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Abstract 

Background: In patients with peripheral artery disease (PAD), run‑off MR‑angiography (MRA) is a commonly per‑
formed diagnostic test to obtain high‑resolution images for evaluation of the arterial system from the aorta through 
the distal run‑off vessels. The aim of this study was to investigate the prevalence of visceral artery involvement (VAI) in 
patients with PAD and leg symptoms examined with run‑off MRA.

Methods: We retrospectively analyzed 145 patients (median age 68 years, range 27–91) who underwent MRA due to 
known or suspected PAD at our institution between 2012 and 2018. MRA examinations were re‑evaluated for visceral artery 
stenosis. Patient dossiers were reviewed to determine cardiovascular risk factors, kidney function and Fontaine stage of PAD.

Results: Involvement of at least one visceral artery with ≥ 50% diameter stenosis was found in 72 (50%) patients. There 
were no differences in age, gender, MRA indication, Fontaine stage, levels of C‑reactive protein (CRP), cardiovascular risk fac‑
tors or vascular comorbidities between patients with and without VAI. Renal artery (RA) involvement with ≥ 50% diameter 
stenosis was observed in 28 (20%) of patients. Patients with involvement of the RA were more likely to suffer from hyperten‑
sion (79 vs. 54%, p = 0.019) and reduced renal function (glomerular filtration rate 70 vs. 88 mL/min/1.73m2, p = 0.014).

Conclusion: Visceral artery stenosis can be seen in half of patients with known or suspected PAD and leg symptoms 
on run‑off MRA. Investigating for RA stenosis in patients with PAD and hypertension and/or impaired renal function 
may have high diagnostic yield.

Keywords: Magnetic resonance angiography, Peripheral artery disease, Atherosclerosis, Visceral artery

© The Author(s) 2021. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Background
Peripheral arterial disease (PAD) is a common condition 
and has increased in prevalence by 23.5% between 2000 
and 2010. Because PAD is largely a disease of the elderly, 
this trend is likely to continue as life expectancy increases 

and exposure to atherogenic risk factors persist [1, 2]. 
Since atherosclerosis is a systemic disease, the majority 
of patients with PAD have concomitant atherosclerosis of 
different arterial beds [3]. Correspondingly, several stud-
ies have shown a strong correlation between PAD and 
coronary artery disease [4–6] or stroke [7, 8] and a high 
prevalence of carotid [9, 10] and renal artery stenosis in 
patients with PAD [11–13].
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In patients with PAD, run-off MRA is a commonly 
performed diagnostic test to obtain high-resolution 
images for evaluation of the arterial system from the 
aorta through the distal run-off vessels [14, 15]. Besides 
the peripheral arterial vasculature and aortic bifurca-
tion, MRA also potentially visualizes visceral arteries 
including celiac trunk, superior and inferior mesenterial 
artery (SMA and IMA) and renal and accessory renal 
arteries. MRA scoring systems for patients with PAD 
include the run-off resistance score, which is determined 
by multiplying individual vessel factors of the common 
iliac, internal iliac, external iliac, deep femoral, superfi-
cial femoral, anteriortibial, posteriortibial, peroneal and 
pedal arch, with the degree of occlusion, adding 1 to each 
segment for intrinsic resistance of a healthy segment 
[16] and MRA index, which is calculated by dividing the 
arterial tree of the leg into 16 segments from the distal 
aorta to the run-off vessels and using a five point ordinal 
scale to grade each segment [17]. Both MRA scoring sys-
tems do not take into account involvement of the visceral 
arteries. However, VAI is associated with an increased 
mortality risk [12, 18] and can result in a vicious circle 
of arterial hypertension and consequently more vascular 
damage [19].

Thus, the aim of this study was to evaluate the preva-
lence of visceral artery involvement in patients with 
known or suspected PAD and leg symptoms on MRA of 
the run-off vasculature.

