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Doppler ultrasound and calcification score: improving vascular access
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Abstract

Aim: Vascular access (VA) dysfunction limits hemodialysis delivery, which increases morbidity
and mortality. The most com

mon cause of VA failure is thrombosis, due to flow limiting stenosis resulting from neointimal
hyperplasia. This occurs not only due to hemodynamic factors but also by systemic ones related
to vascular atherosclerosis, inflammation and calcification, which has developed a simple
vascular calcification score (SVCS) predictor of vascular calcification and arterial stiffness. The
NKF-K/DOQ recommends several diagnostic procedures for VA surveillance. Blood access flow
(Qa) has predictive power for the detection of stenosis. Our aim was to evaluate the role of
systemic factors, especially SCVS, on Qa. Material and methods: Transversal study in 50 patients.
Qa value was obtained with Blood Temperature Monitor and Doppler method. Pearson
coefficient evaluated correlation between them. Clinical, lab and radiological variables were
recorded and non-parametric tests evaluated how both Qa varied with them. Results: Pearson’s
corelation between DU-Qa and TD-Qa was 0.851 (p-value <0.001). DU-Qa varied significantly
with age (p=0.012), VA type (p=0.021), SCVS (p=0.030), intra-access arterial pressure
(p=0.015) and time on dialysis (p=0.002). BTM-Qa varied significantly with diabetes status
(p=0.027), age (p=0.017), first VA status (p =0.036), intra-access arterial pressure (p =0.028)
and dialysis time (p=0.001). Nevertheless, gender, hypertensive status and analitical
parameters did not change the flow values. Conclusion: Higher SVCS was associated only
with lower DU-Qas, giving this method an advantage towards the indirect one. Additionally, a
simple method like SVCS may be used to guide new surveillance recommendations accordingly
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to risk stratification.

Introduction

Patients with end-stage renal disease (ESRD) receive main-
tenance hemodialysis through a vascular access (VA) which
dysfunction is one of the most important sources of morbidity
and mortality that contributes substantially to the cost of
ESRD care.'” The most common cause of VA failure is
thrombosis, due to flow limiting stenosis resulting from
neointimal hyperplasia (NH), which eventually leads to access
failure.>® NH is a common histopathological lesion found at
the sites of venous stenosis in arteriovenous fistula (AVF) and
arteriovenous grafts (AVG). Calcium phosphate deposits into
these stenotic lesions indicate that vascular calcifications may
strongly participate in the VA dysfunction.”® In this setting,
Adragio et al.”'* developed a simple vascular calcification
score (SVCS) evaluated in plain X-ray of pelvis. This score
was associated with higher vascular calcification and arterial
stiffness and a predictor of cardiovascular mortality.”'®
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Center, Nephrocare Coimbra, Rua Antonio Sérgio, 37 Zona Industrial da
Pedrulha, 3025-041 Coimbra, Portugal. E-mail: mariaguedesmarques @
gmail.com

National Kidney Foundation-Kidney Disease Outcomes
Quality Initiative (NKF-K/DOQI) recommends that accesses
should be monitored regularly for the detection of the
development of stenosis, and if detected, it should be treated
with elective angioplasty or surgery prior to thrombosis.''~'?
One of the most powerful predictors of VA failure used in VA
surveillance is the access blood flow (Qa), which can be
measured using several methods. Direct measurement is
performed by Doppler ultrasound (DU)."' However, several
indirect methods have been validated, among which the
technique based on differential conductivity is well known.'*
When Qa is measured repeatedly, trends of decreasing flow
add predictive power for the detection of access stenosis,
thrombosis and loss of VA patency."”

VA patency is still far below from the desired, therefore
investigation of more determinants of failure is essential and
will have direct implications for patient care.”'® The aim of
the present study was to evaluate the role of clinical and
systemic factors, especially calcification score and mineral
metabolism indexes, on the Qa value measured by direct and
indirect methods. Secondary end point was to compare both
methods regarding the access blood flow determination.
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Patients and methods

Transversal study included 50 patients under regular program
of post-dilution online hemodiafiltration with 5008S
Fresenius Medical Care® monitors (Homburg, Germany),
who were randomly selected. DU-Qa was evaluated with a
Siemens Acuson X150 Ultrasound machine (Munich,
Germany), in the humeral artery, proximally to the anasto-
mosis, by measuring the vessel diameter (D) and the time
average velocity (TAV) through the formula: Qa (mL/
min) =TAV (cm/s) x D (cm) x 60.'% In the same week we
measured Qa, during the first 30 min of the dialysis session,
by getting the recirculation values, in normal and reversed
position of the blood lines, with the blood temperature sensor
BTM® (Blood Temperature Monitor), Fresenius Medical
Care, Bad Homburg, Germany, incorporated in the hemodi-
alysis machines'’ (BTM-Qa). According to the Hemodialysis
Unit, all patients were punctured with two 15G needles and
the prescribed blood flow rate was 400 mL/min.

