
Color Doppler US of
Renovascular Disease
in Native Kidneys1
Olivier H#{233}l#{233}non,MD #{149}Fadel El Rody, MD #{149}Jean-Michel

Correas, MD #{149}Phil4pe Melki, MD, P/iD #{149} Dominique

Chauveau, MD #{149}Yves Chr#{233}tien, MD #{149}Jean-Francois Moreau,

MD

One hundred eighty-seven native kidneys in 96 patients were examined

with color Doppler ultrasound (US) to (a) determine the color Doppler
US characteristics of renovascular disorders and (b) assess the value of

color Doppler US in detection of such disorders. Correlative angiogra-

phy or computed tomography was performed in 94 patients. The fol-

lowing renovascular disorders were found: renal artery (RA) stenosis (40

cases), RA thrombosis (1 3 cases), RA aneurysm (four cases), renal vein
thrombosis (three cases), arteriovenous fistula (three cases), peripheral

infarction (one case of bilateral infarcts), and distal occlusive disease

(three cases). One case of aortal coarctation was also found. Color Dop-
pier US failed to demonstrate the proximal main BA in 25% of cases

(among 193 RAs total including supernumerary RAs). The sensitivity

and specfficity of color Doppler US for the detection of RA stenosis or
thrombosis were 89% and 99%, respectively. Color Doppler US thus ap-

pears to be effective in the diagnosis of renovascular disease in native

kidneys.

U INTRODUCTION

Duplex Doppler ultrasonography (US) is an interesting but controversial modality that

enables diagnosis of renal artery (RA) stenosis ( 1 - 10). Owing to recent technologic im-

provements, there is increasing interest in use of color Doppler US for diagnosis of re-

novascular hypertension. By allowing real-time visualization of the renovascular tree,

color Doppler US facilitates identification of the RA and allows direct analysis of hemo-

dynamic changes. Therefore, color Doppler imaging has the potential to increase the

accuracy of Doppler US in diagnosis of renovascular disease in native kidneys. How-

ever, because of the wide variability in performance in reported studies ( 1 1 - 1 3), color

Abbreviations: AV = arteriovenous. ESP = early systolic compliance peak-reflective wave complex. ivc = inferior

Vefla cava, RA = renal artery. RI = resistive index. R� = renal vein

Index terms: Aneurysm, renal. 961 .73 #{149}Fistula, arteriovenous. 96.494 #{149}Renal arteries. stenosis or obstruction.
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Doppler US needs further evaluation to deter-

mine diagnostic criteria and the appropriate

scanning technique.

The purpose of the study described in this

article was to correlate results of colon Doppler

IJS with results of angiography to determine the

colon Doppler US characteristics of renovascu-

tar disorders, including RA stenosis and throm-

hosis, BA aneurysm, renal vein (RV) thrombo-

sis, artemiovenous (AV) fistula, peripheral infanc-

tion, and distal occlusive disease, and to assess

the value of colon Doppler US in detection of

these disorders. A case of congenital narrowing

of the aorta with severe renal hemodynamic ab-

nommalities is also reported. This article also de-

scribes the normal colon I)oppler US appear-

ance of the renal vasculature, presents timita-

tions and pitfalls of color Doppler US, and

discusses the diagnosis of common menovascu-

lam lesions with color Doppler US.

U MATERIALS AND METHODS
In a 45-month period (May 1990 to January

1994), 187 native kidneys in 96 patients (58

men and 38 WOfli�fl with a mean age of 52

years (range, 17-82 yeamsl) were examined

with color Doppler US. Correlative angiogmaphy

on computed tomography (CT) was performed

in 94 patients. Eighty-five of the patients had

hypertension, which was associated with renal

failure in 24 patients. Renovascular hyperten-

SiOfl was suspected on the basis of the usual

clinical criteria, including accelerated hypenten-

sion, recent-)nset hypertension, uncontrolled

hypertension , malignant hypertension , severe

hypertension in a young adult or a patient older

than 50 years, renal failure, generalized artemio-

sclerotic occlusive disease, and the presence of

au abdominal bruit. Five patients with persis-

tent hypertension were examined after percuta-

neous tnansluniinal angioplasty of an HA steiio-

sis. In the 1 1 patients without hypertension,

color I)oppher US was Performed for the follow-

ing reasons: suspected l’tA occlusion following

renal trauma (ii = 2) or cx situ tumorectonw

with autotransplantation (ii = I ); acute renal

failure (,i = 5), which was associated with

nephirotic syndrome in three cases; and severe

posthiopsy hematuria (�i = 3).

All lesions depicted with color Doppler US,

except two of three postbiopsy AV fistulas,
were also demonstrated with angiography or

contrast material-enhanced CT. The results of

colon Doppler US were compared with the me-

suits of intraarterial digital angiograpliy in 90

l)aticnts. Four patielits (three with acute RV
thrombosis and one with RA occlusion follow-

ing renal trauma) underwent contrast-enhanced

CT (Hitight Advantage; (E Medical Systems,

Milwaukee, Wis) with 5-mni-thick contiguous

sections.

Angiography was f)enforIfled by means of a

feniomal artery’ approach with the Setdingen

technique and a 5-F pigtail catheter. The degree

of stenosis was calculated as follows: minimum

diameter of the narrowed segment divided by

the Prestenotic diameter. The criterion for ana-

tomically significant RA stenosis at angiogmaphy

was 50% or greaten RA narrowing (indicating a

reduction of 75�K) or greaten in cross-sectional

area). l)istal vascular lesions, including distal

niain RA stenosis, RA branch stenosis or thrum-

bosis, RA aneur)’sni, peripheral inhinction, and

AV fistula, were demonstrated on selective mc-

nal angiograms.

