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Keywords ABSTRACT

stenosis location; Failure of maturation and stenosis are major obstacles to
cephalic arch stenosis; arteriovenous fistula patency in hemodialysis patients. The cephalic
angioplasty; arch commonly develops vascular dysfunction and can be divided
patency; into four domains. However, no study in Indonesia has evaluated the
brachiocephalic fistula; effect of cephalic arch stenosis location on angioplasty outcomes.
hemodialysis. This study aimed to determine the relationship between the location

of cephalic arch stenosis and angioplasty success, as well as 3- and
6-month patency in patients with brachiocephalic fistulas, and to
identify influencing factors. This retrospective cohort study included
68 patients with cephalic arch stenosis and brachiocephalic fistulas
treated in outpatient clinics or inpatient wards at Cipto
Mangunkusumo Hospital (RSCM) from January 2022 to December
2024. Data were obtained from medical records. Bivariate analysis
was performed using the Chi-square or Fisher’s exact test, and
multivariate analysis was conducted using Firth logistic regression.
The angioplasty success rate was 91.2%, with 3-month patency of
87.1% and 6-month patency of 66.7%. Multivariate analysis showed
that stent use was significantly associated with reduced 3-month
patency after angioplasty (OR 0.12; 95% CI 0.02—0.93; p = 0.042),
and a cephalic arch insertion angle >60° was associated with
decreased 6-month patency after angioplasty (OR 0.23; 95% CI
0.06-0.77; p = 0.017). Stenosis location, age, sex, degree and length
of stenosis, cephalic arch insertion angle, number of balloons,
balloon size, balloon pressure, balloon type, stent use, hypertension,
and diabetes were not associated with residual stenosis or with 3- and
6-month patency after angioplasty.

INTRODUCTION
Chronic kidney failure has high morbidity and mortality rates (Luyckx et al., 2018). In

Indonesia, the prevalence of chronic kidney disease in the population aged >15 years was
713,783 (0.38%) cases in 2018 (Badan Penelitian dan Pengembangan Kesehatan, 2018). The
condition led to National Health Insurance (JKN) financing of 2.3 trillion rupiah during 2019
(Tantinius et al., 2023). As an essential procedure in Indonesia, routine hemodialysis is
undergone by 2,850 (19.3%) patients with chronic kidney failure (Badan Penelitian dan
Pengembangan Kesehatan, 2018).

Arteriovenous fistula (AVF), as the best option for hemodialysis access because it
provides the lowest complication rate, is associated with the highest patient survival rate, and
is recommended by the Kidney Disease Outcomes Quality Initiative (KDOQI) (Woods et al.,
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1997; Xue et al., 2003; Dhingra et al., 2001; Lok et al., 2020; Eknoyan et al., 2012). The
development of venous stenosis is one of the leading causes of vascular access dysfunction and
thrombosis (Schwab et al., 1989; Olsson et al., 2001). Thrombosis usually occurs following a
reduction in blood flow due to increased resistance caused by venous stenosis of the fistula
(Besarab et al., 1995). In fact, central stenosis of the cephalic arch (the part of the cephalic vein
that forms an almost perpendicular angle in the deltopectoral groove before joining the axillary
vein) is a known contributor to stenosis in upper arm fistula dysfunction. The incidence and
prevalence of cephalic arch stenosis reported in the literature vary widely, ranging from 4.25—
64%. Its prevalence also depends on the location of AVF in the upper arm, with brachiocephalic
fistula (BCF) more often involved compared to radiocephalic fistula (RCF). Clinically,
cephalic arch stenosis is defined as a narrowing of more than 50% of the lumen of the cephalic
arch (Abdelsalam, 2022; Kim et al., 2022; Pisano et al., 2024). It has been hypothesized that
its development is related to the hemodynamics of BCF, due to the high rate of blood flow and
the absence of diffuse flow to the basilic veins (Rajan et al., 2003).

