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ABSTRACT
OBJECTIVES This study sought to evaluate the image quality and diagnostic accuracy of noncontrast quiescent-

interval single-shot (QISS) magnetic resonance angiography (MRA) versus iodine-contrast computed tomography

angiography (CTA) in patients with peripheral artery disease (PAD), with invasive digital subtraction angiography (DSA)

as the reference standard.

BACKGROUND QISS is a recently introduced noncontrast MRA technique. Although the diagnostic accuracy of QISS is

reportedly similar to that of contrast-enhanced MRA, its performance compared with contrast-enhanced CTA, the most

frequently used noninvasive modality for evaluation of PAD, is unknown.

METHODS Thirty patients (66 � 7 years of age) with PAD underwent lower extremity CTA with third-generation

dual-source dual-energy CT and 1.5-T MRA using a prototype noncontrast QISS sequence. DSA was performed

within 50 days. The abdominal aorta and lower extremity run-off were imaged. Eighteen arterial segments were

analyzed. Subjective image quality (3-point Likert scale) and stenosis (5-point grading) were evaluated by 2 observers

and compared using the Mann–Whitney U and chi-square tests, respectively. Sensitivity and specificity of MRA and CTA

for >50% stenosis detection were compared using the McNemar-test.

RESULTS Of 540 segments, 15 (2.8%) and 42 (7.8%) inconclusive segments were excluded from MRA and CTA

analysis, respectively (p ¼ 0.0006). The DSA results were available for 410 of the remaining segments. Overall

subjective image quality was rated similarly with QISS-MRA (2.52 [95% confidence interval: 2.46 to 2.57]) and CTA

(2.49 [95% confidence interval: 2.43 to 2.55]; p ¼ 0.5062). The sensitivity and specificity of MRA for >50% stenosis

were 84.9% and 97.2%, respectively, similar to those of CTA (87.3% and 95.4%, respectively). Interobserver

agreement for stenosis detection was excellent for MRA (k > 0.81) and CTA (k > 0.81).

CONCLUSIONS Noncontrast QISS-MRA provides high diagnostic accuracy compared with DSA, while being less

prone to image artifacts than CTA. QISS better visualizes heavily calcified segments with impaired flow. QISS-MRA

obviates the need for contrast administration in PAD patients. (J Am Coll Cardiol Img 2017;-:-–-) © 2017 by the

American College of Cardiology Foundation.

http://dx.doi.org/10.1016/j.jcmg.2016.09.030
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P eripheral artery disease (PAD) affects
12% to 14% of the general population
and its prevalence has been shown to

increase with age (1). Although segmental
Doppler pressures and pulse volume re-
cordings are appropriate techniques for
evaluating symptomatic patients, more
sophisticated noninvasive imaging techni-
ques may be necessary for further anatomic
delineation and treatment planning, espe-
cially before revascularization (2,3). Both
computed tomography angiography (CTA)
and magnetic resonance angiography (MRA)
are rated as “usually appropriate” diagnostic
approaches for claudication with suspected vascular
etiology (2,4). Patients with PAD frequently experi-
ence several comorbidities, including renal insuffi-
ciency, which often increases concern regarding the
administration of either iodinated or gadolinium-
based contrast media in view of contrast-induced
nephropathy and nephrogenic systemic fibrosis (5,6).

Collectively, concerns about the administration of
contrast media and recent technical advances have
led to an increased interest in noncontrast MRA
techniques. Although many approaches to non-
contrast MRA have been evaluated (7), most have
limited clinical utility in patients with PAD due to
either technical limitations or overestimation of mild
to moderate stenoses (8,9).

Quiescent-interval single-shot (QISS) MRA is a
recently introduced, robust noncontrast MRA tech-
nique (10). QISS-MRA at 1.5-T and 3-T has shown
promising results with reported diagnostic accuracies
being close or equal to those of contrast-enhanced
MRA (11–15).

