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ARTICLE INFO ABSTRACT
Keywords: Background: Chronic kidney disease (CKD) and end-stage kidney disease (ESKD) cause major morbidity and
Chronic kidney disease mortality in 10% of the global population with CKD. The most common renal replacement therapy is hemodi-
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alysis with arteriovenous fistula (AVF) access. AVF often undergoes maturation failure due to feeding artery and
draining vein inadequacy. Mechanical dilatation, such as primary balloon angioplasty (PBA), can overcome AVF
maturation failure. The volume flow (VF) and diameter of the draining veins in AVF patients must be known to
evaluate the effect of PBA on AVF maturation. This study aims to analyze the impact of PBA on VF and draining
vein diameter in ESKD patients undergoing AVF surgery.

Methods: A retrospective cohort clinical trial was conducted at our institution. A total of 75 participants had AVF
with an arterial diameter >1.5 mm or vein diameter at the AVF creation site of 2-4 mm. The subjects were
divided into 2 groups: the intervention group undergoing PBA (n = 36) and the control group, without PBA (n =
39). PBA was performed using a Mustang ballon (3-6 mm, Medtronic). Follow-ups were conducted at 1 week, 2
weeks, and 6 weeks after AVF creation.

Resuits: Based on the data, the diameter and VF of the draining veins were significantly larger in the intervention
group than in the control group (p < 0.001). Furthermore, we found significant differences in the mean diameter
and VF of the draining veins between the control and intervention groups at all stages of examination, from
preoperatively to 6 weeks postoperatively (p < 0.001). The strength of the analysis was more than 80%.
Conclusion: PBA can increase the diameter and VF of the draining veins in patients with AVF.

1. Introduction population suffered from CKD in 2015 [1]. The definitive renal
replacement therapy for CKD patients is kidney transplantation; how-
Chronic kidney disease (CKD) and end-stage kidney disease (ESKD) ever, the most frequently chosen renal replacement modality is hemo-

are the leading causes of morbidity and mortality in both developed and dialysis [2,3]. According to the Indonesian Renal Registry (IRR), 77,892
developing countries, and it is estimated that 10% of the global ESKD patients actively undergo hemodialysis [4].
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The preferred vascular access for hemodialysis is through the crea-
tion of an arteriovenous fistula (AVF) [4,5]. Based on the Vascular Ac-
cess 2006 Workgroup, AVF maturation can be assessed using the “Rule
of 6s” criteria [4]. However, AVF has a relatively high rate of maturation
failure, reaching only 20-40% in 6 months [5,6]. The causes of AVF
nonmaturation are due to inadequate feeding arteries or draining veins.
This insufficiency is mainly due to localized stenosis and intimal hy-
perplasia [7-10]. The dilatation technique is one way of overcoming
AVF maturation failure by dilating the veins to improve the channel. The
dilatation technique used was balloon angioplasty, of which there are of
two types: primary balloon angioplasty (PBA), which is performed
before the AVF procedure, and balloon angioplasty maturation (BAM),
which is performed serially after the AVF procedure [11,12].

PBA is often performed on small-diameter venous lumens due to the
high rate of maturation failure, high reintervention rate, and the need
for AVF construction at another location due to failure. In venous di-
ameters larger than 1.9 mm and arterial diameters larger than 1.5 mm,
PBA is recommended because it can achieve a maturation success rate
>60%; this success rate increases in proportion to the increase in venous
diameter [13]. This study aims to determine the effect of PBA on the
diameter and volume flow (VF) of the draining vein 1 week after AVF
surgery, 2 weeks after AVF surgery, and 6 weeks after AVF surgery, and
in ESKD patients undergoing AVF construction surgery.

2. Material and methods

The was a retrospective cohort clinical trial conducted at Cipto
Mangunkusumo General Hospital in Jakarta, Indonesia, and the network
hospitals (Fatmawati Hospital Jakarta, Tangerang District Hospital, and
Hermina Depok Hospital, Indonesia). The study was conducted from
August 2019 to May 2021. We conducted this research after obtaining
ethical clearance from the Health Research Ethics Commission, Faculty
of Medicine, University of Indonesia (number: KET-574/UN2.F1/ETIK/
PPM.00.02/2021). The study is listed in the Research Registry (number:
7979). Our study is presented in compliance with Strengthening the
Reporting of Cohort Studies in Surgery (STROCSS) guidelines [14].

