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Abstract

Purpose The ALARA principle is not only relevant for
effective dose (ED) reduction, but also applicable for
contrast media (CM) management. Therefore, the aim was
to evaluate the feasibility of an ultra-low CM protocol in
the assessment of peripheral artery disease (PAD).
Materials and methods Fifty PAD patients were scanned
on third-generation dual-source computed tomography,
from diaphragm to the forefoot, as follows: tube voltage:
70 kV, reference effective tube current: 90 mAs, collima-
tion: 192 x 2 x 0.6 mm, with individualized acquisition
timing. The protocol ED (mSv) was quantified with dedi-
cated software. CM protocol consisted of 15 ml test bolus
and 30 ml main bolus (300 mgl/ml) injected at 5 ml/s,
followed by a 40 ml saline chaser at the same flow rate.
Aorto-popliteal bolus transit time was used to calculate the
overall acquisition time and delay. Objective (hounsfield
units—HU; contrast-to-noise ratio—CNR) and subjective
image quality (four-point Likert score) were assessed at
different anatomical regions from the aorta down to the
forefoot.
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Results Mean attenuation values were exceeding 250 HU
from aorta down to the anterior tibial artery with CNR <
13. However, decline in attenuation was observed in more
distal region with mean values of 165 and 199 HU, in left
and right dorsalis pedis artery, respectively. Mode subjec-
tive image quality from the level of aorta down to the
popliteal segment was excellent; below the knee mode
score was good. The mean ED per protocol was
1.1 £ 0.5 mSv.
Conclusion Use of an ultra-low CM volume protocol at
70 kV is feasible in the evaluation of PAD, resulting in
good to excellent image quality with mean ED of
1.1 £ 0.5 mSv.
Level of evidence Level 3, Local non-random sample

Keywords Peripheral vascular diseases - Peripheral
arterial disease - Diagnostic imaging - Multidetector
computed tomography - Angiography - Radiographic
image enhancement - Contrast media

Abbreviations

ATA Anterior tibial artery

ANOVA Analysis of variance

CI Confidence interval

CIA Common iliac artery

CIN Contrast-induced nephropathy

CM Contrast media

CNR Contrast-to-noise ratio

CT Computed tomography

CTA Computed tomographic angiography
DLP Dose-length product

DPA Dorsalis pedis artery

DSA Digital subtraction angiography
DSCT Dual-source computed tomography
ED Effective dose
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eGFR Estimated glomerular filtration rate

gl Grams of iodine per liter

HU Hounsfield Unit

ICRP The International Commission on Radiological
Protection

MIP Maximum intensity projection

PA Popliteal artery

PAD Peripheral artery disease

PTA Percutaneous transluminal angioplasty

ROI Region of interest

sCr Serum creatinine

SD Standard deviation

SFA Superficial femoral artery

SNR Signal-to-noise ratio

TASC I Trans-Atlantic Inter-Society Consensus
Document II

TIL Total iodine load

Introduction

Peripheral arterial disease (PAD) is a slowly developing
gradual narrowing of the vascular lumen caused by
atherosclerosis, which is thereby limiting the blood flow in
the affected area. Incidence of PAD is associated with age
and an increased survival from coronary artery disease and
stroke, which allows PAD to become symptomatic [1].
Patients with lower extremity PAD are clinically evaluated
with help of an ankle brachial index [1, 2]. Computed
tomographic angiography (CTA) can provide more
detailed overview of the lower limb vasculature, rule-out or
confirm an uncertain PAD diagnosis or verify the degree
and an exact location of the stenosis prior to the revascu-
larization [3-5]. The diagnostic value of CTA largely
depends on the degree of intravascular contrast enhance-
ment within the arterial segment of interest [6]. Moreover,
imaging of the PAD has its additional specific technical
challenges such as the extended scan range and the pres-
ence of vascular pathologies or abnormalities, which often
lead to contrast timing issues. Previous studies showed that
large CM volumes of up to 150 ml, accompanied by rel-
atively high radiation doses, were used to overcome these
difficulties [3, 4]. Naturally, this is not in accordance with
the “As Low As Reasonably Achievable” (ALARA) safety
principle, which is not only relevant for dose reduction, but
also applicable for CM management.

The optimization of both scan and CM injection proto-
cols in assessment of PAD is now possible as a result of a
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rapid technical advancement of computed tomography
(CT) [7]. Lowering the CT tube voltage down to 70 kV
results in a greater photoelectric effect of iodinated CM, as
lower x-ray energies are getting closer to the k-edge of the
iodine (33 keV). Compared to the standard 120 kV
acquisition, the vascular enhancement of the same volume
of iodinated CM increases by 25% at 100 kVp and by 70%
at 80 kVp [8]. Moreover, patient’s size is not as dramati-
cally pronounced in lower extremities, as it can be in
abdominal area, and high tube current is not always nec-
essary to keep the image quality diagnostic. Therefore,
lowering the tube voltage settings allows for both a lower
radiation dose and a CM volume reduction [9], possibly
without compromising the image quality (e.g., with streak
or blooming artifacts) [10-12], due to an increased vascular
attenuation [13-15].

The aim of this study was to evaluate the feasibility of
an ultra-low CM volume protocol in CTA assessment of
the lower extremities vasculature, in combination with the
bolus transit time technique and low-tube-voltage settings.

Materials and Methods
Study Population

Between November 2015 and October 2016, 50 patients
referred for CTA of the peripheral arteries for clinical
suspicion or evaluation of lower extremity artery stenosis,
pre-interventional evaluation, post-operative follow-up
were included in this study. General exclusion criteria for
CTA examination applied (hemodynamic instability,
pregnancy, renal insufficiency with glomerular filtration
rate < 20 mL/min and iodine allergy). Patients with a
history of lower extremity joint replacement received a
dual energy (DE) scan protocol and were therefore also
excluded from this study. Ethical approval and a waiver of
informed consent were given by the local medical ethical
research committee (ref.: 15-4-076). In accordance with the
institutional review board guidelines data were coded and
analyzed anonymously.