The pathophysiology of cephalic arch stenosis is still not fully understood. Several
mechanisms have been proposed, including changes in blood flow, external compression by
the fascia and pectoralis major muscles, the anatomy of the cephalic curve and the angle of
entry of the cephalic vein into the axillary vein, turbulent flow, and the presence of multiple
valves (Kian & Asif, 2008). Bennett et al. (2015) divided cephalic arch stenosis into four
domains to establish a standardized classification of the cephalic arch segment so that
measurements can be made accurately and consistently. The location of cephalic arch stenosis
segments may have significance for the etiology of stenosis and possible differences in
response to angioplasty.

Several previous studies have examined factors affecting central stenosis as well as the
effectiveness of angioplasty. Jaberi et al. (2007) examined risk factors for cephalic arch stenosis
in 18 patients, finding significant differences between groups with and without stenosis in BCF
location (p=0.046), access flow (p=0.012), and absence of diabetes (p=0.03). However, the
insertion angle of the cephalic vein was not a predictive factor for cephalic arch stenosis in that
study. Tantinius et al. (2023) reported that factors affecting 6-month primary patency after
single balloon angioplasty in 76 patients with central venous stenosis were male sex (p=0.004),
stenosis length >2 cm (p=0.042), location of innominate vein stenosis (p=0.002), stenosis
degree >80% (p=0.001), and residual stenosis >30% (p=0.013). Alwi et al. (2021) reported that
central venous patency rates after single balloon angioplasty at 3, 6, and 12 months were 54.1%,
28.4%, and 9.2%, respectively, with lesion length and initial stenosis degree as significant
factors.

To date, no study has reported the effect of cephalic arch stenosis location on angioplasty
success and 3- and 6-month patency in patients with BCF, particularly in the Indonesian
population. Therefore, this study aims to determine the relationship between cephalic arch
stenosis location and angioplasty success as well as 3- and 6-month patency in patients with
BCF. The novelty of this research lies in its domain-based analysis of cephalic arch stenosis
location and its association with angioplasty outcomes, which has not been previously
conducted in Indonesia. The research urgency is high because understanding location-specific
outcomes can guide interventional strategies and improve vascular access management. The
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practical benefit of this study is to provide evidence-based guidance for vascular surgeons in
selecting appropriate interventions based on stenosis location.

METHOD
This study used an analytical retrospective cohort design and utilized secondary data

from brachiocephalic access hemodialysis patients who were treated at Cipto Mangunkusumo
Hospital from January 2022 to December 2024 and managed with angioplasty. The research
was conducted at the Department of Vascular and Endovascular Surgery, FKUI, Cipto
Mangunkusumo Hospital, from September to November 2025.

The target population of this study consisted of chronic kidney failure patients who
underwent hemodialysis and had hemodialysis access in the form of a mature brachiocephalic
fistula, then developed stenosis of the cephalic arch, which was diagnosed through anamnesis
and clinical examination at a polyclinic or treatment room in Indonesia. The accessible
population in this study was the target population diagnosed in polyclinics or treatment rooms
at Cipto Mangunkusumo Hospital during the period from January 2022 to December 2024. The
study sample consisted of the accessible population that met the inclusion criteria and did not
meet the exclusion criteria.

Subjects in this study were patients with cephalic arch stenosis who came for follow-up
at the polyclinic or were treated in the inpatient ward of Cipto Mangunkusumo Hospital during
the period January 2022—December 2024, and who met the inclusion and exclusion criteria.
Subject data were collected from patient databases in the Division of Vascular and
Endovascular Surgery and from medical records. The research sample consisted of patients
who underwent angioplasty at Cipto Mangunkusumo Hospital, performed by vascular and
endovascular surgery trainees and consultants. Collected data included stenosis location, age,
sex, degree of stenosis, length of stenosis, cephalic arch insertion angle, number of balloons,
balloon size, balloon pressure, balloon type, use of stents, hypertension, diabetes, as well as
angioplasty success, and 3-month and 6-month patency outcomes.

