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Abstract

Background: Two-dimensional digital subtraction angiography (DSA) is the gold standard for angiographic evaluation
of dysfunctional haemodialysis access. We aim to investigate the utility of parametric colour coded DSA in providing
hemodynamic analysis during haemodialysis access interventions.

Methods: We retrospectively studied 20 patients who underwent access intervention and applied parametric colour-
coding on selected DSA acquisitions before and after percutaneous transluminal angioplasty (PTA). The difference in
time to peak (dTTP) contrast enhancement and time attenuation curve (TAC) of pre- and post-stenotic regions of
interest (ROIs) were obtained and compared after treatment.

Results: Improvements were seen in mean percent of stenosis after PTA (p < 0.0001) for all cases. Median dTTP
improved from 0.52 (IQR 0.26, 0.8) to 0.25 (IQR 0, 0.26) seconds (p = 0.001). Median 50% contrast washout time
improved from 0.77 (IQR 0.39, 1.17) to 0.42 (IQR 0.23, 0.59) seconds (p = 0.031). Significant correlation was seen for dTTP
vs. percent of stenosis (r = 0.723, p = 0.043) pre-PTA and for change in dTTP vs. percent change in stenosis post-PTA
(r = 0.786, p = 0.021) for inflow lesions. Such correlation was however not seen in outflow lesions.

Conclusions: Adjunctive use of parametric colour-coded DSA may provide potentially useful hemodynamic
information during vascular access interventions. Larger prospective studies are needed to validate our findings.
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Background
Vascular access dysfunction remains a major contributor
of morbidity and hospitalization in end stage renal fail-
ure (ESRF) patients on hemodialysis [1]. Stenosis sec-
ondary to neointimal hyperplasia can occur within the
dialysis access, resulting in stenosis and thrombosis [2,
3]. Percutaneous transluminal angioplasty (PTA) of sten-
osis is the current standard of care as it is effective and
less invasive when compared to open surgical techniques
[4]. In carefully selected patients, some of these inter-
ventions can be performed in an outpatient setting [5].

Two-dimensional digital subtraction angiography (DSA)
is the gold standard imaging modality during percutan-
eous assessment and intervention of vascular access [6].
Propagation of contrast agent through vessels or grafts
during angiographic sequences is used to assess the pa-
tency of the vascular access visually, followed by deter-
mination of severity of stenosis and percutaneous
intervention if required.
Anatomic measurement of luminal narrowing has

been widely used to determine the severity of vascular
access stenosis. Any stenosis causing greater than 50%
luminal reduction should be treated [4]. Anatomic re-
duction of vessel diameter however may not be
hemodynamically or clinically significant. Overzealous
treatment of inflow stenosis especially on upper arm
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access may precipitate steal syndrome and increase risk of
rupture [7]. Conversely, inadequate dilatation of stenosis
may result in early or repeated recurrence of stenosis.
Combination of anatomic with hemodynamic or clinical
criteria is therefore recommended for assessment of dis-
ease severity during dialysis access interventions [8].
Using enhanced technology, DSA sequences can be

post-processed to enable hemodynamic assessment of
vasculature patency to aid planning of intervention dur-
ing PTA. Parametric colour coding can be applied using
computer software to convert conventional DSA se-
quences into colour images and automate quantitative
hemodynamic analysis. The temporal evolution of the
contrast agent at a fixed position can be recorded in a
pixel-specific time-intensity curve, computed mathemat-
ically and visualized as a parametric image. The flow of
contrast captured by DSA in multiple sequences will be
combined into one single colour coded image which is
used for hemodynamic quantification.
Parametric colour coding of DSA has been successfully

used in angiographic assessment and treatment of neu-
roendovascular procedures and peripheral arterial disease
[9–12]. However, limited information is available on ad-
junctive use of parametric colour coded DSA during per-
cutaneous treatment of hemodialysis vascular access. We
hypothesize that parametric colour coded DSA enables
quantification of hemodynamic changes during PTA of
hemodialysis vascular access. This pilot study was per-
formed to examine the feasibility of using the difference in
time to peak (dTTP) contrast enhancement and time at-
tenuation curve (TAC) derived from colour-coded DSA to
assess hemodynamic changes of stenosis in relation to
anatomical changes before and after angioplasty.