(;olor I)opplen IJS was Pemfomnied with a

loshiba 270 SSA system (Toshiba Medical Sys-

tems Europe, Delft, The Netherlands) on an

Hitachi EUB 565 system (Hitachi Medical, To-

kyo, Japan) and a 3.75- or 3.5-MHz transducer

with color and pulsed duplex Doppler capabil-

ity. In addition, a 3.5-MHz phased-array sector

transducer that i)rovided colon and continuous

duplex l)oppler sampling was used with the

Toshiba system in most cases of RA stenosis to

evaluate the accelerated 5)’StOlid Peak or to im-

pn�v� identification of the BA.
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a.

Figure 1. Technique for duplex Doppler US examination of the RAs. 1 = aorta, 2 = right RA, 3 = left BA, 4 =

inferior vena cav�t (IVC), 5 = right RV, 6 = left RV, 7 = segmental arterv, 8 = interhohar artery, 9 = arcuate artery,

10 = superior mesenteric arterv I 1 = liver. (a) Diagram shows examination technique for the right RAs. A = hat-

eral scan (through the kidney) of the distal segment of die right BA and the BA branches; B = transverse ante-

rior scan of the proximal segment of the right RA (see Fig 2a); C = transverse anterior scan of the middle seg-

ment of the right BA (see Fig 2a); D = lateral scan (through the liver) of the right renal pedicte (obtained when
an anterior approach was unsuccessful) (see Figs 2c, 3) and longitudinal scan of the IVC and of the middle por-
tion of the right RA as it courses posterior to the IVC (see Fig 4a). (b) Diagram shows examination technique

k)r the left RAs. A = lateral scan (through the kidney) of the distal segment of the left BA and the BA branches

(see Fig 2d); B = transverse anterior scan of the proximal and middle segments of the heft RA (see Fig 2a. 2h);
C = lateral scan (through the liver) of the proximal segment of the left BA (obtained when an anterior approach

was unsuccessful) (see Fig 3).

Color I)opplen US of the renal vessels was

performed after gray-scale tJS of the kidney, ad-

renal gland, and renal pedicle. Gray-scale imag-

ing was performed without preparation in fast-

ing patients in the supine and posterior oblique

positions. I)opphen scanning of the renal vessels

was performed with an anterior, right lateral, or

postemohatcral approach; the approach used de-

pended on anatomic considerations (Fig 1). The

peripheral intramenal vasculatume and the renal

pediche were first evaluated with colon Doppler

flow imaging.

The main RAs and at least three intemlobam

branches were also evaluated with pulsed du-

plex Doppler US. Spectral waveforms were oh-

tamed from the main RAs at an angle of

insonation of less than 60#{176}.The peak systolic

velocity was evaluated in stenotic RAs; when

the angle of insonation was greater than ap-

proximately 450 the angle-corrected peak sys-

tohic velocity was evaluated.

Color Doppler US was performed and the me-

suits were interpreted by one (OH.) or two

(OH. and F.E.R. or J.M.C.) investigators with-

out knowledge of the results of CT or angiogma-

ph)’.
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Figures 2, 3. (2) Normat RAs. (a) Transverse anterior color Doppler sonogram shows the normal RAs (am-

rows). Ao = aorta, LRA = left RA, RRA = right BA. (b) Doppler spectrum (left) and color Doppler sonogram

(right) of the left BA show a normal waveform. Note the ahiasing phenomenon in the center of the lumen (ar-

row) owing to inadequate adjustment of the pulse repetition frequency. Ao = aorta. (c) Transverse oblique

color Doppler sonogram (obtained with a lateral approach through the liver) demonstrates the whole course of

the right BA (arrows) up to the renal hitum. Arrowhead = LVC, * = aorta. (d) Doppler spectrum (left) and color

Doppler sonogram (right) of an intrarenat artery (straight arrow) show a normal waveform and a normal early

systolic compliance peak (white curved arrow). Intmarenal arteries can be identified tip to the arcuate branches

(black curved arrow). (3) Normal RAs (lateral approach). Oblique longitudinal color Doppler sonogram ob-

tamed with the liver used as an acoustic window demonstrates the proximal portions of the RAs (arrows). On

all Doppler sonograms, scale is in centimeters.

. Normal Renal Vasculature
Color Doppter US enables investigation of all

levels of the vascular supply to native kidneys

except vessels in the superficial cortex. Normal

blood flow, as defined with color Doppler US

and spectral analysis, can be depicted from the

main BA to arcuate branches in the deep cortex

(Figs 2-5).

Normal Doppler tracings obtained from intra-

renal segmental or interlobam arteries show
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Figures 4, 5. (4) Two RAs feeding the right kidney. (a) Longitudinal color Doppler sonograms show the

middle segments of the RAs (white arrows) posterior to the NC (*) (heft) and the proximal segments of the RAs

(black arrows) originating from the aorta (right). (b) Transverse anterior color Doppler sonograms show both

might RAs (arrows). (5) Normal RVs. (a) Transverse oblique color Doppler sonogram obtained laterally demon-

strates the right RV (arrowheads). (b) Transverse anterior color Doppler sonogram demonstrates the middle

and distal segments of the left RV (solid straight arrows) up to the IVC (*). Note the lack of color Doppler sig-

nal in the distal segment of the vein (curved arrow) anterior to the aorta due to an inadequate angle of mci-

dence. Open straight arrows = RAs. (c) Lateral color Doppler sonogram demonstrates the proximal segment of
the heft RV (arrow).

5c.

(a) marked systolic-diastolic modulation with a

rapid (usually <0.07 seconds in segmental arter-

ies) rise in systolic velocity up to at least 20-30

cm/sec and (b) an inconstant early systolic corn-

pliance peak-meflective wave complex (ESP)

(Fig 2d). The more distal the location of the

Doppler interrogation, the less frequent the

presence of the ESP in normal intramenal Dop-

pier waveforms.

