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SUMMARY

Background: Critical limb ischemia (CLI) represents the end stage of peripheral arterial disease (PAD). It is defined as a
chronic ischemic rest pain, ulcers or gangrene, attributable to proven arterial occlusive disease. Intra-arterial digital subtraction
angiography (IA DSA) still represents the gold standard for the evaluation of steno-occlusive lesions, but it has greatly been
replaced with non-invasive multi-detector computed tomography angiography (MDCTA). The purpose of this prospective study was
to compare diagnostic performance of MDCTA versus DSA in treatment planning in patients with CLI according to TransAtlantic
Inter-Society Consensus Document on Management of Peripheral Arterial disease (TASC II).

Subjects and methods: The study was designed as prospective; it was conducted from March 2014 to August 2016, and included
60 patients with symptoms of CLI, Fontaine stage Il and 1V. MDCTA of the peripheral arteries was performed first, followed by
DSA. The lesions of aorto-iliac, femoro-popliteal and infra-popliteal regions were classified according to the TASC Il guidelines,
and inter-modality agreement between MDCTA and DSA was determined by using Kendall’s tau-b statistics.

Results: Inter-modality agreement was statistically significant in all three vascular beds, with excellent agreement >0.81 in
aortoiliac and femoropopliteal regions, and a very good agreement >0.61 in infrapopliteal region. Treatment recommendations
based on MDCTA findings and DSA findings were identical in 54 (90%) patients. In one patient (1.7%), CTA was not interpretable.
In five patients (8.3%), CTA findings disagreed with DSA findings in regard to the preferable treatment option.

Conclusion: 64-row MDCT angiography is highly competitive to DSA in evaluation of steno-occlusive disease and treatment
planning in patients with critical limb ischemia.

Key words: multi-detector computed tomography angiography - digital subtraction angiography - peripheral arterial disease -
critical limb ischemia
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magnetic resonance angiography (MRA) and multi-
detector computed tomography angiography (MDCTA)
(Krishnan 2016, Cowell et al. 2012, Amy et al. 2012).

INTRODUCTION

Critical limb ischemia (CLI) represents the end stage of

peripheral arterial disease (PAD). It is defined as chronic
ischemic rest pain, ulcers or gangrene, attributable to
proven arterial occlusive disease (Hiatt et al. 2008, Varu et
al. 2010). It is a result of chronic insufficiency of blood
supply to the extremities, and should not be mixed with
acute limb ischemia. CLI represents 1% of the total num-
ber of patients with PAD (Norgren et al. 2007). Figure 1.
The treatment of patients with CLI includes conser-
vative therapy, endovascular or surgical revasculariza-
tion, and amputation (Dohmen et al. 2012). Diagnostic
angiographies have a crucial role in characterization of
the lesions, staging of the PAD and treatment planning.
Intra-arterial digital subtraction angiography (in
further text DSA) still represents the gold standard for the
evaluation of steno-occlusive lesions, but it has greatly
been replaced with non-invasive diagnostic modalities -
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The studies conducted up to date prove excellent
diagnostic performance of MDCTA and MRA in eva-
luation of steno-occlusive disease of peripheral arteries in
comparison to DSA, including manly patients with
symptoms of intermittent claudication, and less patients
with symptoms of critical limb ischemia (Napoli et al.
2011, Cernic et al. 2009, Sharegi et al. 2010, Jens et al.
2013). Only few studies compared diagnostic perfor-
mance of MDCTA and DSA exclusively in patients with
CLI (Schernthaner et al. 2009, Fotiadis et al. 2011).

In CLI the most affected vascular bed is in infra-
popliteal region, with usually heavily calcified walls of
the crural arteries, which are anyhow of small diameter.
Diffuse wall calcifications represent the main obstacle
in analysis of the circulating lumen in CTA (Ouwendijk
et al. 2006, Fleichman et al. 2006) (Figure 2).
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Figure 1. Lower extremity Buerger’s disease. (a, b) Maximum intensity projection (MIP) and Volume rendering (VR)
3D images in a patient with critical limb ischemia due to Buerger’s disease, show occlusion of the right fibular and
distal part of the right posterior tibial artery, and occlusion of the left posterior tibial artery and distal part of the left
fibular artery

a. b. c.
Figure 2. Peripheral CTA of a 65-year-old man with critical limb ischemia due to diabetes mellitus. (a, b) Maximum
intensity projection (MIP) reconstruction images of the lower leg and foot show multiple short stenotic lesions and wall
calcifications of the crural arteries and lateral branch of the plantar artery. (c) Volume rendering (VR) image of the
same patient. Wall calcifications are hyperdense in comparison to the circulating lumen

93



Vesna Purovi¢ Sarajli¢, Dragan Toti¢, Amina Bico Osmanagié¢, Refet Gojak & Lidija Lincender: IS 64-ROW MULTI-DETECTOR
COMPUTED TOMOGRAPHY ANGIOGRAPHY EQUAL TO DIGITAL SUBTRACTION ANGIOGRAPHY IN TREATMENT

PLANNING IN CRITICAL LIMB ISCHEMIA?