The number of research participants was 75 subjects. The inclusion
criteria of this study were:

1. ESKD patients referred to our institution for AVF construction for
hemodialysis preparation.

2. Minimal arterial diameter at AVF creation site >1.5 mm.

3. Minimal vein diameter at AVF creation site 2-4 mm with absence of
stenosis or thrombosis of the draining vein.

4. The patient never had prior AVF surgery on the same arm.

The exclusion criteria included:

1. The presence of sclerotic arteries that exceeded the vessel semicircle.

2. ESKD patients with a diagnosis of established draining vein stenosis
or draining vein stenosis identified on duplex ultrasonography or
venography.

Research subjects were divided into two groups: the intervention
group (who underwent AVF creation with PBA in the draining veins),
and the control group (without PBA). Subjects were randomized via
block randomization, with each block comprising four members. We
took participants from the four hospitals with a proportional number of
samples according to the number of patients.

Data were collected from medical records, including patient profile
data regarding age, gender, and comorbidities. The patient data
included the diameter of the brachial artery, cephalic vein, and VF
before surgery in addition to the diameter of the brachial artery, ce-
phalic vein, and venous VF at the time of the creation of the AVF and 1
week, 2 weeks, and 6 weeks after its creation.
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2.1. Ultrasound examination

Duplex ultrasound examination was performed with the parameters
of diameter and VF of the draining veins in the juxtaanastomosis area.
The examination was performed immediately after the creation of the
AVF, then 1, 2, and 6 weeks after its creation.

We used a LOGIQ e Pro edition ultrasound device (General Electric
Healthcare, Shanghai, China) with a high-frequency (4.2-11 MHz)
linear probe for the examination. Experienced vascular surgeons who
performed the vascular access operations performed scans preopera-
tively and at 1, 2, and 6 weeks after surgery. Patients sat in a supine
position on a pillow, arms extended. The VF of the juxtaanastomotic
draining vein, vessel sizes, and morphological differences were docu-
mented. The body temperatures of the patients were normal. The tem-
perature in the examination room ranged from 68 °F to 77 °F.

2.2. Primary balloon angioplasty

Dilatation was performed shortly before AVF surgery, using a
balloon that was dilated to 1.5 times larger than the nominal vein before
surgery [15]. Under fluoroscopic guidance, a Mustang Percutaneous
Transluminal Angioplasty ballon dilatation catheter (Boston Scientific
Way, Marlborough, MA 01752, USA) 3.0-6.0 mm in diameter was
introduced and gently inflated to 12 atm of pressure for 60 s from the
upper arm to the level of the anastomosis (in brachiocephalic AVF).

2.3. Diameter of blood vessels

The diameter was measured as the farthest luminal distance or the
distance between two opposite walls of the blood vessel (tunica intima)
[16]. The ultrasound technique measured the farthest luminal distance
or the distance between two opposite walls of the blood vessel (tunica
intima) and was reported in millimeters.

2.4. Volume flow

VF was defined as the volume of blood flowing in the AVF per second
[16]. It was measured indirectly via a formula:

Cross-sectional area (cm?) x Blood flow velocity (mean flow velocity
in cm/s).

We obtained cross-sectional area and blood flow velocity from
Doppler ultrasound examination.

2.5. Data analysis

The data were processed using IBM SPSS software version 21.0 (IBM
Corp). The Shapiro-Wilk test was used for the description of numerical
data. Normally distributed numerical data are presented as mean with
standard deviation, or as median with a minimum and maximum if not
normally distributed. Categorical data are presented as amount and
percentage. We graphically compared the percentage increase in the
draining vein VF data between AVF patients with and without PBA. The
comparison test for each interval was an unpaired t-test, and the overall
trend comparison test was the repeated-measures ANOVA test.

3. Results

Of the 88 patients, 13 were excluded from the study because they
failed to attend follow-up appointments due to the coronavirus disease
2019 (COVID-19) pandemic (i.e., they were lost to follow-up); therefore,
75 patients were included in the study analysis (Table 1). Of the 75
patients, 36 received AVF with PBA (intervention) and 39 patients
received AVF without PBA (control).