CT Imaging Protocol

All examinations were performed on a third-generation
DSCT (Somatom FORCE, Siemens Healthcare, Forch-
heim, Germany). The imaging protocol is summarized in
Table 1. The measured aorto-popliteal bolus transit time
was used to calculate the scan time (injection time:
6 s + the time of the table movement: 5 s 4+ the time to
peak at popliteal artery (PA)) and scan delay (time to the
start of bolus tracking: 8 s 4 the time to peak at the infra-
renal aorta) from the diaphragm to forefoot (Fig. 1). The
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Table 1 Imaging protocol and contrast media application parameters

Scan type/direction Helical/cranio-caudal

Scan range Diaphragm to the forefoot
Tube voltage 70 kv

Reference quality tube current 90 mAs

Automated tube current dose modulation CARE Dose4D

Rotation time 0.5s

Pitch Individual

Slice collimation 192 x 2 x 0.6

Slice width/increment 2/1.4 mm

Iterative reconstruction
Level 3

Reconstruction kernel Bf40

Reconstruction strength

Contrast media

Test bolus

Main bolus

Iodine delivery rate 1.5gl/s

Total iodine load 13.5¢gl (4.5 +9)
Catheter size 18-22G

Model-based algorithm (ADMIRE, Siemens Healthcare, Forchheim, Germany)

Iopromide; 300mgl/ml (Ultravist; Bayer Healthcare, Berlin, Germany)—pre-warmed to 37 °C
15 ml CM * 5 ml/s 40 ml NaCI* 5 ml/s
30 ml CM * 5 ml/s 40 ml NaCl* 5 ml/s

CM contrast media, G gauge, g/ grams of iodine, gl/s grams of iodine per second, kV kilovolt, mAs milliampere-second, ml milliliter, mm

millimeter, NaCl saline, s second)

pitch value was adjusted according to the calculated scan
time.

Injection Protocol

The CM protocol is summarized in Table 1. A double-level
semi-manual test bolus technique was used to determine
the aorto-popliteal bolus transit time, with first level at the
infra-renal aorta and second level just above the knee. Pre-
monitoring, with a circular region of interest (ROI) drawn
at the infra-renal aorta, started 8 s after the test bolus was
administered. When the threshold of 70 HU was detected
at the ROI, the table automatically slid to the second level
above the knee, where a dynamic acquisition of the same
test bolus started immediately (Fig. 1). The dynamic
acquisition was aborted manually when a decrease in
intravascular attenuation following a peak was observed at
the level of PA. Time-attenuation curves of both levels
were assessed with dedicated software (Syngo DynEva™
Siemens Healthcare, Forchheim, Germany).

Effective Dose Assessment

A dedicated dose monitoring software (Radimetrics™™;
Bayer Healthcare, Berlin, Germany) recorded the dose-re-
lated parameters (effective mAs, irradiated length, pitch,
etc.) and calculated the ED in millisieverts (mSv) per scan,

according to the Publication 103 of the International
Commission on Radiological Protection (ICRP 103) [16].

Peripheral Vascular Calcifications

The presence or absence of peripheral vascular calcifica-
tions was subjectively evaluated. Vascular calcifications
were defined as linear, (semi-) circular or crescent hyper-
densities of vascular wall. Cutaneous or other non-vascular
soft tissue calcifications were not included. The extent of
the calcifications was classified as follows: 1. Absent to
little calcifications 2. Mild to moderate calcifications 3.
Significant calcifications.

Angiographic Evaluation

An interventional radiologist (RB) scored the vascular
lesions at the aorto-iliac and femoro-popliteal segment
according to the Trans-Atlantic Inter-Society Consensus
Document II (TASC II, 2007) [17] into 5 groups (A-D
lesion types and O for non-diseased segment).

Objective CT Image Quality
The objective CT image quality was assessed, on trans-

verse images with manually placed ROIs by a research
fellow trained for this analysis (BH), at the supra- and

@ Springer



1754

Horehledova et al.: CT Angiography in the Lower Extremity Peripheral Artery Disease Feasibility...

Fig. 1 Scheme of imaging and
contrast media protocol
characteristics with scan delay
and scan time calculation
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test bolus scan range
main bolus scan range

dynamic acquisition level
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scan delay = time to start of bolus tracking + A
scan time = injection time + B+ C

infra-renal aorta and 5 levels of peripheral arteries in both,
left and right limb, as follows: common iliac artery (CIA),
superficial femoral artery (SFA), PA, ATA, DPA. The size
of each ROI was drawn as large as possible approximately
in the center of the length of the evaluated vessel segment
and was carefully adapted to assess the entire vessel lumen
without including the arterial wall, calcifications or pla-
ques. Objective image quality was quantified as intravas-
cular attenuation of the desired vessel, signal-to-noise ratio
(SNR), and CNR. SNR was defined as vessel enhancement
in HU divided by vessel enhancement standard deviation
(SD). CNR was defined as vessel enhancement [HU] minus
adjacent muscle tissue enhancement [HU], divided by
adjacent muscle tissue enhancement SD [18]. Image
quality at aorta was considered diagnostic for attenuation
values > 200 HU [19, 20] and CNR > 3 [21]. The distal
vessel segments were considered diagnostic, when the
subjective image quality was graded as diagnostic or
higher.
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Subjective CT Image Quality

An experienced radiologist (CM) and radiology resident
(GM) evaluated the subjective image quality indepen-
dently, blinded to each other, using a 4-point Likert scale;
grade 1 = non-diagnostic (contrast enhancement not suffi-
cient for diagnosis), grade 2 = diagnostic (image sufficient
for diagnosis, although contrast enhancement is unsatis-
factory), grade 3 = good (diagnostic image with satisfac-
tory contrast enhancement), grade 4 = excellent
(diagnostic image with optimal contrast enhancement). The
minimum target vascular attenuation values in HU, needed
to achieve a diagnostic enhancement (Likert score > 2) at
the peripheral vessels, were derived from the comparative
analysis of the objective and the subjective image quality
evaluation assessed in this study.
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Statistical Analysis

Statistical analysis was conducted using Statistical Package
for Social Sciences version 23.0 (SPSS Inc., Chicago, IL,
USA). Continuous variables are expressed as mean + SD;
categorical and ordinal variables are expressed as mode,
frequencies or percentages. Normality of data distribution
was evaluated using Shapiro-Wilk test. The independent
t test was used to compare continuous and ordinal vari-
ables. The inter-observer agreement was quantified as a
mean of a difference in assigned scores. One-way analysis
of variance (ANOVA) was used to compare intravascular
attenuation and CNR between TASC II groups in aorto-
iliac and femoro-popliteal segments. The Bland—Altman
methods with 95% confidence interval (CI; mean differ-
ence = 1.96 x SD) were used to establish the difference
in the intravascular attenuation between left and right
vasculature. The linear regression analysis was then used to
assess the proportional bias. Box plots visualize the
intravascular attenuation among TASC II lesion types
(GraphPad Prism version 5.04, GraphPad Software, San
Diego, CA, USA). All p values are two-sided, and a p value
below 0.05 was considered statistically significant.