In this study, we evaluated the image quality and
diagnostic accuracy of noncontrast QISS-MRA in pa-
tients with PAD against invasive digital subtraction
angiography (DSA) as the reference standard and
compared the results to those obtained by contrast-
enhanced CTA.
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MATERIALS AND METHODS

PATIENT SELECTION. Our Institutional Review
Board approved the study protocol, and written
informed consent was obtained from all patients.
The study was conducted in compliance with the
Health Insurance Portability and Accountability
Act of 1996 guidelines. Thirty patients were enrol-
led prospectively at our institution between May
2014 and June 2015. All patients were referred for
a clinically indicated lower extremity runoff CTA
for the evaluation of known or suspected PAD as
a preparatory procedure for revascularization. Gen-
eral magnetic resonance imaging exclusion criteria
were applied to patient selection. The MRA and
CTA were scheduled as consecutive procedures no
more than 50 days before the invasive angiography
study.

QISS NONCONTRAST MRA ACQUISITION PROTOCOL.

All patients underwent magnetic resonance imaging
as the study procedure on a 1.5-T magnetic resonance
imaging scanner (MAGNETOM Avanto, Siemens
Healthineers, Erlangen, Germany) using phased-array
radiofrequency body, peripheral and spine matrix
coils with 2� 6 body elements positioned anteriorly on
the abdomen and pelvis, 36 elements positioned
anteriorly on the lower extremities, and 32 elements
positioned posteriorly. Imaging was performed in a
free-breathing fashion except in the abdominal sta-
tions, with the patient in a feet-first supine position.
QISS-MRA was performed using an investigational
prototype sequence without applying scout imaging.
Image acquisition was carried out under electrocar-
diographic gating starting from the feet to the
abdomen according to a previously described protocol
(10). The entire abdominal aorta and lower extremity
runoff were covered by 8 to 9 groups of 48 sections
that were 3 mm thick (“stations”), with each station
covering a 144-mm z-axis volume. The following
additional acquisition parameters were used: field of
d Radiological Science, Medical University of South

ventional Radiology, University Hospital Frankfurt,

ical University of South Carolina, Charleston, South

icine, University of Rome “Sapienza,” Rome, Italy;

sity of Rome “Sapienza,” Rome, Italy; fDepartment

enhausen, Munich, Germany; gSiemens Medical

ty Medical Center Groningen, Center for Medical

Netherlands. Drs. Varga-Szemes and De Cecco have

ltant for Guerbet; and has received research grants

eers. Dr. Giri is an employee of Siemens. All other

nts of this paper to disclose.

r 26, 2016, accepted September 29, 2016.



J A C C : C A R D I O V A S C U L A R I M A G I N G , V O L . - , N O . - , 2 0 1 7 Varga-Szemes et al.
- 2 0 1 7 :- –- Accuracy of Non–Contrast-Enhanced QISS MRA

3

view, 400 � 260 mm2; measured voxel size, 1 � 1 �
3 mm3; reconstructed voxel size, 0.5 � 0.5 � 3 mm3;
repetition time, 3.5 ms; echo time, 1.4 ms; flip angle,
90�; bandwidth, 658 Hz/pixel; quiescent interval, 226
ms; a generalized autocalibrating partially parallel
acquisition with an acceleration factor of 2, and Car-
tesian readout were applied. Acquisition time and
door-to-door time were recorded.

CONTRAST-ENHANCED CTA ACQUISITION PROTOCOL

AND IMAGE RECONSTRUCTION. The CTA image
acquisition was performed on a third generation dual-
source CT system (Somatom Definition Force,
Siemens Healthineers, Forchheim, Germany) in dual-
energy mode (16). Acquisitions covered the region
from the distal abdominal aorta down to the toes and
included a topogram and a noncontrast scan followed
by a contrasted angiogram.

