ARTIFICIAL ORGANS

DOI: 10.15825/1995-1191-2020-1-59-71

AMBIGUOUS RESULTS OF BALLOON ANGIOPLASTY
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Objective: to conduct comprehensive comparative analysis of the patency rate of native arteriovenous fistula
(AVF) for central vein stenosis (CVS) after endovascular balloon angioplasty and palliative surgery. Materials
and methods. The retrospective study included 80 patients with confirmed central vein stenosis: subclavian,
brachiocephalic veins, inferior vena cava, or multiple lesions. The experimental group included 39 patients who
underwent percutaneous balloon angioplasty. The control group included 41 patients who, for various reasons,
did not do balloon angioplasty, but underwent palliative interventions: thrombectomy, proximalization of arte-
riovenous anastomosis, AVF blood flow-reducing surgical procedures. Results. Primary patency (time interval
between the first intervention for CVS and the second intervention) in the experimental group was 61.5% [95%
CI 44.5; 74.7] and 15.4% [95% CI 6.2; 28.3] at 6 and 12 months, respectively. In the control group, it was 39%
[95% CI 24.3; 53.4] and 0% respectively. Hazard ratio (HR) 0.5337 [95% CI 0.3381; 0.8427], log-rank test p =
0.0011. No differences in functional primary patency (time interval between the start of using AVF and the first
intervention for CVS) were found: 89.7% [95% CI 74.9; 96] and 30.8% [95% CI 17.3; 45.4] at 1 year and 3 years,
respectively, in the experimental group, and 80.5% [95% CI 64.8; 89.7] and 24.4% [95% CI 12.7; 38.2] in the
control group. There were no differences between the groups HR 0.7695 [95% CI 0.4952; 1.196], log-rank p =
0.2259. In the experimental group, strong negative correlation between primary patency and functional primary
patency was detected: r =—0.627 [95% CI —0.787; —0.388], p < 0.0001. In the control group, no such correlation
was found: r=0.049 [95% CI1-0.262; —0.351], p = 0.7599. Thus, the later CVS developed, the less effective bal-
loon angioplasty was. Balloon angioplasty significantly increased duration of AVF use after first intervention for
CVS (secondary patency): 84.6% [95% CI 68.9; 92.8], 66.7% [95% C1 49.6; 79.1] and 17.9% [95% CI1 7.9; 31.3]
at 6, 12 and 24 months, respectively in the experimental group. In the control group, it was 56.1% [95% CI 39.7;
69.6], 19.5% [95% CI 9.2; 32.7] and 0%. HR 0.4009 [95% CI 0.2481; 0.6477], log-rank p < 0.0001. Functional
secondary patency (total duration of AVF use) was: 100%, 74.4% [95% CI 57.6; 85.3] and 12.8% [95% CI 4.7;
25.2] at 1, 3 and 5 years in the experimental group, and 95.1% [95% CI 81.9; 98.8], 36.6% [95% C122.3; 51] and
4.9% [95% CI 0.9; 14.5] in the control group. HR 0.5661 [95% CI 0.3598; 0.8906], log-rank p = 0.0067. Con-
clusions. 1. Central vein stenosis inevitably cuts vascular access from the ipsilateral side. 2. Balloon angioplasty
allows to slightly prolong AVF use but it cannot radically change the long-term results of CVS treatment. 3. The
outcome of balloon angioplasty greatly depends on the length of the period from the time the use of AVF started to
the time CVS developed. 4. Multiple repeated balloon angioplasties are apparently justified in patients for whom
creating a new vascular access might not be possible. 4. AVF volumetric blood flow velocity is an important factor
determining the severity of CVS clinical manifestations and whether repeated surgical interventions are needed.

Keywords: central vein stenosis, arteriovenous fistula, hemodialysis vascular access, balloon angioplasty,
percutaneous transluminal angioplasty, endovascular surgery.

INTRODUCTION that arteriovenous fistula (AVF) is the preferred vascular
access for HD. Initiating HD with an AVF is associated

Vascular access is one of the key aspects in the sur-
with better survival compared to other types of vascular

vival of patients with chronic kidney disease (CKD)
receiving treatment with long term hemodialysis (HD). ~ access [2-4].

