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ABSTRACT:

BACKGROUND:

Arteriovenous fistula (AVF) has been the preferred vascular access in hemodialysis. Doppler
ultrasonography is the main imaging modality of hemodialysis arterio-venous (AV fistula).
OBJECTIVE:

To study the role of Color Doppler Ultrasonography (CDUS) in assessment of suspected complication of
brachiocephalic fistulas in hemodialysis patients.

PATIENTS AND METHODS:

Prospective cross-sectional study carried out in the Radiology Department at Al-Imamain Al-Kadhimain
Medical city, between November 2021 and November 2022. The study included 50 patients with end
stage kidney disease and had suspected non-functioning brachiocephalic fistula. All patients were
examined by using linear probe and occasionally curvilinear probe. Color Doppler was done for
assessment of associated brachiocephalic arteriovenous fistula (BCAVF) complications. Doppler
parameters in the arterial and venous side, blood volume through the fistula, and the type of complication.
RESULTS:

The mean age of the patients was 43.8+12.2 with an age range of (27-68) The fistula was functioning
among 12 (24%) patients, functioning with complication among 11 (22%) patients, and not functioning
among 27 (54%) patients. Regarding patients with adequate flow and associated complications 5 (45.5%)
had stenosis, and 6 (54.5%) had aneurysm in comparison of those with fistula dysfunction where
thrombosis is shown in 12 (44.44%), stenosis in 10 (37.04%), aneurysm in 2 (7.41%) and steal syndrome
in3 (11.11%).

CONCLUSION:

CDUS is a good modality for evaluation of quantity and quality of the AVF and detection of early and
late complications. Stenosis and thrombosis were the most common complications.
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INTRODUCTION:

The incidence of end-stage renal disease (ESRD)
has substantially increased in the elderly
population. Diabetes is the most common cause
of ESRD, and accounts for up to 50 % of all
cases . Hemodialysis (HD) is one of
the treatment modalities that could choose among
the three commonly used therapies including
peritoneal dialysis and kidney transplantation'®.
Arteriovenous fistula (AVF) has been the preferred
vascular access in hemodialysis as it is shown to be
associated with lowest risk of death, infection,
cardiovascular event and hospitalization, as
compared to the use of arteriovenous graft (AVG)

and hemodialysis catheters ©°. In AVF,

the anastomosis is surgically formed between
artery and vein ®. The term maturation refers
to the development of those physical characteristics
that render an AVF suitable for venipuncture
with large-gage needles 7). Dysfunction or related
vascular access complications account for 20% to
30% of hospital admissions in patients undergoing
renal replacement therapy with HD ® resulting
in additional high morbidity, high mortality, and
high economic burden ©'?.
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The role of color Doppler ultrasound (CDUS) has
been progressively established as a complement
to preoperative assessment and follow-up '™
CDUS enables early evaluation after access
creation . DUS is also an excellent modality for
hemodialysis access evaluation and can help to
identify nonmatured AVFs and other complications

associated with grafts and AVFs, including
thrombosis, hematoma, pseudoaneurysm and
infections %7,

AIM OF THE STUDY:

To study the role of color Doppler

Ultrasonography in the assessment of suspected
complications of brachiocephalic fistulas in
hemodialysis patients.

PATIENTS AND METHODS:

Study design and setting: a prospective study
was done at Ultrasound unit in the Radiology of
Al-Imamain Al-Kadhimain Medical city.

Study population: All patient with end stage
kidney disease and had suspected non-functioning
brachio-cephalic fistula

Study period: the study was carried out from
November 2021 to November 2022.

Sample size: a sample of 50 patients.

Inclusion criteria: adult patients with suspected
complications or non-functioning brachiocephalic

fistula (persistent high renal indices after
hemodialysis session).
Exclusion criteria: patients with newly

established brachiocephalic fistula and patients
with end stage kidney disease with other types of
fistula (radio-cephalic and brachio-basilic fistulas)
and central venous line (double lumen).