Parameters for Doppler waveforms obtained

from intrarenal arterial branches include (a) the

acceleration time of early systohe (measured

from the start of systole to the ESP), (b) the ac-

ceheration of the initial systolic upstroke (mepme-

senting the slope of the initial systolic peak

when angle-corrected velocity is used), (c) the

resistive index (RI), and (t:I) the pulsatility in-

dcx. The normal values for these parameters

are somewhat ambiguous because the results of

most studies that have evaluated such criteria in

hypertensive patients are controversial (14-19).
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Table 1
Color Doppler US Characteristics of RA Stenosis (40 Ca.ses)*

Characteristic Criteria No. of Cases Stenosis Grade (%)t

Acceleration at stenosis site High systolic peak velocity*

Poststenotic turbulence Spectral broadening and reverse flow
Color-coded turbulence

Perivascutar artifact

Downstream repercussions Tardus-parvus waveform

Alt three characteristics . . .

21

2 1

21

2

7

6

�50 (50-95)

�50 (50-95)

�50 (50-95)

�80 (80-90)

�80 (80-95)

�80 (80-95)

*Twetye of the 40 cases were missed with color Doppler US.

tNumhers in parentheses are ranges.

*Velocity of I 50 cm/sec or greater (range, 1 50-400 cm/see).

. Limitations and Pitfalls
One of the major disadvantages of Doppler US

is that accurate visualization of renal vessels can

he compromised by anatomic factors related to

patient corpulence on bowel gas. The right lat-

emal approach, with the liver used as an acous-

tic window, is helpful in such cases (Figs 2c,

3), although the proximal and middle segments
of the RA are usually scanned with the anterior

approach.

Alterations in color encoding due to mad-

equate adjustment of technical parameters (par-

ticulart)’ the pulse repetition frequency) or an

inadequate angle of incidence of the ultrasound

beam should he avoided when possible and not

mistaken for an abnormality (Figs 2b, Sb).

Despite the advantages of color encoding,

which is now widely available, technical sue-

cess and accurate assessment of renal vessets re-

(luine experience and a good knowledge of the
normal BA blood supply, including (a) the col-

laterat circulation-which may preserve distal

perfusion in RA occlusion-and (b) congenitat

anomalies such as supernumerary RAs (Fig 4),

retroaortic left RV (Fig 6), and cireumaortic ye-

flOU5 ring.

color I)oppler sonogram demonstrates the distal pun-

tion of a retroaortic RV (arrow) as it courses poste-

rior to the aorta tip to the junction with the IVC (*).

Identification of supernumerary RAs with

color Doppler US requires careful, systematic

scanning of the aorta with an anterior tr-ans-

verse approach. Longitudinal scanning of the

IvC is also useful for identif�’ing multiple right

RAs running posterior to the IVC (Fig 4a). With

this technique, supernumerary RAs are usually

identified in patients with technically success-

fiil studies.

The presence of supernumerary RAs, as well

as a well-developed collateral blood supply, can

preserve normal downstream arterial flow in
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cases of severe stenosis ( I 9). Moreover, arterial

branches arising from a patent supernumerary

RA could he sampled during I)opplen intemnoga-

tiOfl, resulting in nomnial waveforms in cases of

severe stenosis or even thrombosis involving

the second main RA.

Figure 7. Fibromuscular d)’splasia. (a, b) Trans-

verse �onogram (a) and angiogram (b) demonstrate

the typical heady appearance of medial fibroplasia in

the middle segment of the right RA (arrows). Ao =

aorta. (c) Color l)oppler sonogram demonstrates �il-
teration of color encoding with aliasing phenomenon

(itie to turbulence and acceleration of flow in the

middle portion of the right RA (arrows). .4() = aOrt�1.

of the RA wall in medial tIhromuscular dyspla-

sia, as seen in three of four cases in our series

(Fig 7a), and (b) thickening and calcifIcation of

the RA wall, which indicate an atherosclerotic

lesion with calcified plaques hut do not neces-

sanily represent significant narrowing of the RA.

(olor Doppler US (baracteristics of RA

Stenosis.-There were 40 cases of RA stenosis

in OU� series (Table 1). The color Doppler ITS

characteristics of RA stenosis included (a) ac-

U RESULTS

. RA Stenosis and Thrombosis

Sonographic Findings .-Reat-tinie US can

demonstrate abnormal appearances of the RA

wall, such as (a) the typical heady appearance
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Figure 8. Severe stenosis of the right RA. Ao = aorta. (a) Color l)oppler soiiograni demonstrates a penivas-

cuhar artifact in the right BA (straight arrow). Note the normal appearance of the left RA (curved arrow).

(b) l)oppler spectrum obtained with continuous I)oppler I IS at the site of the stenosis (left) shows a high s)’S-

tohic peak velocity of 300 cm/sec. On a color I)oppler sonogram (right). there is also turbulence within the RA

(arrows). (c) I)oppler spectrum (left) obtained from the poststenotic segment shio�vs niarked spectral alteration

with reverse flow due to turbulence. On a color 1)oppher sonograni (right), the poststenotic segment shows

marked alteration of color encoding (arrow). (d) Angiogram shows a severe stenosis (arrow). (e) Arteniogram

obtained after balloon angioplasty of the right RA shows mniprovenient of the stenosis. (f) I)oppler spectrum

(left) and color I)oppler sonogram (right) of the right RA I week after balloon angioplastv show a normal ap-

pear-ance.



a. b.

Figure 9. Severe stenosis of a supplementary left BA originating

from the aorta. (a) 1)oppler spectrum (left) and color Doppler sono-

gram (right) of the superior left RA (arrow) demonstrate accelera-
tiOfl of flow (to at least 180 cm/see). There was also poststenotic

turbulence (not shown). (b) Doppler spectrum (left) and color I)op-
pler sonogram (right) of the inferior left RA show a normal appear-

ance. (c) Angiogram shows a severe stenosis of the superior heft RA

(arrow).