Results

Baseline Characteristics and Effective Dose
Assessment

Baseline characteristics are listed in Table 2 and the dose-
related characteristics in Table 3.

Study population consisted of 28 males (56%) and 22
females (44%), with the average age 68 X 11 years.
According to Rutherford classification, 23 patients (46%)
had grade I, 12 (24%) had grade II, and 5 (10%) had grade
IIT PAD. Five patients presented with acute occlusion, and
5 were referred with other clinical entities (aneurysm, pain
during exercise, peripheral embolization due to malignity
or infection).

The mean ED per protocol was 1.1 + 0.5 mSv. Twenty-
seven patients had significant peripheral vascular calcifi-
cations, 18 presented with mild to moderate and 5 patients
with absent to little calcifications.

Angiographic Evaluation

The distribution of TASC II lesion groups is summarized in
Table 4. Bilateral, equally severe, pathologies were
described in 17 patients (34%). In 18 patients, the vascu-
lature of the left leg was more severely affected (36%), in
13 patients the right leg was more affected (26%).
Endovascular intervention was planned based on the CTA

Table 2 Baseline characteristics

Baseline characteristics Mean + SD Range
Age (years) 68 + 11 41-95
Weight (kg) 77 £ 17 45-103
Height (cm) 168 £ 10 148-186
BMI (kg/m?) 27+5 17-37
Clinical presentation n (%)
Rutherford 1 23 (46%)
Rutherford II 12 (24%)
Rutherford IIT 5 (10%)
ALI 5 (10%)
Other (aneurysma, peripheral embolization due to 5 (10%)

malignity/infection)
PAD risk factors n (%)
Smoking 36 (72%)

Current smoker 21 (42%)

Ex-smoker < 1 year 4 (8%)

Ex-smoker < 1 year 11 (22%)
Diabetes mellitus 16 (32%)
Dyslipidemia 23 (46%)
Hypertension 31 (62%)
Family history of CVD 15 (30%)

ALI acute limb ischemia, BMI body mass index, cm centimeter, CVD
cardio-vascular disease, kg kilogram, m meter, m? square meter, PAD
peripheral artery disease

Table 3 Imaging and acquired radiation dose characteristics

Scan characteristics Mean + SD Range
Mean tube current (mAs) 130 £ 57 56-295
Pitch 0.48 £ 0.12 0.35-0.7
Irradiated length (cm) 1249 £+ 124 104.2-149.7
Scan time (s) 29.3 + 8.7 16-59
CTDI,,, (mGy) 3.20 £ 1.02 1.9-6.7
DLP (mGy*cm) 400.2 £ 142.2 209.6-876.2
ED (mSv) 1.1 £05 0.5-3.1
Bladder (mSv) 0.14 £ 0.04 0.1-0.32
Testes (mSv) 0.55 £ 0.21 0.3-1.14
Ovaries (mSv) 0.16 £ 0.05 0.07-0.27
Skin (mSv) 0.04 £ 0.02 0.02-0.1
Red bone marrow (mSv) 0.1 &+ 0.04 0.04-0.25
Skeleton (mSv) 0.06 £ 0.02 0.03-0.14

cm centimeter, kg kilogram, m meter, mAs miliamperes, mGy mili-

gray, mSv milisievert, s second
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Table 4 Overview of distribution of the TASC II classification for the study population (50 right and 50 left legs) with respective intra-vascular attenuation (HU) and contrast-to-noise ratio

(CNR) values
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Left leg

Right leg

Fem.-popliteal

Aorto-iliacal

Fem.-popliteal

Aorto-iliacal

CNR

HU

%o

CNR

HU

%

CNR

HU

%

CNR

HU

%

21 £ 12
22 +£ 16
20 + 10
18+ 6
20 £ 12

363 £+ 106
347 + 103
396 + 125
373 £ 73

349 £ 100

21
5
8

9
7

20 +£ 12
27 +£ 12
23 £ 8
20 £ 7
22 +£7

384 + 122
404 + 104
432 + 191
375 £ 43

402 + 105

64

32

22 £ 11
18 £8

386 + 109
339 £+ 96
344 + 92
372 £ 75
333 £ 111

40

20
6

19 £ 8
29 +£ 12
27+9
20+ 6
19 +£7

366 + 107
452 + 99
585 £ 154
374 £ 52
370 £ 81

33

10

16

14
8

6
8

12
22

14
4

8
8

4
3
4

18 + 14
20 £ 8
17 £ 8

11

18

10
3

14

6

0.990*

p=

0.714

p=

0.986* p = 0.319*%

p=

0.241%*

p=

0.401

p=

0.006*

p=

0.001*

p=

Sign.

*logarithmic transformation to correct for non-normal distribution of data

in 24 patients (48%). Percutaneous transluminal angio-
plasty (PTA) was required in 12 (46%), stent implantation
in 10 (38%) and intra-arterial thrombolytic therapy in four
of these patients (15%). Twelve patients (24%) underwent
surgery (9 had bypass, 2 had surgical thrombectomy, and
one patient had an open surgical correction of AFC and AP
aneurysm). One patient refused surgery. Supervised exer-
cise therapy was prescribed in two patients (4%) and
conservative approach was chosen in eight patients (16%).
In one patient, no treatment option was available due to
persistent wound infections, after extensive vascular
reconstructions and amputations, and patient repeatedly
requested euthanasia. Two patients had no vascular
pathologies on CTA (one patient with post-procedural
evaluation of femoro-popliteal bypass with good flow and
one patient with normal but slim vasculature).

