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Abstract
Background: To date, few data on the assessment of transplant renal artery stenosis (TRAS) by using inflow inversion recovery (IFIR) are available. The aims of this study was to evaluate the feasibility of IFIR in the assessment of TRAS
using Digital Subtraction Angiography (DSA) as the reference.
Results: We retrospectively assessed the IFIR of 195 transplant renal arteries. The IFIR images for 194/195 arteries
were judged to be of excellent, good, or moderate quality, and 1/195 was not diagnostic. There were 100 arteries with
TRAS, of which 27 were subjected to DSA. The stenosis percentages were divided into five grades. Using DSA images,
the TRAS in 27 patients were estimated as grade 1 (2, 7.4%), grade 2 (8, 29.6%), grade 3 (10, 37.0%), grade 4 (7, 25.9%)
and grade 5 (0, 0%). In comparison, the TRAS was shown to be grade 1 (1, 3.7%), grade 2 (8, 29.6%), grade 3 (9, 33.3%),
grade 4 (9, 33%) and grade 5 (0, 0%) in the IFIR images. The nonparametric Wilcoxon signed-rank test was used to
compare IFIR with DSA. In addition, a Bland–Altman plot was used to estimate the agreement between IFIR and DSA
measurements. There was no significant difference between IFIR and DSA measurements (p < 0.05).
Conclusions: Relative to the reference DSA, IFIR was shown to be noninvasive, accurate for the diagnosis and evaluation of TRAS.
Keywords: Inflow inversion recovery, Transplant renal artery stenosis, Digital subtraction angiography, Computed
tomographic angiography, Contrast-enhanced magnetic resonance angiography
Background
Renal transplantation is an effective treatment for endstage renal disease. In recent years, the total number of
renal transplants has risen [1, 2]. Although the improved
surgical techniques have lowered the morbidity and mortality of renal transplant surgery, vascular postoperative
complications still occur [3]. Among vascular complications, transplant renal artery stenosis (TRAS) is the
most frequently observed and occurs in up to 23% of
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cases, usually 3 months to 2 years after transplantation
[4]. Most TRAS cases are prone to progress to transplant
renal loss, which remains difficult to detect because of its
nonspecific clinical manifestations. Therefore, early and
accurate diagnosis of TRAS is essential [5].
Renal function recovery usually requires a long period
of time after kidney transplantation. Moreover, to avoid
rejection, recipients take several immunosuppressants,
which increase the burden on renal function [6]. Digital Subtraction Angiography (DSA) is considered the
gold standard for TRAS examination, but is invasive and
expensive and requires the use of nephrotoxic iodinated
contrast media; all factors limiting its clinical application.
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Two other imaging techniques, computed tomographic
angiography (CTA) and contrast-enhanced magnetic
resonance angiography (CE-MRA), have been used to
assess the transplant renal vessels. Whereas CTA also
requires the injection of iodinated contrast material [7–
9], and exposure of the patient to radiation, nephrogenic
systemic fibrosis may occur with the administration of
linear gadolinium contrast agents for CE-MRA [10, 11].
Non-enhanced MRA includes phase contrast angiography, time of flight, electrocardiograph-gated fast spinecho, IFIR. Phase contrast angiography has long scanning
time and low spatial resolution. No satisfactory imaging
results have thus been reported. Time of flight has limitations with the long scan time, being sensitive to motion
artifacts, and saturation of in-plane flow. In addition,
because of the angle between the (transplanted) renal
artery and the readout direction, it is difficult for electrocardiograph-gated fast spin-echo to show a clear vascular
image [12]. Since Color-Doppler ultrasound examination
is harmless and can be repeated in short intervals. Thus
it can be used as a screening method [13], but caries a
high false-positive rate and operator dependence. Therefore, there is an unmet need for an accurate and harmless
diagnostic method for TRAS.
Inflow inversion recovery (IFIR) as a novel magnetic
resonance imaging technology, has increasingly been
applied to assess renal artery stenosis, with comparable results to those of DSA [14, 15]. This technique does
require no contrast agent and can therefore avoid kidney
injury. Moreover, the short examination time of IFIR also

allows for follow-ups. There has been so far little research
using this technique to evaluate TRAS. In this study, IFIR
was compared to DSA, which served as the gold standard
for TRAS.

