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Background: Peripheral arterial disease (PAD) represents systematic atherosclerosis of great vessels. PAD affects approximately 10-20 % of 
patients older than 60 years and is associated with high mortality and morbidity rate debilitating individuals’ life.
Objectives: To compare the results of Gadolinium enhanced MR-Angiography and surgery in patients suspected to have peripheral 
arterial disease.
Materials and Methods: In this prospective cohort study, 30 consecutive patients matching the inclusion criteria were enrolled and MR-
Angiography was performed prior to surgery for each one.
Results: 22 patients were male (73.3%) and the mean age was 60.3 ± 10.6 years in our study group. The most common artery for cut off and 
run off was superior femoral artery in both assessments. Proximal section of each artery was the most common anatomical section for cut 
off and run off. There was a same report of cut off artery by MR-Angiography and surgery (kappa coefficient of agreement was 0.96, P value 
< 0.001) and positive predictive value was 0.97 (95% CI: 0.83-0.99).
Conclusions: According to our findings MR-angiography is an appropriate alternative imaging modality for patients suspected to have 
peripheral arterial disease and it facilitates the early diagnosis proposed by the clinical findings. Also beneficial characteristics of this 
method such as low exposure to ionizing radiation, repeatability, and low risk of contrast agent-induced nephropathy make it a modality 
of choice in patients with renal impairment.
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1. Background
Peripheral arterial disease (PAD) represents systematic 

atherosclerosis of great vessels (1). PAD affects approxi-
mately 10-20 % of patients older than 60 years and is asso-
ciated with high mortality and morbidity rate debilitat-
ing individuals’ life. Anatomically, about 30% of lesions 
are located in the iliac arteries and 70% are located in 
the femoro-popliteal and tibial arteries (2-7). Increased 
risk of myocardial infarction, stroke and cardiovascular 
death in these patients, necessitate the appropriate diag-
nostic and therapeutic strategies. In this regard different 
imaging modalities have been introduced. Duplex ultra-
sonography, computed tomographic (CT) angiography, 
contrast enhanced magnetic resonance (MR) angiog-
raphy, and digital subtraction angiography (DSA) have 
been reported to facilitate the exact diagnosis which has 
been proposed by ankle brachial index measurement 
and Doppler ultra-sonography (8-14). DSA is currently 
the modality of choice for evaluating PAD but invasive-

ness of procedure, high doses of ionizing radiation ex-
posure and risk of contrast agent-induced nephropathy 
lead physicians to use MR angiography (8). MR angiog-
raphy using Gadolinium based contrast provides rapid 
detailed evaluation of the peripheral arteries. No seda-
tion needed protocols of imaging, lowering ionizing 
radiation exposure and lowering risk of contrast agent-
induced nephropathy made contrast enhanced mag-
netic resonance (MR) angiography, preferred modality 
of imaging in many institutes and DSA is reserved for 
therapeutic rather than diagnostic interventions (13, 15-
17). However, Gadolinium enhanced MR angiography is 
not completely safe. Nephrogenic systemic fibrosis (NFS) 
is known to be complication of Gadolinium based con-
trast agents in patients with severe renal dysfunction 
(18-20). Despite the all technological improvements in 
imaging modalities, definite diagnosis and treatment is 
still relied on surgical interventions. On the other hand 
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surgical intervention is invasive and usually performed 
in late stages (21-23).

2. Objectives
Thus we aimed to compare the accuracy of Gadolinium 

enhanced MR angiography to surgical intervention in 
terms of diagnosis of cut-off and run-off of lower limbs 
arteries in patients with PAD.

3. Materials and Methods
This prospective cohort study was held on patients 

referring to vascular surgery ward of Imam Khomeini 
hospital complex, Tehran University of Medical Sci-
ences, Tehran, Iran from September 2012 to January 
2014. Hospital ethic committee approved our study 
protocol of human experimentation based on declara-
tion of Helsinki 1975 revision and all patients gave in-
formed consent of participation. We used all data from 
eligible patients matching inclusion criteria. Patients 
with following symptoms were consecutively chosen as 
suspected to have PAD; pain (described as initiation of 
debilitating feeling in lower extremities preventing to 
perform daily activity) and limb claudication (inability 
to walk as daily routine). The first 42 patients referred 
to our clinic with above symptoms were examined 
clinically and Ankle-Brachial Index (ABI) was calculated. 
Weak pulse of lower extremities or coldness and pallor 
of feet were other confirming symptoms for diagnosis 
of PAD. Those patients with ABI < 0.9 were selected to 
enter study group as if they had not following criteria: 
having pacemaker or metal parts in their body, severe 
claustrophobia, and GFR < 30 mL/min/1.73 m2, which 
was needed for the application of intravenous Gado-
linium based contrast agent. 10 patients were excluded 
because of high ABI than preset cut point; one patient 
was excluded of severe renal impairment and 1 patient 
for implantation of cardiac pacemaker interfering with 
MRI function. Thus total number of 30 patients was en-
rolled to the study.