Objective CT Image Quality

Mean attenuation values from the infra-renal aorta down to
the anterior tibial segment were all greater than 250 HU
with a CNR greater than 13 (Table 5). In the ADP, the
mean vascular attenuation was 199 + 87 HU and
165 £+ 65 HU, in right and left side, respectively, with a
CNR greater than 7. In 49 out of 546 evaluated segments
(9%), the attenuation could not be assessed due to a present
vascular occlusion or due to a decreased attenuation in the
segment distally from the occlusion. The number of com-
plete  unenhanced  segments  (vascular  attenua-
tion < 68 HU) on the left and right side were, respectively:
CIA 3;2, SFA 5;3, PA 3;3, ATA 3;4, DPA 9;14. A statis-
tically significant (p = 0.021) difference between the left
and right intravascular attenuation was found only in the
DPA segment (— 35 HU; left side more severely affected).
The mean difference of 3 HU, 11 HU, — 1 HU and
— 17 HU between left- and right-sided intravascular
attenuation at the CIA, SFA, PA and ATA segment,
respectively, was not statistically significant (p > 0.159).
There is no proportional bias (p > 0.153) in the Bland-
Altman plots of differences between left and right seg-
ments (Fig. 2). An overview of vascular attenuation at the
aorto-iliac and femoro-popliteal segments for TASC II
lesion groups is presented in Table 4 and Fig. 3. A statis-
tically significant difference in the intravascular attenuation
(p = 0.001) and CNR (p = 0.006) between TASC II groups
was observed only in the right aorto-iliacal segment. In this
segment, the mean intravascular attenuation (and CNR) in
non-diseased vasculature and most severely affected group
D were 366 £ 107 HU (19 &+ 8) and 370 + 81 HU
(19 £ 7), respectively. No statistically significant differ-
ences were found in intravascular attenuation (and CNR)
between TASC II severity types in left aorto-iliacal
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segment (p = 0.986) and both, left and right, femoro-
popliteal segments (p = 0.714 and p = 0.401, respectively).

Subjective CT Image Quality

In total 546 segments were evaluated by two experienced
readers (Table 6). The subjective image quality at the level
of infra-renal aorta down to the popliteal segment was
graded as excellent (mode Likert scale = 4). The subjective
image quality below the knee was graded as good (mode
Likert scale = 3). There was no significant difference
between the subjective image quality scores graded by two
readers (p > 0.078). The minimum intravascular attenua-
tion values recognized as diagnostic for the subjective
evaluation (i.e., score greater than 2) were as follows:
CIA > 194 HU, SFA > 227 HU, PA > 118 HU, ATA
> 143 HU, DPA > 94 HU.

Discussion

To the best of our knowledge, this is the first study
reporting on feasibility of diagnostic CTA of the lower
extremities in patients with PAD using only a 45 ml CM
volume protocol (including the 15 ml test bolus), with the
lowest attributed total iodine load (TIL;13.5 gl). Similar
studies with a 70 kV setting for CTA of the lower
extremities were performed on a first generation DSCT,

with 80 ml of CM (300 mgl/ml) and a TIL of 24 gl [10].
Baxa et al. performed lower extremity CTA with similar
CM volumes (10 ml test and 40 ml main bolus); however,
the TIL in their study was 48% higher compared to our
study, due to the higher concentration of CM (400 mgl/
ml). The CM administration is often feared by the clini-
cians, especially in patients at risk of contrast-induced
nephropathy (CIN) development. However, referral for an
unenhanced CT study may compromise the additive diag-
nostic value of imaging. As Nijssen et al. [22] recently
showed that prophylactic intra-venous hydration before and
after CM administration in patients with estimated
glomerular filtration (eGFR) of 30-59 mL/min/1.73 m? is
non-superior to no prophylaxis, the focus in CIN preven-
tion now lies in optimizing CM administration. The use of
minimal volumes of pre-warmed nonionic low-osmolar
CM is considered to reduce the risk of CIN, even in
patients with pre-existing renal insufficiency [23], and
allows safe and effective CM use in high-risk patients [22].
However, the reduction in contrast volume should not
compromise adequate intravascular enhancement. In this
study, the administration of an ultra-low CM volume
resulted in diagnostic image quality even in patients with
severe PAD (Rutherford II and III) or acute vascular
occlusion, allowing for accurate diagnosis and selection of
appropriate interventional strategy (Fig. 4).

To achieve diagnostic image quality, intravascular
attenuation has to be sufficient in all evaluated segments.

Table 5 The objective image

. - Attenuation = SD (HU) SNR CNR Significance (2-tailed)
quality summarized as mean
vascular attenuation values, Muscle 51 + 17 p < 0.001
zfrﬁi‘:lstt"tg";i:;ag‘;lgnd Supra- renal aorta 363 %+ 100 1747 19+ 8 p < 0.001
Infra- renal aorta 387 + 103 21£9 21 £9 p < 0.001
CIA
L 414 + 113 21 £ 10 23 £ 13 p < 0.001
R 405 + 95 20 + 8 22+9 p < 0.001
SFA
L 417 £ 91 20+ 9 24 + 13 p < 0.001
R 408 + 91 20+ 9 23+ 12 p < 0.001
PA
L 319 +£ 90 19 +£ 10 17 £ 8 p < 0.001
R 324 £+ 87 20 £ 12 18 £9 p < 0.001
ATA
L 252 £ 73 16 £ 10 13£+6 p < 0.001
R 270 £ 75 16 £ 11 14 +7 p < 0.001
DPA
L 165 + 65 12 +£ 10 7+5 p < 0.001
R 199 + 87 15+ 14 9+5 p < 0.001

ATA anterior tibial artery, CIA common iliac artery, CNR contrast-to-noise ratio, DPA dorsalis pedis artery,
HU hounsfield unit, L left side, PA popliteal artery, R right side, SD standard deviation, SFA superficial
femoral artery, SNR signal-to-noise ratio)
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Fig. 2 Bland-Altman plots demonstrating the difference in the
intravascular attenuation between left and right vasculature at
respective levels of the peripheral arteries, shown with 95 %
confidence interval. The middle line presents the mean difference

