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Application of ultrasonography in monitoring
the complications of autologous arteriovenous
fistula in hemodialysis patients
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Abstract
This study aims to evaluate the application of color Doppler ultrasound in monitoring the complications of autologous arteriovenous
fistula in hemodialysis patients.
Patients with maintenance hemodialysis who underwent autologous arteriovenous fistula were enrolled in this cross-sectional

study. Ultrasound was used to detect fistula complications (stenosis and thrombosis), brachial artery diameter, and hemodynamic
parameters. The ultrasound parameters were analyzed and screened to identify the most important indicator for monitoring
complications.
In all, 89 patients were included. Ultrasound showed 72 cases (80.90%) had normal fistula structure, and 17 cases (19.10%) had

complications. The diameter, time-averaged mean velocity, flow volume, and diastolic peak velocity of brachial artery in complication
group were significantly lower than those of noncomplication group (P< .05). The brachial artery pulsatility index and resistance index
of complication group were significantly higher than those of noncomplication group (P< .05). There was no significant difference in
peak flow velocity between complication and noncomplication group (P> .05). Indicators showed statistical significance were
grouped based on quantiles. The incidence of complications was higher when the brachial artery diameter was �5.40mm, or
brachial artery flow was �460mL/ min, or brachial artery pulsatility index was >1.04, or brachial artery resistance index was >0.60.
Ultrasound monitoring of brachial artery diameter and hemodynamic parameters can help early detection of fistula complications.

When the brachial artery diameter was �5.40mm, or brachial artery flow was �460mL/min, or brachial artery pulsatility index was
>1.04, or brachial artery resistance index >0.60, stenosis or thrombosis should be checked to prevent fistula failure.

Abbreviations: AVF = autonomic arteriovenous fistula, AVG = arteriovenous graft, CKD = chronic kidney disease, CVC = central
venous catheter, EDV = end-diastolic velocity, FV = flow volume, PI = pulsatility index, PSV = peak systolic velocity, RI = resistance
index.
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1. Introduction

Chronic kidney disease (CKD) is a major disease threatening
human health. In 2013, it was estimated that the prevalence of
global CKD is about 8% to 16%.[1] CKD will eventually develop
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to end-stage renal disease that requires renal replacement
therapy.[2] Hemodialysis is the most commonly used method
of renal replacement therapy.[3] The Shanghai dialysis registra-
tion report in 2014[4] showed that there were 1013 new
hemodialysis patients in 2013 and 9170 patients hemodialysis
patients by the end of 2013. About 2936 patients received
peritoneal dialysis, accounting for 1/3 of all hemodialysis
patients. High-quality vascular access (with sufficient blood
flow, long lifespan, and low incidence of complications) is the
most basic and most important issue in hemodialysis.
The 3 commonly used vascular accesses are autonomic

arteriovenous fistula (AVF), synthetic arteriovenous graft
(AVG), and central venous catheter (CVC). AVF is recognized
as the best vascular access due to long lifespan, low incidence of
cardiovascular events, and complications.[5–8] The K/DOQI
guideline suggests that AVF should be used in at least 65%
patients and CVC should be used in less than 10%patients.[7] The
US Renal Data system showed that by the end of 2014,
approximately 63.1% used AVF, 18.1% used AVG, and 18.8%
usedCVC.[3]Thrombosis and stenosis are closed relatedwithAVF,
and they will increase patients’ economic burden and lower their
quality of life, which are the main causes for AVF failure.[9] In a
prospective 2-year longitudinal study, 237 (32.3%)of 734patients
had AVF stenosis or thrombosis, leading to AVF failure.[10]

With proper monitor, thrombosis and stenosis can be early
detected and timely treated, extending the life of fistula and
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increasing patient’s survival rate. Color Doppler ultrasound is
used widely in clinic[12–15] and is recommended as the best way to
monitor AVF due to its noninvasiveness, no radioactive damage,
repeated usage, low price, and real-time access to AVF
anatomical and hemodynamic information.[16,17] The brachial
artery is straighter with larger diameter and the blood flow is
more accurately measured by Doppler ultrasound. Thus, the
brachial artery is considered as the best measurement site for
ultrasound monitoring of AVF.[18] There are no uniform
ultrasound parameters for monitoring AVF.[7,19] Flow monitor-
ing can reduce the incidence of thrombosis or stenosis. However,
the extent of flow intervention in AVF is under debate.[20,21] The
flow ultrasound parameters other than hemodynamics are also
lacking.
This study aims to monitor AVF by color Doppler ultrasound.