Medicina Academica Mostariensia, 2019; Vol. 7, No. 1-2, pp 92-98

This problem is avoided in DSA, as it is essentially
lumenography, with better spatial resolution, and less
beaming artifacts than CTA (Sze 2002). The purpose of
this study was to prove that CTA is highly comparable
to DSA, and sufficient imaging modality in detection of
the viable recipient artery for the endovascular
treatment or the surgical by-pass in majority of patients
with CLL

SUBJECTS AND METHODS
Study design and data collection

The study was designed as prospective; it was con-
ducted from March 2014 to August 2016. The Ethical
Committee of the Clinical Center University of Sara-
jevo approved the study, the reference number 0207-
33300. It was performed in accordance with the World
Health Organization Declaration of Helsinki on ethical
principles for medical research involving human sub-
jects, revised document from 2008. The study included
60 patients with symptoms of critical limb ischemia,
stages III and IV of Fontaine’s clinical classification of
peripheral arterial disease, and all patients signed the
informed consent for participation.

Specialists of internal medicine or vascular surgery
from the Clinical Center University of Sarajevo refer-
red the patients for diagnostic angiography.

Population characteristics

For each patient the following data was obtained:
gender, age, smoking status, hypertension, hyperlipi-
demia, diabetes mellitus, obesity, history of angina
pectoris, history of myocardial and cerebrovascular
infarction, ischemic rest pain in the foot, and presence
of ulcers or gangrene (Fontaine stage III and IV)
(Table 1).

Table 1. Fontaine’s classification of peripheral arterial
disease (PAD)

Stage of disease Symptoms

I Walking distance unlimited

ITa Walking distance > 200 m

IIb Walking distance <200 m

I Ischemic rest pain

v Trophic changes (ulcers, gangrene)

Values of urea and creatinine were checked in all
patients before contrast application, and they were
within the reference interval. Values of INR and APTT
were checked before the DSA was performed.

MDCTA of the peripheral arteries was performed
first, followed by DSA within the next 30 days.

Two radiologists, each with more than seven years’
experience in vascular radiology, separately evaluated
CTA and DSA images.
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MDCT Angiography

MDCT angiography was performed on 64-row
MDCT, Light Speed VCT 64, General Electric, ac-
cording to the CTA Run-off 0,625 protocol, which
implies slice thickness of 0.625 mm. To each patient,
120-140 ml of a nonionic iodinated contrast medium
Iopamiro 300 (300 mg I/ ml) was applied through the
cubital vein by the automated injector, at a flow rate of
4 ml/s, and pressure 250-300 psi. The scanning condi-
tions were 360 mA and 120 kV. The SmartPrep was
used for starting the contrast injection, after the enhan-
cement of the abdominal aorta exceeded concentration
of 200 H.U. The scanning time was 25 seconds, covering
the area from the diaphragm to the toes (Fleischmann
2009). The images were analyzed on a dedicated work -
station MultiSync LCD 1990 sxi, axial scans, as well as
2D and 3D reconstructions — multiplanar reformation
(MPR), maximum intensity projection (MIP) and volu-
me rendering (VR) reconstructions.

Digital Subtraction Angiography

DSA was performed on floor-mounted C-arm
AXIOM ARTIS SIEMENS (2007). The vascular access
was through the common femoral artery. We used 5F
introducers and pig-tail flush catheters, through which a
nonionic iodinated contrast medium (Iopamiro 300) was
administered. A first field covered abdominal aorta with
a catheter tip positioned at the level of Th12 vertebral
body, and subsequent fields covered pelvic, upper leg,
lower leg and feet arteries, with a catheter tip withdrawn
to the level of L3 vertebra. For each field, 25-30 ml of
contrast medium was administered, at a flow rate 15
ml/s, pressure 900 psi, and 2 frames/s (Damiano 2002).
The obtained angiograms were evaluated on a dedicated
AXIOM ARTIS work - station. Figure 3.

TASC classification

According to TASC II classifications, vascular bed
was divided into three regions: aortoiliac (infrarenal
aorta, common, external and internal iliac arteries), femo-
ropopliteal (common, superficial and deep femoral arte-
ries, and popliteal arteries), and infrapopliteal region
(anterior and posterior tibial arteries, fibular artery, poste-
rior tibial truncus, dorsal and plantar pedal arteries).

