8,9 Usually appropriate ]

American College of Radiology (ACR) Appropriateness Criteria 2012.




Chronic Mesenteric Ischemia

» Female (70%)
» Mean age 50-60 years
» Tobacco Use
* >75% of patients current/former

» Most patients have
* Hypertension, CKD
» Abdominal pain induced by eating
+ Patients reduce food intake
» Weight loss (profound)
» Majority will have atherosclerosis elsewhere
» Coronary, Cerebrovascular

CHRONIC Mesenteric Ischemia

Multivessel Involvement “Generally” Needed Before Symptoms Develop

1 o ,-'
\ £ et f
; is 9 T ‘,"‘.
/ ] 1
7

Marginal artery
,/ of Drummond

,x"‘ 8/ R P‘ .
! N ATNKENG
ZXARC of Riolan Becomes “Meandering mesenteric”

Note: The Marginal Artery of Drummond can

also be a dominant collateral bridge between the
IMA and SMA




Chronic Mesenteric Ischemia
Presenting Symptoms

Presenting symptoms No. of patients (n = 85)
Abdominal pain 78 (92%)
Weight loss 74 (87%)
Diarrhea 37 (44%)
Anorexia 28 (33%)
Food fear 15 (18%)
Constipation 14 (17%)

Pain or weight loss 85 (100%)

Mateo RB, et al. J Vasc Surg. 1999;29:821-32.

Methods of Diagnosis

» Visceral Artery Duplex Ultrasonography
» Computerized Tomographic Arteriography
» (Magnetic Resonance Arteriography)

 Contrast Arteriography




ACR Appropriateness Criteria Imaging
(Chronic Mesenteric Ischemia)

Radiologic Procedure Rating Comments RRL*
Fast noninvasive study that also evaluates
CTA abdomen with contrast 9 Y . 209
other causes of abdominal pain.
. Allows diagnosis and treatment with a
Arteriography abdomen 7 . & 228
ingle procedure
High sensitivity and specificity for venous
US abdomen 7 occlusion. and can assess other causes of (0]
abdominal pain.
LUIIECT W].lCLl LULLl|J(11(L'I JLU L Lilllilcl‘l Jlll
distal thrombosis/embolism or
MRA abdomen without and with contrast 7 nonocclusive mesenteric ischemia. See (0]
statement regarding contrast in text under
“Aunticipated Exceptions.”
A normal examination does not exclude
X-ray abdomen 3 . L ; 29
chronic mesenteric ischemia.
. Lower sensitivity and specificity than
MRA abdomen without contrast 3 siuvity P ty 0
MRA that incorporates contrast.
. . . . . *Relativ
Rating Scale: 1,2,3 Usually not appropriate; 4,5,6 May be appropriate; 7,8,9 Usually appropriate Ra dia:i:n Leevel

American College of Radiology (ACR) Appropriateness Criteria 2012.

Anatomic Variants in Mesenteric Artery Circulation

Normal anatomy

RHA off SMA

Accessory RHA

LHA off LGA

RHA off celiac axis

LGA directly off abdominal aorta
CHA off SMA

CHA directly off aorta

Common trunk of celiac axis and SMA, celiaco-mesenteric
trunk

RHA oft aorta
RHA off GDA
SMA gives rise to GDA
Splenic artery off SMA

62-65
611
68
6.8
1.8
13
1.3
1.3
07

0.6
0.5
02
0.2

Abdom Radiol 2020;45:2960-2979




Mesenteric Artery Duplex Ultrasonography

Long Axis View of Aorta “Seagull” View

Abdom Radiol 2020;45:2960-2979

Variation in Doppler Velocities

Abdom Radiol 2020;45:2960-2979




Duplex Criteria for Mesenteric Artery Stenosis

* Peak Systolic Velocity
* Superior Mesenteric Artery >70%-- >275 cm/sec
* Sensitivity:89-92%
* Specificity: 92-96%
* PPV: 80-96%
* Celiac Artery/Inferior Mesenteric Artery >70%-- >200 cm/sec
* Sensitivity:75-87%
* Specificity: 80-89%
* PPV: 63-85%
* Mesenteric:Aortic Ratio (MAR) >3.0

* Parvus et Tardus Waveform distal to stenosis

Abdom Radiol 2020;45:2960-2979

86 yo Female with Abdominal Pain
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Celiac Artery Doppler
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SMA Doppler
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2%
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CT Angiogram

DFOV 46,9 cm

Median Arcuate Ligament Syndrome
7w m * There are hallmark

==~ angiographic and CT
| findings

2 44° Stenosis increases with
, expiration

and occlude so, in
general, are
contraindicated

* Symptoms from
¥ pressure on the celiac
nerve plexus or
ischemia?




Celiac Artery Compression Syndrome

MGH 01Z2GQZ
ATL

Map 3
170dBIC 2
Persist Med
2D OptGen

Col 57% Map 5
WF Med

PRF 1650 Hz
Flow Qpt: Med ¥V

C4-2 AbdiGen 7:5255am  Fr #104 10.0¢m

DEEP INSPIRATION

Celiac Artery Compression Syndrome--Exhalation
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Celiac Artery Compression Syndrome--Inspiration

1 MGH 012G0Z Cd-2 AbdlGen 80543am Fr#172 87 cm
A _— o

Col75% Map 5
WF Med

PRF 2200 Hz
Flow Opt: Med ¥

SV Angle 60°
Dep 6.1 cm
Size 20 mm

Fregq 25 MHz

WF Low

Dop 82% Map 3

PRF 8333 Hz

— Nl '.llh.-;" i A
304.8cmls R
120.3cmls AN

IRI 061 = s

All From the Median Arcuate Ligament...

Inspiration Expiration
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Summary

* Visceral vascular duplex ultrasonography
* Some of the most challenging vascular laboratory exams
* Steep learning curve
* Clinically meaningful and valuable
* Must provide adequate training and time to perform exams
* Will turn a good technologist into a great one
* Demonstrates the lab’s commitment to excellence
* May provide a competitive edge