With a mean scan range of 125 cm, the short injection time
of the main bolus, lasting only 6 s, imposes a risk of
outrunning the short duration of the attenuation peak.
Presence of an aneurysm, bypass, vascular stenosis or
occlusion may significantly influence the bolus transit time
and increase the difference between extremities, or exten-
sively delay the propagation of contrast enhancement in the
distal segments (Fig. 5) [24, 25]. The difference in the
mean attenuation values between the left and right DPA
vasculature therefore most likely reflects the pathophysio-
logical phenomenon rather than a technical difficulty with
the protocol used in our study. Moreover, in all above-
located segments the mean difference between the left and
right-sided attenuation was not significant, despite of the
unequal distribution of vascular pathologies or their

@ Springer

p=0.231
200.00
e o 127.43
E)
g% 100.00 o
- <)
Se
cc
g9 o
1
%E o o &
< g s - 11.27
‘QE .00 o, -~ g & °
£a o o o&® [
I o
2o
5T .
£ &
02 -100.00+ Q -104.90
-200.00-
T T T T T T T
200.00 300.00 400.00 500.00 600.00 700.00 800.00
Mean attenuation SFA [HU]
p=0.159
300.00-]
200.00
—_ © o
=) 139.10
2L
8= o
2E 100007
o
g E o © o o o
& o CP o
<& &
E< 00-] 0% o o
< R 8 o o 17.23
©
£< & 00 O 5
9 & o o ) o@ o
e o )
g T ~100.00 o 5 o
£ °
o
o ° 173.56
©
-200.00
-300.00
T T T T T T T
150.00 200.00 250.00 300.00 350.00 400.00 450.00

Mean attenuation ATA [HU]

(expressed in HU), and the upper and lower lines represent 95 %
confidence interval. ATA anterior tibial artery, CIA common iliac
artery, HU hounsfield unit, PA popliteal artery, SFA superficial
femoral artery, p p value)

severity. Furthermore, the presence of a vascular lesion,
independent of severity, did not influence the achieved
level of intravascular attenuation. Although the ANOVA
showed a statistically significant difference in attenuation
between TASC II lesion groups in right aorto-iliacal seg-
ment, the mean difference of 5 HU between non-diseased
and most severely affected (type D) segments should not be
considered clinically relevant. The contrast media distri-
bution delay due to the vascular pathophysiology can also
explain the dynamic decrease in the subjective image
quality from the PA (excellent) to the crural arteries
(good), which were mostly superior to DPA segments
(graded as good or diagnostic) (Fig. 6). However, to the
best of our knowledge, the image quality of DPA was
assessed in studies performed with higher CM volumes
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Fig. 3 Box plots presenting the
intravascular attenuation among
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Table 6 The subjective image quality summarized as mode of assigned Likert grades and mean difference between readers

Segment Mode score per Mode score Mode score Mode assigned score (2 Mean difference between Sign.(2-
segment Reader 1 Reader 2 readers) readers tailed)
Aorta 4 4 4 0.08 p =0.159
CIA 4 L 4 4 4 0.14 p=0.110
R 4 4 4 0.09 p =0.103
SFA 4 L 4 4 4 0.11 p=0210
R 4 4 4 0.19 p =0.090
PA 4 L 4 4 4 0.14 p=0.110
R 4 4 4 0.13 p =0225
ATA 3 L 3 3 3 0.17 p =0.164
R 3 3 3 0.25 p =0.078
DpA 3 L 3 3 3 0.13 p =0.598
R 3 2 2 0.4 p=0374

ATA anterior tibial artery, CIA common iliac artery, DPA dorsalis pedis artery, L left side, PA popliteal artery, R right side, SFA superficial

femoral artery, Sign. significance

(100 ml of 400 mgl/ml [26]) or when a dedicated lower leg
acquisition was performed [27], while none of the recently
published studies evaluated feasibility of low CM volume
CTA of lower extremities assessed the image quality in
pedal arteries [10, 28-30].

Fleischmann et al. [25] recommend to prolong the
injection duration with a corresponding increase in the scan
delay to allow an adequate filling distal to the occluded
segment. Overall high attenuation values suggest the pos-
sibility to reduce CM concentration by mixing the main

bolus with saline in order to increase injection volume to
prolong the injection time, while the TIL stays the same.
The optimum CM volume, concentration, iodine delivery
rate (IDR) and injection time for satisfactory attenuation in
DPA need to be clarified in a further study. However, the
cases with high complete vascular occlusion at the level of
CIA or SFA demonstrated that the double-level test bolus
technique is able to overcome such severe occlusion, while
delivering diagnostic attenuation in all PA and 10/11 ATA
segments.

@ Springer
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Fig. 4 Maximum intensity projections (MIP) of the lower limb CTA
after bone subtraction. A Right SFA occlusion in 46-year-old female
causing Rutherford I symptoms. B Significant stenosis of right CIA in
57-year-old female patient with metastatic cervical carcinoma,
referred for CTA with suspected thromb-embolic source in the
peripheral arteries. Multiple vascular caliber changes of CIA and SFA
are visible bilaterally. C 64-year-old male patient with left CFA
aneurysm (6.8 x 4.6 cm), occluded left femoro-popliteal bypass and

Patients with PAD may undergo repeated imaging on
various occasions during the course of their disease. Thus,
a great attention was directed toward not only the reduction
in CM volume, but also the acquired radiation dose. Qi
et al. in 2014 used the combination of a 70kVp and high-
pitch (2.2) acquisition to lower radiation dose down to
0.3 £+ 0.1 mSv. However, this very low ED only quantifies
the acquired radiation dose between the pelvic crest and
proximal third of the thighs [10]. Other studies, using low
kV scan protocols, also calculated the ED from the region
between abdominal aorta and iliac arteries resulting in
5.5+ 09 mSv at 80 kV and 1.94 £ 0.21 mSv at 70 kV
[29, 30]. Baxa et al. [28] calculated an ED of 3.9 mSv from
the total scanning distance at 100 kV. In our study, the
whole-body ED (1.1 £ 0.5 mSv) was assessed using ded-
icated software based on a Cristy phantoms library, taking
into account patients diameter, age and weight [16, 31].
Increasing the pitch value may help to further decrease the
ED [7]; however, artifacts due to helical interpolation at the
image reconstruction process may occur. These artifacts