The angioplasty procedure was carried out by vascular and endovascular surgeons, both
trainees and consultants, at the vascular access unit of Cipto Mangunkusumo Hospital. Before
the procedure began, patients had undergone a diagnostic process that included anamnesis,
physical examination, and a supporting examination in the form of Doppler ultrasound. After
asepsis and antisepsis of the surgical area were performed, puncture was made at the
predetermined vascular access site. The first stage was angiography using contrast media to
thoroughly evaluate the anatomy of the vascular access while confirming the location of
stenosis. After the stenosis location was identified, measurements were taken of the degree of
narrowing and the length of the stenotic lesion. Balloon size selection was adjusted to the
diameter and length of the narrowed segment. Next, a catheter was inserted through the stenotic
area, followed by balloon angioplasty. The balloon was then inflated using nominal pressure
until it reached the rated burst pressure (RBP) to dilate the stenotic area, usually performed one
to three times. Afterward, a final angiography was performed to assess the success of the
angioplasty procedure.

The data in this study were first analyzed descriptively to assess the distribution of both
independent and dependent variables. Categorical data were presented as frequencies (n) and
percentages (%). Numerical data were presented as means and standard deviations if normally
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distributed, or medians and ranges if not normally distributed. Data normality was tested using
the Shapiro—Wilk test.

Inferential analysis was performed using several statistical tests depending on the
variables. The bivariate relationship between categorical independent and dependent variables
was analyzed using the Chi-square test when assumptions were met, and the Fisher’s exact test
when assumptions were not met. A p-value of <0.05 was considered statistically significant.
Variables with p < 0.25 were further analyzed using multivariate logistic regression. The
multivariate test was considered significant at p < 0.05. If a categorical independent variable,
after numerical transformation, had a significant effect on patency in the multivariate analysis,
the relationship was further analyzed using ROC curve analysis to determine sensitivity and
specificity for 3- and 6-month post-angioplasty patency.

RESULT AND DISCUSSION
Bivariate Analysis

Bivariate analysis using Chi-square or Fischer tests was performed to assess the
relationship between each of the independent and confounding variables with the success of
angioplasty assessed from residual stenosis after angioplasty. Variables with a p<value of 0.25
were proceeded to multivariate analysis. Of the 68 patients who underwent angioplasty,
angioplasty was successfully performed on 62 people with a success rate of 91.2%. From table
4.3, there were no independent variables that had an effect on the success of angioplasty based
on bivariate tests.

Table 1 Bivariate analysis between independent variables and the success of angioplasty

Variable Angioplasty Success Value p
Location

A 7 (11,3%) 0,638

B 17 (27,4%)

C 26 (41,9%)

D 12 (19,4%)

Chi Square test, significant if p<0.05

Of the 62 patients who successfully underwent angioplasty, angioplasty had a 3-month
patency in 54 people with a 3-month patency rate of 87.1%. From table 1, there were no
independent variables that affected the patency of 3 months post-angioplasty based on bivariate
tests.

Table 2 Bivariate analysis of independent variables with patency 3 months post-

angioplasty
Variable Patency 3 months post-angioplasty Value p
Location
A 7 (13%) 0,322
B 16 (29,6%)
C 22 (40,7%)
D 9 (16,7%)

Chi Square test, significant if p<0.05
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Of the 54 patients who experienced 3-month patency post-angioplasty, angioplasty had
6-month patency in 36 people with a 6-month patency rate of 66.7%. From table 2, there were
no independent variables that affected patency at 6 months post-angioplasty based on bivariate
tests.

Table 3 Bivariate analysis between independent variables with patency 6 months post-

angioplasty
Variable Patency 6 months post-angioplasty Value p
Location
A 4 (11.1%) 0,952
B 11 (30,6%)
C 15 (41,7%)
D 6 (16,7%)

Chi Square test, significant if p<0.05
From table 3, only the male sex decreased the success rate of angioplasty (p=0.034; OR
0.846; 95%CI: 0.740-0.967). Meanwhile, other confounding variables had no effect on the

success of angioplasty.