3.1. Gadolinium Enhanced MR Angiography
All imagings were performed in Imam Khomeini med-

ical imaging Center using a clinical 3 Tesla MR system 
(MAGNETOM Verio, Siemens HealthCare Global, Erlan-
gen, Germany) equipped with high performance gradi-
ents strength (40 mT/m @ 200T/m/s). Phased-array coils 
were used for signal reception. Patients were positioned 
supine. For gadanilinum enhanced MR-Angiography it 
took 30-40 minutes and no intravenous sedation was 
used. A standard three step automated moving-table 
protocol covering pelvis, thigh, and calf station was 
used with the following basic parameters: TR/TE, 2.8 
ms/1.06 ms; flip angle, 20°; voxel size, 1.7 × 1.7 × 3.5 mm. 
For all examinations, commercially available Gadopen-
tetate Dimeglumine (Magnevist, Schering, Berlin, Ger-

many) was used at a concentration of 0.2-0.3 mmol/Kg. 
Patients under 75 kg in body weight received 20 mL of 
undiluted Gd, and patients over 75 kg received 30 mL 
Gd. A bolus timing technique was performed using 
real time MRI of the pelvic station. Upon contrast agent 
reaching the distal abdominal aorta, manual triggering 
of the MR angiography acquisition was initiated. The 
injection protocol was biphasic, in which the first half 
was administered at a flow rate of 1 mL/s, and the sec-
ond half at a flow rate of 0.5 mL/s, followed by a flush of 
30 mL normal saline solution at a flow rate of 0.5 mL/s. 
The raw data was post processed into coronal MIP im-
ages and stitched together from each station to form a 
single image. Two experienced radiologists evaluated 
the Gadolinium enhanced-MR angiography images. 
Each radiologist reported separately and was blinded 
to patient demographics and clinical data, and to each 
other’s results.

3.2. Surgical Technique
Revascularization and exploration of lower extremi-

ties with PAD was performed intra-operatively follow-
ing MR-Angiography in order to determine the extent 
of stenosis. Reversed saphenous vein or synthetic proth-
esis graft technique was used to construct distal bypass 
grafting under general anesthesia. Arterial clamping was 
performed after intravenous injection of unfractionated 
heparin (5000 IU), and autologous heparinized vein or 
synthetic prosthesis was transplanted. Surgical findings 
including cut-off and run-off sites and other relevant pa-
thologies were recorded intra-operatively.

3.3. Statistical Analysis
Gadolinium enhanced-MRA reports have been com-

pared to surgical intervention findings (as the gold-
standard technique). The rate of agreement between 
Gadolinium enhanced-MRA and surgery was expressed 
by calculating the kappa statistic. The kappa statistic is 
defined as the observed agreement not accounted for by 
chance. The McNemar test was used to determine if there 
are differences in report of MRA and surgery about one 
anatomical section of cut off/run off. All statistical analy-
ses were performed using commercially available soft-
ware (Statistical Package for Social Sciences, version 16, 
SPSS Inc. Chicago, Illinois, USA).