The mean age of the patients in this study was 49 years in the control
group and 52 years in the intervention group. Although there were pa-
tients who drop-out, there were no significant differences in baseline
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Table 1
Participant characteristics.

Characteristics Control (n =39) Intervention (n = 36)

Systolic blood pressure (mmHg) 149 (128; 189) 153 (134; 190)

Diastolic blood pressure (mmHg) 79 (65; 104) 78 (68; 96)

Age (years), r(SD) 49 (10) 52 (11)

Gender (male) 10 8

Active smoker (n) 6 3

Arteriovenous fistula 15 15

Arterial diameter before surgery (mm) 3.8 (0.9) 4(0.8)
r(SD)

Arterial flow volume before surgery 76.4(79.9) 87.1 (52.3)
(ml/min) r(SD)

Venous diameter before surgery (mm) 2.6 (0.5) 3.2(0.7)

Venous depth before surgery (mm) 2.6 (1.2;5.2) 2.4 (1.3; 6.3)

Venous volume flow before surgery 10.24 (10.13) 18.61 (21.66)
(ml/min) r(SD)

Balloon diameter (mm)

3 0 10
4 0 14
5 0 6
6 0 6

Note: mmHg: millimeter of mercury, r: mean, SD: standard deviation, mm:
millimeter.

characteristics.

Table 2 shows a significant difference in the mean vein diameter over
time in the control and intervention groups. There was a significant
increase in the mean vein diameter in the control group at 1 week, 2
weeks, and 6 weeks after surgery compared with before surgery (p <
0.001 for all). In the intervention group, there was a significant increase
in the mean vein diameter immediately after surgery and at 1 week, 2
weeks, and 6 weeks after surgery compared with before surgery (p <
0.001 for all).

Table 3 shows a significant difference in the mean VF of the draining
vein over time in the control group. In addition, there were significant
increases in the mean VF of the draining vein immediately after surgery
(p < 0.001) and at 1 week (p = 0.001), 2 weeks (p = 0.001), and 6 weeks
(p < 0.001) after surgery compared with before surgery. The strength of
the analysis with a sample size of 39 subjects in the intervention group
was above 80%. There was a significant difference in the mean venous
VF over time in the intervention group (Table 3). In addition, there was a
significant increase in the mean venous VF immediately after surgery

Table 2
Analysis of the increase in venous diameter in the control and intervention
groups.

Group n Venous P-value P-value between
diameter (mm) groups
Control
Before surgery 39  2.65+0.48 <0.001"  Ref
Immediately after 39  3.05+0.75 0.081"
surgery
1 week after 39  3.96 + 1.06 <0.001"
surgery
2 weeks after 39  4.26+1.13 <0.001"
surgery
6 weeks after 39 5.60 +1.09 <0.001"
surgery
Intervention
Before surgery 36 2.76 +£0.63 <0.001"  Ref
Immediately after 36 3.73+0.76 <0.001"
surgery
1 week after 36  4.72+0.86 <0.001"
surgery
2 weeks after 36 5.34+0.92 <0.001"
surgery
6 weeks after 36 6.61 + 0.68 <0.001"
surgery

@ Repeated-measures ANOVA test.
b Bonferroni test.
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Table 3
Analysis of the increase in venous volume flow in the control and intervention
groups.

Group n Volume P-value P-value between
flow groups
Control
Before surgery 39 265+048  <0.001"  Ref
Immediately after 39 172+ <0.001
surgery 143.8
1 week after surgery 39 330+ 0.001"
229.0
2 weeks after surgery 39 442 + 0.001°
385.3
6 weeks after surgery 39  708.7 + <0.001"
412
Intervention
Before surgery 36  27.05+ <0.001"  Ref
32.9
Immediately after 36 425+ <0.001"
surgery 270.6
1 week after surgery 36 7718+ <0.001°
513.6
2 weeks after surgery 36 961 + <0.001”
552.9
6 weeks after surgery 36  1.295 + <0.001°
644.1

@ Repeated-measures ANOVA test.
b Bonferroni test.

and at 1 week, 2 weeks, and 6 weeks after surgery compared with before
surgery (p < 0.001 for all). The strength of the analysis with a sample
size of 36 subjects in the intervention group was above 80%.