C.
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celemation at the site of stenosis (2 1 cases) (Figs

8h, 9a) with high systolic peak velocity (�150

cm/sec for proximal hesions [mange, 150-400

cm/seeD, resulting in color saturation toward

white and atiasing phenomenon; (b) postste-

notic turbulent flow (2 1 cases), seen as spectral

broadening and alteration with reverse flow in

all cases (Fig 8c) and resulting in intm-ahuminal

alteration of color encoding (Figs 7c, 8b) and

occasionally in perivascular artifact (in two

cases of severe stenosis of the main BA [5% of

all cases of BA stenosisj) (Fig 8a); and (c) down-

stream repercussions induced by severe steno-

sis ( I 3 cases), seen as a decrease in peak sys-

tohic velocity and a slower rise to peak systolic

velocity with loss of normal systolic-diastolic

modulation of Doppler waveforms, producing a

smoother and smaller “envelope” (tamdus-pamvus

Doppler waveform) than is normally seen in dis-

tat RAs (Fig 10).

The tamdus-pamvus pattern was observed in

1 3 of 17 cases of severe (�80%) stenosis (range,

80%-95% stenosis). In one case, the tardus-

pamvus waveform was due to dual mild (both

70%) stenoscs that involved the proximal and

middle segments of the BA.
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Figure 1 0. Severe steflosis �vithi downstream repercussions. (a) l)oppler sl)ectrtllll (left) and sonogram (right)

of the interlohar arteries show a tardus-parvus waveform due to downstream repercussions induced h a severe

stenosis of the left RA. (b) Angiograrn shows the severe stenosis of the left RA (arrow). (c) 1)oppler spectrum

(left) and soilograni (night) olstained after ballooii angioplasty of the left BA show improvenient in distal renal

arterial flOW with normal systolic velocities. (d) Postangioplasty arteriograni shows improvement of the steno-

sis.

Table 2
Color Doppler US Characteristics of RA Thrombosis (13 Cases)*

(;har.tctenistic Criteria No. of (ases Mechanism

�ti1tite RA l.ack of signal in proximal RA

Presence of .tn arterial stump

1)ownstrean� repercussions l.ack of intrarenal signal

Tardtis-parviis waveform

Both characteristics . . .

�4

2

8
�

6

Atherosclerosis

Renal traunia

\lultiple causest

Atherosclerosis

\4ultiple causest

*One of the I 3 cases was iiiissed with color 1)oppler t IS.

tAtherosclerosis in six c�lSes aiid renal trauma in two cases.

tAtherosclerosis iii tour cases and renal trauma in two cases.

In the tour cases of se�’ene stenosis (range,
80%- 90% stenosis) without n1�tjor downstneani

repercussions, the stenosis occurred in a kidney

supplied by a single artcrv in three cases and in

an upper polar supernumerary artery in the me-

maining case. In two of the three cases of a se-

veneiv stenotic RA supplying the entire kidney,

a decrease in RI and a prolonged acceleration

time with loss of the ESP were noted netrospec-

tivei�’. In these two cases, the RI was 0.41 and

0.5 1 , with a side difference of 0. 1 2 or gneater

(0. 1 8 aixl 0. 1 2). In the remaining case, al-

though the RI was 0.65, the presence of a con-

genital uretenopeivic junction ohstniction

(which required surgery) suggested a relative

decrease in resistivity distal to the stenosis,

since the RI should hiace been higher because

of the chronic uropathv with an obstnt.icted col-

lecting system.

842 U Scientific Exhibit



Figure 12. RA occlusion following renal trauma. (a) Color l)oppler sonogram sl�ows occlusion of the left RA

�vith an arterial stLiii�p (arro�v). Note the concon�itant RV thrombosis (*). (b) (ontrast-enhanced C’l’ scan

shows l)roxil11�tl occlusion of the left RA (arrow) an..l a nonfunctioning. infarcted kidney.

a. b.

C.
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Figure 11. RA thrombosis. (a) l)oppler spectrum

(left) and sOiR)gralfl (right) of the segmental arteries

(.)f the left kidney show a severe tardus-parvus wave-

forn�. (b) (olor Doppler �onogrant shows tl�tt the

l)roxifllal segment of the left RA is without tiow (ar-
row’). (c) Angiogram shows thrombosis of the heft

RA (arrow).

Color Doppler US Q,aracteristics of I?’!

Thrombosis .-There were 1 3 cases of BA

thrombosis in our series (‘Fable 2). In all 10

cases of thrombosis of the main BA, the thnom-
hosis resulted in severe tardus-parvus ahnon-

mahities distal to the RA occlusion (two cases)

(Fig 1 1 a) on in lack of an intrarenat Doppler sig-

nal (eight cases). A mute BA (Fig 1 ib) or an am-

terial sttim�) (Fig 1 2a) was visible on color l)op-

1)1cm images in six of 10 cases of niain RA occlu-
siOli. Iii three cases, BA thrombosis developed

in a renal arterial branch (two cases) or an ac-



Type of Aneurysm Criterion No. of Cases Diameter (mm)
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Table 3
Color Doppler US Characteristics of BA Aneurysm (Four Cases)*

Flowing Hypoechoic mass filled with

cohor Doppler signal 2 1 0 and 1S

Calcified Curved calcification 2 1 5 and 20

Thrombosed and calcified . . . 1 20

Flowing and calcified . . . 1 10

*Two of the four cases were missed with color Doppler US.

cessomy supernumerary artery (one case). Color

Doppler US demonstrated a segmental tardus-

parvus pattern in two of these three cases (in

the upper pole of the left kidney in one case

and the lower pole of the left kidney in the

other); in the remaining case (an arterial branch

thrombosis), intrarenal Doppler interrogation

did not demonstrate distat flow abnormalities

(false-negative result).

Color Doppler US-Angiographic Correla-

tion.-Color Doppler US did not enable visual-

ization of proximal main HAs ( 1 93 RAs total in-

eluding supernumerary arteries) in 25% of cases
(48 RAs not identified). Six of 20 supemnumer-

ary arteries (30%) were identified at color Dop-

pier examination prior to angiography.