Iodinated contrast material (350 mgI/ml iohexol,
Omnipaque, GE Healthcare, Chalfont St. Giles, United
Kingdom) was administered intravenously with a
multiphasic injection using an automated dual-
syringe power injector (Stellant D CT Injection
System, Medrad, Inc., Warrendale, Pennsylvania)
according to the protocol described by Fleischmann
et al. (17). A 120-kV bolus tracking approach (Care-
Bolus, Siemens) with a threshold of 115 Hounsfield
units applied in the abdominal aorta was used to time
the scan initiation. Acquisition was performed using
the following parameters: field of view, 350 mm;
pitch 0.7; collimation, 2 � 64 � 0.6 mm for both de-
tectors; and tube voltage and current, 150 kV/59
reference mAs for tube A and 90 kV/95 reference mAs
for tube B. Acquisition time and door-to-door time
were recorded. The latter included the time needed
for contrast material loading, injector preparation,
and patient instructions. Datasets were reconstructed
using a soft tissue convolution kernel (Qr40, Siemens)
with a section thickness and increment of 1.5 mm and
1.0 mm, respectively. Third generation advanced
modeled iterative reconstruction algorithm (ADMIRE,
Siemens) at a strength level of 3 was used (18). For
further analysis, images were reconstructed using
a noise-optimized virtual monochromatic imaging
algorithm at 50 keV on a dedicated workstation
(syngo.via, Siemens) (16).

DSA PROTOCOL. Patients underwent invasive DSA
as a standard of care procedure, which was used as
the reference modality in our investigation. The per-
forming operator was aware of the initial clinical CTA
results which were used for DSA procedure planning.
DSA was performed by an experienced interven-
tional cardiologist via the transfemoral approach
using a cardiovascular imaging system (Axiom Artis,
Siemens). A 5-F Omni Flush catheter (Angiodynamics,
Queensbury, New York) was used to deliver contrast
media. The tip of the catheter was positioned above
the aortic bifurcation and 80 ml of nonionic iodinated
contrast media (350 mgI/ml iohexal, Omnipaque, or
320 mgI/ml iodixanol, Visipaque, GE Healthcare,
chosen at the discretion of the cardiologist) was
injected. Pelvic and lower extremity arteries were
imaged using the stepping table DSA technique in a
posteroanterior projection. At the level of the iliac
and common femoral arteries, additional 30� left and
30� right anterior oblique projections were obtained.
Patients were treated at the time of diagnostic DSA
imaging. In a few patients, DSA was only performed
in 1 lower extremity (as clinically deemed necessary).

IMAGE ANALYSIS. Two independent experienced
observers performed image assessments of QISS-MRA
and CTA. The observers performed the image quality
ratings and stenosis detection and grading indepen-
dent of each other. The observers first evaluated all
QISS-MRA datasets in random order. After an interval
of 14 days (to minimize recall), the observers per-
formed the assessment of CTA images, also in random
order. In cases of disagreement, a third expert imager
arbitrated. The QISS-MRA and CTA datasets were
evaluated on dedicated workstations (Leonardo,
Siemens and syngo.via VA30, Siemens, respectively).
Multiplanar reconstruction and coronal maximum
intensity projection images (at 20 mm thickness for
both QISS-MRA and CTA) were generated from the
entire axial dataset. However, axial datasets were
also available to the readers. DSA cine images were
reviewed on a picture archive and communication
system (IMPAX 6.5, AGFA Healthcare, Ghent,
Belgium) by the interventional cardiologist.

Image evaluation was performed on a per-segment
basis according to an 18-segment model (19). The
overall image quality was rated subjectively inde-
pendently by both observers according to a 3-point
grading system: 1) vascular segment not assessable
due to severe image artifacts and/or poor vascular
signal, resulting in low reader confidence; 2) accept-
able image quality with minor artifacts and/or
moderately homogenous vascular signal, resulting in
marginal reader confidence; or 3) excellent image
quality without artifacts and homogenous vascular
signal, providing high reader confidence. Quality
scores 2 and 3 were considered acceptable for diag-
nostic purposes.

Vessel segment stenoses were graded using a
5-point grading scale as follows: 1 (normal), 2
(mild, <50% diameter stenosis); 3 (moderate, 50% to
74%), 4 (severe, 75% to 99%), and 5 (total occlusion).



