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Abstract
Objective: The aim of this study was to investigate differences in Doppler parameters between severe transplant renal artery stenosis
(TRAS, arterial lumen reduction N80%) with end-to-end (EE) arterial anastomosis and that with end-to-side (ES) arterial anastomosis.
Methods: We retrospectively reviewed color duplex sonography (CDUS) and digital subtraction angiography (DSA) images in 38 patients
with severe TRAS (19 cases with EE and 19 cases with ES) between January 1, 2000, and December 31, 2006. Doppler parameters were
analyzed, including peak systolic velocity (PSV) in the iliac artery, PSV at the arterial anastomosis, PSV in the transplant renal artery, PSV
ratio of the stenotic artery/artery proximal to the stenosis, and acceleration time (AT) in the artery distal to the stenosis (in the intrarenal
artery). All 38 cases with severe TRAS were initially diagnosed with CDUS and confirmed by DSA. Results: There were significant
differences in PSV in the stenotic artery (Pb.01), PSV in the iliac artery (Pb.001), and PSV ratios of stenotic artery/artery proximal to the
stenosis (Pb.001) between arterial anastomosis of EE and that of ES. There was no statistically significant difference in AT in the intrarenal
artery between the two types of anastomosis (PN.05). Conclusion: Significantly different PSVs in the stenotic artery, the iliac artery, and the
PSV ratio between EE and ES arterial anastomoses should be considered in the interpretation of CDUS when screening for severe TRAS.
Different criteria of CDUS need to be established depending on the type of arterial anastomosis in order to improve the accuracy in
diagnosing severe TRAS.
© 2009 Elsevier Inc. All rights reserved.
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1. Introduction
Transplant renal artery stenosis (TRAS) is the most
common vascular complication in the 3 years following
transplantation [1,2]. It is also one of the causes of graft
dysfunction and hypertension in renal transplants. Even
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though the surgical techniques in renal transplant have been
continually improved, the incidence of severe TRAS has
increased due to a number of factors including the use of
marginal donor kidneys, the increase in the number of
elderly transplant recipients (age 65 or older), and prolongation of graft survival time.
Color duplex sonography (CDUS), a noninvasive imaging
modality, has been considered the imaging tool of choice for
screening severe TRAS. With both direct [peak systolic
velocity (PSV) in stenotic artery] and indirect [acceleration
time (AT) in the intrarenal artery] parameters, the accuracy of
diagnosing TRAS with CDUS may reach as high as 95%
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[1,2]. Since overestimating and underestimating TRAS have
been reported [3,4], we evaluated whether type of anastomosis [i.e., end-to-end (EE) vs. end-to-side (ES)] plays a role
in these misinterpretations. For investigating the feasibility of
the criteria of CDUS currently used in the diagnosis of severe
TRAS with different types of arterial anastomoses, we
retrospectively reviewed and analyzed diagnostic Doppler
parameters, by means of PSV in the external renal arteries and
AT in the intrarenal artery in 38 cases of severe TRAS with
different arterial anastomoses.
2. Materials and methods
2.1. Materials
Patients with renal transplant undergoing both CDUS and
digital subtraction angiography (DSA) from January 1, 2000,
to December 31, 2006, were reviewed. There were 38
consecutive patients [25 men and 13 women; age range=21–
76 years; mean (±S.D.)=46.7±13.8 years] with severe TRAS,
including 19 with the EE and 19 cases with the ES type of
anastomosis. Nineteen cases (15 cases of EE and 4 cases of
ES) from Peking Union Medical College Hospital (PUMCH)
and 19 cases (4 cases of EE and 15 cases of ES) from New
York Presbyterian Hospital (NYPH)—Weill Cornell Medical College were reviewed for this study. The time to TRAS
diagnosis from transplantation ranged from 1 week to
408 weeks [mean (±S.D.)=66.7±91.3 weeks]. Patients with
stenosis in the intrarenal artery or common iliac artery were
excluded from this study. Nephrologists and transplant
surgeons requested CDUS and DSA due to uncontrolled
hypertension, worsening renal function, or both.
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of the stenotic artery/artery proximal to the stenosis, RI of the
main TRA, and RI and AT of the intrarenal artery. A
narrowed color Doppler box on the magnified area was
helpful in visualizing the arterial anastomosis of the
transplanted kidney (Fig. 1). A turbulent flow on color
flow imaging was the guidance used to place spectral
Doppler for picking up the highest flow velocity at the
stenosis. Spectral Doppler tracing was routinely performed
proximal, at, and distal to the anastomosis. Doppler spectra
from the intrarenal arteries (segmental or interlobar arteries)
were sampled at upper, middle, and lower poles of the
transplanted kidney. Amplitude of the spectrum was
magnified by lowering Doppler scale. The clearest spectrum
was used for measuring all Doppler parameters. PSVs at the
anastomosis, iliac artery, and TRA were recorded for
calculating PSV ratios. On the Doppler spectrum of the
intrarenal artery, AT was measured from the beginning of the
systole to the first early systolic peak [5] with built-in
calculation software of the ultrasound machine.
2.3. Diagnostic criteria for severe TRAS (N80%)
CDUS:
PSV at the artery with stenosis N2.8 m/s
PSV ratio of stenotic artery/artery proximal to the
stenosis N3.5
AT N0.08 s
DSA: the percentage of stenosis (S%) was determined
using the formula:
Sk = ðDo  Ds Þ=Do
where Do is the reference diameter and Ds is the diameter
at the site of stenosis. Do was measured at a segment of
uninvolved artery proximal to the stenosis.