Both the control and intervention groups experienced a significant
increase in mean vein diameter (p < 0.05) (Table 4). When compared
over time between the control and intervention groups, the difference in
mean vein diameter changed significantly immediately after surgery (p
< 0.001) and at 1 week (p = 0.001), 2 weeks (p < 0.001), and 6 weeks
after surgery (p < 0.001). The power of analysis with the large control
and intervention groups was more than 80%. Both the control and
intervention groups experienced a significant increase in the mean
volume of venous flow (p < 0.05). Furthermore, these differences were
significant immediately after surgery and at 1 week, 2 weeks, and 6
weeks after surgery (p < 0.001 for all). The analysis power with the large
control and intervention sample was more than 80%. The trend of
increasing the diameter of the vein and the trend of increasing the
volume of venous flow are shown in Fig. 1A and B, respectively.

Table 4
Analysis of differences in draining vein diameter and VF between the control and
intervention groups.

Group Control (n = Intervention (n = P-value
39) 36)

Venous diameter
Before surgery 2.65 + 0.48 2.76 £ 0.63 0.401
Immediately after 3.05 + 0.75 3.73 £0.76 <0.001*
surgery
1 week after surgery 3.96 + 1.06 4.72 + 0.86 0.001°
2 weeks after surgery 4.26 +1.13 5.34 + 0.92 <0.001*
6 weeks after surgery 5.6 +£1.09 6.61 + 0.68 <0.001*

Volume flow
Before surgery 2.65 + 0.48 27.05 + 32.9 0.590
Immediately after 172 4+ 143.8 425 + 270.6 <0.001"
surgery
1 week after surgery 330 + 229.0 771.8 + 513.6 <0.001"
2 weeks after surgery 442 + 385.3 961 + 552.9 <0.001*
6 weeks after surgery 708.7 £+ 412 1.295 + 644.1 <0.001"

# Independent t-test.
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Fig. 1. A) Increasing venous diameter between the control and intervention groups over time. B) Increasing the volume of venous flow between the control and

intervention groups over time.

4. Discussion

The processed data that were presented in a descriptive graph
appeared to indicate a difference in the VF and diameter of the draining
veins between the control and intervention groups. However, in the
intervention group, the diameter of the draining veins appeared larger
than in the control, and the VF of the draining veins was higher than in
the control group. The intervention (PBA) group showed an increase in
the diameter and VF of the draining veins from the beginning of the
procedure to the 6th week. The trend over time seemed to increase and
was significant compared to directly.

A study randomized control trial conducted by Veroux et al. [17]
reported that the use of balloons in the AVF procedure increased AVF
functioning (95%) and resulted in a higher patency (100%) at 6 months
compared with no balloon usage. In a prospective study by Khan et al.
[18], sixty patients needing surgery for AVF access [but having small
cephalic veins (<2 mm)] were randomly divided into two groups, each
with 30 patients. For thirty of these patients, regular hydrostatic dila-
tation (HD) was performed, whereas, for the other thirty, PBA of the vein
was performed before the creation of the fistula. Primary patency,
reintervention rates, and maturation timeframes were noted while these
patients were monitored for six months. They demonstrated 100% initial
efficacy (thrill) and better 6-month patency (93.3%) with PBA than
standard HD.

A retrospective study by Garcia et al. [19] and a randomized control
trial by Veroux et al. [12] reported that PBA and BAM increased AVF
maturation and patency. Venous angioplasty before anastomosis is
associated with a low resistance to venous outflow. A prospective
observational study by Jemcov [20] on 122 patients assessed the
morphology and function of blood vessels in the fabrication of radio-
cephalic AVF using ultrasound four weeks after surgery; they obtained
cut-off diameters of 1.6 mm for the radial artery and 1.8 mm for the
cephalic vein as predictors of maturation failure. Masengu et al. [21]
conducted a retrospective cohort study on radiocephalic AVF and found
that a preoperative radial artery flow volume of 50 ml/min was asso-
ciated with a sevenfold increase in maturation failure. A retrospective
study by Blessions et al. [22] concluded that a radial artery flow volume
of 20 ml/min was a significant factor in the failure of radiocephalic AVF
maturation despite optimal radial artery diameter. A prospective study
conducted by Silva et al. [23] and a systematic review and
meta-aggregation of literature from 1966 to January 2015 by Korzadeh
et al. [24] recommended the minimum diameter of the radial artery to
be 2 mm to provide a high probability of maturation, with a cut-off value
of 1.5 mm. There was a significant difference in the preoperative
diameter over time and the preoperative flow volume over time; this
could be due to the use of balloon dilatation 1.5 times the size of the