@ Springer

bilateral SFA occlusion including proximal PA (level P1). D Ruther-
ford III complaints in 66-year-old male patient caused by stenosis of
left femoro-popliteal bypass at the level of distal anastomosis and
complete right SFA occlusion. CFA common femoral artery, CIA
common iliac artery, CTA computed tomographic angiography, SFA
superficial femoral artery, EIA external iliac artery, PA popliteal
artery

are most likely to appear at the level of popliteal trifurca-
tion, where relatively small diameter vessels branch and
therefore deviate rapidly off the longitudinal (z-axis)
direction [12]. On the other hand, low pitch (in this study
ranged between 0.35 and 0.70), in combination with iter-
ative reconstruction, can partly compensate for an
increased image noise resulting from the low-tube-voltage
setting. Even further decrease in ED, beyond the levels
achieved in our study, may not be necessary, since Nguyen
et al. [32] recently reported no evidence of DNA damage
associated with activation of genes involved in regulating
cell repair and programmed cell death in patients under-
going coronary CTA when radiation doses of < 7.5 mSv
were used. Thus, the low dose approach may be especially
beneficial in cases of premature PAD [33] or in patients
with a combined diagnosis of PAD and diabetes mellitus,
as they are more likely to be repeatedly referred for CTA
examinations earlier in life [34].

There are some limitations in this study. The major
limitation of our study is the lack of a gold standard to
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Fig. 5 Peripheral vascular run-
off in 75-year-old male patient
with infra-renal aortic and
bilateral popliteal aneurysm
(left occluded), significant
stenosis of right proximal EIA
and SFA bilaterally, and
compromised lower leg
vasculature. Good flow in the
left CIA stent. White arrows
indicate aneurysmatic changes
of infra-renal abdominal aorta
(B) and PAs (D and E). CM
attenuation is visible in the
crural (F) and pedal arteries
(G). CIA common iliac artery,
CM contrast media, EIA
external iliac artery, SFA
superficial femoral artery, EIA
external iliac artery, PAs
popliteal arteries)

which the results of our study have been compared; how-
ever, previous literature has already reported an excellent
sensitivity and specificity of lower tube voltage CTA in
comparison with DSA in assessment of PAD [29]. Second
a relatively small patient population was evaluated in this
feasibility study and therefore comparably low count of
TASC II lesion types was present in some segments. Third,
the laboratory criteria for renal function evaluation, in
terms of eGFR and serum creatinine (sCr) levels before and

3-5 days after contrast administration in CTA, were not
available in most of the patients. Therefore, no conclusions
can be drawn from this study in regard to the CIN devel-
opment. Fourth, the assessments of the peak attenuation
times in Syngo DynEvaTM and the calculation of indi-
vidual scan time and scan delay require additional attention
and time compared to the uniform acquisition independent
of patient’s characteristics. Fifth, the bone removal soft-
ware often subtracts the small diameter vessels
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Fig. 6 Peripheral vascular run-
off in 77-years-old male patient
presenting with multiple level
stenoses (bilateral ITA, left CIA
and EIA, right SFA).
Transversal images show CM
attenuation in the crural (A and
B) and pedal arteries (C and D).
CIA common iliac artery, CM
contrast media, EIA external
iliac artery, IIA internal iliac
artery, SFA superficial femoral
artery)

enhancement in the distal lower leg [35]. Therefore, the
segmented maximum intensity projection (MIP) images
may not be reliable at this level. Sixth, in most cases this
protocol is not suitable for patients with large lower
extremity metal implants, because of beam hardening and
scatter artifacts [11]. Reliable evaluation is then difficult to
impossible in certain segments. Lastly, comparison with a
CTA protocol previously used in our institution was not
performed, as double protocol would significantly increase
the TIL and radiation dose in referred patients.

Conclusion

A low-tube-voltage scan protocol allows for a significant
reduction of the injected CM volume and the acquired
radiation dose, while maintaining sufficient objective and
subjective image quality for the evaluation of PAD,
regardless of the lesion severity.

Compliance with Ethical Standards

Conflict of interest The scientific guarantor of this publication is M.
Das, MD, PhD, MBA. The authors of this manuscript declare

@ Springer

relationships, in form of institutional funding and speakers bureau,
with the following companies: Siemens, Bayer, Philips, Agfa, Cook.
The authors state that this work has not received any funding. No
complex statistical methods were necessary for this paper. Institu-
tional review board approval was obtained. Written informed consent
was waived by the institutional review board.

Methodology Retrospective, observational single-center study.

Ethical Approval All procedures performed in studies involving
human participants were in accordance with the ethical standards of
the institutional and/or national research committee and with the 1964
Helsinki Declaration and its later amendments or comparable ethical
standards. The local medical ethical research committee reference
number: 15-4-076.

Informed Consent Does not apply—Written informed consent was
waived by the institutional review board.

Open Access This article is distributed under the terms of the
Creative Commons Attribution 4.0 International License (http://
creativecommons.org/licenses/by/4.0/), which permits unrestricted
use, distribution, and reproduction in any medium, provided you give
appropriate credit to the original author(s) and the source, provide a
link to the Creative Commons license, and indicate if changes were
made.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

Horehledova et al.: CT Angiography in the Lower Extremity Peripheral Artery Disease Feasibility...

1763

References

10.

11.

12.

13.

14.

16.

. Tendera M, Aboyans V, Bartelink M-L, Baumgartner I, Clément

D, Collet J-P, et al. ESC Guidelines on the diagnosis and treatment
of peripheral artery diseases. Eur Heart J. 2011;32(22):2851-906.

. Lijmer JG, Hunink MG, van den Dungen JJ, Loonstra J, Smit AJ.

ROC analysis of noninvasive tests for peripheral arterial disease.
Ultrasound Med Biol. 1996;22(4):391-8.

. Catalano C, Fraioli F, Laghi A, Napoli A, Bezzi M, Pediconi F,

et al. Infrarenal aortic and lower-extremity arterial disease:
diagnostic performance of multi-detector row CT angiography.
Radiology. 2004;231(2):555-63. https://doi.org/10.1148/radiol.
2312020920.

. Romano M, Mainenti PP, Imbriaco M, Amato B, Markabaoui K,

Tamburrini O, et al. Multidetector row CT angiography of the
abdominal aorta and lower extremities in patients with peripheral
arterial occlusive disease: diagnostic accuracy and interobserver
agreement. Eur J Radiol. 2004;50(3):303-8. https://doi.org/10.
1016/S0720-048X(03)00118-9.