Methods
Study design and ethical approval
This study was designed as a retrospective, single-center 
cohort study. We included adult patients with known 
or suspected PAD who underwent a contrast-enhanced 
run-off MRA at our institution between January 2012 
and April 2018 for leg symptoms. We only included 
examinations, in which the scan range allowed for the 
evaluation of presence or absence and degree of stenosis 
of at least both renal arteries and the IMA. We excluded 
patients with other indications for MRA, incomplete 
examinations, insufficient image quality due to artifacts, 
examinations with a modified protocol, missing images 
or clinical information, and repeat investigations of iden-
tical patients. For the sub-analysis of renal artery involve-
ment, we also excluded four patients who were status 
post nephrectomy.

The study protocol was approved by the responsi-
ble institutional review board (blinded) with waiver of 
informed consent. The study was conducted in compli-
ance with the Declaration of Helsinki in its current form.

Patient selection
Patients were identified by retrospective search of our 
radiology information system (Centricity 5.0, GE Health-
care, Barrington, Illinois). All consecutive patients 
meeting all inclusion criteria and none of the exclusion 
criteria were included in the analysis. Review of elec-
tronic patient charts was performed to determine cardio-
vascular risk factors, vascular comorbidities and Fontaine 
stage of PAD at the time of the MRA examination. The 
Fontaine classification is solely based on clinical symp-
toms and ranges from stage I to IV (I: asymptomatic, 
II: mild claudication pain, IIa: claudication at a dis-
tance > 200 m, IIb: < 200 m, III: rest pain, IV: necrosis and/
or gangrene) [20]. CRP (local reference value < 5  mg/L), 
serum creatinine and estimated glomerular filtration rate 
(eGFR), using the Cockroft und Gault formula, were also 
obtained by reviewing electronic patient charts.

MRA technique
All MRA examinations were performed with a 3 T unit 
(Magnetom Verio, Siemens Healthineers, Erlangen, Ger-
many). The localizer consisted of three imaging stacks 
in transverse, sagittal and coronal orientation at four 
levels including abdomen, pelvis, upper legs/ knee and 
lower legs. A pre- and post-contrast 3D T1-weighted 
MRA sequence was acquired in coronal plane, also 
at four levels, using following parameters: TR 2.85–
3.58  ms and TE 1.03–1.25  ms and with 0.2  mmol / kg 
body weight Gadobutrol (Gadovist®, Bayer Vital, Lev-
erkusen, Germany). A time-resolved angiography with 
interleaved stochastic trajectories (TWIST) of the lower 
legs was performed between the pre- and postcontrast 
3D T1-weighted MRA with the following parameters: 
TR 3.16  ms and TE 1.17  ms and a fixed dose of 4  ml 
Gadobutrol. The flow rate of 2  ml/s Gadobutrol was 
applied for all MRA examinations. The entire MRA data-
sets were archived in our PACS software (IMPAX 6.5.3, 
Agfa HealthCare, Bonn, Germany).

Image analysis for the grading of visceral artery stenosis
MRA datasets of all 145 patients were re-evaluated by 
two experienced readers in consensus who had not been 
involved in the patient selection process (one radiology 
fellow, one board-certified radiologist with sub-speciali-
zation in cardiovascular imaging, initials blinded). Thin-
section images of non-subtracted post-contrast MRA 
images of the abdomen were viewed in 3D multiplanar 
reformats using a 3D module within our PACS. In addi-
tion, subtracted MRA images of the abdomen were also 
viewed for the assessment of the visceral arteries.

Diameters of celiac trunk, SMA, left and right renal 
artery and accessory renal arteries were visually esti-
mated and categorized on a grade 0–5 scale:
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• Grade 0: no stenosis
• Grade 1: stenosis < 30%
• Grade 2: stenosis 30–49%
• Grade 3: stenosis 50–69%
• Grade 4: stenosis 70–99%
• Grade 5: occlusion

Due to the comparably small lumen, we used a simpli-
fied classification scheme for the IMA with grades 1 and 
2 and grades 3 and 4 grouped into one category:

• Grade 0: no stenosis
• Grade 1–2: stenosis < 50%
• Grade 3–4: stenosis 50–99%
• Grade 5: occlusion

Significant VAI was defined as at least one stenosis 
grade 3 or higher (≥ 50%) in any visceral artery (celiac 
trunk, AMS, AMI or renal artery). For the sub-analysis 
of renal artery involvement, renal artery involvement was 
defined as at least one stenosis grade 3 or higher (≥ 50%) 
in any renal artery. If accessory renal arteries were pre-
sent, the renal or accessory renal artery with the highest 
degree of stenosis was reported.