TABLE 1 Patient Characteristics (n ¼ 30)

Age, yrs 66 � 7

Male 16 (53.3)

Race

African American 11 (36.6)

Caucasian 19 (63.3)

Weight, kg 81.9 � 22.4

Height, cm 170.0 � 9.7

Body mass index, kg/m2 28.2 � 7.0

Diabetes mellitus 14 (46.6)

Hypertension 26 (86.6)

Dyslipidemia 26 (86.6)

Reduced renal function

eGFR <30 ml/min/1.73 m2 3 (10)

eGFR 30–44 ml/min/1.73 m2 6 (20)

Smoking

Current 8 (26.6)

Previous 17 (56.6)

Fontaine classification

IIa 6 (20)

IIb 23 (76.6)

III 1 (3.3)

Lower leg stent 8 (26.7)

Known coronary artery disease 21 (70)

Prior myocardial infarction 7 (23.3)

Prior transient ischemic attack 4 (13.3)

Prior percutaneous coronary intervention 15 (50)

Prior coronary artery bypass surgery 10 (33.3)

Values are mean � SD or n (%).

eGFR ¼ estimated glomerular filtration rate.
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Grades 1 and 2 were considered insignificant, whereas
grades 3 to 5 were interpreted as significant for
diagnostic accuracy testing. In case of concurrent
arterial stenoses in a single arterial segment, only the
stenosis with the higher grade was evaluated.

STATISTICAL ANALYSIS. Statistical analyses were
performed using MedCalc version 13.2.2 (MedCalc
Software, Ostend, Belgium). The Kolmogorov-
Smirnov test was used to assess normal distribution
of the continuous data. Continuous variables were
reported as mean � SD, and categorical variables as
absolute frequencies and proportions. The difference
in acquisition time and door-to-door time was
assessed using 2-tailed paired samples Student t test.
The frequency of the different image artifacts was
compared between MRA and CTA using the Mann-
Whitney U test.

Differences in subjective image quality were
assessed by averaging the 3-point score provided by
the 2 observers and then comparing QISS-MRA and
CTA by using the Mann-Whitney U test. Agreement
regarding the subjective image quality ratings was
assessed using intraclass correlation coefficients (ICC)
with the level of agreement as follows: poor,
ICC < 0.20; fair, ICC ¼ 0.21 to 0.40; moderate,
ICC ¼ 0.41 to 0.60; good, ICC ¼ 0.61 to 0.80; and
excellent, ICC > 0.80. The ICC results were reported
with 95% confidence intervals (CI) in square brackets.

Differences in significant stenosis detection rate of
QISS-MRA and CTA were analyzed with a chi-square
test and correlation between the 2 techniques was
evaluated using ICC with the level of agreement as
described. Sensitivity and specificity were calculated
on a per-segment basis. Agreement regarding the
detection of stenosis between observers was assessed
using Kappa-statistics with the level of agreement as
follows: poor, k < 0.20; fair, k ¼ 0.21 to 0.40; mod-
erate, k ¼ 0.41 to 0.60; good, k ¼ 0.61 to 0.80; and
excellent, k > 0.80. The k values were reported with
95% (CI) in square brackets. Values of p < 0.05 were
considered significant.

RESULTS

Our study population consisted of 30 patients (mean
age 66 � 7 years; range 52 to 81 years), including
16 men (mean age 66 � 7 years; range 55 to 81 years)
and 14 women (mean age 67 � 7 years; range 52 to 79
years). Indications for imaging were evaluation of
vascular status because of intermittent claudication
(n ¼ 29) and rest pain (n ¼ 1) for procedure planning
before revascularization. The mean patient body
weight and body mass index were 81.9 � 22.4 kg
(range 42.2 to 125.0 kg) and 28.2 � 7.0 kg/m2
(range 16.0 to 45.0 kg/m2), respectively. Further
characteristics of the patient population are detailed
in Table 1, and representative clinical cases are shown
in Figure 1.