2.2. Color duplex sonography
The patient was placed in the supine or slightly oblique
position. A 3.5- or 5-MHz curved linear or sector array
transducer was chosen. A Sequoia 512 (Siemens Medical
Solutions, Inc., USA) was used at NYPH. LOGIQ 9
or LOGIQ 7000 (GE Medical Systems, Milwaukee, WI)
and HDI 500 or SONOS 4500 (Philips Medical Systems,
Bothell, WA) were used at PUMCH. Doppler angle
correction less than 60° was standard in spectral Doppler.
Doppler with medium wall filter was initiated for the
extrarenal vessels [main transplant renal artery (TRA)
and iliac artery] where moderate to fast flow commonly
appeared, and Doppler with low wall filter was initiated for
the intrarenal vessels where slow flow is usually present.
Routine CDUS of renal transplants consists of measuring
size and observing morphology on grayscale images,
assessing vascularity with color flow imaging, and quantitatively evaluating hemodynamics of the transplanted kidney
by spectral Doppler analysis accomplished by measuring
PSV in the iliac artery (internal iliac artery in EE, external
iliac artery in ES), PSV at the arterial anastomosis, PSV ratio

Fig. 1. A normal renal transplant with ES arterial anastomosis on magnified
longitudinal color flow image. EIA, external iliac artery. (For interpretation
of the references to color in this figure legend, the reader is referred to the
web version of this article.)
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Table 1
Doppler parameters between EE and ES arterial anastomoses
Anastomosis type
PSV at stenotic artery (m/s)
PSV proximal to stenosis a (m/s)
PSV ratio of stenotic artery/artery
proximal to stenosis
AT in the intrarenal artery
(distal to the stenosis) (s)

EE
(n=19)

ES
(n=19)

P
value

4.62±0.64
0.66±0.19
7.61±2.52

3.65±1.33
1.18±0.41
3.25±1.37

b.01
b.001
b.001

0.11±0.04

0.12±0.05

N.05

a

PSV proximal to stenosis was sampled at the internal iliac artery in EE
anastomosis and sampled at the external iliac artery in ES anastomosis.

2.4. Statistical analysis
Statistical analysis was performed by SPSS 11.0
software. Continuous variable data were expressed as
mean±S.D. A t test or Mann–Whitney test was used to
assess the differences in Doppler parameters between the
two types of arterial anastomosis. Two-tailed Pb.05 was
considered statistically significant.