preoperative diameter. In a prospective study conducted by Zhang et al.
[25] using hydrodilatation and the patients were followed for six weeks
after AVF, the post-dilation sizes were not measured. Statistical analysis
indicated that differences between the control and intervention groups
could have been due to unmeasured hydrodilatation, whereas PBA was
measurable and more effective.

Our method has enormous potential to increase the number of pa-
tients who are eligible for autologous vascular access for hemodialysis
by incorporating those who had previously been disqualified for distal
autogenous AVF because of small distal cephalic veins. This study has
several limitations. The COVID-19 pandemic made patients avoid
visiting the hospital and the hospital limited the number of patients until
they closed the outpatient department; therefore, some patients were
lost to follow-up. Furthermore, we only performed balloon dilatation 1.5
times larger than the nominal vein before surgery; balloon dilatation
with another size (e.g., 2 to 2.5 times larger than the nominal vein)
would be needed to evaluate the effect of balloon dilatation size on
outcomes.

5. Conclusions

Using a PBA 1.5 times larger than the nominal vein size increased the
diameter and VF of draining veins during the AVF procedure. Based on
the diameter and VF of draining vein, AVF with PBA was associated with
a higher probability of maturation than without intervention (control).
Further studies are needed with more participants and a more extended

follow-up time to more precisely observe AVF maturation in ESKD
patients.

Provenance and peer review
Not commissioned, externally peer-reviewed.
Ethical approval
All procedure for human experiment has been approved by Ethics

Commission, Faculty of Medicine, University of Indonesia (number:
KET-574/UN2.F1/ETIK/PPM.00.02/2021).

Sources of funding
No funding or sponsorship.
Author contribution

R. Suhartono, Suhendro, Harrina Erlianti Rahardjo, Alida Roswita



R. Suhartono et al.

Harahap, Chaidir Arif Mochtar, Akhmadu Muradi, Idrus Alwi, Aida
Lydia, and Vivian Soetikno wrote the manuscript and participated in the
study design. R. Suhartono, Suhendro, Harrina Erlianti Rahardjo, Alida
Roswita Harahap, Chaidir Arif Mochtar, Akhmadu Muradi, Idrus Alwi,
Aida Lydia, Vivian Soetikno, and Aria Kekalih drafted the manuscript. R.
Suhartono, Suhendro, Harrina Erlianti Rahardjo, Alida Roswita Har-
ahap, Chaidir Arif Mochtar, Akhmadu Muradi, Idrus Alwi, Aida Lydia,
Vivian Soetikno, and Aria Kekalih checked the manuscript and made
corrections. Aria Kekalih performed bioinformatics analyses and revised
the manuscript. Raflis Rustam provided the overall guidance and sup-
port. All authors read and approved the final manuscript.

Trial registry number

This study has been registered with the Research Registry no. 7979
Guarantor

R. Suhartono and Suhendro.
Consent

The research was conducted ethically in accordance with the World
Medical Association Declaration of Helsinki. The patients have given
their written informed consent on admission to use their prospective
data base and files for research work.

Declaration of competing interest
The authors declare that they have no conflict of interests.
Acknowledgements

We acknowledge Dedy Pratama, M.D, Januar Rizky Adriani, M.D,
Florencia Vanya Vaniara, M.D, and Muhammad Faruk, M.D, for their
help in reviewing this original research.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.amsu.2022.104426.

References

[1] A.D. Kaze, T. Ilori, B.G. Jaar, J.B. Echouffo-Tcheugui, Burden of chronic kidney
disease on the African continent: a systematic review and meta-analysis, BMC
Nephrol. 19 (2018) 125, https://doi.org/10.1186/512882-018-0930-5.

[2] P.E. Stevens, A. Levin, Evaluation and management of chronic kidney disease:

synopsis of the kidney disease: improving global outcomes 2012 clinical practice

guideline, Ann. Intern. Med. 158 (2013) 825-830, https://doi.org/10.7326,/0003-
4819-158-11-201306040-00007.