Methods
Study population

Between January 1, 2015 and December 31, 2018, we
identified 165 kidney transplant patients (195 examinations, 158 men and 37 women, range 19–72 years old),
who were suspected of having TRAS. The main reasons
for patients for IFIR examination are as follows: (1) routine follow-up after kidney transplantation; (2) decreased
renal function; (3) hypertension. All arteries were evaluated using IFIR as part of the routine clinical protocol. In
the study, twenty-seven arteries with TRAS were evaluated with DSA. Among them, balloon dilatation was performed on nine patients, and balloon dilatation coupled
with stent implantation was performed on the remaining 18 patients. The remaining patients did not undergo
DSA for the following reasons: (1) no clinical symptoms
or signs; (2) normal renal function/artery; (3) after clinical conservative treatment, satisfactory results were
achieved. The study was approved by the ethics committees of our hospital (Table 1).
MRI examination

All IFIR measurements were performed using a 3.0 T
whole-body scanner (Discovery 750, General Electrics (GE), Milwaukee, WI, USA). The standard MRI

Table 1 Demographic and summaries of study population (n = 195)
Whole cohort
(n = 195)

TRAS present
(n = 100, 51.3%)

TRAS absent
(n = 95, 48.7%)

DSA
(n = 27)

Age
Mean ± SD (year)

Median (year)

42.0 ± 10.8

43

40.9 ± 10.1

39

43.2 ± 11.5

45

41.6 ± 11.3

40

Sex
Male

158 (81.0%)

83 (83.0%)

75 (78.9%)

22 (81.5%)

Female

37 (19.0%)

17 (17.0%)

20 (21.1%)

5 (18.5%)

Location of renal transplant
Right iliac fossa

183 (93.8%)

94 (94.0%)

89 (93.7%)

23 (85.2%)

Left iliac fossa

12 (6.2%)

6 (6.0%)

6 (6.3%)

4 (14.8%)

Accessory renal artery
No

185 (94.9%)

93 (93.0%)

92 (96.8%)

26 (96.3%)

Yes

10 (5.1%)

7 (7.0%)

3 (3.2%)

1 (3.7%)

Overall image quality
Excellent

162 (83.1%)

77 (77.0%)

85 (89.5%)

22 (81.5%)

Good

24 (12.3%)

16 (16.0%)

8 (8.4%)

3 (11.1%)

Moderate

8 (4.1%)

6 (6.0%)

2 (2.1%)

2 (7.4%)

Non diagnostic

1 (0.5%)

1 (1.0%)

0 (0.0%)

0 (0.0%)
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protocol for kidney imaging started with an axial respirator-triggered single-shot fast spin-echo T2-weighted
sequence and an axial breath-hold fast-spoiled gradient T1-weighted sequence. The imaging sequence was
performed with breath-hold. The scan parameters were
applied as follows: TE 1.5 ms, TR 3.10 ms, flip angle 60°,
TI = 1300 ms, receiver bandwidth 125 Hz/pixel; field of
view 340 × 255 mm for covering both kidneys, slice thickness 2.4 mm, locations per slab 32, frequency matrix 224,
phase matrix 160, number of excitation 1, phase FOV
0.75, and an acquisition time of 10–12 s [14].
DSA examination

DSA was performed with a GE DSA system (Innova; GE
Healthcare, Waukesha, WI). Angiography was performed
by experienced interventional radiologists through the
femoral arterial route using a 5-F pigtail catheter to
inject 30 ml of iodinated contrast medium (Visipaque
320; Amersham Health, Princeton, NJ) at a flow rate of
15 ml/s (Mark V; Medrad, Indianola, PA). The optimal
DSA images were obtained by C arm X-ray roentgenscope in multiple directions and angles (frontal, left, and
right oblique views). During the period between IFIR and
DSA, the renal function of each patient was monitored
and strictly controlled [16].
Image analysis

We used the scale measurement function/3D reconstruction/multiplanar reformation of the post-processing software (Discovery 750, General Electrics (GE), Milwaukee,
WI, USA) to measure the diameter of arteries. The IFIR
and DSA data were measured three times by two experienced radiologists separately. Mean value ± standard
deviation (SD) was taken of the IFIR and DSA data. Each
radiologist completed the measurement independently.
They were blinded to each other and they were blinded to
relevant diagnosis before measurement.
The quality of IFIR images was assessed at four levels:
excellent, good, moderate, and non-diagnostic (Fig. 1).
The following measurements were made for each artery:
The percentage of stenosis = (1 − (S/R)) × 100, where S is
the minimum diameter of the lesion and R is the diameter of the reference site; the latter was defined as the
normal-looking portion of the stenotic vessel distal or
proximal to the lesion.
The extents of the TRAS were then graded as follows:
grade 1 (< 25%); grade 2 (25–49%); grade 3 (50–74%);
grade 4 (75–99%); grade 5 (100%) [14, 17].
Statistical analysis

The data were analyzed in SPSS 17.0 statistical software
and GraphPad Prism. The nonparametric Wilcoxon
signed-rank test was used to compare IFIR to DSA
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of TRAS. The agreement between IFIR and DSA was
assessed by Bland–Altman plots. The significance level
was set to 0.05.