Ethical consideration: was approved by
the scientific committee of the Iraqi Board of
diagnostic radiology. Verbal informed consent was
obtained from all patients included in the study.
Doppler ultrasound examination: all patients
were examined using U/S machine (Affinity 30,
Philips medical system, Netherland). Each patient
was examined by using linear probe (frequency
4-12MHz) and occasionally curvilinear probe
(frequencyC2-6 MHz). The examination of
the patients were done in the sitting or semi-
recumbent position, the forearm is extended and
resting on a pillow putted below the patient‘s upper
limb. The examination time for every patient was
ranging from 15-20minutes started by using Gray
scale. The site of fistula and diameter were
determined both arterial and venous sides were
examined for any gross mural thrombosis or visible
plaques as well as assessing the arterial and venous

diameters, any stenosis or aneurysms was also
assessed and recorded. Examination was followed
by using color doppler technique and adjusting
the doppler parameters using appropriate setting,
appropriate steering angle making as parallel
as possible and should not exceed 60 degree.
The device was set on arterial Doppler setting and
the velocity scale was adjusted to maximum.
Spectral waveform was examined by a spectral
mode evaluating the peripheral resistance (mono-
phasic mean low resistance while triphasic mean
high resistance).

A normally functioning fistula should demonstrate
a mono-phasic high velocity flow while
abnormally functioning BCAVF will return
a triphasic pattern. Flow volume was measured
at the arterial side pre-fistula and at the venous side
post-fistula; however, the latter was not always
possible or accurate due to high incidence
of venous irregularity (aneurysm, stenosis or
thrombosis) resulting in flow turbulence and
subsequent inaccurate measurements, so we highly
depend on the readings in the arterial flow
in this study.

The size of the sampling volume was set so that it
covers the whole arterial lumen from wall to wall
and mean systolic velocity was taken (determined
by device software settings), mean flow volume
was also calculated by the device taking into
account both the mean systolic velocity and
the vessel diameter at the same point where
the velocity taken. Three measurements were taken
and the mean value was taken for statistical
analysis, the flow rate was considered adequate
if between 500- 1500ml/min, reduced flow if
<500ml/min and high flow if >1500ml/min.

For assessment of complications the examination
should include: The afferent (brachial) artery, Site
of AVF, The draining vein (cephalic vein) and
Distal arterial tree (away from the AVF site).
Statistical analysis: Data obtained was entered,
processed and analyzed using Statistical Package
for Social Sciences (SPSS) version 25, and excel
program. Descriptive analysis was used to
summarize data. Categorical data were summarized
in percentages. Continuous variables were
summarized by use of mean with their respective
measures of dispersion. P value of < 0.05 was
taken as cut off level of statistical significance.
RESULTS:

The study included 50 patients with suspected
BCAVF dysfunction, mean age of the patients
was 43.8+12.2 with an age range of (27-68).
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The male patients were 28 (56%), and females
were 22 (44 %), the male to female ratio was
1.27:1. History of diabetes mellitus (DM) found
among 14 (28%) patients, history of hypertension
(HT) found among 8 (16%) patients, polycystic
kidney 6 (12%) patients, DM+HT found among
18 (36%) patients. The age of the fistula (range
of duration after operation in months) was 3-15
months.

Flow rate: the flow rate was adequate (500-
1500ml/min) among 23 (46%) patients, decreased
(<500 ml/min) in 12 (24%) patients, increased
(>1500 ml/min) in 5 (10%) patients, and no flow
10 (20%) of the patients.

The fistula was functioning among 12 (24%)
patients, functioning with complication among 11
(22%) patients, and failed among 27 (54%)
patients.

The complicated fistula found among 38 (76%)
patients, and uncomplicated found among 12(24%)
patients.

The distribution of the complicated AVF according
to the type of complication show that stenosis
found among 15 (39.5%) patients, followed by
thrombosis in 12 (31.6%) patients, aneurysm in 8
(21.1%) patients, and steal syndrome in 3 (7.9%)
patients.

Mild stenosis and adequate flow was seen in
5 patients while moderate to severe stenosis and
decreased blood flow was seen in 10 patients, this
relation was statistically significant P value < 0.05.
Partial thrombosis and decreased blood flow was
in 2 patients while total thrombosis and no flow
was seen in 10 patients, this relation was
statistically significant P wvalue <0.05. Small
aneurysm and adequate flow was seen in 5 patients
while large aneurysm and increased flow was seen
in 7 patients, this relation was statistically
significant P value <0.05. Increased flow and steal
syndrome found among 3 patients, this relation was
statistically ~ significant P value < 0.05.
All these findings were shown in (table 1).

Table 1: The reported complications among study patients according to level of complications
and blood flow volume (BFYV) across fistula (ml/min).