The relationship between the complications (stenosis and
thrombosis) and brachial artery parameters on ultrasound were
analyzed. The ultrasound parameters with high clinical value
were screened.
2. Materials and methods

2.1. Patients

Patients who underwent maintenance hemodialysis by AVF in
our hospital from July, 2016 to December, 2016 were included.
The inclusion criteria were as follows: age >18 years; received
AVF for maintenance hemodialysis; AVF were stable for more
than 3 months; AVF using forearm radial artery–head vein
anastomosis. Patients were excluded if they had severe heart
Figure 1. The ultrasound parameters of brachial artery. The sampling area covere
the vascular wall with Doppler angle �60°.
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failure or arrhythmia; could not maintain limb with AVF stability
during ultrasound; had vascular abnormalities (bifurcation of
radial or ulnar artery from the axillary artery). Prior written and
informed consent was obtained from every patient, and the study
was approved by the ethics review board of Huashan Hospital,
Fudan University.
2.2. Color Doppler ultrasound

The HI VISION Avius L color Doppler ultrasound (Hitachi
Science and Systems, Tokyo, Japan) was used with linear array
probe and frequency of 8 to 12MHz. All patients underwent
ultrasound at 1hour before dialysis. The patient was in sitting
position with elbow pad to stabilize the upper limb. The
examination site was fully exposed, and the examination was
cancelled if the skin was damaged or with puncture bleeding. The
brachial artery of the upper arm of the AVF side was measured.
The brachial artery diameter (D), time-averaged mean velocity
(Vm), flow volume (FV), peak systolic velocity (PSV), end-
diastolic velocity (EDV), pulsatility index (PI), and resistance
index (RI) were measured. The anastomosed blood vessels and
way of anastomosis of AVF were determined. The inflow of AVF
radial artery, anastomosis, and outflow of the head vein were
detected for AVF stenosis and thrombosis. Ultrasound examina-
tion had to be carried out carefully. The probe had to be kept
vertical to the skin surface. Sufficient amount of coupling agent
was applied with gentle touch to avoid pressures on blood vessels,
especially the veins. The entire vascular cavity was covered to
avoid neglecting low-speed blood flow along the vascular wall.
Doppler angle was set at �60° (Fig. 1).
d the entire vascular lumen to avoid neglecting the low-speed blood flow along



Table 2

AVF characteristics.

Items Cases (n) Percentage (%)

Surgery Left 74 83.1
Right 15 16.9

Anastomosis End-to-side 38 42.7
End-to-end 51 57.3

First AVF Yes 62 69.7
No 27 30.3
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2.3. Thrombosis and stenosis

The outcome indicator of AVF was thrombosis or stenosis.
According to previous reports,[8,22] fistula stenosis was defined as
anastomotic diameter <2.0mm, and the diameter of the narrow
area was 50% less than the inner diameter of the adjacent normal
section. Thrombosis was diagnosed as hypoechoic or hyper-
echoic in part or all of vascular cavity, and filling defect was
detected by color Doppler ultrasound.
CVC intubation Yes 48 53.9
No 41 46.1

AVF period <5 26 29.2
5–9.9 35 39.3
≥10 28 31.5

AVF= autonomic arterial fistula, CVC= central venous catheter.
2.4. Statistical analysis

Data were analyzed using SPSS22.0 software. Data of normal
distribution were expressed as mean± standard deviation. The
t test was used for group comparison. The non-normal
distributed data were expressed as median, and rank-sum test
was used for group comparison. Categorical data were
expressed as frequency and percentage, and chi-square test
was used. P< .05 was considered statistically significant.
When there are multiple pair-wise comparisons, it is necessary
to reduce the significant difference (a0=a/N, N=K (K�1)/2,
a=0.05, K=number of group) to avoid increasing the error of
type I.[23]
3. Results

3.1. Clinical data of patients

According to the inclusion criteria, 97 patients were initially
included. Then, 8 patients, including 2 patients with arrhythmia,
2 patients with autologous arteriovenous fistula and involuntary
tremor, and 4 patients with abnormal vessel shape, were excluded
according to the exclusion criteria. Finally, 89 patients were
recruited, including 45males and 44 females, aging from 32 to 84
years with an average age of 62.77±10.80 years (Table 1). The
dialysis period ranged from 0.62 to 25.4 years, with an average
period of 9.31±5.96 years. Patients with more than 10 years of
dialysis accounted for 41.6%. There were 35 cases of chronic
glomerulonephritis, 11 cases of diabetic nephropathy, 20 cases of
hypertension nephropathy, 8 cases of polycystic kidney disease,
and 14 cases of other diseases (such as pyelonephritis and lupus
nephritis). As shown in Table 2, there were 74 cases of left AVF;
15 cases of right AVF; 51 cases of end-to-end anastomosis; 38
cases of end-to-side anastomosis; 62 patients used AVF for the
first time; 48 cases of patients had history of CVC intubation; and
28 patients used AVF for more than 10 years.
Table 1

Patient basic information.