With use of the above-mentioned criteria for

diagnosing BA stenosis (localized hemodynamic

abnormalities including increased blood flow

velocity at the site of stenosis, turbulent blood

flow just distal to the site of stenosis, or tardus-

parvus waveform in the downstream circula-
tion) and HA thrombosis (a mute BA and/or

downstream repercussions including severe

tardus-parvus abnormality or absence of detect-

able flow from distal intramenal vessels), color

Doppler US allowed detection of 37 of 48 cases

of significant (�50%) main BA stenosis (37 cases

total) or thrombosis (1 1 cases total) and three

of five cases of arterial branch stenosis (three

cases total) or thrombosis (two cases total).

Of the 1 3 BA lesions ( 1 2 BA stenoses and

one RA thrombosis) overlooked with color

Doppler US, five lesions (including two seg-

mental branch stenoses and one segmental

branch thrombosis) were overlooked despite a

technically successful examination (ie, there

were five false-negative results). In the eight me-

maining cases, the colon Doppler tJS exarnina-

tion was considered technically unsatisfactory,

chiefly because the main BA or at least its proxi-

mal segment was not identified.

Six stenoses were found in renal arterial

branches (three cases) or accessory supemnu-

merarv arteries (three cases). In these six eases,

the color Doppler US examination was consid-

ered technically successful (ie, the main BA was

identified) in four cases. Color Doppler US at-

lowed diagnosis of two of these stenoses-one

arterial branch stenosis and one supennumenary

artery stenosis.

The overall sensitivity and specificity of

color Doppler US fur the detection of BA steno-

sis or thrombosis were 89% and 99%, respec-

tively. Results of only the technically successful

color l)oppler US examinations were used to

calculate false-negative results.

. RA Aneurysm
Two of four BA aneurysms (diameter range,

10-20 mm) were diagnosed with colon Doppler

US (Table 3). The aneurysms arose either from

a renal arterial branch or distally from the main

BA. Colon Doppler US demonstrated a hypo-

echoic mass filled with color Doppler signal

along the course of the BA in two cases (Fig

1 3). Spectral analysis showed turbulent flow

within the aneurysms without the so-called to-

and-fro feature. In two cases, flow within the

cavity was not identified with color Doppler US

because of peripheral catcification or aneurys-

mal thrombosis (false-negative result) (Fig 14).

In one patient, a right renal arterial branch loop

was misinterpreted as a small aneurysm (false-

positive result); the results of CT and digital in-

travenous angiognaphy were inconclusive. Intra-

arterial angiography with selective angiography
enabled us to rule out the presence of an BA an-

eurysm.
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Figure 14. CalcifIed RA aneurysm. (a) (ray-scale

s000gram demonstrates a curved calcitlcation (arrow)

with acoustic “shadowing” into the left renal hilum (ar-
rowheads) hut without detectable flow. (b, c) Nonen-

hanced (b) and contrast-enhanced (C) CT scans show a

calcified. flowing aneurysni of the left BA (arrow). Scale

ill b is in centimeters.

a.
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Figure 13. RA aneu-

rysm. (a) Color l)oppher

s#{248}nogram of the right me-

nal hilum shows a small
flowing mass filled with

color Doppler signal (ar-

row). (b) Selective an-
giogram shows an aneu-

rysm of a main renal

branch (arrow).
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Figure 1 5. Acute RV thrombosis itccom�)anying

nephrot ic syndrome. (a) Color 1)oppler sonogram

slmws a mute, echogenic right RV (arrows).

(b) l)oppher sj)ectrtiiii (left) and sonograni (right)

of the right BA den�onstrate �tn increased Rh of

0.85. (c) Cl’ scan obtained after intravenous injec-

tiOi1 of contrast material shows a nonenhancing

throinbus of low attenuation (arrow).

. RV Thrombosis
‘I’hree cases of acute RV thrombosis were diag-

IR)sed with color l)oppler US and subsequently

confirmed with CT. Color I)oppler tJS showed

a mute RV, with absence of blood flow noted

Oil the colon I)oppler image and during pulsed

1)opptcr interrogation. In all three cases, an

echogenic thrombus was seen within the

thrombosed vessel on gray-scale tJS images (Fig

1 5). In tWo of the three cases, spectral analysis

showed fl() intranenal venous flow abnormahi-

ties and increased RI values on l)oppter tracings

obtained from the RAs (Fig 1S).

. Peripheral Renal Infarction

Multiple acute, bilateral, peripheral infarcts

caused acute renal failure in one l)atient with

acute pancreatitis. On color 1)opplcr images

and at duplex ixilsed Doppler interrogation,

large segmental infarcts showed coii�plete loss

of l)oppler signal within hypoechoic areas of

cortex shortly after infarction (Fig 16). The

presence of nlultil)le bilateral cortical defects

was confirmed with selective angiognaphy of

both kidneys. Contrast-enhanced CT was useful

in evaluating the anatonuc extent of the infanc-

tiOfl.

. Distal Occlusive Disease
Color Doppler US Characteristics .-Thene

were two cases of severe arteriolonephroscle-

rosis and one case of I)oty’artenitis nodosa, with

110 l)roximah lesion of the main RAs. In these

cases, color Doppler US demonstrated bilateral

inhomogeneous abnormalities of intranenal

I)oppher waveforms, including tardus-parvus

waveforms and abnormal spectra with in-

creased systolic-diastolic velocities and de-

creased RI values obtained from intenhoban am-

tenies (Figs 17, 18). Microaneurysms were not

visible on color l)oppler images.
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Figure 16. Large corti-

cal infarets. (a) Color

Doppler sonogram

shows hypoechoic areas

without flow (arrows).

0’) Selective angiogmam

of the left kidney dem-

onstrates multiple corti-

cal defects comparable

with those of the oppo-

site side (not shown).