L. BFYV across fistula (ml/min)
Complications P value
Adequate | decrease | Increased | No flow
. mild 5 0 %
Stenosis Moderate-sever | 0 10 <0.05
. Partial 2 0 "
Thrombosis Total 0 | 10 | <0.05
Small 6 | 0 «
Aneurysm Large 0 2 | <0.05
Steal syndrome 3

*Fisher's Exact Test

Regarding patients with adequate flow and
associated complications: 5 (45.5%) patients had
stenosis and 6 (54.5%) patients had aneurysm
while those with fistula dysfunction thrombosis is
shown in 12 (44.44%) patients, stenosis in 10

(37.04%) patients, aneurysm in 2 (7.41%) patients
and steal syndrome in 3 (11.11%) patients this
relation was statistically significant (p value
< 0.05) as shown in (2).

Table 2: The relation between flow in AVF and complications.

Adequate Dysfunctional P value
No. % No. | %
Stenosis 5 45.5% | 10 37.04%
Thrombosis 0 0% 12 44.44%
Aneurysm 6 54.5% | 2 7.41% <0.05
Steal syndrome 0 0% 3 | 11.11%
Total 11 100% | 27 100%
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Figure 1: A 70-year-old male with BCAVF on hemodialysis for the last 3 months. (a) Gray scale US shows
normal diameter of the fistula (Smm), (b) CDUS shows mono-phasic arterial waveform with low resistance.
BFYV the arterial side just proximal to the fistula (1065ml/min).
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Figure 2: A 60-year-old female patient with BCAVF on hemodialysis for the last 10 months complaining of
swelling at site of fistula. (a) gray scale US shows large aneurysmal dilatation of cephalic vein (20mm in
diameter), (b) CDUS shows mono-phasic arterial waveform with low resistance. BFV (2384ml/min) at arterial
side.
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Figure 3: A 28-year-old female patient with BCAVF on hemodialysis for the last 8 months presented with high
renal indices after HD sessions. (a) CDUS show total thrombosis of the cephalic vein, (b) brachial artery shows
high resistant and reverse arterial flow (94.4 cm/sec).

DISCUSSION:

Arteriovenous fistula (vascular access) has become  autogenous material, because they have very good
the most widely used mean for end-stage renal primary and secondary patency than those fistulas
disease patients on regular hemodialysis '®. Many  created with synthetic graft '?. Catheters or grafts
types of hemodialysis AVF are known, but are liable for many complications that lead to early
the most widely used one is that created with failure and these include higher incidence of
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thrombosis, infection, ischemia, and occlusion
secondary to intimal hyperplasia, providing higher
morbidity and mortality rates for the patients when
compared with an autogenous AVF ?7.
The current study included 50 patients consists of
28 Males and 22 females with the male to female
ratio was 1.27: 1, their ages range from 27 to 68
years, mean age of the patients was 43.8+ 12.2.
Similar demographic characteristics were observed
in Hazem et al ?" study.
Abd-Elmageed M. et al ®? study in 2020 found
that (36%) of patients in their study had diabetics
which are comparable with current study.
This present study showed that (76%) of cases had
complicated fistula while (24%) had no
complications. The most common complication
was stenosis, followed by thrombosis while steal
syndrome was the least. Moghazy et al ** study
showed similar results. Another study by Hassan
et al ® show different results in which the most
common complication was thrombosis with lowers
percentage of stenosis. This difference may be
attributed to lower number of high risk patients
included in their study and the short term follow up
exam from the time of AV fistula creation.
In the current study, thrombosis was detected at
the venous side of the fistula in most cases; these
findings agree with Hassan et al ** study.
All patients with mild stenoses in this study
(5 patients) showed adequate flow with no effect
on fistula function; while all the cases with
moderate to severe stenoses (10 in number) had
fistula dysfunction (inadequate BFV). These results
were in agreement with Moghazy et al ®® study.
The present study showed 8 patients (21.1%) with
aneurysmal dilatation at the venous side (vein
diameter more than 6mm), 6 of them with small
aneurysm and adequate BFV while 2 patients had
large diameter and increased BFV. These results
were in agreement with Pietura et al ® study.

CONCLUSION:

CDUS is a good modality for evaluation of

quantity and quality of the AVF and detection

of early and late complications. Stenosis and
thrombosis were the most common complications.
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