Detected lesions in each vascular segment were
categorized according to the degree, number and length,
as lesions type TASC A, B, C or D. According to the
TASC II guidelines and its supplement for the below-
the-knee arteries the preferable type of treatment was
provisionally recommended to each patient, both on the
basis of CTA and DSA, and the results were compared
(Jens et al. 2013). In patients with no detectable
recipient run-off arteries for surgical by-pass or
endovascular treatment, conservative treatment or the
amputation were taken into consideration.
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Statistical analysis

For statistical analysis we used program package
SPSS for Windows and Microsoft Excel; data were
tabulated for continuous variables as mean and stan-
dard deviation, and for categorical variables as abso-
lute and relative frequencies. Statistical significance
was p<0.05.

Inter-modality agreement between MDCTA and
DSA was determined by using Kendall’s tau-b sta-
tistics, where a Kendall’s tau-b value of less than 0.20
indicated a poor agreement, a value of 0.21-0.40 indi-
cated a slight agreement, and value of 0.41-0.60 a mo-
derate agreement. Kendall’s tau-b values of 0.61-0.80,
and 0.81-1.00 indicated respectively a very good and
excellent agreement.

RESULTS

Sixty patients were included in the study. The
majority of them was male: 45 (75%), with the mean
age of 65.9£11.14. Fifteen patients (25%) were female
(25%), with the mean age of 72.80+10.47. The age
difference between males and females was statistically
significant (p=0.04). Patients characteristics, risk factors
and comorbidities are given in table 2.

. . f.

Figure 3. Digital subtraction angiography (DSA) of the lower extremities in a 57-year-old man with critical limb
ischemia with rest pain of the right foot. (a, b, c) Images show circulating lumen of the abdominal aorta, iliac arteries
and common femoral arteries. (d, e, f) Images show bilateral absence of the superficial femoral arteries and popliteal
arteries in the upper leg and knee, with the reconstruction of fibular arteries below the knee via collateral muscular
branches of the deep femoral artery

Table 2. Patient’s characteristics, risk factors and
comorbidities

Gender Male 45 (75%)
Female 15 (25%)
Age Male 65.9+11.3
Female 72.8+10.5
Smoking status Yes 34 (56.7%)
Hypertension Yes 10 (16.7%)
Diabetes mellitus Yes 25 (41.7%)
Hyperlipidemia Yes 35(58.3%)
Obesity Yes 20 (33.3%)
Angina pectoris Yes 6 (10.0%)
Transitory ischemic attack Yes 1 (1.7%)
Cerebrovascular infarction Yes 9 (15%)
Myocardial infarction Yes 9 (15%)
Ischemic rest pain (IRP) Yes 25 (41.7%)
Trophic changes (ulcers/gangrene) Yes 43 (71.7%)
IRP and trophic changes Yes 13 (21.6%)

The Kendall’s tau-b value of inter-modality agree-
ment between MDCTA and DSA in aortoiliac segment
was 0.806, which was statistically significant, p=0.0001.

The Kendall’s tau-b value was 0.811 for the right femo-
ropopliteal segment, and 0.865 for the left femoropopliteal
segment. Both values were statistically significant, p=0.0001.
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In infrapopliteal region, inter-modality agreement
was calculated separately for each crural artery.

Kendall’s tau-b values for the right anterior tibial
artery, right posterior tibial artery, and right fibular
artery were 0.745, 0.684, and 0.749 respectively; all
statistically relevant with p=0.0001.

Kendall’s tau-b values for the left anterior tibial
artery, left posterior tibial artery, and left fibular artery
were 0.723, 0.604 and 0.704 respectively; all statisti-
cally relevant with p=0.0001.

In aortoiliac and femoropopliteal region, 30 lesions
were classified as type TASC A and TASC B ac-
cording to CTA, and 72 lesions as type TASC C and
TASC D.

In the same vascular regions, 22 lesions were
classified as TASC A and B according to DSA, and 66
lesions as TASC C and TASC D.

In infrapopliteal region, 135 lesions were classified
as TASC C and TASC D according to CTA, while
according to DSA 124 lesions were classified as type
TASC C and TASC D lesions.

Treatment recommendations based on MDCTA
findings and DSA findings were identical in 54 (90%)
patients. In one patient (1.7%), CTA was not inter-
pretable.

In five patients (8,3%), CTA findings disagreed
with DSA findings in regard to the preferable treat-
ment option.

In two of these five patients (3,3%), the CTA fin-
dings suggested that amputation might be needed, but
after DSA was performed, patients underwent a sur-
gical by-pass. In the remaining three patients (5%),
either conservative or surgical treatment was recom-
mended on the basis of the CTA, while DSA findings
suggested that amputation might be needed. After clini-
cal evaluation of the patients and the local status of the
limb, amputation was performed in one patient only,
while other two patients were treated conservatively.