Demographic variables such as race, age, gender, diabetes
and arterial hypertension status, time on dialysis, VA type and
time, first VA or not, previous interventions (endovascular or
surgicals), serum parathyroid hormone, calcium, phosphate,
bicarbonate and magnesium levels, mean venous and arterial
pressure, online clearance monitor (OCM), recirculation and
SCVS were recorded. This latest parameter was evaluated in
plain radiographic films of pelvis and hands, performed in the
same centre. The pelvis radiographic films were divided into
four sections by two imaginary lines: a horizontal line over
the upper limit of both femoral heads and a median vertical
line over the vertebral column. The films of the hands were
divided, for each hand, by a horizontal line over the upper
limit of the metacarpal bones. The presence of linear
calcifications in each section was counted as 1 and its
absence as 0. The final score was the sum of all the sections,
ranging from O to 8 (10).

Statistical analysis

We used SPSS 20.0 software for Windows (SPSS, Inc.,
Chicago, IL). Continuous and categorical variables were
expressed as mean +standard deviation and percentages,
respectively. We compared both Qa measurements (BTM
and DU) and evaluated their correlation using the paired 7-test
and Pearson coefficient, respectively. Non-parametric tests
were performed to analyze how both Qa values varied with
several factors. We rejected null hypotheses of no difference if
p-values were <0.05.

Results

We evaluated 50 patients with a mean age of 64.5+13.7
years; average time on dialysis of 51.4+47.3 months and
average time of VA of 47.6 +42.1 months. Categorical and
continuous variables are recorded in Tables 1 and 2,
respectively. Mean DU-Qa was 1032.5 +468.7 mL/min, and
mean BTM-Qa was 1012.0 +£492.9 mL/min. Paired r-test
between both methods revealed a mean difference of only
20.5 mL/min, with a p-value of 0.624 (>0.05). Correlation
coefficient of Pearson was 0.851, p-value 0.000 (<0.001)
(Figure 1).
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Table 1. Categorical variables.

Frequency (%)

Race

Caucasian 100.0
Gender

Masculin 72.5
Diabetes status

Diabetic 35.0
Hypertensive status

Hypertensive 57.5
First VA status

Yes 67.5
Previous interventions

No 80.0
Type of VA

Radiocephalic fistula 32.5

Humerocephalic fistula 40.0

Humerobasilic fistula 10.0

Humerobasilic prothesis 7.5

Proximal radiocephalic fistula 7.5

Humerocommunicant fistula 2.5

Table 2. Continuous variables.

Mean + standard deviation

Age (years) 64.50 +13.68
Time of dialysis (months) 51.35+47.30
Time of VA (months) 47.60+42.11
Thermodilution Qa (mL/min) 1012.00 +492.97
Doppler Qa (mL/min) 1032.55 +468.75

Average venous pressure (mmHg)
Average arterial pressure (mmHg)

208.50 +31.64
—182.20+31.53

Recirculation (%) 11.65+3.12
On-line clearance monitor (OCM) 1.63+0.33
Paratiroid hormone (ng/L) 355.29 +252.57
Serum calcium (mg/dL) 8.72+0.49
Serum phosphate (mg/dL) 431+1.03
Venous bicarbonate (mEq/L) 2346 +2.53
Serum magnesium (mg/dL) 2.30+0.32
Simple cardiovascular score (SCVS) 328 +£2.77

DU-Qa varied significantly with age (p =0.012), time on
dialysis (p=0.002), time of VA (p=0.049), VA type
(p=0.021), mean intra-access arterial pressure (p=0.015)
and SCVS (p=0.030) (Table 3 and Figure 2). BTM-Qa
varied significantly with time on dialysis (p =0.001), mean
intra-access arterial pressure (p=0.028), diabetes status
(»p=0.027), age (p=0.017) and first VA status (p =0.036)
(Table 3).

Discussion

In our study, BTM represented a good indirect method of
DU-Qa measurement. Regarding their relative accuracy, we
found that they vary differently with several factors. For DU
method, as well as BTM, more time on dialysis (>48 months)
was significantly associated to a lower Qa. This fact could be
explained by longer time of vessels exposure to atheroscler-
osis, calcification and endothelial inflammation.