Results
Our study included 165 patients, in which 138 patients
underwent one IFIR examinations, 21 patients underwent two IFIR examinations at different time periods,
and six patients underwent three IFIR examinations at
different time periods. Each examination was independent. Three examinations were excluded from the group
because of motion artifact. Therefore, 195 transplant
renal arteries were eligible for inclusion during the study
period. In the 195 arteries, there were 95 arteries without
TRAS and 100 with TRAS. Twenty-seven arteries were
also measured with DSA.
Patient demographics and summaries of the study are
shown in Table 1. The age (mean ± SD/median) of the
whole cohort and those with TRAS was 42.0 ± 10.8/43
and 40.9 ± 10.1/39 years, respectively. Most of the renal
transplants were in the right iliac fossa. Ten patients had
accessory renal arteries, all of which showed in IFIR. The
IFIR images were judged to be excellent (162, 83.1%),
good (24, 12.3%), moderate (8, 4.1%), and non diagnostic
(1, 0.5%) (Table 1 and Fig. 1).
Twenty-seven patients had undergone DSA, of which,
all images of arteries were excellent (22, 81.5%), good (3,
11.1%), and moderate quality (2, 7.4%) (Table 1). In the
DSA group, 2 TRAS were rated as grade 1, 8 as grade 2,
10 as grade 3, and 7 as grade 4. In the IFIR group, 1, 8,
9, 9 TRAS was rated as grade 1–4. There was no significant difference in stenosis percentage obtained by IFIR
and DSA (p = 0.414) (Table 2). The Box plot (Fig. 2a) of
percentage of stenosis detected by IFIR in patients with
TRAS, by IFIR in patients with TRAS and by DSA was
performed. The Bland–Altman plot (Fig. 2b) was performed, there was one sample (3.7%, < 5%) out of the 95%
CI, which demonstrated strong consistency between
DSA and IFIR. Compared to the DSA results, IFIR overestimated the transplant artery stenosis in four cases
(Table 2, Fig. 3).
Since there was no contrast agent used in IFIR, followup measurements were performed. In Fig. 4, we showed
images from three patients. Three IFIR examinations
were performed at different times of each patient. The
IFIR images were all judged to be excellent, and the renal
artery and its distal branches were clearly displayed,
which could meet the clinical assessment of arterial stenosis. In Fig. 5, we showed three patients who had IFIR
measures before and after DSA examinations. The degree
of arterial stenosis in image a (before DSA) and image
b (DSA) showed a high consistency. After balloon dilation and/or stent implantation in image c, the degree of
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Fig. 1 Shows representative IFIR images of different quality: a non diagnostic, b moderate, c good, d excellent. IFIR: Inflow inversion recovery

Table 2 Twenty-seven patients had IFIR and DSA
Variables

DSA

IFIR-FIESTA

Grade 1 (< 25%)

2 (7.4%)

1 (3.7%)

Grade 2 (25–49%)

8 (29.6%)

8 (29.6%)

Grade 3 (50–74%)

10 (37.0%)

9 (33.3%)

Grade 4 (75–99%)

7 (25.9%)

9 (33.3%)

Grade 5 (100%)

0 (0%)

0 (0%)

n

27

27

p

0.414

Nonparametric Wilcoxon signed-rank test was performed, p = 0.414. p < 0.05
indicated that the difference were statistically significant

stenosis was significantly reduced. Image d is a later follow-up picture, patient 1 and patient 2 were clearly displayed, and patient 3 was unclear due to stent artifacts.

Discussion
With the increasing number of kidney transplants performed, the prediction of transplant-related renal artery
complications has become crucial. At present, both
CTA and CE-MRA are widely applied techniques that
provide excellent results in the assessment of transplant
renal arteries [17]. However, it has been demonstrated
that most drugs are excreted by the kidney, including the
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Fig. 2 a Box plot of the percentage of stenosis detected by IFIR in patients with TRAS (n = 100), by IFIR (n = 27) in patients with TRAS and by DSA
(n = 27). The x-axis represents groups, and the y-axis represents percentage of stenosis. b A Bland–Altman plot was performed, 95% confidence
interval was − 16.90 to 11.87, and there was one sample (3.7%, < 5%) out of the 95% CI, which demonstrated strong consistency between DSA and
IFIR