The average acquisition time of QISS-MRA from the
start of the first acquisition to the end of the entire
session was 21.6 � 3.6 min (range 16 to 29 min),
including the time needed when certain stations
had to be repeated. The door-to-door time was
approximately 4 min longer (25.6 � 3.3 min). The
average CTA acquisition time from the start of the
topogram to the end of the scanning session including
pauses in between acquisitions was 4.1 � 1.0 min
(p < 0.0001 compared with QISS-MRA), ranging
from 3.1 to 5.4 min. The CTA door-to-door time was
11.3 � 2.1 min (p ¼ 0.0001 compared with QISS-MRA).
When accounting for the time required for CTA
patient preparation (e.g., intravenous access inser-
tion, point-of-care creatinine measurements before
contrast media administration), the total time
increased to 24.4 � 2.7 min (p ¼ 0.0936 compared with
QISS-MRA door-to-door time).

A total of 540 vascular segments were imaged by
QISS-MRA and CTA. Overall subjective image quality



FIGURE 1 Representative Case Examples

Corresponding quiescent-interval single-shot magnetic resonance angiography (QISS-MRA), computed tomography angiography (CTA), and digital subtraction

angiography (DSA) images in 3 different patients with peripheral artery disease (PAD). Patient #1 is a 75-year-old man with complete occlusion of the right superficial

femoral artery (brackets). Although the massive calcification limits the evaluation of luminal stenosis with CTA, QISS-MRA provides close to identical angiographic

assessment compared with DSA. Patient #2 is a 71-year-old man with right infrapopliteal occlusion (brackets) and subsequent extensive collateral circulation

visualized by all 3 techniques. Patient #3 is a 63-year-old man with proximal occlusion of the left superficial femoral artery reconstituting distally via collaterals from

the profunda femoral artery (brackets).
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was rated similarly with QISS-MRA (2.52 [95% CI: 2.46
to 2.57]) and CTA (2.49 [95% CI: 2.43 to 2.55];
p ¼ 0.5062). Interobserver agreement in QISS-MRA
and CTA ratings was good to excellent for the
assessment of overall subjective image quality (ICC
0.79 [95% CI: 0.77 to 0.81] and 0.82 [95% CI: 0.78 to
0.86], respectively).

On the basis of the image quality ratings, 15 seg-
ments (2.8%) were deemed nondiagnostic (i.e.,
receiving score of 1 for image quality assessment) and
thus were excluded from the QISS-MRA accuracy
analysis for the following reasons: stent artifacts (n ¼
8; 1.4%), signal loss due to heavy calcification (n ¼ 1;
0.2%), and other image artifacts including motion and
radiofrequency noise artifacts (n ¼ 6; 1.1%). Forty-two
segments (7.8%; p ¼ 0.0006 compared with QISS-
MRA) were considered nondiagnostic and excluded
from the CTA accuracy analysis due to stent artifacts
(n ¼ 11 [2%]; p ¼ 0.4985 compared with QISS-MRA),
heavy calcification (n ¼ 8 [1.4%]; p ¼ 0.0262
compared with QISS-MRA), and suboptimal
opacification (n ¼ 23; 4.3%). Representative cases with
nondiagnostic segments are shown in Figures 2 and 3.

Reference DSA data were available for 410 of the
remaining segments, in which the MRA and CTA im-
ages had been deemed diagnostic. The frequency of
the different stenosis severity grades based on DSA,
QISS-MRA, and CTA are shown in Table 2. Stenosis
severity in segments with mild stenosis was over-
estimated in 8 (1.9%) and 13 (3.1%) segments,
respectively, compared with DSA. In segments with
moderate stenosis, stenosis severity was under-
estimated in 19 (4.6%) and 16 (3.9%) segments based
on QISS-MRA and CTA, respectively. Of the 410 seg-
ments, >50% stenosis was detected by QISS-MRA,
CTA, and DSA in 115 (28.0%; 8 false-positive re-
sults), 123 (30%; 13 false-positive results), and 126
(30.7%) segments, respectively. No difference be-
tween the stenosis detection rates of QISS-MRA and
CTA was observed (p ¼ 0.2561). The ICC analysis
showed good agreement between QISS-MRA and CTA
(0.77 [95% CI: 0.73 to 0.81]). Of the 410 segments,