was introduced [1,2,6,7]. Incidence of TRAS tends to rise
with the use of marginal organs or pediatric organs, the
increase in the population of elderly recipients, recurrence of chronic rejection and cytomegalovirus infection,
and the need for prolongation of graft survival time
[8,9]. Of note, TRAS is possibly curable if it is detected
early and corrected.
There are multiple factors leading to TRAS, including
surgical technique, longer or tortuous graft renal artery,
intima damage and vessel lesion during organ preservation,
or use of vascular clamps, where arterial narrowing is usually
located at the anastomosis [8]. The angulations between
donor renal artery and the recipient iliac artery may result in
an altered hemodynamic state, turbulent flow, or kinking in
the ES anastomosis that develops into stenosis in the
postanastomotic site—TRA [10,11]. TRAS related to

3. Results
In a total of 38 patients with severe TRAS, there
were 35 patients with deceased donor transplantations
(EE 18 and ES 17) and 3 patients with living donor
transplantations (EE 1 and ES 2). Clinical presentations
in the 38 cases with TRAS included 30 cases (EE 13
and ES 17) with both uncontrolled hypertension and
elevated serum creatinine and 8 cases (EE 6 and ES 2)
with hypertension.
In the 38 cases with TRAS, the site of stenosis was
located at the iliac artery in 4 cases (EE 2 and ES 2), at the
anastomosis in 20 cases (EE 13 and ES 7), and at TRA in 14
cases (EE 4 and ES 10).
The size of transplanted kidneys measured 9.6–12.2 cm
[mean (±S.D.)=10.8±0.9 cm]. No hydronephrosis or masses
were seen in the transplanted kidneys.
With spectral Doppler, PSV measured 0.66±0.19 m/s in
the internal iliac artery in EE and 1.18±0.41 m/s in the
external iliac artery in ES. PSV measured up to
4.62±0.64 m/s at the stenotic artery in EE and 3.65±1.33
m/s in ES. PSV ratios of stenotic artery/artery proximal to
the stenosis were 7.61±2.52 and 3.25±1.37 in EE and ES,
respectively (Table 1).
AT in the intrarenal artery was 0.11±0.04 s in EE and
0.12±0.05 s in ES.

4. Discussion
TRAS is a common complication after renal transplantation. The incidence varies in different reports,
increasing in detection from 2.4% to 12.4% after CDUS

Fig. 2. EE arterial anastomosis. (A) Illustration of longitudinal view of EE
anastomosis: main blood flow goes into TRA from the internal iliac artery
through anastomosis. Arrows indicate the direction of blood flow. IIA,
internal iliac artery. (B) TRAS in a case with EE anastomosis; N90% lumen
reduction at the site of EE arterial anastomosis (arrow) on DSA. (C)
Increased PSV (6.54 m/s) at the stenotic anastomosis on spectral Doppler.
(D) PSV (0.76 m/s) in the internal iliac artery (proximal to the stenosis) on
spectral Doppler of longitudinal image.
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Fig. 2. (continued).

chronic rejection and cytomegalovirus infections have also
been reported [12]. Atherosclerosis in both donor and
recipient further puts these patients at high risk for TRAS.
The use of pediatric kidneys in adult recipients leads to
greater turbulence due to vessel size mismatch between
donors and recipients [13].
The type of anastomosis of the donor renal artery to
the recipient iliac artery is mainly determined according to
the anatomy of the donor and recipient vessels. EE is the
attachment of the end of donor's renal artery to the end of
the recipient's internal iliac artery. Normally, there is no