Table 4 Bivariate analysis of confounding variables with the success of angioplasty

Variable Angioplasty Success Value p

Age, n (%) 0,658"
>60 years old 21 (87,5%)
<60 years old 41 (93,2%)

Gender, n (%) 0,034"
Male 33 (84,6%)
Women 29 (100%)

Degree of stenosis, n (%) 0,421*
> 80% 29 (87,9%)
<80% 33 (94,3%)

Panjang stenosis, n (%) 0,390
>2cm 25 (36,2%)
<2cm 37 (94,9%)

Cephalic arch angle, n (%) 1,000%
> 60 37 (90,2%)
<60 25 (92,6%)

Number of balloons, n (%) 0,080*
Multiple 25 (83,3%)
Single 37 (97,4%)

Balloon size, n (%) 1,000%
> 10 mm 30 (90,9%)
<10 mm 32 (91,4%)

Balloon pressure, n (%) 0,097
> 10 atm 51 (94,4%)
<10 atm 11 (78.6%)

Types of balloons 0,450*
POBA 46 (93,9%)
PCB 11 (84,6%)
DCB 5 (83,3%)

Stent, n (%) 0,379%
Yes 4 (80%)
No 58 (92,1%)

Hypertension, n (%) 0,413*
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Yes 39 (88,6%)

No 23 (95,8%)
Diabetes, n (%) 0,390
Yes 26 (96,3%)
No 36 (87.8%)

*Chi Square test, significant if p<0.05
*Fischer test, significant if p<0.05

From table 5, there were no confounding variables that affected patency at 3 months post-
angioplasty based on bivariate tests.

Table 5. Bivariate analysis of confounding variables with patency 3 months post-

angioplasty

Variable Patency 3 months post-angioplasty Value p

Age, n (%) 1,000*
>60 years old 18 (85,7%)
<60 years old 36 (87,8%)

Gender, n (%) 0,264%
Male 27 (81,8%)
Women 27 (93,1%)

Degree of stenosis, n (%) 0,456"
>80% 24 (82,8%)
<80% 30 (90,9%)

Panjang stenosis, n (%) 0,250%
>2cm 20 (80%)
<2cm 34 (91,9%)

Cephalic arch angle, n (%) 0,250*
> 60 34 (91,9%)
<60 20 (80%)

Number of balloons, n (%) 0,456*
Multiple 23 (92%)
Single 31 (83,8%)

Balloon size, n (%) 0,258 "
> 10 mm 28 (93,3%)
<10 mm 26 (81,3%)

Balloon pressure, n (%) 1,000%
>10 atm 44 (86,3%)
<10 atm 10 (90,9%)

Types of balloons 0,602"
POBA 40 (87%)
PCB 9 (81,8%)
DCB 5 (100%)

Stent, n (%) 0,077%
Yes 2 (50%)
No 52 (89,7%)

Hypertension, n (%) 0,698*
Yes 33 (84,6%)
No 21 (91,3%)

Diabetes, n (%) 0,262%
Yes 21 (80,8%)
No 33 (91,7%)
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*Chi Square test, significant if p<0.05
*Fischer test, significant if p<0.05

From table 6, there were no confounding variables that had an effect on patency at 6
months post-angioplasty based on bivariate tests.

Table 6 Bivariate analysis of confounding variables with patency 6 months post-

angioplasty

Variable Patency 6 months post-angioplasty Value p

Age, n (%) 0,126
>60 years old 15 (83,3%)
<60 years old 21 (58,3%)

Gender, n (%) 0,773%
Male 17 (63%)
Women 19 (70,4%)

Degree of stenosis, n (%) 0,771%
> 80% 15 (62,5%)
<80% 21 (70%)

Panjang stenosis, n (%) 0,618"
>2cm 12 (60%)
<2cm 24 (70,6%)

Cephalic arch angle, n (%) <0.001"
> 60 16 (47,1%)
<60 20 (100%)

Number of balloons, n (%) 0,627*
Multiple 14 (60,9%)
Single 22 (71%)

Balloon size, n (%) 0,211%
> 10 mm 16 (57,1%)
<10 mm 12 (76,9%)