Items Case (n) Ratio (%)

Sex Male 45 50.6
Female 44 49.4

Age, y <60 30 33.7
≥60 59 66.3

Age, y <5 25 28.1
5–9.9 27 30.3
≥10 37 41.6

Primary diseases Chronic glomerulonephritis 35 39.3
Diabetic nephropathy 12 13.5

Hypertension nephropathy 20 22.5
Polycystic kidney 8 9.0

Others (such as pyelonephritis
and lupus nephritis)

14 15.7
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3.2. AVF complications and ultrasound parameters

As shown in Table 3, of the 89 patients, 17 cases (19.1%) had
complications (stenosis or thrombosis), 17 cases (19.1%) had
stenosis (including 9 cases of anastomotic stenosis and 8 cases of
venous stenosis), 2 cases (2.2%) had thrombosis (both in the vein,
leading to thrombotic stenosis), and 2 cases (2.2%) had both
stenosis and thrombosis (Fig. 2 and Fig. 3).
The mean brachial artery AVF D ranged from 3.70 to 10.30

mm, with an average of 6.25±1.31mm; the Vm ranged from
26.40 to 163.00 cm/s, with an average of 71.91±24.10cm/s;
FV ranged from 140.00 to 1780mL/min, with an average of
727.02±326.90mL/min; PSV ranged from 44.30 to 231.00
cm/s, with an average of 115.02±35.97 cm/s; EDV ranged
from 16.70 to 136.00 cm/s, with an average of 52.33±19.17
cm/s; PI ranged from 0.31 to 2.15, with an average of 0.91±
0.31; and RI ranged from 0.27 to 0.79, with an average of
0.54±0.10.
3.3. Relationship between AVF complications and
ultrasound parameters

To determine the relationship between AVF complications and
ultrasound parameters, their correlation was analyzed. Accord-
ing to the presence of complications, patients were divided into
complication group (n=17) and noncomplication group (n=72).
Table 3

Autonomic arteriovenous fistula complications and ultrasound
parameters of brachial artery.

Items Cases

Complications
Stenosis 17

Thrombosis 2
Vascular stenosis and thrombosis 2

Ultrasound parameters of brachial artery
D, mm 6.25±1.31
Vm, cm/s 71.91±24.10
FV, mL/min 727.02±326.90
PSV, cm/s 115.02±35.97
EDV, cm/s 52.33±19.17
PI 0.91±0.31
RI 0.54±0.10

D=diameter, FV= flow volume, EDV=end-diastolic velocity, PI=pulsatility index, PSV=peak
systolic velocity, RI= resistance index, Vm= time-averaged mean velocity.

http://www.md-journal.com


Figure 2. The anastomotic stenosis with anastomosis of 1.8mm (<2mm).
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As shown in Table 4, the levels of D, Vm, FV, and EDV were
significantly lower in the complication group than those in the
noncomplicationgroup (P< .05). PI andRIwere significantlyhigher
in the complication group than those in the noncomplication group
Figure 3. Head vein thrombosis at 14cm from the anasto
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(P< .05). There was no significant difference in PSV between
complicationandnoncomplicationgroups (P> .05). It indicates that
brachial arteryD,Vm,FV,EDV,PI, andRIwere significantly related
to AVF complications.
mosis (longitudinal length of 9.1mm, width of 4.6mm).



Table 4

Comparison of ultrasound parameters between complication group and noncomplication group.

Ultrasound parameters Complication group (n=17) Noncomplication group (n=72) T P

D, mm 5.08±0.91 6.53±1.23 4.559 <.001
Vm, cm/s 61.38±21.29 74.39±24.18 2.206 .036
FV, mL/min 422.35±208.69 798.96±308.49 4.772 <.001
PSV, cm/s 111.56±41.13 115.84±34.92 0.439 .662
EDV, cm/s 42.75±15.10 54.60±19.42 2.350 .021
PI 1.16±0.39 0.85±0.26 -3.949 <.001
RI 0.61±0.08 0.53±0.09 -3.484 .001