. Huang SY, Nelson RC, Miller MJ, Kim CY, Lawson JH, Husarik

DB, et al. Assessment of vascular contrast and depiction of ste-
noses in abdominopelvic and lower extremity vasculature: com-
parison of dual-energy MDCT with digital subtraction
angiography. Acad Radiol. 2012;19(9):1149-57.

. Swanberg J, Nyman R, Magnusson A, Wanhainen A. Selective

intra-arterial dual-energy CT angiography (s-CTA) in lower
extremity arterial occlusive disease. Eur J Vasc Endovasc Surg
Off J Eur Soc Vasc Surg. 2014;48(3):325-9. https://doi.org/10.
1016/j.jvs.2014.05.013.

. McCollough CH, Primak AN, Braun N, Kofler J, Yu L, Christner

J. Strategies for reducing radiation dose in CT. Radiol Clin North
Am. 2009;47(1):27-40. https://doi.org/10.1016/j.rc1.2008.10.006.

. Del Gaizo AJ, Fletcher JG, Yu L, Paden RG, Spencer GC, Leng S,

et al. Reducing radiation dose in CT enterography. Radiographics.
2013;33(4):1109-24. https://doi.org/10.1148/rg.334125074.

. Kok M, de Haan MW, Mihl C, Eijsvoogel NG, Hendriks BM,

Sailer AM, et al. Individualized CT angiography protocols for the
evaluation of the aorta: a feasibility study. J Vasc Interv Radiol.
2016;27(4):531-8. https://doi.org/10.1016/j.jvir.2016.01.009.

Qi L, Meinel FG, Zhou CS, Zhao YE, Schoepf UJ, Zhang LJ,
et al. Image quality and radiation dose of lower extremity CT
angiography using 70 kVp, high pitch acquisition and sinogram-
affirmed iterative reconstruction. PLoS ONE. 2014;9(6):¢99112.
https://doi.org/10.1371/journal.pone.0099112.

Lell MM, Wildberger JE, Alkadhi H, Damilakis J, Kachelriess M.
Evolution in computed tomography: the battle for speed and dose.
Investig Radiol. 2015;50(9):629-44. https://doi.org/10.1097/RLI.
0000000000000172.

Barrett JF, Keat N. Artifacts in CT: recognition and avoidance.
Radiographics. 2004;24(6):1679-91. https://doi.org/10.1148/rg.
246045065.

Vlahos I, Chung R, Nair A, Morgan R. Dual-energy CT: vascular
applications. AJR Am J Roentgenol. 2012;199(5 Suppl):S87-97.
https://doi.org/10.2214/AJR.12.9114.

Strocchi S, Vite C, Callegari L, Conte L. Optimisation of mul-
tislice computed tomography protocols in angio-CT examina-
tions. Radiol Med (Torino). 2006;111(2):238-44.

. Cao JX, Wang YM, Lu JG, Zhang Y, Wang P, Yang C. Radiation

and contrast agent doses reductions by using 80-kV tube voltage
in coronary computed tomographic angiography: a comparative
study. Eur J Radiol. 2014;83(2):309-14. https://doi.org/10.1016/j.
ejrad.2013.06.032.

The 2007 Recommendations of the International Commission on
Radiological Protection. ICRP publication 103. Ann ICRP.
2007;37(2-4):1-332. https://doi.org/10.1016/j.icrp.2007.10.003.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

Norgren L, Hiatt WR, Dormandy JA, Nehler MR, Harris KA,
Fowkes FG, et al. Inter-society consensus for the management of
peripheral arterial disease (TASC II). Eur J Vasc Endovasc Surg.
2007;33(Suppl 1):S1-75. https://doi.org/10.1016/].ejvs.2006.09.
024.

Kok M, Turek J, Mihl C, Reinartz SD, Gohmann RF, Nijssen EC,
et al. Low contrast media volume in pre-TAVI CT examinations.
Eur Radiol. 2015. https://doi.org/10.1007/s00330-015-4080-x.
Bae KT. Optimization of contrast enhancement in thoracic
MDCT. Radiol Clin North Am. 2010;48(1):9-29. https://doi.org/
10.1016/j.rc1.2009.08.012.

Weininger M, Barraza JM, Kemper CA, Kalafut JF, Costello P,
Schoepf UJ. Cardiothoracic CT angiography: current contrast
medium delivery strategies. AJR Am J Roentgenol.
2011;196(3):W260-72. https://doi.org/10.2214/AJR.10.5814.
Leber AW, Knez A, Becker C, Becker A, White C, Thilo C, et al.
Non-invasive intravenous coronary angiography using electron
beam tomography and multislice computed tomography. Heart.
2003;89(6):633-9.

Nijssen EC, Rennenberg RJ, Nelemans PJ, Essers BA, Janssen
MM, Vermeeren MA, et al. Prophylactic hydration to protect
renal function from intravascular iodinated contrast material in
patients at high risk of contrast-induced nephropathy (AMA-
CING): a prospective, randomised, phase 3, controlled, open-
label, non-inferiority trial. Lancet. 2017;389(10076):1312-22.
https://doi.org/10.1016/S0140-6736(17)30057-0.

Andreucci M, Faga T, Pisani A, Sabbatini M, Russo D, Michael
A. Prevention of contrast-induced nephropathy through a
knowledge of its pathogenesis and risk factors. Sci World J.
2014;2014:823169. https://doi.org/10.1155/2014/823169.
Fleischmann D, Hallett RL, Rubin GD. CT angiography of
peripheral arterial disease. J Vasc Interv Radiol. 2006;17(1):
3-26. https://doi.org/10.1097/01.RV1.0000191361.02857.DE.
Fleischmann D. CT angiography: injection and acquisition tech-
nique. Radiol Clin North Am. 2010;48(2):237-47. https://doi.org/
10.1016/j.rc1.2010.02.002.

Tezzi R, Santoro M, Marano R, Di Stasi C, Dattesi R, Kirchin M,
et al. Low-dose multidetector CT angiography in the evaluation
of infrarenal aorta and peripheral arterial occlusive disease.
Radiology. 2012;263(1):287-98. https://doi.org/10.1148/radiol.
11110700.