Methods
Case selection, procedures, DSA acquisitions and
post-processing
This is a single center retrospective study involving in-
terventions performed for dysfunctional hemodialysis ac-
cesses. DSAs during the procedures were acquired as
per standard hospital protocol for hemodialysis access
interventions. In general, procedures were performed
under local anaesthesia with aseptic preparation using a
single plane angiography system (Artis one, Healthcare
Sector, Siemens AG, Forchheim Germany). Prior to the
intervention, bedside ultrasound was performed to de-
termine the site of the lesions. For patients with only in-
flow stenosis, a vascular sheath was placed in the
peripheral outflow vein in a retrograde direction and a
catheter and a guidewire were advanced into the feeding
artery. DSA was acquired with contrast injection via the
catheter situated in the feeding artery to document the
severity of the lesion. Following treatment with balloon

angioplasty, post-intervention DSA was acquired with
the catheter at a similar position to document the re-
sults. For patients with outflow stenosis, a vascular
sheath was placed in an antegrade direction and DSA
was acquired with contrast injection through the sheath.
A catheter and a guidewire were then advanced centrally
via the sheath. Following intervention with balloon
angioplasty, post-intervention DSA was acquired with
contrast injection through the same sheath. For patients
with both inflow and outflow lesions, the outflow lesions
were treated prior to inflow lesions. All DSA acquisitions
were done with hand-injection of contrast. The angio-
graphic data and images of each patient were stored in a
dedicated work station within the centre, running soft-
ware for both standard angiography and parametric
colour-coded DSA.
Cases were selected by the following criteria: the pro-

cedure must be performed by the same operator through-
out to exclude inter-operator variability during contrast
injection, DSA sequences on intervened segment must
have identical projection, and magnification and similar
catheter positions in the pre- and post-PTA studies.
Contrast injection must also be with catheter in proximity
to the stenotic lesion. Given that the presence of multiple
stenoses may interfere with interpretation of hemodynamic
parameters, only DSA sequences of the last treated lesions
were used for hemodynamic assessment. Procedures com-
plicated by rupture of vessels and deployment of vascular
stents were excluded in the study.
Of the 20 patients studied, 15 patients have arterioven-

ous fistula (AVF) and 5 have arteriovenous graft (AVG).
The baseline demographics and characteristics of the pa-
tients were obtained from electronic medical records.

Anatomic evaluation using conventional DSA acquisition
(Fig. 1)
Anatomic measure of disease severity and treatment
success was determined using the measurement and
magnification tools on the workstation.

Pre-treatment evaluation
Diameters of the most stenotic (Dstenosis) and normal
(Dnormal) segments of the vessels/grafts were obtained

Percent of Stenosispre−angioplasty
¼ 1− Dstenosis=Dnormalð Þ½ � � 100

Post-treatment evaluation
Diameters of the residual stenosis (Dresidual) and normal
(Dnormal) segments of the vessels/grafts were obtained
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Percent of Stenosispost−angioplasty
¼ 1− Dresidual=Dnormalð Þ½ � � 100

Evaluation of treatment success
Change in Percent of Stenosis:

½ Percent of Stenosispre−angioplasty � Percent of Stenosispost−angioplasty
� �

=Percent of Stenosispre−angioplasty� x 100
Hemodynamic evaluation using parametric
colour-coded DSA
Difference in time to peak contrast density (dTTP) (Fig. 2)
Pre- and post-PTA sequences were post-processed and
converted into colour images. For each image, one re-
gion of interest (ROI) was chosen pre- and
post-stenosis. Time to peak (TTP) contrast enhance-
ment or time at which each pixel reached its peak in-
tensity was computed for each ROI. The difference in

time to peak (dTTP) contrast density between these 2
ROIs pre- and post-PTA provides information on
hemodynamic changes and were compared before and
after intervention.

Quantification of contrast wash out (Fig. 3)
Time attenuation curves (TAC) pre- and post-treatment
were generated using opacity data per ROI per time
point calculated by the software. 50% contrast wash out
time or time taken for 50% attenuation in contrast dens-
ity after the peak intensity was obtained and compared
pre- and post-PTA.