Figure 17. Severe arteriolonephrosclerosis. (a, b) Doppler spec-

trum (left) and color Doppler so�ogram (right) of distal intrarenal

arterial branches in the left kidney show inhomogeneous abnormati-
ties of waveforms related to marked stowing of flow in poststenotic

or reperftised arterial segments (a) and to acceleration of flow with

turbulence in narrowed branches (b). The same findings were dem-

onstrated in the right kidney (not shown). (c) Selective angiogram

of the left kidney demonstrates typical distal occlusive disease with

prominent capsular collateral vessels (black arrowheads) supplying

blood to the outer cortex. Note the inhomogeneity of cortical pethi-

sion with obliteration of some distal interlobar arteries (white am-

rowheads). The same findings were demonstrated in the right kid-

ney (not shown).



Figure 18. Polyarteritis nodosa. (a, b) Doppler spectrum (left) and

sonogram (right) of the segmental and intenlobar arteries of the right

kidney show mnhomogeneous hemodynamie alterations including a

severe tardus-parvus waveform (a) and accelerated how-resistance

flow (b). Microaneurysms were not visible on the color Doppler

sonograms. (c) Selective angiogram of the right kidney demonstrates

multiple aneurysms of the intertobar arteries, characteristic of a

neerotizing arteritis. Also note the inhomogeneity of cortical perfu-

sion, with prominent capsular arteries supplying small branches to

C.
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the renal cortex (arrows).

Color Doppler US-Angiographic Correla-

tion.-The inhornogeneous alteration of intra-

renal blood flow seen with color Doppler US

correlated with angiographic abnormalities in-

volving the distal renovascular bed. Such angio-

graphic abnormalities included pruning and in-

regularity of interlobar and areuate vessels; in-

homogeneity of cortical perfusion with marked

slowing of flow; enlarged, sinuous intrarenal

collateral pathways and prominent capsular am-

teries; and microaneurysms (in polyarteritis

nodosa) (Figs 17e, 18c).

. Postbiopsy AV Fistula
In two of three postbiopsy AV fistulas, a focal

perivascular artifact was observed at the site of

the fistula (Figs 19, 20). Such an artifact was

not observed in one ease examined shortly after

the biopsy (Fig 21). There was color saturation

toward white and aliasing phenomenon, reflect-

ing the increase in flow velocity in the artery

supplying the fistula and in the draining vein.

Aneurysmal dilatation of the draining vein was

observed in two hong-standing AV shunts with a

large perivascular artifact extending into the re-

nal hilum (Fig 20). Typically, AV shunts have

three characteristics at spectral analysis: (a) ac-

celerated, highly turbulent flow at the site of

the shunt; (L�) increased systolic-diastolic flow

velocity with markedly decreased RI values

(0.30-0.40) in the feeding artery; and (c) in-

creased flow velocity with systolic-diastolic

modulation in the draining vein. A venous flow

arterialization pattern and decreased arterial mc-

sistivity ma)’ also be seen at the level of the me-

nal pediele in large, high-flow AV fistulas, as in

one ease in our series (Fig 20).



20b.

Figures 19, 20. (19) Posthiopsy AV fIstula. I)oppler spectrum obtained from the supplying artery (heft) and

color I)oppler sonogram (right) demonstrate increased systolic and diastolic flow velocities and a decreased RI

of 0. 30, as well as a perivascular artifact related to extravascular tissue vibration at the site of an AV fistula (ar-

row). (20) Large AV fistula. (a) I)oppler spectruni obtained from the feeding artery (left) and color I)oppler

sonograrn (right) show a large perivascuhar artifact extending into the renal hilum (arrow) and a typical wave-

form. (b) I)oppler sI)ectrufll (left) and color l)oppler sonogram (right) show hemodynarnic abnormalities in the

main RA (arrow) with a decreased RI of 0. 38. (c) I)oppler spectrum (left) and color t)oppler sonograrn (right)

show hiemodynamie abnormalities in the RV (*), which was enlarged and demonstrated unusual pulsatihity.

Figure 21. Small AV fistula examined shortly after bi-

opsy. (a) l)oppler � (left) and color l)oppler sono-

gram (right) demonstrate spectral broadening and aced-

eration of flow with increased venous flow velocity and

pulsatihity. There is accelerated, turbulent flow in an

intenlohar branch without perivascular artifact (arrow).

(b) Superselective renal angiogram shows a small AV fis-

tuha with an enlarged, tortuous feeding arterial branch

(long arrow) and an early-filling draining vein (short ar-

row).

b.
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Figure 22. (oarctation of the aorta. (a-d) Doppler spectrum

(left) and sonogram (right) demonstrate hemodyn-amie changes
in the right (a, b) and left (c, d) kidneys and in the whole reno-

vascular bed, including tow-resistance waveforms and delayed

and blunted systotie peaks in the intrarenal arteries (b, d). Such

findings are highly suggestive of a stenosis of the aorta upstream

from the RAs. (e) Aortogram shows severe coaretation of the aor-

tic arch (arrow).

. Coarctation of the Aorta
In the one case of aortal coarctation in our se-

ries, spectral analysis of the main RAs demon-

strated low resistance (RI < 0.50) and slightly

turbulent waveforms in both kidneys with

slowing and dampening of the systolic peak in

the intrarenal arterial network (Fig 22). Con-

comitant alteration of aortic flow, including low

resistance and more or less turbulent wave-

forms, suggested the diagnosis. Such congenital

narrowing of the aorta should be considered in

the differential diagnosis of renovascular hyper-

tension because it may cause an increase in

blood pressure in the upper extremities in

young adults.