Statistical analysis
GraphPad Prism 5 was used for statistical analysis. 
Patient characteristics as well as the frequency and loca-
tion of visceral artery involvement were analyzed by 
using descriptive statistics. Continuous data (age and 
BMI) were found to not be normally distributed using 
the Shapiro–Wilk test. Therefore, continuous data were 
displayed as median and range and comparison was 
performed wit the nonparametric Mann–Whitney test. 
Categorical data were presented as absolute frequencies 
and proportions. Frequency distribution of binary data 
between visceral or renal artery involvement ≥ grade 
3 and < grade 3 was compared by using Fisher’s exact 
test. Distribution of Fontaine stage IIa, IIb, III and IV of 
patients with PAD was assessed by the chi-square test 
for trend. p values of < 0.05 were defined as statistically 
significant.

Results
Patient characteristics
All 145 patients in the cohort had either known (n = 133, 
92%) or suspected PAD (n = 12; 8%). The majority was 
male with 77% (n = 111). The median age was 68  years 
ranging from 27 to 91 years. The prevalence of cardiovas-
cular risk factors was high with hypertension (57%) being 

Table 1 Characteristics of study population

VAI ≥ grade 3 = visceral artery involvement with diameter stenosis ≥ 50%

BMI body mass index, MRA magnetic resonance angiography, PAD peripheral artery disease

All patients (n = 145) VAI ≥ grade 3* (n = 72) VAI < grade 3* (n = 73) p value

n % n % N %

Females 34 23% 15 21% 19 26% 0.5573

Age in years, median (range) 68 (27–91) 69 (42–88) 68 (27–91) 0.2578

BMI in kg/m2, median (range) 27 (17–53) 26 (18–37) 28 (17–53) 0.9330

CRP in mg/L, median (range) 8.565 (0–289) 8.860 (0–289) 8.490 (0–234) 0.7181

Indication for MRA

Suspected PAD 12 8% 6 8% 6 8% 1.0000

Known PAD 133 92% 66 92% 67 92%

Patients with information on Fon‑
taine stage of PAD (n = 121)

 Fontaine stage IIa 3 2% 2 3% 1 2% 0.2535

 Fontaine stage IIb 64 53% 35 58% 29 48%

 Fontaine stage III 10 8% 3 5% 7 11%

 Fontaine stage IV 44 36% 20 33% 24 39%

Cardio‑vascular risk factors

 Smoking 45 31% 26 36% 19 26% 0.2122

 Diabetes 54 37% 27 38% 27 37% 1.0000

 Arterial hypertension 83 57% 44 61% 40 55% 0.5022

 Hyperlipidaemia 61 42% 25 35% 36 49% 0.0930

Vascular comorbidities

 Coronary artery disease 39 27% 22 31% 16 22% 0.2616

 Cerebrovascular disease 12 8% 6 8% 5 7% 0.7646
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the most frequent, followed by hyperlipidemia (42%), dia-
betes (37%) and smoking (31%). Substantial cardiovascu-
lar comorbidity was found in the study cohort including 
documented history of coronary artery disease in 27% of 
patients and stroke in 8%. Please find a summary of the 
patient characteristics in Table 1.

Visceral artery involvement in patients with PAD
The celiac trunk was visualized in 116 (80%) of the 
patients, the SMA in 131 (90%), the left renal artery in 
144 (99%), the right renal artery in 142 (98%) and the 
IMA in all 145 patients on MRA. Absence of left or right 
renal artery was detected on MRA in four patients (3%) 
who had undergone radical nephrectomy. VAI with a ste-
nosis of at least 50% (VAI ≥ grade 3) was detected in 50% 
of patients (n = 72, 79% men (n = 57) and 21% women 
(n = 15), Fig. 1). For a detailed description of the preva-
lence of visceral artery involvement, please see Table  2. 
There were no differences in age, gender, BMI, CRP lev-
els, indication for MRA, Fontaine stage of PAD, cardio-
vascular risk factors or vascular comorbidities between 
patients with and without significant visceral artery 
involvement on MRA (Table 1). Additional analyses were 
performed comparing tertiles of age groups ranging from 
27 to 60 years (median of 56 years), 61–73 years (median 
of 68 years) and 74–92 years (median of 77 years) regard-
ing visceral artery involvement, but revealed no signifi-
cant difference (see supplementary Table 1).