Balloon pressure, n (%) 0,273%
>10 atm 31 (70,5%)
<10 atm 5 (50%)

Types of balloons 0,245"
POBA 25 (62,5%)
PCB 6 (66,7%)
DCB 5 (100%)

Stent, n (%) 0,547%
Yes 2 (100%)
No 34 (65,4%)

Hypertension, n (%) 0,139%
Yes 19 (57,6%)
No 17 (81%)

Diabetes, n (%) 0,767
Yes 15 (71,4%)
No 21 (63,6%)

*Chi Square test, significant if p<0.05
*Fischer test, significant if p<0.05

Furthermore, an analysis was carried out with classification based on the location of the
most common cephalic arch stenosis (location C) with other locations. From table 7, location
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C had no effect on the success of angioplasty based on bivariate tests.

Table 7 Bivariate analysis between location variable C and angioplasty success

Variable Angioplasty Success Value p
Location
C 26 (86,7%) 0,394
Non-C 36 (94,7%)

Fischer test, significant if p<0.05
From table 8, location C had no effect on patency at 3 months post-angioplasty based on
bivariate tests.

Table 8 Bivariate analysis between location variable C with patency of 3 months of

angioplasty
Variable Angioplasty Success Value p
Location
C 22 (84,6%) 0,710
Non-C 32 (88,9%)

Fischer test, significant if p<0.05
From table 9, location C had no effect on patency at 6 months post-angioplasty based on
bivariate assays.

Table 9 Bivariate analysis of location variable C with patency 6 months post-

angioplasty
Variable Angioplasty Success Value p
Location
C 15 (68,2%) 1,000
Non-C 21 (65,6%)

Fischer test, significant if p<0.05

Multivariate Analysis

The model used is Firth logistic regression due to slight angioplasty failure (n=6).
Variables with a p<0.25 value in the bivariate analysis were included in the model, namely
gender, number of balloons, and balloon pressure. Variables with a p<0.05 value are considered
statistically significant. The results of the multivariate analysis are presented in Table 4.12. It
was found that after adjusting for confounding variables, male sex (OR 0.11; 95% CI 0.0008—
1.02; p=0.053) and multiple balloon use (OR 0.20; 95% CI 0.02 — 1.17; p=0.075) had a lower
probability of angioplasty success (residual stenosis <30%). The use of high-pressure balloons
gave a higher probability of angioplasty success (OR 3.85; 95% CI 0.63-24.43; p=0.14),
although not statistically significant.

Table 10. Multivariate analysis between sex, balloon count, and balloon pressure with
successful angioplasty

Variable COEF OR 95% CI Value p
Male -2,23 0,11 0,0008 — 1,02 0,053
Multiple balloon -1,61 0,20 0,02 -1,17 0,075
Balloon pressure >=10 atm 1,35 3,85 0,63 -24,43 0,14

*Firth logistic regression test, significant if p<0.05
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The model used was Firth logistic regression due to minimal 3-month post-angioplasty
patency failure (n=8). Variables with a p<0.25 value in bivariate analysis were included in the
model, i.e. the use of stents. Variables with a p<0.05 value are considered statistically
significant. The results of the multivariate analysis are presented in Table 11. It was found that
after adjustment for confounding variables, stent use was significantly associated with reduced
patency at 3 months post-angioplasty (OR 0.12; 95% CI 0.02—0.93; p = 0.042).

Table 11 Multivariate analysis of independent variables with patency 3 months post-
angioplasty
Variable COEF OR 95% CI Value p
Use of stents -2,09 0,12 0,02 -0,93 0,042

*Firth logistic regression test, significant if p<0.05

The model used was Firth logistic regression due to minimal patent failure at 6 months
post-angioplasty (n=18). Variables with a p<0.25 value in the bivariate analysis were included
in the model, namely age, cephalic arch insertion angle, balloon size, balloon type, and
hypertension. Variables with a p<0.05 value are considered statistically significant. The results
of the multivariate analysis are presented in Table 12. It was found that after adjustment for

confounding variables, the insertion angle of the cephalic arch > 60 decreased patency 6 months
post-angioplasty (OR 0.23; 95% CI 0.06—0.77; p = 0.017). Meanwhile, confounding variables
such as age (OR 1.37; 95% CI 0.41-4.66; p = 0.607), balloon size (OR 1.45; 95% CI 0.47—
4.84; p = 0.520), balloon type (OR 1.51; 95% CI 0.39-6.09; p = 0.547), and hypertension (OR
0.48; 95% CI 0.14-1.59; p = 0.231) had no effect on patency at 6 months post-angioplasty.