U DISCUSSION

. BA Occlusive Disease
Although color Doppler US is noninvasive and

inexpensive, the accessibility of the RAs to the

ultrasound beam is a major limiting factor in

evaluation of occlusive disease of the BA. Dc-

spite the poor results of some recent studies

(12, 1 3), in which the sensitivity of color Dop-

pier sonogmaphy was as low as 0%, the addition
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of the color Doppler technique is expected to

increase the accuracy of Doppler US in the diag-

nosis of BA occlusive disease. In our experi-

ence, use of color Doppler flow imaging im-

proves detection of the RAs, especially of super-

numerary arteries, and facilitates identifIcation

of all segments of the RAs. Furthermore, color

Doppler US allows direct visualization of hemo-

dynamic changes, which in many cases strongly

suggest the presence of a narrowed arterial seg-

ment prior to duplex Doppler interrogation.

Perivascular artifact appears to be much

more uncommon in native kidneys with BA ste-

nosis than in renal transplants with BA stenosis.

Such artifact has not been previously reported

in native kidneys, to our knowledge, but was

observed in two cases of severe stenosis (5% of

the total cases of stenosis) in our series.

When performed by an experienced opera-

tor, color Doppler US examination is techni-

cally successful in 75% of cases, including kid-

neys with multiple RAs. The sensitivity and

specificity of color Doppler US are comparable

with those of other noninvasive modalities,

such as intravenous digital subtraction angiogra-

phy (which has almost the same rate of techni-

cally inadequate studies). However, color Dop-

pier US of the RAs is considered to be almost

useless by some investigators ( 1 1 - 1 3) not only

because of technical difficulties but also be-

cause it is time-consuming and highly operator-

dependent. These limitations have prompted

evaluation of downstream hemodynamic reper-

cussions from the distal intrarenal arterial bed

for indirect diagnosis of BA stenosis (14-16,

18-20). Such changes in the downstream arte-

rial bed were noted by Kotval (2 1) in peripheral
arteries in the form of the tardus-parvus wave-

form, representing a Doppler US sign of proxi-

mal flow obstruction.

Using distal Doppler waveform parameters

(representing elements of the tardus-parvus

phenomenon), prior investigators defmed the

following threshold values for RA stenosis

(7, 1 5- 1 7): acceleration time, 0.07 seconds or

longer; systolic acceleration, 3.0 rn/sec2 or less;

RI < 0.56; and a lower pulsatility index with a

side difference of 0. 1 2 or more. Recently,

Stavmos and colleagues ( 1 6) reported promising

results in diagnosis of significant (�60%) BA ste-
nosis using the above-mentioned parameters,

particularly loss of the ESP (sensitivity, 95%;

specificity, 97%; accuracy, 96%). One of the

more relevant findings of Stavros et al was a

98% negative predictive value for Doppler US

detection of 60% or greater stenosis when

normal waveform morphology (with ESP)

was found in segmental arteries. Conversely,

Kliewer et al (19) found no statistically signifi-

cant difference in Doppler parameters between

stenotic and nonstenotic RAs or between non-

stenotic RAs in hypertensive patients and

nonstenotic RA5 in normotensive patients.

Such discrepancies between the results of

various studies may be due partly to inadequate

sampling of peripheral arterial branches, includ-

ing interlobar and arcuate arteries, since the di-

agnostic criteria should be defined solely on the

basis of Doppler waveforms obtained from seg-

mental arteries (16). Furthermore, most of

these parameters may be influenced by vascular

compliance changes and technical errors that

result in false-positive results.

Although we did not consider numeric pa-

rameters in the diagnosis of BA stenosis, severe

abnormalities in the shape of the Doppler

waveform (ie, the tardus-parvus phenomenon

defined qualitatively) obtained distally were

among our criteria for detection of severely ste-

notic RAs.

The results of Kliewer et al (1 9) suggest that

only the tamdus-parvus phenomenon allows con-

sistent discrimination between severely (�80%)

stenotic RAs and nonstenotic RAs. However,

such changes are not always seen in critically

stenosed arteries, as in four of 1 7 severely ste-

notic RAs in our series.

The presence of supernumerary arteries

(which were responsible for approximately half
of the false-negative results in the study of

Kliewer et al [19J) and a well-developed collat-

eral blood supply could explain the absence of

tardus-parvus abnormalities in severe stenoses.

In the three cases of severely stenotic single

RAs without tardus-parvus abnormalities in our

series, distal Doppler waveforms exhibited a

marked decrease in RI, which may reflect the

presence of a well-developed collateral blood

supply or secondary changes in vascular corn-

pliance.
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On the other hand, false-positive results (ic,

tardus-parvus abnormalities distal to a nonste-

notic main BA) could be due to technical fac-

tons (use of an improperly high velocity scale or

pulsed Doppler power setting) or some patho-

logic conditions that may be associated with

hypertension, such as distal atherosclerotic

changes, arteriolonephmosclenosis, or vaseulitis,

which can affect intmarenal blood flow by

changing vascular compliance or producing

multiple distal stenoses. Our findings in three

cases of distal occlusive disease suggest that the

systolic component of Doppler waveforms oh-

tamed from intenlobar arteries could be altered

by such peripheral vascular lesions when the

main BA is normal. The correct diagnosis ma)’

be suggested when intrarenal flow waveforms

demonstrate bilateral inhomogeneous abnor-

malities, including tardus-parvus waveforms

with concomitant accelerated and low-resis-

tance flow from different arterial branches, es-

pecially when the main RAs have been success-

fully interrogated with colon Doppler US. To

our knowledge, this finding has not been re-

ported in the literature.

As mentioned by Patriquin and colleagues

( 1 8), severe stenosis of the aorta upstream from

the RAs may also affect intnanenal systolic

curves in both kidneys and induce a marked de-

cmeasc in resistivity in either the proximal or

distal intrarenal arteries. To our knowledge, se-
vene stenosis of the aorta is the only pathologic

condition besides large bilateral AV fistuhas that

can substantially decrease RI values with nor-

mal systolic velocities in both main RAs. The

latter entity should be easily identified because

of intraparenchymal perivascular artifact and

abnormal pulsatility of the vein.