D=diameter, EDV= end diastolic velocity, FV= flow volume, PI=pulsatility index, PSV=peak systolic velocity, RI= resistance index, Vm= time-averaged mean velocity.
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3.4. Cut-off points of ultrasound parameters on AVF
complications evaluation
To identify the cut-off points of ultrasound parameters, they were
grouped by quartiles. In this study, K=4, therefore P< .0083 was
considered statistically significant to avoid type I error. The
incidence of complications in each group is shown in Table 5.
Brachial artery D (range 3.70–10.30mm) were grouped as:

group A: �5.40, group B: 5.41 to 6.00, group C: 6.01 to 7.20,
and group D: >7.20. It was found that the incidence of AVF
complications significantly increased with the increase of brachial
artery D (P< .05). There were significant differences between
group A and group C, and between group A and group D
(P< .0083). When the brachial artery D was �5.40mm, there
were high complication rates.
The brachial arteryVm (range 26.40–163.00cm/s)was grouped

as group A: �53.17cm/s, group B: 53.18 to 67.70cm/s, group C:
67.71 to 86.35cm/s, and group D: >86.35cm/s. There were no
significant differences among the 4 groups (P> .05).
The brachial artery FV (range 140.00–1780.00mL/min) was

grouped as group A: �460.00mL/min, group B: 460.01 to
Table 5

Complication rate.

Items Groups Number of cases

Brachial artery D, mm �5.40 25
5.41–6.00 21
6.01–7.20 23
>7.20 20

Brachial artery Vm, cm/s �53.17 22
53.18–67.70 23
67.71–86.35 22
>86.35 22

Brachial artery FV, mL/min �460.00 23
460.01–710.00 24
710.01–917.50 20

>917.50 22
Brachial artery EDV, cm/s �37.60 23

37.61–49.30 22
49.31–61.75 22
>61.75 22

Brachial artery PI �0.71 23
0.72–0.87 22
0.88–1.04 22
>1.04 22

Brachial artery RI �0.49 25
0.50–0.55 22
0.56–0.60 21
>0.60 21

D=diameter, EDV= end diastolic velocity, FV= flow volume, PI=pulsatility index, PSV=peak systolic v
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710.00mL/min, group C: 710.01 to 917.50mL/min, and group
D: >917.50mL/min. The incidence of AVF complications was
significantly decreased with the increase of brachial artery FV
(P< .05). There was significant difference between group A and
group B, group A and group C, and group A and group D
(P< .0083). Therefore, when the brachial artery FV was �460
mL/min, the complication rate was high.
The brachial artery EDV (range 16.70–136.00cm/s) was

grouped as group A: �37.60cm/s, group B: 37.61 to 49.30cm/s,
group C: 49.31 to 61.75cm/s, and group D: >61.75cm/s. There
was no significant difference among the groups (P> .05).
The brachial artery PI (range 0.31–2.15) was grouped as group

A: �0.71, group B: 0.72 to 0.87, group C: 0.88 to 1.04, and
group D: >1.04. AVF complications increased with PI (P< .05).
There were significant differences between group A and group D
(P< .0083). Therefore, when brachial artery PI was >1.04, the
complication incidence rate was high.
The brachial artery RI (range 0.27–0.79) was grouped as group

A: �0.49, group B: 0.50 to 0.55, group C: 0.56 to 0.60, and
group D: >0.60. AVF complications increased with RI (P< .05).
Incidence of complications Rate of complications P

12 48% <.001
3 14.3%
1 4.3%
1 5%
8 36.4% .058
2 8.7%
5 22.7%
2 9.1%
12 52.2% <.001
3 12.5%
2 10%
0 0%
7 30.4% .163
4 18.2%
5 22.7%
1 4.5%
0 0% .005
3 13.6%
5 22.7%
9 40.9%
0 0% .020
4 18.2%
6 28.6%
7 33.3%

elocity, RI= resistance index, Vm= time-averaged mean velocity.

http://www.md-journal.com
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There was significant difference between group A and group D
(P< .0083). Therefore, when brachial artery RI was >0.60, the
complication rate was high.
In conclusion, the cut-off points of brachial artery D, FV, PI,

and RI are identified. It showed that when the brachial artery D
was�5.40mm, or FV was�460mL/min, or PI was>1.04, or RI
was >0.60, the complication rate was high.
4. Discussion