DISCUSSION

Our study is one of the few studies comparing
clinical utility of the CTA versus DSA in evaluation
and treatment planning exclusively in patients with
CLI. We used TASC II classification for PAD lesions
in aortoiliac and femoropopliteal vascular regions, and
its supplement for the classification of the infra-
popliteal disease (Jaff et al. 2015). We have not found
other studies referring to the use of the TASC classi-
fication supplement for the infrapopliteal region, its
practicability and acceptance among the clinicians.

Inter-modality agreement was statistically signifi-
cant in all three vascular regions, and, by the Kendall’s
tau-b test, it showed “excellent level of agreement” in
aortoiliac and femoropopliteal regions. The calculated
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inter-modality agreement in infrapopliteal region
showed a slightly lower value, categorized as “a very -
good agreement”.

In 54 (90%) patients, the same treatment approach
was suggested on the grounds of both CTA and DSA.

Surgical revascularization was recommended to
majority of the patients in our study, as the lesions
were more complex and diffuse, extending to more
than one vascular bed.

In one patient, CTA was non-interpretable, while in
five patients CTA and DSA led to opposite recom-
mendations. In two of these patients, DSA was more
accurate in evaluation of vascular status. These two
patients had circumferential wall calcifications in all
three crural arteries, and CTA overestimated a degree
of stenosis due to the blooming artifacts. Even with the
window adjustment we were not able to reliably eva-
luate the circulating lumen. This kind of wall calci-
fication distribution is most common in patients with
chronic renal disease. In our study, a longtime smo-
king, male gender, advanced age and diabetes mellitus
were predisposing risk factors for this kind of lesions
in infrapopliteal arteries.

In the remaining three patients, both CTA and DSA
classified infrapopliteal lesions as TASC C and TASC
D. For all three patents conservative treatment was re-
commended upon the CTA finding, while DSA sug-
gested that amputation might be needed. In these three
patients, DSA imaging was suboptimal due to the poor
opacification of the infrapopliteal arteries. It is a known
fail of DSA in patients with cardiac insufficiency, due
to the slow circulation and contrast dilution. Our pa-
tients were two male and one female patient, with
symptoms of chronic cardiac insufficiency. Two of
them were treated conservatively, while in one patient
amputation was performed after the clinical evaluation
of the limb.

The decisions on treatment option in these five
patients, in who CTA or DSA findings did not match,
were made considering the patients’ overall health
status, hemodynamic condition and the local status of
the affected limb (Leiner et al. 2009).

Studies, which have so far, compared CTA and
DSA performance in patients with PAD, have ge-
nerally included patients with different stages of di-
sease, patients with IK and CLI. These studies proved
that 64-MDCT angiography is almost equal to DSA in
detection and treatment planning in PAD, with accu-
racy >0.98 (Napoli et al. 2011, Cernic et al. 2009,
Sharegi et al. 2010).

Napoli et al. evaluated diagnostic performance and
effect on treatment planning of 64-row MDCT with
DSA in 212 patients with PAD, out of which 34 patients
had symptoms of CLI. Therapy recommendations ac-
cording to CTA findings and TASC II classification
were same in all but one patient (Napoli et al. 2011).
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In 2009, Schernthaner et al. published a study
evaluating value of MDCTA in developing treatment
planning exclusively in patients with CLI. Their study
included 28 patients with CLI, and CTA suggested that
endovascular and surgical treatment was needed in 14
patients, and that was confirmed by successfully com-
pleted procedures. Conservative treatment was recom-
mended in eight patients, and above-the-knee ampu-
tation in only one. DSA was performed in only five
patients, but it did not give additional information in
comparison to CTA (Schernthaner et al 2009).

The results of our study are comparable to the
results of these studies. It is relevant for clinical
practice as it implicates that MDCTA is reliable for
diagnosing and treatment planning in patients with
CLL

DSA as a diagnostic tool in patients with the CLI
has been almost completely replaced with the
MDCTA, and it may be indicated only in sporadic
patients according to our experience.

Regarding the TASC classification for the
infrapopliteal lesions, we found it a time consuming,
and the clinicians as well as radiologist in our working
environment are not yet familiar with it.

Future investigations may be directed in evaluation
of MDCT angiographies performed on 128 or more
sliced CT machines, or with application of contrast
media with higher iodine concentrations (370 or 400
mg I/ml), and its potential to improve imaging and
evaluation of heavily calcified infrapopliteal run-off
arteries.

CONCLUSION

Our study proves that 64-row MDCT angiography
is almost equal to DSA in evaluation of steno-occlu-
sive disease and treatment planning in patients with
critical limb ischemia. In ambiguous cases the wright
clinical decision on treatment option can only be made
considering the overall status of the patient and
affected limb.

TASC guidelines for the classification of infra-
popliteal peripheral arterial disease is yet to be accep-
ted and recognized by radiologists and clinicians.
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