Sommer WH, Helck A, Bamberg F, Albrecht E, Becker CR,
Weidenhagen R, et al. Diagnostic value of time-resolved CT
angiography for the lower leg. Eur Radiol. 2010;20(12):2876-81.
https://doi.org/10.1007/s00330-010-1861-0.

Baxa J, Vendis T, Molacek J, Stepankova L, Flohr T, Schmidt B,
et al. Low contrast volume run-off CT angiography with opti-
mized scan time based on double-level test bolus technique—
feasibility study. Eur J Radiol. 2014;83(3):e147-55. https://doi.
org/10.1016/j.ejrad.2013.12.004.

Duan Y, Wang X, Yang X, Wu D, Cheng Z, Wu L. Diagnostic
efficiency of low-dose CT angiography compared with conven-
tional angiography in peripheral arterial occlusions. AJR Am J
Roentgenol. 2013;201(6):W906-14. https://doi.org/10.2214/AJR.
12.102009.

Utsunomiya D, Oda S, Funama Y, Awai K, Nakaura T, Yanaga
Y, et al. Comparison of standard- and low-tube voltage MDCT
angiography in patients with peripheral arterial disease. Eur
Radiol. 2010;20(11):2758-65. https://doi.org/10.1007/s00330-
010-1841-4.

Smith-Bindman R, Wang Y, Yellen-Nelson TR, Moghadassi M,
Wilson N, Gould R, et al. Predictors of CT radiation dose and
their effect on patient care: a comprehensive analysis using
automated data. Radiology. 2017;282(1):182-93. https://doi.org/
10.1148/radiol.2016151391.

@ Springer


https://doi.org/10.1148/radiol.2312020920
https://doi.org/10.1148/radiol.2312020920
https://doi.org/10.1016/S0720-048X(03)00118-9
https://doi.org/10.1016/S0720-048X(03)00118-9
https://doi.org/10.1016/j.ejvs.2014.05.013
https://doi.org/10.1016/j.ejvs.2014.05.013
https://doi.org/10.1016/j.rcl.2008.10.006
https://doi.org/10.1148/rg.334125074
https://doi.org/10.1016/j.jvir.2016.01.009
https://doi.org/10.1371/journal.pone.0099112
https://doi.org/10.1097/RLI.0000000000000172
https://doi.org/10.1097/RLI.0000000000000172
https://doi.org/10.1148/rg.246045065
https://doi.org/10.1148/rg.246045065
https://doi.org/10.2214/AJR.12.9114
https://doi.org/10.1016/j.ejrad.2013.06.032
https://doi.org/10.1016/j.ejrad.2013.06.032
https://doi.org/10.1016/j.icrp.2007.10.003
https://doi.org/10.1016/j.ejvs.2006.09.024
https://doi.org/10.1016/j.ejvs.2006.09.024
https://doi.org/10.1007/s00330-015-4080-x
https://doi.org/10.1016/j.rcl.2009.08.012
https://doi.org/10.1016/j.rcl.2009.08.012
https://doi.org/10.2214/AJR.10.5814
https://doi.org/10.1016/S0140-6736(17)30057-0
https://doi.org/10.1155/2014/823169
https://doi.org/10.1097/01.RVI.0000191361.02857.DE
https://doi.org/10.1016/j.rcl.2010.02.002
https://doi.org/10.1016/j.rcl.2010.02.002
https://doi.org/10.1148/radiol.11110700
https://doi.org/10.1148/radiol.11110700
https://doi.org/10.1007/s00330-010-1861-0
https://doi.org/10.1016/j.ejrad.2013.12.004
https://doi.org/10.1016/j.ejrad.2013.12.004
https://doi.org/10.2214/AJR.12.10209
https://doi.org/10.2214/AJR.12.10209
https://doi.org/10.1007/s00330-010-1841-4
https://doi.org/10.1007/s00330-010-1841-4
https://doi.org/10.1148/radiol.2016151391
https://doi.org/10.1148/radiol.2016151391

1764

Horehledova et al.: CT Angiography in the Lower Extremity Peripheral Artery Disease Feasibility...

32.

33.

34.

Nguyen PK, Lee WH, Li YF, Hong WX, Hu S, Chan C, et al.
Assessment of the radiation effects of cardiac CT angiography
using protein and genetic biomarkers. JACC Cardiovasc Imaging.
2015;8(8):873-84. https://doi.org/10.1016/j.jcmg.2015.04.016.
Doraiswamy VA, Giri J, Mohler E 3rd. Premature peripheral
arterial disease—difficult diagnosis in very early presentation. Int
J Angiol. 2009;18(1):45-7.

Sodickson A, Baeyens PF, Andriole KP, Prevedello LM, Nawfel
RD, Hanson R, et al. Recurrent CT, cumulative radiation

@ Springer

35.

exposure, and associated radiation-induced cancer risks from CT
of adults. Radiology. 2009;251(1):175-84. https://doi.org/10.
1148/radiol.2511081296.

Yamamoto S, McWilliams J, Arellano C, Marfori W, Cheng W,
McNamara T, et al. Dual-energy CT angiography of pelvic and
lower extremity arteries: dual-energy bone subtraction versus
manual bone subtraction. Clin Radiol. 2009;64(11):1088-96.
https://doi.org/10.1016/j.crad.2009.07.009.


https://doi.org/10.1016/j.jcmg.2015.04.016
https://doi.org/10.1148/radiol.2511081296
https://doi.org/10.1148/radiol.2511081296
https://doi.org/10.1016/j.crad.2009.07.009

	CT Angiography in the Lower Extremity Peripheral Artery Disease Feasibility of an Ultra-Low Volume Contrast Media Protocol
	Abstract
	Purpose
	Materials and methods
	Results
	Conclusion
	Level of evidence

	Introduction
	Materials and Methods
	Study Population
	CT Imaging Protocol
	Injection Protocol
	Effective Dose Assessment
	Peripheral Vascular Calcifications
	Angiographic Evaluation
	Objective CT Image Quality
	Subjective CT Image Quality
	Statistical Analysis

	Results
	Baseline Characteristics and Effective Dose Assessment
	Angiographic Evaluation
	Objective CT Image Quality
	Subjective CT Image Quality

	Discussion
	Conclusion
	Open Access
	References