T. Liyanage, T. Ninomiya, V. Jha, B. Neal, H.M. Patrice, I. Okpechi, M. Zhao, J. Lv,

AX. Garg, J. Knight, A. Rodgers, M. Gallagher, S. Kotwal, A. Cass, V. Perkovic,

Worldwide access to treatment for end-stage kidney disease: a systematic review,

Lancet (London, England) 385 (2015), https://doi.org/10.1016/50140-6736(14)

61601-9, 1975-1982.

Vascular Access Work Group, Clinical practice guidelines for vascular access, Am.

J. Kidney Dis. 48 (2006) $248-5273, https://doi.org/10.1053/j.ajkd.2006.04.040.

[5] A.N. Sidawy, L.M. Spergel, A. Besarab, M. Allon, W.C. Jennings, F.T. Padberg, M.
H. Murad, V.M. Montori, A.M. O’Hare, K.D. Calligaro, R.A. Macsata, A.B. Lumsden,
E. Ascher, Society for Vascular Surgery, the Society for Vascular Surgery: clinical
practice guidelines for the surgical placement and maintenance of arteriovenous
hemodialysis access, J. Vasc. Surg. 48 (2008) 25-25S, https://doi.org/10.1016/j.
jvs.2008.08.042.

[6] L.C. Bylsma, S.M. Gage, H. Reichert, S.L.M. Dahl, J.H. Lawson, Arteriovenous
Fistulae for Haemodialysis, A systematic review and meta-analysis of efficacy and
safety outcomes, Eur. J. Vasc. Endovasc. Surg. 54 (2017) 513-522, https://doi.org/
10.1016/j.€jvs.2017.06.024.

[3

—

[4

=

[71

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

Annals of Medicine and Surgery 81 (2022) 104426

J.M. MacRae, C. Dipchand, M. Oliver, L. Moist, C. Lok, E. Clark, S. Hiremath,

J. Kappel, M. Kiaii, R. Luscombe, L.M. Miller, Arteriovenous access failure,
stenosis, and thrombosis, Can. J. Kidney Heal. Dis. 3 (2016), 205435811666912,
https://doi.org/10.1177/2054358116669126.

Y.-T. Shiu, J.I. Rotmans, W.J. Geelhoed, D.B. Pike, T. Lee, Arteriovenous conduits
for hemodialysis: how to better modulate the pathophysiological vascular response
to optimize vascular access durability, Am. J. Physiol. Physiol. 316 (2019)
F794-F806, https://doi.org/10.1152/ajprenal.00440.2018.

AK. Cheung, P.B. Imrey, C.E. Alpers, M.L. Robbin, M. Radeva, B. Larive, Y.T. Shiu,
M. Allon, L.M. Dember, T. Greene, J. Himmelfarb, P. Roy-Chaudhury, C.M. Terry,
M.A. Vazquez, J.W. Kusek, H.I. Feldman, Intimal hyperplasia, stenosis, and
arteriovenous fistula maturation failure in the hemodialysis fistula maturation
study, J. Am. Soc. Nephrol. 28 (2017) 3005-3013, https://doi.org/10.1681/
ASN.2016121355.

M.H. Oley, M.C. Oley, A.A. Islam, M. Hatta, M. Faruk, A.D. Noersasongko,

H. Soenaryo, D.M.R. Aling, J.A. Kalangi, M.T. Tulong, Hyperbaric oxygen therapy
in managing systemic inflammatory response syndrome caused by ischemia-
reperfusion injury following hand replantation and long-term outcomes: a report of
two cases, Ann. Med. Surg. 60 (2020) 155-161, https://doi.org/10.1016/j.
amsu.2020.10.023.

S.C. Park, S.Y. Ko, J. Il Kim, L.S. Moon, S.D. Kim, Balloon-assisted maturation for
arteriovenous fistula maturation failure: an early period experience, Ann. Surg.
Treat. Res. 90 (2016) 272, https://doi.org/10.4174/astr.2016.90.5.272.