FIGURE 2 Stent Artifacts

Corresponding QISS-MRA, CTA, and DSA images from a 71-year-old woman with stents in the right (solid arrow) and left (open arrow)

superficial femoral arteries. Both self-expanding stents are made of nitinol (nickel-titanium alloy) and are patent on DSA. However, the

stents’ architecture is different, which may explain why the stent in the right superficial femoral artery causes significant signal loss in QISS

MRA, whereas the visualization of the vascular lumen was not affected in the left superficial femoral artery. Abbreviations as in Figure 1.
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disagreement between QISS-MRA and CTA was
observed in 29 segments (7.0%). There were 18 seg-
ments (4.3%) in which CTA showed significant ste-
nosis whereas QISS-MRA was interpreted as normal or
nonsignificant stenosis. In contrast, there were 11
segments (2.6%) considered positive by QISS-MRA
and negative by CTA. The sensitivity and specificity
for the detection of >50% stenosis by the QISS-MRA
and CTA techniques are shown in Table 3.

Interobserver agreement regarding the detection of
>50% stenosis was excellent for the QISS-MRA
(k ¼ 0.84 [95% CI: 0.82, 0.86]) and CTA (k ¼ 0.81
[95% CI: 0.80, 0.82]) approaches.

DISCUSSION

This prospective study of patients with PAD inves-
tigated the diagnostic accuracy of noncontrast
QISS-MRA versus contrast-enhanced CTA for the
detection of lower extremity vascular stenosis in one
of the largest DSA-correlated cohorts to date. On a
per-segment analysis, QISS-MRA showed high sensi-
tivity and specificity, and the detection rate of >50%
stenosis based on QISS-MRA was similar to that of
CTA. Such an accurate noncontrast MRA approach has
particular benefits in the pre-procedural diagnostic
workup of PAD patients with an elevated medical
risk profile.

The acquisition time measured during the QISS-
MRA sessions in this study was comparable to the
scan time reported by others (20). The acquisition and
door-to-door times of QISS-MRA are longer than those
of CTA due to the differing technological bases of
these approaches. However, the time spent with each
patient may be shorter for a noncontrast MRA pro-
cedure due to the additional preparation that is
needed for CTA.

Image quality was rated subjectively by 2 experi-
enced observers in this study, and QISS-MRA was
found to provide similar subjective vascular signal to
that of CTA. The major factors contributing to
insufficient vascular delineation and increased image
noise that rendered a segment nondiagnostic in
QISS-MRA were the presence of certain types of
stents, and radiofrequency noise. Although stent
artifacts are difficult to eliminate, newly developed
sequence versions with fast low-angle shot or ultra-
short echo readout show better performance in
patients with metallic implants, and may also be
promising for vascular segments with stents (21,22).
In the CTA datasets, the major source of non-
diagnostic segments was the presence of stents,
heavy calcification, and suboptimal opacification.
The latter contributed to the exclusion of 4.3% of the
segments. Of the 8 segments excluded from CTA due
to heavy calcification, 7 were diagnostic with QISS-
MRA. Moreover, the 23 segments excluded from
CTA due to insufficient opacification were visualized
with diagnostic quality by QISS-MRA. Although
extreme calcification may cause signal loss in QISS-
MRA, it is less affected by this artifact type
compared with CTA. Suboptimal opacification is



FIGURE 3 Benefits of QISS-MRA Over CTA

Corresponding QISS-MRA, CTA, and DSA images in a 65-year-old man. Complete lumen

visualization with CTA was limited due to the presence of heavy calcification, especially

in the right superficial femoral artery (solid brackets). Consequently, the length of the

occlusion could not be determined. However, QISS-MRA was able to visualize suffi-

ciently the heavily calcified segments as well. The evaluation of the left calf vessels by

CTA was inconclusive due to suboptimal opacification caused by the slower flow in the

stenotic arteries (dotted brackets). However, the reduced flow rate in the calf arteries did

not affect vascular delineation in QISS-MRA. Abbreviations as in Figure 1.