In a similar way, patients with their first VA had higher
values. A second access certainly reflects a previous failure
(primary or not) that is probably associated with higher
prevalence and longer exposure to harmful risk factors.
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Figure 1. Simple scatterplot DU — Qa versus

BTM-Qa. 2500

2000

g

Doppler Qa (ml/min)
g

R? Linear = 0,725

o
o
&

0—
T
0
Table 3. Kruskal-Wallis and Mann—Whitney tests.
p-Value

BTM Qa DU Qa
Gender 0.262 0.575
Age (thershold 65 years) 0.017 0.012
Diabetes 0.027 0.100
Hypertension 0.989 0.924
First VA 0.036 0.199
Previous endovascular procedure 0.509 0.478
SCVS (0-8 score) 0.173 0.030
Venous pressure (threshold 200 mmHg) 0.203 0.155
Arterial pressure (threshold —185 mmHg) 0.028 0.015
OCM (threshold 1.4) 0.868 0.892
PTH (threshold 400 pg/mL) 0.257 0.239
Calcium (threshold 8 mg/dL) 0.777 0.918
Phosphate (threshold 4 mg/dL) 0.138 0.402
Bicarbonate (threshold 22 mEq/L) 0.615 0.859
Magnesium (threshold 2.3 mEq/L) 0.234 0.389
Recirculation (threshold 10%) 0.145 0.266
Time on dialysis (threshold 48 months) 0.001 0.002
Time of VA (threshold 48 months) 0.112 0.049
VA type 0.079 0.021

Note: Bold values indicate significant p value < 0.05.

As found by other authors older patients (>65 years) had
significantly lower values, which may have to do with vascular
aging itself apart from other factors. This age group may need
special surveillance to optimize their VA patency.'®'”

We also found significantly lower Qa values for more
negative intra-access arterial pressure. This result may be
justified by the fact that the artery is the vessel that feeds the
access and both calcification and stiffness clearly compromise
the access well-functioning.

1 | I
500 1000 1500 2000

Thermodilution Qa (ml/min)

In contrast to previous studies, no significant difference
was noticed for Qa measured by both methods, according to
gender, hypertensive status, and analytical parameters related
with metabolism bone disease.'*?!

Regarding DU method, according to previous studies, Qa
was significantly lower in distal AVFs, probably related with
the smaller size of the vessels at this location (20). Similar as
time on dialysis, VA time >2 years was associated with lower
DU-Qa, which is also probably related with more time of
exposure to deleterious factors related to the uremia and
dialysis, as already described above.

Regarding BTM method, according to published data,
diabetic patients had inferior access flows, increasing their
risk of failure.'®**?* This fact could be associated with a
more aggressive atherosclerotic disease, which phatologic
mechanisms overlap the NH.

Finally, higher SVCS was associated with lower flows
measured by DU (Figure 2). Several factors may contribute to
the intimal lesions and stenosis.**** Alterations in blood flow
and sheer stress due to the anastomosis configuration and the
arterial flow through a low resistance vein are the most
mentioned.* %2~ However, some data suggests that uremia
and some patient comorbid conditions may contribute to NH
prior to VA creation, which can compromise future patency.!
Several conditions like catabolic status,32’33 malnutrition,
lower nPCR,*-* higher plasma cholesterol levels,* disturb-
ances of calcium and phosphorus, hyperparathyroidism,*®-’
diabetes mellitus, smoking, anticardiolipin antibodies, gender,
age, use of a dialysis catheter, hypoalbuminemia, as well as,
high serum levels of lipoprotein A and fibronectin'*'~*® have
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Figure 2. Boxplot DU-Qa according to
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been identified as possible predictors of early NH and
vascular disease. In a molecular point of view, it is thought
that the presence of inflammation and oxidation caused by
these multiple factors can predispose to further NH by means
of the stimulation of growth factors that promote vascular
smooth muscle cell proliferation.30 Parallel to this, mediators
such as TNF-o induce mineralization of vascular cells, which
explain how inflammation, atherosclerosis and vascular
calcification are linked and together facilitate VA failure.***°
In this setting, a strong predictor of extra esqueletal calcifi-
cation, especially vascular, like this score may be an
additional risk factor to include in monitoring programs.

Conclusion

Access blood flow measured by Doppler ultrasound is highly
correlated with the blood temperature sensor BTM® method;
furthermore, this direct method is more sensitive to patient-
related risk factors for VA failure. Although proper monitor-
ing and surveillance techniques have been shown to improve
the overall success of VA care, they are far from being
perfect.*! When evaluating hemodialysis VA, we should take
into account all the patient’s comorbidities and risk factors to
decide the best approach. The SCVS may be an additional
predictor of failure that could be included in future recom-
mendations helping identify high risk patients. A modifica-
tion of screening systems according to risk stratification will
allow us to potentially identify subgroups at higher risk of
failure to whom intensifying surveillance programs should be
considered. This additional tool may improve the overall
success of VA care, resulting in cost savings for the healthcare
system.

This study has several limitations. The most important is
the size of the sample. Additionally, the transversal and

SCVS<=4 SCVS>4

SCVS groups

observational nature may limit the applicability of some of
our conclusions. To the best of our knowledge, despite
limitations, till now there are no published data about its
association with VA patency.
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