P. Veroux, T. Tallarita, A. Giaquinta, P. Gloviczki, M. Veroux, RR26. Primary
balloon angioplasty of small (<2 mm) cephalic veins shortens maturation time,
decreases reinterventions and improves mid-term patency of arteriovenous
fistulae, J. Vasc. Surg. 55 (2012) 995-100S, https://doi.org/10.1016/j.
jvs.2012.03.235.

A. Oprea, A. Molnar, D. Vladutiu, T. Scridon, C. Trifan, D. Sacui, V. Sasarman, P.
A. Mircea, Correlation between preoperative vein and artery diameters and
arteriovenous fistula outcome in patients with end-stage renal disease, Med,
Pharmacol. Rep. 91 (2018) 399-407, https://doi.org/10.15386/cjmed-1080.

G. Mathew, R. Agha, J. Albrecht, P. Goel, 1. Mukherjee, P. Pai, A.K. D’Cruz, 1.

J. Nixon, K. Roberto, S.A. Enam, S. Basu, O.J. Muensterer, S. Giordano, D. Pagano,
D. Machado-Aranda, P.J. Bradley, M. Bashashati, A. Thoma, R.Y. Afifi,

M. Johnston, B. Challacombe, J.C.-Y. Ngu, M. Chalkoo, K. Raveendran, J.

R. Hoffman, B. Kirshtein, W.Y. Lau, M.A. Thorat, D. Miguel, A.J. Beamish, G. Roy,
D. Healy, M.H. Ather, S.G. Raja, Z. Mei, T.G. Manning, V. Kasivisvanathan, J.

G. Rivas, R. Coppola, B. Ekser, V.L. Karanth, H. Kadioglu, M. Valmasoni,

A. Noureldin, Strocss 2021: Strengthening the reporting of cohort, cross-sectional
and case-control studies in surgery, Ann. Med. Surg. 72 (2021), 103026, https://
doi.org/10.1016/j.amsu.2021.103026.

P. Veroux, A. Giaquinta, T. Tallarita, N. Sinagra, C. Virgilio, D. Zerbo, P. Gloviczki,
M. Veroux, Primary balloon angioplasty of small (<2 mm) cephalic veins improves
primary patency of arteriovenous fistulae and decreases reintervention rates,

J. Vasc. Surg. 57 (2013) 131-136, https://doi.org/10.1016/j.jvs.2012.07.047.

P. Zamboli, F. Fiorini, A. D’Amelio, P. Fatuzzo, A. Granata, Color Doppler
ultrasound and arteriovenous fistulas for hemodialysis, J. Ultrasound. 17 (2014)
253-263, https://doi.org/10.1007/5s40477-014-0113-6.

P. Veroux, A. Giaquinta, T. Tallarita, N. Sinagra, C. Virgilio, D. Zerbo, P. Gloviczki,
M. Veroux, Primary balloon angioplasty of small (<2 mm) cephalic veins improves
primary patency of arteriovenous fistulae and decreases reintervention rates,

J. Vasc. Surg. 57 (2013) 131-136, https://doi.org/10.1016/].jvs.2012.07.047.

K. Khan, V. Bedi, A. Yadav, S. Agarwal, A. Satwik, M. Prabhu, Primary balloon
angioplasty or hydrostatic dilatation for arteriovenous access: which technique has
better outcomes in poor caliber cephalic veins? Indian J. Vasc. Endovasc. Surg. 4
(2017) 12, https://doi.org/10.4103/0972-0820.198071.

L.P. De Marco Garcia, L.R. Davila-Santini, Q. Feng, J. Calderin, K. V Krishnasastry,
T.F. Panetta, Primary balloon angioplasty plus balloon angioplasty maturation to
upgrade small-caliber veins (<3 mm) for arteriovenous fistulas, J. Vasc. Surg. 52
(2010) 139-144, https://doi.org/10.1016/j.jvs.2010.02.013.

T.K. Jemcov, Morphologic and functional vessels characteristics assessed by
ultrasonography for prediction of radiocephalic fistula maturation, J. Vasc. Access
14 (2013) 356-363, https://doi.org/10.5301/jva.5000163.

A. Masengu, J. McDaid, A.P. Maxwell, J.B. Hanko, Preoperative radial artery
volume flow is predictive of arteriovenous fistula outcomes, J. Vasc. Surg. 63
(2016) 429-435, https://doi.org/10.1016/].jvs.2015.08.106.