TABLE 2 Frequency of Different Stenosis Severity Grades (n ¼ 410)

Grade DSA QISS-MRA CTA

1, Normal 208 (50.7) 215 (52.4) 201 (49.0)

2, Mild 76 (18.5) 80 (19.5) 86 (20.9)

3, Moderate 79 (19.2) 70 (17.0) 69 (16.8)

4, Severe 37 (9.0) 35 (8.5) 44 (10.7)

5, Total occlusion 10 (2.4) 10 (2.4) 10 (2.4)

Values are n (%).

CTA ¼ computed tomography angiography; DSA ¼ digital subtraction angiography; QISS-MRA ¼ quiescent
interval single-shot magnetic resonance angiography.
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caused by the undesirable scenario that the scanner
“outruns” the slow contrast bolus. This is due to the
reduced flow in severely atherosclerotic vessels and
is observed in the calf arteries in most cases. As
emphasized by the American College of Radiology
guidelines, the 2 major shortcomings limiting image
interpretation of CTA in patients with PAD are the
relatively difficult acquisition timing after contrast
administration due to reduced flow in the stenotic
vessels and reduced lumen visibility due to heavily
calcified atheromatous lesions (2). As we have
shown, QISS-MRA is able to overcome both of these
limitations and provides reliable findings when
compared with invasive DSA.

Stenosis grading based on QISS-MRA showed good
agreement with DSA. Nearly 90% of the segments
were graded properly by QISS-MRA, similar to CTA,
indicating that QISS-MRA can potentially be used for
stenosis severity assessment. The diagnostic accuracy
of noncontrast QISS-MRA evaluated here against DSA
showed a sensitivity and specificity of 85% and 97%,
respectively. These results are in agreement with ac-
curacy data reported by others (20), or slightly lower
compared with studies using noninvasive contrast-
enhanced MRA as a reference standard (12,14). As
shown here, the specificity of QISS-MRA for arterial
stenosis in the lower extremities is very high, and
demonstrates superiority compared with, for
example, subtracted 3-dimensional fast spin echo
MRA (23). Although the majority of initial QISS-MRA
studies were performed at the more widely available
1.5-T field strength (10–13), QISS-MRA has also shown
good diagnostic accuracy at higher field strengths
(15,20,24,25).

The QISS-MRA technique was first introduced
in 2010 by Edelman et al. (10). This
electrocardiographic-triggered technique uses initial
saturation pulses followed by 2-dimensional single-
shot balanced steady-state free precession readout
with a quiescent interval between them. Two satu-
ration pulses are used, one to suppress the back-
ground signal and one applied inferior to the slice to
suppress the venous blood signal. The quiescent
interval before the readout allows the inflow of un-
saturated arterial spins into the imaging plane. Due to
its design, the flow sensitivity of QISS-MRA is negli-
gible compared with other noncontrast techniques,
such as time of flight, 3-dimensional fast spin echo–
based approaches, and ungated ghost MRA (11).
Additionally, single-shot 2-dimensional balanced
steady-state free precession acquisition makes this
technique relatively insensitive to patient motion.

Novel technological innovations in development
promise to facilitate further the clinical
implementation of QISS-MRA. QISS-MRA can be
performed without electrocardiographic gating by
using prospective self-navigation based on the
detection of the acceleration of blood flow during
systole with a reference-less phase contrast navigator



TABLE 3 Per-Segment Test Characteristics of QISS-MRA and CTA for the Detection of

Hemodynamically Significant (>50%) Stenosis in the Lower Extremity Arteries Compared

With DSA

Sensitivity (%) 95% CI Specificity (%) 95% CI

QISS-MRA 84.9 (107/126) 77.5–90.7 97.2 (276/284) 94.5–98.8

CTA 87.3 (110/126) 80.2–92.6 95.4 (271/284) 92.3–97.5

Values are % (n/N).