4. Results
All 30 patients were consecutively selected among pa-

tients who met the inclusion criteria. 22 patients (73.3%) 
were male and 8 (26.7%) were female. Mean age was 60.3 
± 10.6 SD year (ranging from 39 to 77 years). The most 
common symptom was claudication seen in 20 (66.7%) 
patients; other symptoms like ulcer and pain were seen 
in 7 (23.3%) and 3 (10%) patients, respectively. Accord-
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ing to MRI findings the most common artery for cut off 
was superior femoral artery (SFA) which accounts for 12 
(40%) patients (Table 1, Figure 1). In our study the most 
common anatomical section of a single artery for cut off 
(reported by MRA) was proximal section (n = 17, 56.7%) 
(Table 1). Surgical exploration revealed that 11 (36.7%) pa-
tients had cut off in SFA. There was only one disagree-
ment between MRA and surgery findings where MRA 
reported SFA and surgery reported Common Femoral 
Artery (CFA) as cut off artery. In all other patients the 
identical artery was reported and kappa coefficient of 
agreement between these two assessments was 0.96 (P 
value < 0.001). Also McNemar test showed there is not 
any statistically significant difference between MRA and 
surgery regarding determination of involved artery (p 
value = 0.32) (Tables 2 and 3). Almost the same anatomi-
cal section as MRA report for cut off was seen in each 
single artery in surgery reports; kappa coefficient of 
agreement was 0.88 (P value < 0.001) and McNemar test 
showed not significant differences (P value = 0.99). Con-
trary to this approximately the same results in findings 
about cut off between two assessments; findings on run 
off artery and anatomical section were different. MRA 
reported SFA (n = 11; 36.7%) as the most common artery 
for run off and proximal section as the most common 
anatomical section (n = 17; 56.7%) (Table 4) but surgery 
was unable to report the run off artery in 2 cases. Al-
though the most frequent artery (SFA, n = 9) and ana-
tomical section (proximal, n = 16) reported by surgery 
was the same as MRA (Table 5) (Figures 2 and 3). Positive 
Predictive Value (PPV) of MRA in determining cut off in 
involved artery according to above findings is 0.97 (95% 
CI: 0.83-0.99).

Table 1.  MR-Angiography Findings on Cut Off a,b

Artery Frequency

SFA 12 (40)

Popliteal 1 (3.3)

Aorta 6 (20)

CFA 3 (10)

EIA 3 (10)

CIA 5 (16.7)

Anatomical section

Proximal 17 (56.7)

Medial 3 (10)

Distal 10 (33.3)

a Abbreviations: SFA, superior femoral artery; CFA, common femoral 
artery; EIA, external iliac artery; CIA: common iliac artery.
b Data are presented as No. (%).

Figure 1. A 71-Year Old Man, MR-Angiography Reported Cut-Off in Bifur-
cation of Abdominal Aorta and Run-Off in Proximal Common Iliac Artery 
(CIA) in Right Side and Cut-Off in Bifurcation and Run-Off in Superficial 
Femoral Artery (SFA) in Left Side, During Surgery in the Right Side, the Cut-
Off Was in Bifurcation and Run-Off in SFA (10 cm After Arterial Origin), and 
in the Left Side, Cut-Off Was in Bifurcation and Run-Off in SFA.
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Table 2.  Surgery Findings on Cut Off a,b

Artery Frequency
SFA 11 (36.7)
Popliteal 1 (3.3)
Aorta 6 (20)
CFA 4 (13.3)
EIA 3 (10)
CIA 5 (16.7)
Anatomical section

Proximal 17 (56.7)
Medial 3 (10)
Distal 10 (33.3)

a Abbreviations: SFA, superior femoral artery; CFA, common femoral 
artery; EIA, external iliac Artery; CIA, common iliac artery.
b Data are presented as No. (%).

Table 3.  Cut Off Artery (MRI) Vs Cut off Artery (Surgery) Cross 
Tabulation a

Cut Off Artery (MRI) Cut Off Artery (Surgery)
SFA Popliteal Aorta CFA

SFA (n) 11 0 0 1
Popliteal (n) 0 1 0 0
Aorta (n) 0 0 6 0
CFA (n) 0 0 0 3
EIA (n) 0 0 0 0
CIA (n) 0 0 0 0
a Abbreviations: SFA, superior femoral artery; CFA, common femoral 
artery; EIA, external iliac artery; CIA, common iliac artery.

Table 4.  MR-Angiography Finding on Run Off a,b

Artery Frequency
SFA 11 (36.7)
ATA 1 (3.3)
PTA 4 (13.3)
Popliteal 5 (16.7)
CFA 5 (16.7)
Femoral 3 (10)
CIA 1 (3.3)
Anatomical Section

Proximal 17 (56.7)
Medial 6 (20)
Distal 7 (23.3)

a Abbreviations: SFA, superior femoral artery; ATA, anterior tibial 
artery; PTA, posterior tibial artery; CFA, Common Femoral Artery; CIA, 
common iliac artery.
b Data are presented as No. (%).