G. Blessios, A. Hlepas, A. Diaz, Preoperative noninvasive artery flow volume and
maturation of arteriovenous fistulae: a single surgeon’s experience from 403 cases,
J. Vasc. Access 21 (2020) 434-439, https://doi.org/10.1177/1129729819881605.
M.B. Silva, R.W. Hobson, P.J. Pappas, Z. Jamil, C.T. Araki, M.C. Goldberg,

G. Gwertzman, F.T. Padberg, A strategy for increasing use of autogenous
hemodialysis access procedures: impact of preoperative noninvasive evaluation,
J. Vasc. Surg. 27 (1998) 302-307, https://doi.org/10.1016/s0741-5214(98)
70360-x. ; discussion 307-8.

A. Kordzadeh, J. Chung, Y.P. Panayiotopoulos, Cephalic vein and radial artery
diameter in formation of radiocephalic arteriovenous fistula: a systematic review,
J. Vasc. Access 16 (2015) 506-511, https://doi.org/10.5301/jva.5000413.

F. Zhang, Y. Li, T. Wang, J. Tao, J. Zhu, M. Wei, L. Mo, X. Li, Y. Wang, Y. Cheng,
Influence of cephalic vein dilation on arteriovenous fistula maturation in patients
with small cephalic veins, Medicine (Baltim.) 99 (2020), e18576, https://doi.org/
10.1097/MD.0000000000018576.


https://doi.org/10.1016/j.amsu.2022.104426
https://doi.org/10.1016/j.amsu.2022.104426
https://doi.org/10.1186/s12882-018-0930-5
https://doi.org/10.7326/0003-4819-158-11-201306040-00007
https://doi.org/10.7326/0003-4819-158-11-201306040-00007
https://doi.org/10.1016/S0140-6736(14)61601-9
https://doi.org/10.1016/S0140-6736(14)61601-9
https://doi.org/10.1053/j.ajkd.2006.04.040
https://doi.org/10.1016/j.jvs.2008.08.042
https://doi.org/10.1016/j.jvs.2008.08.042
https://doi.org/10.1016/j.ejvs.2017.06.024
https://doi.org/10.1016/j.ejvs.2017.06.024
https://doi.org/10.1177/2054358116669126
https://doi.org/10.1152/ajprenal.00440.2018
https://doi.org/10.1681/ASN.2016121355
https://doi.org/10.1681/ASN.2016121355
https://doi.org/10.1016/j.amsu.2020.10.023
https://doi.org/10.1016/j.amsu.2020.10.023
https://doi.org/10.4174/astr.2016.90.5.272
https://doi.org/10.1016/j.jvs.2012.03.235
https://doi.org/10.1016/j.jvs.2012.03.235
https://doi.org/10.15386/cjmed-1080
https://doi.org/10.1016/j.amsu.2021.103026
https://doi.org/10.1016/j.amsu.2021.103026
https://doi.org/10.1016/j.jvs.2012.07.047
https://doi.org/10.1007/s40477-014-0113-6
https://doi.org/10.1016/j.jvs.2012.07.047
https://doi.org/10.4103/0972-0820.198071
https://doi.org/10.1016/j.jvs.2010.02.013
https://doi.org/10.5301/jva.5000163
https://doi.org/10.1016/j.jvs.2015.08.106
https://doi.org/10.1177/1129729819881605
https://doi.org/10.1016/s0741-5214(98)70360-x
https://doi.org/10.1016/s0741-5214(98)70360-x
https://doi.org/10.5301/jva.5000413
https://doi.org/10.1097/MD.0000000000018576
https://doi.org/10.1097/MD.0000000000018576

	Effect of primary balloon angioplasty on draining vein diameter and volume flow in patients with arteriovenous fistula: A c ...
	1 Introduction
	2 Material and methods
	2.1 Ultrasound examination
	2.2 Primary balloon angioplasty
	2.3 Diameter of blood vessels
	2.4 Volume flow
	2.5 Data analysis

	3 Results
	4 Discussion
	5 Conclusions
	Provenance and peer review
	Ethical approval
	Sources of funding
	Author contribution
	Trial registry number
	Guarantor
	Consent
	Declaration of competing interest
	Acknowledgements
	Appendix A Supplementary data
	References