Sub‑analysis of renal artery involvement
Sub-analysis of 141 patients was performed to evalu-
ate the clinical significance of renal artery involvement. 
Significant renal artery involvement (≥ 50% diameter 
stenosis) was observed in 20% of patients (n = 28, Fig. 2). 
Patients with significant renal artery involvement were 

Fig. 1  Run‑off MR angiography in a 74‑year old male patient 
with known Stage IV peripheral artery disease. Subtracted images 
post contrast show occlusion of the distal portion of the right 
superficial femoral artery (long arrow in a, magnified in b) and of 
the left popliteal artery segment P3 (short arrow in a, magnified 
in b). T1‑weighted post‑contrast images of the visceral arteries 
demonstrate an occlusion of the superior mesenteric artery in the 
sagittal and oblique transverse plane (arrowhead in c and d) and a 
mild stenosis of the left renal artery, which was classified as grade 2, 
in the coronal and oblique transverse plane (arrowhead in e and f)

Table 2 Detailed prevalence of visceral artery stenosis

The stenosis with the highest grade is reported in patients who also have accessory renal artery/arteries in addition to the renal artery on the same side

CT celiac trunk, SMA superior mesenteric artery, RA renal artery, ARA  accessory renal artery, IMA inferior mesenteric artery

CT, SMA, RA and ARA: grade 0: no stenosis; grade 1: stenosis < 30%; grade 2: stenosis 30–49%; grade 3: stenosis 50–69%; grade 4: stenosis 70–99%; grade 5: occlusion

IMA: grade 0: no stenosis; grade 1–2: stenosis < 50%; grade 3–4: stenosis 50–99%; grade 5: occlusion

Artery Grade 0 Grade 1 Grade 2 Grade 3 Grade 4 Grade 5

n % n % n % n % n % n %

CT (n = 116) 34 29 20 17 23 20 22 19 14 12 3 3

SMA (n = 131) 71 54 20 15 19 15 11 8 8 6 2 2

Left RA/ARA* (n = 144) 98 68 19 13 7 5 5 3 10 7 5 3

Right RA/ARA* (n = 142) 89 63 19 13 17 12 6 4 7 5 4 3

Grade 0 Grade 1–2 Grade 3–4 Grade 5

n % n % n % n %

IMA (n = 145) 97 67 28 19 9 6 11 8
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more likely to suffer from hypertension (79 vs. 54%, 
p = 0.019) and impaired renal function (estimated glo-
merular filtration rate by Cockroft–Gault 70 vs. 88 mL/
min/1.73  m2, p = 0.0137, Table 3). There were no differ-
ences in gender, age, serum creatinine, CRP levels, dia-
betes, indication for MRA, Fontaine stage of PAD or 
presence of accessory renal artery between patients with 
and without renal artery involvement ≥ grade 3 on MRA.

Discussion
The prevalence of visceral artery involvement in a 
cohort of patients with known or suspected PAD and 
leg symptoms examined with run-off MRA has not been 
described previously. Significant visceral artery involve-
ment with diameter stenosis ≥ 50% on run-off MRA was 
found to be very common in this population, affecting 
half of our study cohort (72 of 145 patients). Renal artery 

involvement with ≥ 50% diameter stenosis was observed 
in 20% of the patients (28 of 141 patients). Patients with 
significant renal artery involvement were more likely to 
suffer from hypertension and impaired renal function.

The prevalence of renal artery involvement seen on 
MRA in our cohort is comparable with the results of ear-
lier studies using digital subtraction angiography, ranging 
from 14 to 26% [11, 12, 21]. These prior studies reported 
a significant association between renal artery stenosis 
and lower renal function or higher rates of hyperten-
sion [11, 12, 21] similar to our study. Only one previous 
study observed not only on the prevalence of renal but 
also visceral artery involvement in patients with PAD 
[22]. This prior study found calcification of the coeliac 
axis and/or SMA and/or renal arteries in 62% of patients 
(n = 89) with PAD Fontaine stage 3 or 4. However in this 
prior study, visceral artery calcification was quantified on 
CT images and degree of visceral artery stenosis was not 
determined.