Statistical analysis
Data was presented as frequency (percentage) for cat-
egorical variable; mean (standard deviation) for nor-
mally distributed or median (interquartile range
(IQR)) for non-normally distributed continuous

Fig. 1 Anatomic measure of disease severity and residual stenosis. (a): Diameter of stenotic and normal segment were measured to estimate
the percent of stenosis pre-angioplasty. (b): Diameter of residual stenosis and normal segment were measured to estimate the percent of stenosis
post-angioplasty

Fig. 2 Pre- and post-PTA parametric colour-coded DSA with region of interests (ROI) of the same AVF shown in Fig. 6. DSA sequences were post-
processed and parametric colour-coded DSA was generated. ROIs were chosen pre- and post-stenosis. The differences of TTP (dTTP) values
between these 2 ROIs pre- and post-PTA were generated. (a) Pre-PTA dTTP was 1 s. (b) Post-PTA dTTP was 0, indicating contrast flow was faster
after intervention
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variables. Percent of stenosis, dTTP and 50% contrast
washout time were compared using paired sample
t-test or Wilcoxon signed-rank test depending on data
type. Correlations between pre-PTA percent of sten-
osis vs. dTTP and post-PTA change in percent of sten-
osis vs. change in dTTP were obtained using
Spearman’s rank correlation test. Data analyses were
performed using SPSS Statistics for Windows, Version
21 (Armonk, NY:IBM Corp).

Results
The baseline demographics and characteristics of the pa-
tients is summarized in Table 1. The study subjects have
a mean age of 66.6 ± 9.3 years. AVF was the predomin-
ant vascular access (75%) with median access age of 3.1
(IQR 0.7, 5.3) years. Two third of the lesions studied
were outflow stenosis (60%).
Information on each vascular access, location of le-

sions, anatomic and hemodynamic parameters ob-
tained, and patency is summarized on Table 2. All
inflow lesions were located at the juxta-anastomotic
segment. Conversely, outflow lesions were located at
various anatomical sites including peripheral vein,
cephalic arch, graft vein junctions and central veins.
(Table 2) All cases demonstrated variable anatomical
improvements following angioplasty. Improvements in
dTTP were observed in 15 patients. Lack of improve-
ment in dTTP was noted in 5 patients. Of which, 3
of the patients have inflow lesions with less than 50%
stenosis. The remaining 2 patients had outflow sten-
oses with more than 50% anatomical improvement.
Pre-PTA TAC of 8 out of 20 patients did not show
attenuation in contrast density due to high resistance
in contrast flow caused by severe stenosis. Contrast
washout was exhibited in all patients post-PTA.
(Fig. 3) Comparison of 50% contrast washout time
pre- and post-PTA was only possible for 12 patients.
Of which, 10 patients exhibited improvement in 50%
contrast washout time while 2 patients did not. All

patients underwent successful haemodialysis through
the index vascular access with blood flow of at least
200mls/min after intervention. 18 patients have recur-
rent stenosis requiring repeat interventions at the
time of patency measurement. The median primary
patency was 3.9 (IQR 2.5, 10.3) months. (Table 2).

Anatomical and hemodynamic assessments (Table 3)
Mean percent of stenosis improved from 64.85 ± 21.39
to 24.73 ± 17.03% after PTA (p < 0.0001). Median dTTP

Fig. 3 Quantification of contrast wash out time using time attenuation curve (TAC). (a) Time vs. contrast intensity curve of the AVF shown in
Fig. 6. Pre-PTA TAC showed no contrast washout during the entire DSA captured, indicating slow flow. Post-PTA TAC exhibited contrast wash out
over time and the time taken for 50% contrast wash out was 0.9 s. (b) Time vs. contrast intensity curve of an AVG treatment showing contrast
wash out over time in both pre- and post-PTA TAC. The time taken for 50% contrast wash improved from 0.93 to 0.44 s

Table 1 Baseline Demographics of Patients

Demographics Mean ± standard deviation
or Median (IQR) or n (%)

Age, years 66.6 ± 9.3

Female, n (%) 12 (60)

Age of Access, years 3.1 (0.7, 5.3)

Reason for Intervention, n (%)

Decreased access flow 7 (35)

High venous pressure 5 (25)

Weak thrill 3 (15)

Arm swelling 4(20)

Thrombosis 1 (5)

Access Type, n (%)

Arteriovenous fistula (AVF) 15 (75)

Radiocephalic 4 (20)

Brachiocephalic 8 (40)

Brachiobasillic 3 (15)

Arteriovenous graft (AVG) 5 (25)

Brachiobasillic 2 (10)

Femoral-artery-vein 3 (15)

Number of lesions, n (%)

1 16 (80)

2 4 (20)
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improved from 0.52 (IQR 0.26, 0.8) to 0.25 (IQR 0, 0.26)
seconds (p = 0.001). Median 50% contrast washout time
also improved from 0.77 (IQR 0.39, 1.17) to 0.42 (IQR
0.23, 0.59) seconds (p = 0.031).