CI ¼ confidence interval; other abbreviations as in Table 2.

PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE: In

patients with PAD, noncontrast QISS-MRA identifies

significant arterial stenosis with 85% sensitivity and

97% specificity, providing similar diagnostic accuracy

to that of CTA. QISS-MRA shows superior performance

to CTA in that it visualizes vascular segments with

extensive intraluminal calcification better, and, being

a noncontrast technique, its intravascular signal

quality is not influenced by timing after contrast

administration. Furthermore, QISS-MRA provides

excellent interobserver agreement, highly rated

subjective image quality, and comparable patient

care time.

TRANSLATIONAL OUTLOOK: Additional multi-

center, prospective studies are needed to show that

QISS-MRA, a noncontrast noninvasive imaging tech-

nique, provides high diagnostic confidence and diag-

nostic accuracy for the detection of significant lower

extremity arterial stenosis. Additionally, QISS needs to

be tested in other organ systems as well, to under-

stand fully its potential applications. Such studies may

establish ultimately its clinical usefulness in vascular

imaging of patients in whom kidney disease or other

contraindications would prevent CT or magnetic

resonance contrast material administration.
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(26). Highly undersampled radial k-space readout en-
ables the acquisition of multiple 2-dimensional slices
in a single cardiac cycle, which shortens the acquisi-
tion time of a complete lower extremity runoff MRA to
about 2 min (27). High-resolution QISS-MRA provides
1.5-mm section thickness and thus a more detailed
visualization of the vascular anatomy (28). Quiescent
interval low-angle shot MRA provides superior image
quality for the external carotid arteries compared
with 2-dimensional time of flight with an average
acquisition time of <6 min (29). As discussed, QISS-
MRA is a rapidly developing technology with signifi-
cant clinical potential. Recently, QISS-MRA has been
released as a product and is available for clinical care.

STUDY LIMITATIONS. Our patient population was
enrolled from a single university medical center.
Further multicenter studies may be necessary to
confirm the diagnostic performance of QISS-MRA
across a wider range of patients, indications, and
clinical scenarios. Although the maximum time in-
terval between QISS-MRA and DSA was kept as short
as feasible in our study, disease progression during
this time period could have occurred. In this investi-
gation, we did not include a comparison with contrast
enhanced MRA to gauge the performance of our pro-
posed noncontrast technique, because this strategy
has been used before and DSA as a stronger reference
standard was available. We did not perform an
objective image quality analysis due to the differing
physical nature of the various imaging tests. More-
over, the QISS sequence involves parallel imaging,
which makes the calculation of objective image
quality measures unsuitable (30). For valid signal-to-
noise and contrast-to-noise ratio measurements, ac-
quisitions would have to be repeated at least 3 times,
which would have increased the acquisition time
unreasonably. Although dual-energy based calcium
removal was attempted to improve lumen visualiza-
tion with CTA, calcium removal caused the apparent
disruption of vessel continuity in several cases where
DSA clearly indicated intact flow. As a result, we
chose not to use calcium removal in the final CTA
image analysis.
CONCLUSIONS

This study indicates that noncontrast QISS-MRA
provides high diagnostic accuracy for the detection
of arterial stenosis of the lower extremities at 1.5-T.
QISS-MRA is a feasible alternative for patients with
contraindications to contrast media, especially in
light of recently released professional guidelines that
widened the population considered at risk for neph-
rogenic systemic fibrosis to patients with estimated
glomerular filtration rate of <40 ml/min/1.73 m2 (31).
Furthermore, QISS-MRA may avoid the timing-
related difficulties of contrast-enhanced CTA and
result in better visualization of heavily calcified
arteries.
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