Our data demonstrated no significant difference in the 
prevalence of diabetes, hyperlipidemia, smoking, obesity 
or cardiovascular comorbidities in PAD patients with and 
without visceral artery involvement. Similar results have 
been reported in patients with coronary artery disease 
undergoing cardiac catherization [23, 24]. However in 
these studies, patients with visceral artery involvement 
were significantly older than patients without visceral 
artery involvement, whereas we did not identify any age 
related difference in our study. This inconsistency may 
be due to the different patient cohorts (peripheral versus 
coronary artery disease) with both peripheral artery dis-
ease of the legs and visceral arteries possibly occurring 
later in atherosclerotic disease than coronary artery dis-
ease [18, 25, 26].

Importantly, we describe the prevalence of inciden-
tal visceral artery involvement in patients with known 
or suspected PAD, who were examined with MRA due 
to leg symptoms, not due to suspected visceral artery 
disease. However, stenosis of the visceral arteries can 
be associated with a broad constellation of clinical dis-
orders and ultimately with an increased mortality risk 
[12, 18]. Clinical symptoms of VAI can be nonspecific, 
including post-prandial abdominal pain and weight loss, 
but ultimately lead to severe complications such as for 
instance acute mesenteric ischemia and bowel necro-
sis [23]. Moreover, renal artery involvement cannot only 
result in kidney failure, but also arterial hypertension and 
consequently more vascular damage. This vicious circle 
underscores the importance of an early detection of VAI 
[19]. Atherosclerosis is a systemic disease and VAI repre-
sents progression of the same disease process that leads 
to PAD of the lower extremities [18]. Although MRA, a 
commonly performed diagnostic test in patients with 

Fig. 2  Run‑off MR angiography in a 69‑year old woman with 
known Stage IIb peripheral artery disease and hypertension. 
Subtracted images post contrast show occlusion of the proximal 
right superficial femoral artery (long arrow in a, magnified in c), the 
left external iliac artery and proximal left superficial femoral artery 
(short arrow in a, magnified in b). Subtracted image of the abdomen 
and 3D T1‑weighted images post contrast of the visceral arteries 
demonstrate a stenosis of the right renal artery (arrowhead in b, d 
and e), which was classified as grade 3
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PAD, frequently visualizes the visceral arteries, MRA 
scoring systems for patients with PAD, such as the run-
off resistance score [16] and MRA index [17], do not take 
into account visceral artery involvement.

The results of our investigation should be interpreted 
in light of its limitations. The MRI protocol may not have 
been optimal for the detection of VAI, since the exami-
nation was focused on the evaluation of the peripheral 
vascular system. In particular, the celiac trunk and the 
superior mesenteric artery were visualized in most but 
not all patients. Our results might therefore underes-
timate the true extent of visceral artery involvement 
in patients with known or suspected PAD. An external 
reference standard, e.g. digital subtraction angiography 
(DSA), was not available for validation of the diagno-
sis and degree of visceral artery stenosis. However, 3D 
gadolinium-enhanced MRA has previously been shown 
to have high sensitivity and specificity in evaluating the 
proximal coeliac, superior mesenteric [27, 28] and renal 
arteries. For example the sensitivity for detection of renal 
artery stenosis with DSA as the gold standard method has 
shown to be 90% for MRA, 94% for Computed Tomog-
raphy Angiography and 75% for Doppler ultrasound [27, 
29]. Finally, estimated glomerular filtration rate was cal-
culated by using the Cockroft–Gault formula, which does 
not account for body surface area and may underestimate 
high GFR in older age groups [30].

In conclusion, run-off MRA in patients with PAD and 
leg symptoms often visualizes the visceral arteries in 
addition to the peripheral vasculature. Visceral artery 
involvement is very commonly seen in this patient popu-
lation. Finding of visceral artery involvement on run-off 
MRA obtained for PAD evaluation can be used to inform 
risk stratification. This may be particularly relevant in 
patients with hypertension and impaired renal function, 
since they are more frequently affected by renal artery 
involvement in addition to PAD of the lower extremities.
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