Scatter plot diagrams and correlation analysis
Scatter plot diagrams of dTTP vs. percent of stenosis
(Fig. 4) and change in dTTP vs. change in percent of
stenosis (Fig. 5) were obtained. Correlation analysis
revealed no significant correlation for pre-PTA dTTP
vs. percent of stenosis (r = 0.409, p = 0.073) and
post-PTA change in dTTP vs. change in percent of
stenosis (r = 0.399, p = 0.082). However, when the le-
sions were subdivided into inflow and outflow lesions,
significant correlation was seen for dTTP vs. percent of
stenosis for inflow stenosis (n = 8, r = 0.723, p = 0.043)
but not for outflow stenosis (n = 12, r = 0.158, p = 0.623).
Similarly, there was significant correlation for post-PTA
change in dTTP vs. percent change in stenosis for inflow
lesions (r = 0.786, p = 0.021) but not for outflow lesions
(r = − 0.161, p = 0.681).

Discussions
In this study, we have explored the use of parametric
colour coded DSA in the management of dysfunctional
dialysis access. The hallmark of successful interventions
in dialysis access has always been successful effacement

Table 2 Characteristics of Vascular Access, Anatomical and Hemodynamic Parameters

Cases Access Anastomosis Number
of Stenosis

Anatomical
site assessed

Anatomical Parameters, % Hemodynamic Parameters, s Time to
Next PTA,
months

% of stenosis Change in %
of Stenosis

dTTP Improvement
in dTTP

Improvement in
50% Contrast
Wash Out Time

1 AVF Brachio-cephalic 1 Cephalic arch 74.76 50.15 0.25 0.80 0.97 Nilc

2 AVF Brachio-cephalic 2a Juxta-anastomosis 20.69 33.55 0.26 −0.01 0.14 11.27

3 AVF Radio-cephalic 1 Juxta- anastomosis 50.86 66.33 0.80 0.01 0.61 5.29

4 AVF Radio-cephalic 1 Juxta- anastomosis 68.89 92.20 0.51 0.80 No wash out 3.91

5 AVF Brachio-cephalic 2a Juxta- anastomosis 44.10 56.30 3.72 0.25 0.38 2.46

6 AVF Radio-cephalic 1 Juxta- anastomosis 45.47 92.78 0.25 3.47 No wash out Nilc

7 AVF Brachio-cephalic 2a Juxta- anastomosis 42.04 19.07 0.26 0 −0.14 15.87

8 AVF Brachio-cephalic 1 Juxta- anastomosis 30.96 33.82 1.00 −0.01 0.34 11.96

9 AVF Brachio-basillic 1 Draining vein 72.37 83.06 0.80 0.53 No wash out 1.64

10 AVF Radio-cephalic 1 Juxta- anastomosis 75.93 60.41 0.53 1.00 No wash out 7.33

11 AVG Brachio-basillic 1 Graft vein junction 74.57 95.93 0.53 0.27 0.49 0.59

12 AVG Brachio-basillic 2b Draining vein 83.63 54.42 1.06 0.81 No wash out 3.19

13 AVG Femoral artery-vein 1 Graft vein junction 56.56 71.63 0.26 0 No wash out 3.58

14 AVG Femoral artery-vein 1 Graft vein junction 52.86 86.59 0.54 0.28 0.94 4.63

15 AVG Femoral artery-vein 1 Graft vein junction 60.12 81.49 0.25 0.25 No wash out 3.91

16 AVF Brachio-basillic 1 Brachiocephalic vein 100.00 50.08 0.54 0.54 0.12 2.46

17 AVF Brachio-cephalic 1 Brachiocephalic vein 91.47 32.59 0.27 0.01 No wash out 2.76

18 AVF Brachio-cephalic 1 Subclavian vein 77.98 41.22 0.80 0.51 0.06 2.07

19 AVF Brachio-cephalic 1 Subclavian vein 89.33 51.25 0.27 0 −0.37 1.91

20 AVF Brachio-basillic 1 Brachiocephalic vein 84.34 69.86 0.26 0.26 0.12 7.56
aProximal lesions were treated before distal lesions, therefore anatomical and hemodynamic parameters of the distal lesions were obtained for comparison
bBoth lesions were treated simultaneously
cIntervention free at last follow-up

Table 3 Pre- and Post-percutaneous Angioplasty Comparison of
Anatomic and Hemodynamic Parameters