Compared with BA stenosis, BA thrombosis

is an uncommon cause of renovasculan hypen-

tension and may be associated with accelerated

renal failure. Confident diagnosis of BA thrum-

bosis requires color l)oppler demonstration of

two signs: (ci) tardus-parvus abnormalities or ab-

sence of Doppler signal in the distal renal bed

and (b) direct visualization of a mute BA. This

diagnosis can be suggested only by analysis of

waveforms from distal intnarenal vessels, since

similar downstream abnormalities can be due to

severe BA stenosis.

The majority of BA thromboses in our series

(eight of 1 2 cases diagnosed with color Dop-

pier US) demonstrated absence of an intramenal

arterial Doppler signal. Absent Doppler signal

can result when an efficient collateral blood

supply has not developed or when pulsed Dop-

pier interrogation fails to obtain signal from in-

trarenal arterial branches. On the other hand,

acute BA occlusion following renal trauma

should demonstrate a complete lack of blood

flow within the renal cortex, since efficient col-

lateral blood supply does not develop under

such circumstances. Therefore, color Doppler

US may accurately detect such a complication

whatever the technical result of Doppler inter-

rogation of the proximal BA (successful or mad-

equate).

. RV Thrombosis

Color Doppler US appears to be particularly

useful in the diagnosis of RV thrombosis be-

cause, in most eases, it allows accurate, nonin-

vasive assessment of the RVs in patients with

impaired renal function. RV thrombosis in na-

tive kidneys produces normal intramenal venous

signal and an irregular increase in arterial mesis-

tivity (22). On the other hand, RV thrombosis

in renal transplants (which do not have the ca-

pacity for development of collateral venous

supply) produces absence of intrarenat venous

flow and highly resistive arterial spectra with

retrograde flow during diastole (23,24). The di-

agnosis of RV thrombosis in native kidneys is

therefore based solely on the detection of a

mute RV, with an echogenic thnomhus typically

seen within the vein on color Doppler images.

However, an anechoic or iiypoechoic clot is

likely to be present within the RV in earl)’,

acute RV thrombosis, since this finding has

been reported in most other types of venous

thrombosis, such as thrombosis of the lower cx-

tremities (25) on vascular accesses (26,27).

. AV Fistula
Color Doppler US appears to be the only nonin-

vasive modality that enables detection of

posthiopsy AV fistuhas. Almost all AV fistulas

seem to produce local tissue vibration from

flow turbulence (28-30), allowing detection of

the lesion on a colon 1)opplen flow image oh-

tamed with an appropriate pulse repetition fre-

quency setting (as low as possible). Congenital

AV malformation , an uncommon pathologic

condition, can also produce a perivascular arti-

fact (28). Such a finding suggests the potential

of colon I)oppler US as a noninvasive diagnostic

tool for the detection of AV malformations me-

sponsible for chronic hematunia when results of

excnetorv pyctogmaphy on CT are negative. Angi-

Ograph)’ is stilt mandatory-especially when

color Doppler US suggests the presence of an
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AV malformation-for making the final diagno-

sis and to determine if the lesion requires per-

cutaneous transcatheter embolization. Further

study of color Doppler US versus angiography is

needed to establish whether angiography is still

indicated when results of color Doppler US are

negative in such cases.

. Peripheral Infarction
Although color Doppler US is valuable for de-

tection of renal allograft necrosis (24), it seems

to be less accurate for diagnosis of perfusion de-

fects in native kidneys because of technical dii-

ficulties and particularly because of the deep 1-

cation of such defects. Such technical problems

and the small size of the infarct may prevent

color Doppler US from demonstrating perfusion

defects in native kidneys, resulting in false-nega-

tive studies. Large areas of infarction may be

visible on a color Doppler image as a mute,

hypoechoic area of cortex, similar to the ap-

peamanee of an acute infarction in a renal trans-

plant (24).

U CONCLUSIONS
Color Doppler US appears to be effective in the

diagnosis of renovasculam disease. It is already

the modality of choice for detection of acute

RV thrombosis and postbiopsy AV fistula, par-

ticularly in patients with impaired renal func-

tion.

Although color Doppler US improves duplex

Doppler identification of the HAs, including su-

pemnumerary arteries, the main limitation of this

modality remains accessibility of the RAs to the

ultrasound beam. Despite recent studies ques-

tioning the value of distal waveform parameters

in the diagnosis of BA stenosis. we believe that

proximal Doppler interrogation remains an mm-

portant step in Doppler examination of the

RAs. However, even when color Doppler US

fails to demonstrate the proximal RAs, it still

provides useful hemodynamic information on

the distal renovascular bed. Normal morphol-

ogy and normal velocity on waveforms oh-

tamed from intramenat arteries allow exclusion

of BA occlusion and most severe stenoses. Be-

cause of the extreme variability in the reported

performance of color Doppler US between

studies, further research is needed before color

Doppler US can become widely accepted for

routine evaluation of patients thought to have

renovasculam hypertension. We believe that,

with standardization of technique and diagnos-

tic criteria, color Doppler US will have a role in

screening of high-risk patients for renovasculam

hypertension.
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Invited Commentary

From:

Lincoln L. Benland, MD, Department of Radiology’

University of Alabama at Birmingham, Birmingham, Alabama

In the preceding article, H#{233}knon et al do a

commendable job of describing and illustrating

vascular applications of colon Doppler US.

However, the glaring discrepancies in reported

results with this technique have left many ask-

ing “Who do we believe?” and ‘ How can we

really use this technique?” I believe that more

carefully analyzing the work reported in this

and other articles may lead to some reasonable

answers to these questions. To properly apply

colon Doppler US to rcnovascuiar diseases will

require us to discriminate between those appli-

cations that truly remain controversial and

those applications that are indeed validated by

the work of H#{233}l#{233}nonet al and other workers.
Colon Doppler US has placed a great tempta-

tion before us. In many patients, we see the mc-

nal vasculatume in precise detail and in its en-

timely with colon Doppler US. Such cases are