flow gradient between the internal iliac artery and TRA
since the TRA is considered a continuation from the
internal iliac artery (Fig. 2). ES is a technique that allows
a donor Carrel aortic patch prepared by appropriate
trimming of the aorta around the renal artery to be
reconstructed to the side of either the external or common
iliac artery. Theoretically, flow volume in the external iliac
artery is higher than that in the TRA. Due to the ratio of
flow volume divided by lumen diameter of the artery,
higher flow volume in the large diameter lumen in the
external iliac artery would approximately equal to that of
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the lower flow volume in the smaller diameter lumen in
TRA; hence, there is no PSV gradient between the
external iliac artery and TRA in a normal renal transplant
(Fig. 3). The difference of TRAS between PSV in the
stenotic artery and PSV in the internal iliac artery in EE
can be expressed as this direct hemodynamic relationship:
the higher the grade of stenosis, the higher the PSV ratio.
Blood flow in the internal iliac artery mostly flows into
TRA through the anastomosis, whereas with an increasing
degree of stenosis, there is no such relationship between
PSV of the stenotic artery and PSV of the external iliac
artery in ES. In ES, blood flow of the external iliac artery
mainly supplies the ipsilateral lower extremity and it only
partially flows into the transplanted kidney [14]. The TRA
in ES acts as a branch of the external iliac artery. The
difference of TRAS between EE and ES is not only
anatomic but also hemodynamic. EE stenotic anastomoses
occur at the TRA in the main stream of blood flow. In
contrast, the stenotic TRA in ES is located in a branch out
of the main flow. This may best explain our findings why
PSV at the stenosis and PSV ratio in EE were higher than
that in ES.
CDUS has been used for screening of TRAS for
decades [1–6]. Due to its noninvasiveness, accuracy,
iodine-free nature, portability, repeatability, and low cost,
CDUS is an ideal technique in detecting TRAS, as well
as monitoring recurrent TRAS after interventional or
surgical correction. The grade of TRAS on CDUS is
assessed by cutoff values of PSV at the stenosis and PSV
ratio of the stenotic artery/artery proximal to the stenosis.
In our study, there were statistically significant differences in PSVs and their ratios in severe TRAS between
EE and ES, which puts into question whether the
diagnostic criteria of CDUS currently used in the
diagnosis of severe TRAS are accurate. We have not
found distinguishable criteria of CDUS in the diagnosis
of severe TRAS for the different arterial anastomoses
from the literature [1–8].
Prolonged AT, as parvus tardus Doppler waveform in
the intrarenal artery, plays an important role in identifying
hemodynamic changes distal to the stenosis [15,16]. Some
researchers recommended using AT to select patients for
undergoing DSA [17]. The mechanism of developing a
parvus tardus distal to the stenosis is complex, as Bude and
Rubin [18] reported. In our study, parvus tardus appeared in
all 38 cases with severe TRAS. There was no statistically
significant difference in AT in the intrarenal artery between
EE and ES (0.11±0.04 s and 0.12±0.05 s, PN.05). This
indicates that the same criterion of AT in the intrarenal
artery is suitable for diagnosis of severe TRAS in both EE
and ES.
Limitations of CDUS in screening severe TRAS include
(a) failure in visualizing the anastomosis and picking up the
highest PSV, which may result from poor ultrasound
penetration of patients with large fluid collections at the
vascular anastomosis site, surgical dressing, bowel obscurity

in abdominal transplantation, or obesity, and (b) a high
velocity produced by tortuous TRA and angulations between
renal artery and recipient iliac artery. Also, an arteriovenous
fistula may result in high PSV and turbulent flow in the TRA,
mimicking TRAS.
Since there are anatomic and hemodynamic differences
between EE and ES, as well as the internal iliac artery and
external iliac artery, the CDUS criteria diagnosing TRAS
should be established based on the type of arterial
anastomosis. Our study indicates that cutoffs of PSV at
the stenotic artery and PSV ratio of stenotic artery/artery

Fig. 3. ES arterial anastomosis. (A) Illustration of ES anastomosis: Arrows
show that blood flow of the external iliac artery partially goes into TRA as a
branch of the external iliac artery. There is an angle between the donor's
renal artery and the recipient's iliac artery. EIA, external iliac artery. (B)
Severe TRAS in a case with ES anastomosis; N80% arterial lumen reduction
at the proximal transplant renal artery (arrow) on DSA. (C) Increased PSV
(3.74 m/s) at proximal TRA indicates a hemodynamically significant
stenosis on spectral Doppler. (D) Spectral Doppler with slow slope was used
to assess flow velocity in the external iliac artery on a longitudinal image.
Normal PSVof 1.29 m/s was measured at the external iliac artery proximal to
the stenosis. Prox EIA, external iliac artery proximal to the anastomosis; Dist
EIA, external iliac artery distal to the anastomosis; AT anastom, external iliac
artery at anastomosis.
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Fig. 3. (continued).

proximal to the stenosis in EE should be higher than that
in ES. The cutoff value of AT currently used in the
diagnosis of TRAS is applicable for both anastomotic
types, EE and ES. Further study on the hemodynamics of
arterial anastomoses with EE and ES in renal transplantation is needed.
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