Parameters, n = 20 Mean ± standard
deviation or Median (IQR)

P – value

Percent of Stenosis, % < 0.0001

Pre-PTA 64.85 ± 21.39

Post-PTA 24.73 ± 17.03

dTTP, s 0.001

Pre-PTA 0.52 (0.26, 0.8)

Post-PTA 0.25 (0, 0.26)

50% Contrast Washout Time, s 0.031

Pre-PTA 0.77 (0.39, 1.17)

Post-PTA 0.42 (0.23, 0.59)
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of stenosis (Fig. 6). However, the functional aspect is
equally important, and we hypothesize that parametric
colour-coded DSA will provide a quantitative assessment
of interventional outcome. We demonstrated significant
improvements in dTTP and time taken for 50% contrast
attenuation post-PTA as surrogates for improvement in
access flow after PTA and significant correlations of ana-
tomical vs. hemodynamic assessments pre- and post
PTA. This information might be potentially useful for
assessing the significance of lesion and adequacy of
treatment during percutaneous intervention of haemodi-
alysis vascular access.
Maintaining sufficient access flow is crucial for ad-

equate hemodialysis [13]. Secondary patency of vascular
access after PTA however remains dismal, with
re-stenosis and re-intervention rates reported to be up
to 60% at 6 months [14, 15]. Visual analysis of conven-
tional two-dimensional DSA sequences typically requires
viewing a series images and evaluating the differences in
images which the contrast medium creates as it passes
through the obstructions in the vessels. Browsing
through the entire black and white filling sequences
frame by frame during the procedure can be time con-
suming and is subjected to interpersonal variability. Lack
of correlation between angiographic visual assessment
and hemodynamic performance of vascular access has
been demonstrated in many previous studies [16, 17].
Hence, risk of poor long-term outcome despite success-
ful intervention if treatment adequacy is relied solely on
angiographic visual assessment.

Several techniques for assessment of vascular stenosis
and intra-procedural real-time hemodynamic assess-
ments in hemodialysis accesses have been described.
Magnetic resonance angiography (MRA) and computed
tomography angiography (CTA) have been reported to
provide high quality diagnostic images for vascular sten-
osis [3, 18–21]. Time resolved MRA could be a useful
screening tool as it is non-invasive and is able to detect
vascular stenosis with smaller dose of contrast [20, 21].
Catheter based thermodilution on the other hand is a
method to extrapolate intra-access blood flow from ther-
modilution equation and the thermal properties of blood
and saline [17, 22]. It was reported to correlate well with
the current gold standard of ultrasound dilution method
but the major drawbacks were high cost and high tech-
nical failure rates as correct placement of catheter may
not always be possible [22]. Ultrasound Doppler flow
measurement is another method which is readily avail-
able in most interventional radiology suite. However, it
is operator dependent and its precision is limited by
uncertainties in the measure of vessel diameter, Doppler
angle and blood velocity determination. Utility of
intra-access static pressure was also investigated and
found to be a simple and potentially useful
hemodynamic indicator during PTA. An elevated static
pressure which declined to normal represented ad-
equately treated outflow stenosis while restoration of a
negative static pressure PTA to normal reading could
represent adequately treated inflow stenosis [23]. Unfor-
tunately, static pressure may be normal when there is

Fig. 4 Correlation between Pre-PTA dTTP and Percent of Stenosis. Scatter plot diagrams of dTTP vs. percent of stenosis for (i) all accesses, (ii)
accesses with inflow stenosis, (iii) accesses with outflow stenosis

Fig. 5 Correlation between Post-PTA Change in dTTP and Change in Percent of Stenosis. Scatter plot diagrams of post-PTA change in dTTP vs.
change in percent of stenosis for (i) all accesses, (ii) accesses with inflow stenosis, (iii) accesses with outflow stenosis
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co-existing inflow and outflow stenosis exerting oppos-
ing hemodynamic effects of equal magnitude, making
hemodynamic assessment impossible as there will not be
a change in static pressure after treatment [23].
Parametric colour-coded DSA provides an alternative