iodine agent used for CTA examinations and gadolinium
agent used for MRA examinations [18, 19]. Gadolinium
may cause nephrogenic systemic fibrosis, which is a
severe syndrome involving fibrosis of the internal organs,
eyes, skin, and joints [18]. Therefore, iodine and gadolinium-based contrast methods used by CTA and MRA
aggravate the burden on the kidney, which is undoubtedly not optimal for kidney transplant patients [17, 19].
In contrast, as a non-nephrotoxic imaging method,
IFIR has attracted more attention in recent years.
Because of these advantages (non-invasive examination,
short scanning time, high signal intensity, and significantly suppressed background signals), IFIR can obtain
clear images [14, 15, 17]. In our study, the IFIR images
of 195 transplant renal arteries were assessed retrospectively. 194/195 IFIR images were diagnostic (excellent,
162; good, 24; moderate, 8), and 1/195 didn’t have sufficient quality to be used in clinical diagnosis (non diagnostic, 1). There were 100 arteries with TRAS, and 27
arteries of them were also measured with DSA. For these
arteries, the stenotic degrees measured by IFIR were
highly consistent with the reference DSA, indicating high
accuracy of IFIR in assessing TRAS. In research of Gaudiano C [14], the IFIR correctly assessed the grade in 17/19
stenoses, when compared with DSA. The finding was also
discovered in our study. Moreover, IFIR could present the
accessory renal artery as clearly as shown in DSA images,
which demonstrated the ability of IFIR in displaying slim
blood vessels. In research of Gaudiano C, 24 accessory
renal arteries were displayed in the IFIR examination,
and four accessory renal arteries were not displayed.

The detection rate is 85.7% [14]. In our study, a total of
10 accessory renal arteries were detected by IFIR. It can
be concluded that in the IFIR examination, the accessory
renal artery has a higher detection rate. This finding was
also in agreement with other previous studies [20, 21]. In
our study, 21 patients underwent two examinations and 6
patients underwent three examinations in different time.
59/60 of the obtained images were of excellent/good
quality, which could satisfy the clinical diagnosis. This
also showed that IFIR is a good technique for follow-up
after renal artery transplantation.
However, we also found that IFIR overvalued four cases
of TRAS. The reasons could be explained as follows: a
measurement error may lead to some measurement differences; the depiction of vessels could be affected by the
filling state of vessels and the blood flow state. In particular, when the stenosis of the artery was severe, blood flow
was fast and thus usually in a complex situation, resulting in nearby signal loss. The same result has also been
confirmed in the study of Parienty et al. [21, 22]. Oppositely, in Nchimi A’s study, IFIR underestimated two cases
of renal arteries [13]. The reason for the underestimation
may be measurement errors. However, this did not affect
patients’ clinical management.
Some limitations of this research should be mentioned. First, it is a retrospective study, the sample size
receiving DSA measurements was small, which might
introduce potential bias in patient selection. Secondly,
due to the physical conditions of patients, the time
interval between some IFIR and DSA examinations
was more than seven days. There may be statistical
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Fig. 3 Representative IFIR (a) and DSA images (b: pre-intervention, to confirm IFIR findings, c: after balloon dilatation and stent implantation) from
four patients (1–4) with different degrees of TRAS. Patient 1–2: Stenosis degree of DSA images were the same with IFIR. Patient 3–4: IFIR images
overestimated the stenosis. Patient 4a–b: An accessory renal artery was seen with initial stenosis, and IFIR produced a satisfactory concordance with
DSA
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Fig. 4 Three IFIR examinations were performed in three patients. a, b, c A 49-year-old patient had 3 IFIR examinations on 2017-7-6, 2017-11-12,
and 2018-6-4, respectively; d, e, f a 39-year-old patient had 3 IFIR examinations on 2016-4-26, 2016-5-17, and 2016-6-21, respectively; g, h, i A
32-year-old patient had 3 IFIR examinations on 2016-6-30, 2016-8-2, and 2016-8-22, respectively, and an accessory renal artery was seen clearly in g,
h, i

errors in comparison of stenosis assessment between
both modalities due to potential physical condition
change. A more rigorous study is thus necessary to be
performed to evaluate repeatability and reproducibility of IFIR assessments.

Conclusions
IFIR is noninvasive, accurate for the diagnosis and evaluation of TRAS and can be recommended as a valuable method in renal transplant patients for follow-up
measurement.
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Fig. 5 Representative IFIR and DSA images from three patients (1–3) with different degrees of TRAS. IFIR images (a) before DSA showed arterial
stenosis, and the extent of stenosis was demonstrated by DSA (b). Then, the balloon dilation and/or stent implantation was performed (c). IFIR
examinations (Patient 1d) was performed after about 5 months, which showed no evident stenosis of the transplant renal artery. IFIR image
(Patient 2d) showed that arterial stenosis still existed after balloon dilation and stent implantation about 1 year later. IFIR image (Patient 3d) cannot
accurately display the degree of vascular stenosis due to the presence of artifacts about 3 months later
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