Table 12 Multivariate analysis of independent variables with patency 3 months post-

angioplasty
Variable COEF OR 95% CI Value p
Insertion angle > 60 - 1,46 0,23 0,06-0,77 0,017
Age > 60 years old 0,31 1,37 0,41-4,66 0,607
Size > 10 mm 0,37 1,45 0,47-4,84 0,520
Non-POBA 0,41 1,51 0,39-6,09 0,547
Hypertension -0,74 0,48 0,14-1,59 0,231

*Firth logistic regression test, significant if p<0.05

Demographic and clinical characteristics

In this study, the majority of cephalic arch stenosis was found in men (57.4%),
hypertension (64.7%), and non-diabetics (60.3%). This is supported by the research of Pisano
et al. (2024) who are also predominantly male (65.6%). Similar findings were found by
Tirinescu et al. (n.d.) who found that men are a significant risk factor for arteriovenous access
stenosis.

Patients with cephalic arch stenosis are more likely to experience hypertension due to
high wall shear stress. This is supported by research by Pisano et al. (2024) who are also
predominantly male (65.6%). High flow can lead to complications such as heart failure,
coronary ischemia, and left ventricular hypertrophy. The interaction between brachiocephalic
anatomy and access flow explains how these hemodynamics affect arch cephalic stenosis,
through changes in flow velocity, wall shear stress, and vessel elasticity mismatches. If the
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body is unable to remodel (structural adjustment), then maladaptive remodeling can occur.
High shear stress is known to affect vessel morphology by triggering endothelial cell activity,
such as the release of NO and endothelin-1. The interaction between fistula age and
brachiocephalic type supports the role of chronic injury and high flow to the development of
arch cephalic stenosis (Jaberi et al., 2007).

Less diabetic conditions are found in patients with cephalic arch stenosis. This figure is
consistent with the study by Pisano et al. (2024) which found that only 36.5% of patients with
cephalic arch stenosis develop diabetes. Regarding systemic diseases, diabetes actually shows
a negative association with cephalic arch stenosis, possibly due to lower access flow due to
vascular stiffness (Jaberi et al., 2007). Another hypothesis by Tirinescu et al. (n.d.) also
reported similar things, where diabetes and obesity appear to be associated with a lower risk or
severity of fistula stenosis arteriovenous. This can occur due to the "reverse epidemiology" of
hemodialysis patients, where malnutrition, inflammation, and atherosclerosis are associated as
major risk factors for cardiovascular disease. This leads to a higher BMI associated with better
cardiovascular output and better arteriovenous patency. Diabetes may also be explained by a
similar mechanism.

Relationship of procedural factors with angioplasty success and patency 3 and 6 months
post-angioplasty in patients with cephalic arch stenosis

Of the 68 patients who underwent angioplasty, angioplasty was successfully performed
on 62 people with a success rate of 91.2%. Of the 62 patients who successfully underwent
angioplasty, angioplasty had a 3-month patency in 54 people with a 3-month patency rate of
87.1%. Of the 54 patients who experienced 3-month patency post-angioplasty, angioplasty had
6-month patency in 36 people with a 6-month patency rate of 66.7%.

