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CLTI Imaging: What’s 
New and What’s Next?
Use of noncontrast MRA with the quiescent-inflow single-shot technique and photon-counting 

CTA in the evaluation of patients with chronic limb-threatening ischemia.  

By Jos C. van den Berg, MD, PhD

T o achieve limb salvage and improve prognosis of 
patients with chronic limb-threatening ischemia 
(CLTI), accurate and timely diagnosis is essen-
tial.1 The role of angiography as the primary 

diagnostic tool in the management of patients with CLTI 
has largely been taken over by noninvasive tests, includ-
ing duplex ultrasound, CTA, and MRA. However, these 
alternative modalities have limitations. Duplex ultra-
sound is operator dependent, and assessment presents 
challenges in the below-the-knee (BTK) vessels because 
of their small size and the presence of calcifications, mak-
ing it very time consuming. CTA also has limitations due 
to the presence of calcifications, and it is oftentimes dif-
ficult to judge luminal patency in the presence of diffuse 
calcification. In addition, most patients with CLTI also 
have renal insufficiency, and therefore administration of 
iodinated contrast medium is impossible or only possible 
with reduced amounts of iodine. MRA performed with 
gadolinium-based contrast medium can produce images 
that are not hampered by the presence of calcium, but 
patients with end-stage renal disease can develop sys-
temic nephrogenic fibrosis related to gadolinium. Image 
quality can be compromised due to a rapid venous 
return, which renders proper evaluation of the arterial 
system difficult (Figure 1A). This article describes two 
imaging modalities that have become available more 
recently, noncontrast MRA using the quiescent-inflow 
single-shot (QISS) technique and photon-counting CTA; 
both have the potential to address the shortcomings of 
standard CTA and contrast-enhanced MRA.

NONCONTRAST MRA
The technique of noncontrast MRA using the QISS 

sequence has been described in detail in a previous 

Endovascular Today article.2 In brief, the QISS tech-
nique uses an initial saturation pulse to suppress the 
background signal and one pulse that is applied below 
the slice to suppress the venous signal. The quiescent 
interval that occurs before the signal is read allows the 
inflow of unsaturated arterial spins into the imaging 
plane. Stacks of axial slices are acquired throughout the 
region of interest, and these are then processed auto-
matically to maximum intensity projection (MIP) imag-
es. The technique has several potential pitfalls. First, 
image quality can degrade when cardiac rhythm is high-
ly irregular. Second, because the QISS technique relies 
on adequate and uniform fat suppression, which cannot 
always be achieved at the level of the feet and groin, 
image quality may be compromised in these areas. The 

Figure 1.  Contrast-enhanced MRA (A) of the lower legs and 
QISS image (B) in the same patient demonstrating differ-
ences in image quality. In the QISS image, no venous filling is 
observed, and arterial visualization is enhanced.
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QISS technique is also more sensitive to magnetic sus-
ceptibility artifacts caused by metallic implants (eg, hip 
and knee prostheses, stents, surgical clips) and bowel 
gas. Reversed arterial flow cannot be depicted because 
QISS uses magnetic venous saturation. This is especially 
an issue when it occurs over a long segment, as in cases 
where flow to the distal arterial system occurs through 
collaterals that exhibit caudal-cranial–directed flow 
in part of their course. An advantage of using venous 

saturation is that the technique is less susceptible to 
so-called venous contamination of the image, which is 
a common problem seen in contrast-enhanced MRA 
and especially in patients with CLTI (Figure 1B). QISS 
MRA provides high diagnostic accuracy compared with 
digital subtraction angiography (DSA) and is less prone 
to image artifacts than CTA while better visualizing 
heavily calcified segments with impaired flow.3,4 Pooled 
sensitivity and specificity of QISS on a per-segment 

TABLE 1.  PROPERTIES OF PHOTON-COUNTING CTA AND CLINICAL IMPACT 
Properties of Photon-Counting CTA Clinical Impact
Direct conversion of x-ray coincidence to a signal that is 
proportional to photon energy

Increased iodine signal, as there is no downweighting of lower-energy 
photons

Ability to obtain multienergy information with a single x-ray tube voltage: 
virtual monoenergetic images, virtual noncontrast, virtual noncalcium, and 
iodine maps routinely available

Smaller detector pixel size and absence of reflective septa Improved spatial resolution
Radiation dose reduction

Elimination of electronic noise Only quantum noise is present
Shaping of the x-ray beam with tin filters, energy thresholds, 
and tube potential selection

Reduction of metal and blooming artifact
Reduced radiation dose

Adapted from Esquivel A, Ferrero A, Mileto A, et al. Photon-counting detector CT: key points radiologists should know. Korean J Radiol. 2022;23:854-865.

Figure 2.  Volume-rendered (VR) image of aortoiliac and infrainguinal arteries obtained with photon-counting CTA (A). 
MIP image using a “classic” reconstruction algorithm demonstrating the inability to evaluate the patent vessel lumen due 
to the presence of severe calcification (B). VR reconstruction of photon-counting CTA at the level of the popliteal trifurcation 
allows for differentiation of iodinated contrast (yellow) and calcium (white; C). VR reconstruction at the level of the ankle dem-
onstrating the high-resolution images that can be obtained with photon-counting CTA (D).
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basis with DSA/contrast-enhanced MRA as reference 
standard was 0.88 and 0.94, respectively, with a high 
accuracy of 0.96.5

More recently, a new iteration of this technique has 
become available, QISS MRA with arterial spin labeling 
(QISS ASL). QISS ASL can be used to optimize imag-
ing of the BTK vessels and foot and has demonstrated 
a good accuracy in diabetic patients with a high BTK 
disease burden.6 Thus, QISS MRA obviates the need 
for contrast administration in patients with peripheral 
artery disease (PAD) and can be considered a good 
alternative for patients with contraindications to con-
trast-enhanced MRA.