method for hemodynamic assessment. It is easy to use,
non-invasive and does not involve use of additional
expensive equipment. More importantly, hemodynamic
parameters can be instantly generated during the pro-
cedure to enable real-time therapeutic planning. Vascu-
lar access with multifocal stenosis is not uncommonly
encountered during interventional procedures. The ap-
proach of treating all encountered lesions has not been
shown to improve access patency [24]. Determining
whether a visible lesion is clinically indicated for treat-
ment may be challenging on table. Hemodynamic pa-
rameters from colour-coded DSA could therefore be a
useful adjunctive tool to help determine the necessity
and adequacy of treatment of every lesion seen on ven-
ography, resulting in potential cost saving and reduction
in radiation exposure.
Although pre-PTA 50% contrast washout times were

not available in 8 cases, the TACs of these cases still pro-
vided some insight on the hemodynamic parameters of
the accesses. In these cases, stenosis was likely
hemodynamically significant as resistant to contrast flow

has resulted in slow contrast attenuation below 50% dur-
ing the entire DSA sequences captured (Fig. 3). The
delay in contrast attenuation was also congruent with
anatomical assessment as 7 out of 8 of these patients
have lesions with more than 50% stenosis.
Significant correlations were noted between anatomic

and hemodynamic parameters pre- and post-PTA for in-
flow stenosis but not outflow stenosis. We postulated
that this could be due to the different vascular character-
istics of the different outflow components. For example,
size, elasticity and curvature are different in central veins
compared to peripheral veins [25]. Furthermore, when
the access has more than one outflow such as in a radio-
cephalic fistula, the quantity, size and location of the
outflow veins may also result in inaccuracy during
hemodynamic assessment.
Although the effect of colour was not evaluated in our

study, previous studies on colour-coded DSA have sug-
gested that colour coding provided images of high quality
that were not impaired by motion artefact [10]. Further-
more, colour is known to improve visual search and iden-
tification performance [26]. The display of colour can be
used to enhance human perception of medical informa-
tion and has been successfully used in computed tomog-
raphy, magnetic resonance imaging and sonograms. As
human eyes perceive colour differentiation over a wide

Fig. 6 Images of a left radio-cephalic arterio-venous fistula (AVF) with stenosis along juxta-anastomosis segment. (i): Frame by frame black and
white images showing juxta-anastomotic segment stenosis pre-PTA. (ii): An angioplasty balloon was used to treat the stenosis, complete effacement
of the balloon was seen. (iii): Frame by frame black and white images showing interval improvement of the juxta-anastomotic segment stenosis with
more prominent opacification of collaterals from outflow vein after PTA
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range, changes in signal intensity can be easily distinguish-
able with the naked eye [27]. Evaluation of vascular access
with parametric colour coding could therefore be easier
and more accurate than conventional black and white
DSA [9].
We acknowledge that there were several limitations

of this study. The major limitation of our study was
the small sample size from a single centre which
limits its power and generalizability. Furthermore, due
to the retrospective nature of this study where hand
injection of contrast during DSA acquisition was the
standard of care, differences in pressure during injec-
tion, volume of contrast used before and after PTA
may affect the hemodynamic parameters measured.
However, contrast injections for all the cases included
in the study were by the same operator throughout
the procedure. Our method of retrospective case se-
lection may also introduce selection bias. Although all
PTA were deemed successful clinically and radiologic-
ally, we did not examine the effect of hemodynamic
parameters on resolution of clinical symptoms nor
correlate the results with direct flow measurement or
indirect pressure measurement. Estimation of percent-
age of luminal stenosis using diameter measurement
is not the most ideal as this calculation is a
one-dimensional view. Vessels are circular or ellip-
tical, and the stenoses are frequently asymmetric
when viewed in cross section. Estimating the luminal
stenosis using one plane in this study may therefore
result in inaccuracy. Additionally, although there was
statistical improvement in the TTP and contrast wash
out time post angioplasty, we are unable to determine
the cut off values to define success or adequacy of
angioplasty due to the small sample size. Neverthe-
less, within the limits of the study, we have demon-
strated that parametric colour-coded DSA may be
able to provide potentially useful quantitative infor-
mation on hemodynamic changes in vascular access
during PTA, especially for inflow lesions. This is rele-
vant to clinical practice as the aim of PTA is to re-
store sufficient flow within the dialysis access for
hemodialysis.

Conclusions
This pilot study suggests that adjunctive use of paramet-
ric colour-coded DSA may have positive impact in
haemodialysis vascular access interventions. We pro-
posed that a larger prospective study using standardized
contrast injection rate with correlation of hemodynamic
parameters with the gold standard ultrasound dilution
technique of intra-access flow should be performed to
further evaluate the effectiveness and reliability of
colour-coded DSA in haemodynamic assessment of
haemodialysis vascular access.
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