The success of angioplasty and patency 3 and 6 months post-angioplasty in our study
were higher than those by Pisano et al. (2024). They found that the use of stent graft as the first
intervention (before PTCA) showed higher success than PTCA alone (85% vs 61%, p =0.003).
Stent grafts also showed better primary patency compared to PTCA (patency 79%, 73%, 60%
at 3, 6, 9 months; compared to 71%, 51%, 47%; p = 0.195) as well as better cumulative patency
(73%, 61%, 61% at 1, 2, 3 years; compared to 60%, 34%, 26%; p < 0.001). Of the variables
analyzed, the technical success of PTCA was the only distinguishing factor (coefficient of —
1.01; RR 35%; p = 0.035) (Pisano et al., 2024).

In this study, the number, size, pressure, and type of balloons had no effect on the success
of angioplasty and patency 3 and 6 months after angioplasty in patients with cephalic arch
stenosis. The central vein patency rate in Alwi et al.'s (2021) study was much lower than that
of several other studies that assessed angioplasty in central venous stenosis. One of the factors
that is suspected to cause this difference is the type of angioplasty instrument used. In the study,
the procedure was performed using POBA, while endovascular therapy for central venous
stenosis generally used standard balloons such as cutting balloons or paclitaxel-eluting
balloons (Alwi et al., 2021). Tripsianis et al. (2021) reported that the use of high-pressure
balloons resulted in significantly higher patency rates at the 6th and 12th months post-
angioplasty compared to non-high pressure POBAs. A meta-analysis by Aftab et al. (2014)
also showed that venous patency was better in patients treated with standard balloons than in
POBA. Cakir et al. (2022) found a first-month patency of 94.4% in POBA and 100% in PEBA.
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In the third month, PEBA patents remained at 100%, while POBA dropped to 66.7%. In the
sixth month, POBA patency decreased to less than 20%, while PEBA patency still remained
above 85%.

The relationship between the degree of stenosis and the success of angioplasty in patients
with cephalic arch stenosis

In this study, no association was found between the degree of stenosis and the success of
angioplasty in patients with cephalic arch stenosis, from both bivariate and multivariate tests.
These results are different from similar studies by Alwi et al. (2021). In the study, the degree
of early stenosis was shown to be related to the success of the single balloon angioplasty
procedure. A total of 51 patients with 50—-80% initial stenosis successfully underwent the
procedure. Meanwhile, the success rate in patients with stenosis >80% only reached 44.6%.
Patients with stenosis of 50-80% had a 31.62 times higher chance of success (95% CI 7—
142.83) than patients with initial stenosis >80% (p<0.001) (Alwi et al., 2021). These findings
are in line with the report of Muradi et al. (2019), which showed that patients with stenosis
<80% had a single balloon angioplasty success rate of about 80%.

The presence of venous stenosis downstream causes an inflow—outflow mismatch that
results in increased pressure in the access. In this condition, the Qa value may decrease,
increase, or remain within normal limits, depending on the relationship between the patient's
baseline Qa, the degree of narrowing of the lumen due to the lesion, and the availability of
collateral outflow. The decision to treat cephalic arch stenosis is highly dependent on the
presence or absence of symptoms (high venous pressure and/or prolonged bleeding). If it is
asymptomatic, the stenosis is not treated; if symptomatic, subsequent decisions depend on the
volumetric flow (Qa) of vascular access.

If the Qa > 1.2 L/min, then the flow reduction procedure (banding) is carried out first
(target Qa: 600—800 mL/min). If the patient remains symptomatic after the procedure, then
cephalic arch stenosis will be treated (Daoui & Asif, 2012; Remuzzi & Ene-lordache, 2013).
However, volume flow data in medical records are not found evenly and therefore cannot be
variable, even though previous studies have shown that volume flow affects the incidence of
cephalic arch stenosis restenosis (Remuzzi & Ene-lordache, 2013).

The relationship between stenosis location and angioplasty success and patency 3 and 6
months post-angioplasty in patients with cephalic arch stenosis

In this study, arch stenosis was most often found at location C (44.1%) followed by
location B (26.5%), location D (19.1%), and location A (10.3%). The results of this study are
similar to previous studies. In the study Bennett et al. (2015) stenosis was most commonly
found in domain IV (72.5%), followed by domain III (56.5%), domain II (40.6%), and domain
[(17.4%). In the study by Sarala et al. (2018), there were not many differences from the domain
of cephalic arch stenosis, but domain IV (location C) was more commonly affected than other
domains of the cephalic arch.