Autonomic arteriovenous fistula is the first-line vascular pathway
for dialysis patients, and ultrasound is the recommended AVF
method.[7,8] The K/DOQI guideline recommends measuring the
inflow of the infarcted blood vessels, rather than the anastomotic
and outflow tract vessels, which may be because that the
anastomotic blood flow is not laminar. Apart from this, the head
vein wall is thin and superficial that is easily pressed by the probe,
and dialysis puncture for a long time is easy to promote tumor-like
expansion that is difficult for head vein measurement. The radial
artery may underestimate the flow of AVF and ignore the ulnar
artery flow into AVF at the distal end of anastomosis.[24] In this
study, brachial artery was selected to monitor AVF.
We analyzed the relationship between the complications

(stenosis and thrombosis) and the ultrasound parameters of
AVF brachial artery. The result showed that D, Vm, FV, EDV, PI,
and RI of brachial artery were significantly correlated with AVF
complications, and cut-off points of each indicator were
identified to provide the evidence for the early detection of
AVF complications.
Apart from this, we found that the brachial artery D in the

complication group was significantly lower than that in the
noncomplication group. The incidence of AVF complications
decreased as brachial artery D increased. When the brachial
artery D was �5.40mm, the complication incidence was high.
This result indicates that the brachial artery D has significant
individual differences; however, when it was �5.40mm, AVF
stenosis and thrombosis should be checked. The brachial artery
Vmof the complication groupwas significantly lower than that of
the noncomplication group. The incidence of complications
decreased as the brachial artery Vm increased. However the
quartile method found no boundary value, which may be due to
small sample size. For AVF brachial artery Vm, follow-up with
large sample size should be performed to determine the
appropriate cut-offs. Additionally, we found that brachial artery
FV in the complication group was significantly lower than that in
the noncomplication group. The incidence of AVF complications
decreased with FV increase. When the brachial artery FV was
�460mL/min, the complication incidence was high. Some
reported that AVF and AVG flow should be between 300 and
400mL/min to 3000mL/min, most as 600 to 1500mL/min.[18] A
Chinese study[22] showed that brachial artery FV had large
individual differences, including 46 cases of AVF brachial artery
FV ranging from 203 to 2386mL/min. The above differences
could be resulted from differences of ethnicity.
It is suggested that[25] the incidence of stenosis was great when

the flow rate was <650mL/min. It is also reported that[11] the
incidence of thrombosis was great when the flow rate was <500
mL/min or decrease >25%. The cut-off point was slightly lower
in this study, probably due to the overall lower AVF flow of
Chinese patients.[18,26] This study suggests that when the brachial
artery FV is �460mL/min, AVF stenosis and thrombosis should
be checked. On the contrary, high brachial artery FV may
increase heart load. It is recommended that cardiac ultrasound
6

should also be used to determine whether interventions (such as
anastomosis) should be used when brachial artery FV is high.
In this study, we also found that the brachial artery EDV in

complication group was significantly lower than that in the
noncomplication group. The incidence of complications increased
as brachial artery EDV decreased. However, the cut-off points
were unable to identify, possibly due to limited sample size. Future
studies with larger sample size should be used to determine the cut-
offs. Brachial artery PI was significantly higher in the complication
group than in the noncomplication group. The incidence of AVF
complication increased as brachial artery PI increased. When
brachial artery PI value is >1.04, AVF stenosis and thrombosis
should be checked. The brachial artery RI in the complication
group was significantly higher than that in the noncomplication
group. The incidence of AVF complication increased as brachial
artery RI increased. When the brachial artery RI is >0.60,
complication is more likely to happen. For brachial artery RI,
Koseoglu et al[27] showed that brachial arteryRI (measured 3–4cm
above elbow) was a predictor of AVF failure. Moreno Sanchez
et al[19] reported that stenosis and thrombosis could lead to
increased RI in artery inflow. Our study was consistent with these
studies, demonstrating thatwith abnormalAVF, brachial arteryRI
significantly increases. Our study also recommend that, for AVF
radial artery-head vein anastomosis, when brachial artery RI is
>0.60, AVF stenosis and thrombosis should be checked.
This study is limited in the small sample size. Apart from this,

the subjects were from the same dialysis center. Thus, the
conclusion might be limited.
5. Conclusions

In conclusion, D, FV, PI, and RI of brachial artery were
significantly related with AVF complications. This study showed
that when the brachial artery D�5.40mm, or brachial artery FV
�460mL/min, or brachial artery PI >1.04, or brachial artery RI
>0.60, the incidence of complications (stenosis and thrombosis)
may increase. Therefore, brachial artery diameter and hemody-
namic parameters are helpful for the early detection of fistula
stenosis and thrombosis. For brachial artery D �5.40mm,
brachial artery FV �460mL/min, brachial artery PI >1.04, and
brachial artery RI >0.60, stenosis and thrombosis should be
checked for early detection of complications.
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