PHOTON-COUNTING CTA
Photon-counting CTA uses photon-counting detec-

tors (PCDs) instead of energy-integrating detectors 
(EIDs). In “standard” CT imaging, EIDs use a scintilla-
tor (gadolinium oxide or gadolinium oxysulfide) that 
absorbs the x-ray photons and converts the energy 
into visible light. The light is subsequently recorded by 
a photodiode and converted into an electrical current. 
The detected signal is proportional to the cumula-
tive photon energy without the ability to differentiate 
between individual photons. The spatial resolution of a 
CT detector is primarily determined by the size of the 
detector elements (ranging from 0.8 X 0.8 mm2 to 1 X 
1 mm2). Increasing spatial resolution of EIDs beyond 
this point is limited due to the physical characteristics 
of the detector that require septa to prevent crosstalk 
between neighboring photodiodes.7,8 PCDs use a semi-
conductor (cadmium telluride, cadmium zinc telluride, 
or silicon) that absorbs the x-ray photons. Electron-
hole pairs are created in a number proportional to the 
detected photon energy, and this results in a direct 
conversion of the detected signal into an electric 
current. Using this approach, counting of individual 
photons is possible and their respective energy can be 
measured. 

The design of the PCD itself allows improvements 
in spatial resolution via smaller detector pixel design 
and iodine signal, which facilitates examinations with 
a reduced amount of contrast medium (Table 1).9 
Detector elements in PCDs range in size from 0.11 X 
0.11 mm2 to 0.5 X 0.5 mm2. Therefore, PCDs are capa-
ble of ultra-high-resolution imaging (both spatial and 
temporal: 110 µm and 66 ms, respectively, with a slice 
thickness as low as 200 µm10), while reducing “noise” 
and enhancing contrast-to-noise-ratio (CNR). An addi-
tional benefit of using a smaller pixel size is that routine 
imaging can be obtained at lower radiation doses. In a 
small series looking at quality of images for runoff ves-
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sels, subjective image quality was substantially higher 
at lower keV levels with substantially higher signal-to-
noise ratio and CNR than standard CT with EIDs.11 The 
potential for contrast material savings has been con-
firmed in an animal model (six mini-pigs), where low 
tube voltage PCD CTA allowed substantial reductions 
in radiation and dose of contrast medium while main-
taining a stable and improved CNR.12 Similar results 
were seen in a study that evaluated aortoiliac imaging 
with a ultra-low iodine dose using a mixture of sodium 
chloride (80%) and (20%) contrast with 370 mg/mL. 
A total iodine dose of 9.5 to 9.8 g was delivered across 
all patients, and in most cases, 32 mL of the mixture 
was administered at a flow rate of 3.5 mL/second, fol-
lowed by a 30-mL saline flush at the same rate.13

Another clinical benefit of PCD CT is the reduc-
tion of commonly occurring image artifacts, such as 
streaks, beam hardening, metal, and calcium blooming. 
Blooming is an important challenge in cardiovascular 
imaging, particularly in small vessels like the BTK arter-
ies with vessel calcifications and/or stents. Identifying 
the contrast-filled lumen is known to be difficult 
because, due to blooming, calcific plaques and metallic 
stents appear larger than their true size, thus leading 
to an overestimation of luminal stenosis. Finally, it is 
possible to differentiate between calcium and contrast 
medium, because PCDs can weigh all photons and thus 
can improve material “decomposition” to produce cal-
cium, iodine, and water image maps (Figure 2).7

In a study evaluating the diagnostic performance of 
photon-counting CTA in PAD compared to DSA as the 
gold standard, photon-counting CTA demonstrated 
high sensitivity (91%) and specificity (95%) for detect-
ing and diagnosing stenotic lesions.14 Photon-counting 
CTA has also been shown to improve small vessel 
detection and can assist in characterizing calcific plaque 
and vessel patency.15 Another recently published study 
(using DSA as reference) also showed that photon-
counting CTA facilitates reliable assessment of the 
lower limb arteries even in the presence of severe vessel 
calcifications and advanced PAD.16 The authors demon-
strated that improved vessel sharpness and less calcium 
blooming with an acceptable increase of image noise 
led to a better diagnostic performance and confidence 
while reducing the overestimation of stenosis.

CONCLUSION
New imaging technologies such as noncontrast-

enhanced MRA and photon-counting CTA have already 
shown their benefit in evaluating patients with CLTI. 
Both technologies can provide high-resolution images 
either without contrast (noncontrast-enhanced MRA) 

or with a significantly reduced amount of iodinated 
contrast (photon-counting CTA) and are not ham-
pered by vessel wall calcification, which is important 
in this patient population that typically presents with 
impaired renal function and intimal and medial arterial 
calcium.  n
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