Table 5.  Surgery Findings on Run Off  a
Artery Frequency
Negative 2 (6.7)
SFA 9 (30)
PTA 3 (10)
Popliteal 7 (23.3)
CFA 6 (20)
Femoral 3 (10)
Anatomical Section

Negative 2 (6.7)
Proximal 16 (53.3)
Medial 5 (16.7)
Distal 7 (23.3)

a Abbreviations: SFA, superior femoral artery; PTA, posterior tibial 
artery; CFA, common femoral artery. b Data are presented as No. (%). 

Figure 2. A 72-Year Old Man With Cut-Off in Common Iliac Artery (CIA) Ori-
gin and Run-Off in Distal one-Third of Superficial Femoral Artery (SFA) and 
Deep Femoral Artery (DFA) Located by MR-Angiography, During Surgery 
the Cut-Off Was in CIA Origin and Run-Off was in Distal of Popliteal Artery

5. Discussion
Advanced technological improvements are introduced 

in field of imaging modalities which changed the old
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Figure 3. In a 61-Year Old Man, Cut-Off and Run-Off was Located in Super-
ficial Femoral Artery (SFA) and One-Third Distal of Common Femoral Ar-
tery (CFA), Respectively by MR-Angiography, During Surgery the Cut-Off 
and Run Off Was Seen in One-Third Distal of CFA and Proximal of Popliteal 
Artery, Respectively.

methods of diagnosis (24-26). On the other hand the 
main question here would be that if these new modalities 
exactly reflect what happens in the body and how much 
we can trust on the results provided by these modalities. 
In this regard we tried to evaluate the predictive value 
of MRA in means of finding run off and cut off location 
in patients with PAD and compare what is reported 
by MRA with what is seen in open surgeries. We found 
that Gadolinium enhanced MRA is able to report the 
exact point of cut off and run off in blood flow of lower 
limb arteries with positive predictive value of 0.97 (95% 
CI: 0.83-0.99) regardless of the anatomical position of 
occlusion. Previous studies emphasized the efficacy of 
MRA in both contrast agent and conventional methods 
(19-22, 27); As Binkert et al. found a diagnostic accuracy of 

81.9% in use of calf MRA which significantly is higher than 
conventional angiography (27). Also Bui and colleagues 
reported a diagnostic accuracy of 73 to 92 percent for 
MR-angiography in suspicious cases of PAD (24). Menke 
et al. performed a review study and reported more than 
95 percent of diagnostic accuracy for MR-angiography 
that is higher than what has been proposed by other 
investigators (4). Beneficial characteristics of this 
imaging modality have expanded the application of MR-
angiography for whole-body imaging in term of exact 
diagnosis of patients with possible peripheral arterial 
disease. However some studies have reported more 
definite results for CT-angiography compared with MR-
angiography (25-29). Previous study printed by authors 
of this study (Noaparast et al.) compared 64 multi slice 
CT angiography and surgery. It has been proposed that 
CT-angiography (CTA) is capable of reporting anatomical 
site of occlusion and cut off/run off with accuracy of 89% 
and positive predictive value of 96.8%. The same PPV was 
observed in current study (97%) by MR-Angiography. 
It can be concluded that MRA is as definite as CTA in 
reporting occlusion site and cut off/run off (30). New 
studies have been dedicated to design new protocols 
of imaging to maximize the accuracy and lowering the 
side effects; in this regard Hodnett PA and colleagues 
reported that quiescent-intervalsingle-shot (QISS) 
magnetic resonance (MR) angiography as an alternative 
to imaging modalities for symptomatic PAD in patients 
whom the administration of iodinated or gadolinium-
based contrast agents is contraindicated (31). In another 
research Wang J declared that administration of lower 
dose of contrast agent would not affect the Image quality 
and diagnostic performance of MRA when 0.1 mmol/kg 
gadobenate dimeglumine is used instead of 0.2 mmol/
kg gadopentetate dimeglumine and at least equivalent 
results are obtained (32). In our study we compared 
MR-Angiography and surgery in term of finding cut off 
and run off in lower extremities in patients with PAD 
and proved the power of MRA in this regard but the fact 
that our patients were chosen among patients referring 
to vascular clinic for pain and claudication and the low 
sample size would be the our limitations. Hence further 
studies with larger sample size and more powerful 
statistical analysis among patients referring to general 
clinics is advised. Nowadays the feasibility and accuracy 
of MRA in evaluation of lower limbs artery is obvious 
for every clinicians and advantageous characteristics 
like low ionizing radiation exposure, the ability to 
repeat the imaging and low time consuming protocols 
has convinced the clinicians to applicate this modality 
instead of DAS.
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