For reasons that are still under investigation, the cephalic arch has a fairly high tendency
to develop stenosis. Various mechanisms for the occurrence of cephalic arch stenosis have been
proposed, including venous adaptation due to changes in shear stress that induce intima
hyperplasia, as well as hypertrophic remodeling related to increased transmural venous blood
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pressure after fistula creation (Kian & Asif, 2008; Turmel-Rodrigues et al., 2000). Venous
valves, musculoskeletal compression, and limited venous mobility in the deltopectoral groove
are also thought to contribute to pathology in the arcus under certain conditions. Given that
venous valves are often found in the distal cephalic arch, this may explain why stenosis is more
common in that region (Shemesh et al., 2008). In addition, pressure and flow may be highest
in the terminal domain (domain IV or location C) and thus play a role in the formation of
stenosis. More research is needed to determine whether certain domains are more prone to
thrombosis than stenosis or other complications. In addition, as researchers continue to evaluate
the therapeutic outcomes of each arch domain separately, it is expected that it will be known
whether certain interventions provide better durability or decrease morbidity.

Domain segmentation is important because it can provide clues about the etiology of
stenosis (e.g., valve consequence), and each domain may also exhibit a different response to
angioplasty and/or stenting placement. Various reviews have associated cephalic arch with
higher levels of angioplasty resistance, greater balloon inflation pressure requirements, higher
rupture rates, and the need for more frequent stent placement (Arthur Miller et al., 2010;
Sivananthan et al., 2014; Olin & Sealove, 2011). Cephalic arch lesions almost always recur
and require repeated interventions.39 Angioplasty is often performed, but persistent stenosis is
so frequent that it requires stent insertion. After a stent is installed, intrastent intima hyperplasia
is often found which then leads to re-stenosis and FAV failure. Bennett et al.'s (2015)
hypothesis is that the biological character of the vessels and the type of stenosis that occurs
differ in the four domains. This concept is also seen in other vascular trees such as the renal
artery. If stenosis occurs in the renal artery of the proximal section, the cause is often
atherosclerosis. In contrast, distal lesions are usually caused by fibromuscular dysplasia.
Optimal treatment may vary depending on the affected domain (Olin & Sealove, 2011).

In this study, after adjusting for confounding variables through multivariate analysis, the
location of cephalic arch stenosis had no independent effect on angioplasty success and patency
at 3 and 6 months post-angioplasty. Therefore, it is advisable to conduct intervention tests for
each domain. By continuously evaluating cases of cephalic arch stenosis based on specific
domains, it is hoped that it will be possible to determine whether certain domains are more
susceptible to certain pathologies such as thrombus, as well as whether certain domains provide
a better response to certain therapies.

Weaknesses of the research

Numerous confounding factors and small sample counts may affect the strength of this
study. Independent variables and many confounding factors can reduce the strength of the study
because each variable/predictor in the regression model uses a low degree of freedom and
events-per-variable (generally about 10 events per variable studied). With underpowered
research, random variation, and selection bias, it can affect the success rate of angioplasty
patency rates.

CONCLUSION
This study concluded that stenosis location, age, sex, degree and length of stenosis,

cephalic arch insertion angle, number of balloons used, balloon size and pressure, balloon type,
stent use, as well as histories of hypertension and diabetes were not significantly associated
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with residual stenosis, 3-month patency, or 6-month patency after angioplasty in patients with
cephalic arch stenosis. Despite these non-significant associations, angioplasty demonstrated a
high technical success rate of 91.2%, with patency rates of 87.1% at 3 months and 66.7% at 6
months. These findings suggest that angioplasty remains an effective intervention for cephalic
arch stenosis, although long-term patency remains a challenge. Future research is
recommended to involve larger multicenter cohorts with longer follow-up periods and to
explore additional biological and hemodynamic factors, including vessel wall characteristics
and inflammatory markers, which may better explain restenosis and long-term access failure.
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