From year to year, there has been a monotonous increase Central vein stenosis (CVS) is one of the severe com-
in the number of patients with stage 5 CKD. The rate of  plications in patients on HD. It is known that CVS signi-
increase is gradually rising [1]. It is generally accepted ficantly increases the risk of loss of ipsilateral access. It
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also has many adverse manifestations from subclinical
venous hypertension to superior vena cava syndrome
[5]. CVS prevalence varies widely: from 2 to 40% [6-8].
An important aspect is the fact that CVS not only leads
to loss of functioning vascular access, but also makes it
impossible to create a new access from the ipsilateral side
[6, 7]. This significantly reduces the “vascular resource”
of formation of not only native AVF, but also of any type
of vascular access.

Implantation of the central venous catheter (CVC) is
a major etiological factor for CVS [9-11]. Despite the
“fistula first” principle [12, 13], 21% of prevalent hemo-
dialysis patients in the US were dialyzed with a CVC
[14], in Europe —28% [15], in Russia— 12% [16]. At the
same time, the need for CVC is highest at the beginning
of renal replacement therapy: 80% of HD patients in the
USA [14] start dialyzing with a CVC, in Europe — 61%
[15]. According to our data [17] (registry of CKD pati-
ents in the Moscow region) —43% of patients in Moscow
and Moscow Oblast start dialyzing with a CVC. Due
to widespread high demand for CVCs, one cannot but
hope for a spontaneous solution to the problem of CVS.

Endovascular surgery is one of the fastest growing
areas of reconstructive vascular access surgery for HD.
Despite the enthusiasm generated after the first reports on
successful percutaneous balloon angioplasty in stenosis
and recanalization of occluded central veins [18, 19], and
the high probability of technical success (which, accor-
ding to many authors, reaches 100% [20-22]), it was la-
ter established that long-term AVF patency is low [5, 23].
The revealed contradictions contributed to the rethinking
of approaches to plastic surgery in central vein stenoses
and occlusions, which, presumably, has not ended to-
day. As experience was gained and clinical trials were
completed, approaches to improving the outcomes of
endovascular interventions were proposed. Thus, the use
of stents [24] and stent grafts [25], drug-coated balloon
catheters [26] and high-pressure balloon catheters [27]
has been suggested. Such a variety of available methods
of influencing the affected vein segment is compensated
by the absence of specific indications that make it pos-
sible to choose an optimal method, which significantly
compromises endovascular interventions. At the same
time, percutaneous balloon angioplasty remains the most
accessible method for restoring central vein patency in
HD patients. We dedicated our research to analyzing the
characteristics of the outcomes of primary angioplasty
without stenting.

Objective: to conduct a comprehensive comparati-
ve analysis of the patency of native AVF for CVS after
endovascular balloon angioplasty and palliative surgery.

MATERIALS AND METHODS

The study protocol was endorsed by a local ethics
committee and approved by the academic council.
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Patients

The retrospective study included 80 patients with
confirmed CVS. The experimental group included 39
patients (48.75%) who underwent endovascular balloon
angioplasty (BA). Thrombectomy was performed in case
of thrombosis, which was supplemented by proximaliza-
tion of arteriovenous anastomosis (AVA), if necessary.
The control group included patients who, for various
reasons, did not perform BA. Palliative surgeries were
performed in this group: thrombectomy in case of throm-
bosis, which was supplemented by AVA proximalization
if necessary, or by AVF blood flow-reducing surgical
procedures by means of formation of a bandage from
synthetic vascular prosthesis on the juxta-anastomotic
segment of the “fistula” vein, if the indication for opera-
tion were clinical manifestations for venous hypertension
in the limb. This group was composed of 41 patients
(51.25%).

The main inclusion criteria were: above 18 years of
age at the time of inclusion in the study, subclavian,
jugular, and brachiocephalic vein stenosis, inferior vena
cava, or their combination; AVF lasting for at least one
month; availability of reliable information on anamnesis
and catamnesis; loss of AVF. Patients who used stents, as
well as patients who used synthetic vascular prostheses
as vascular access, were excluded from the study (such
observations were excluded from analysis).

In all patients, except for 5 (3 (7.7%) in the expe-
rimental group and 2 (4.9%) in the control group), the
first AVF was created before the start of HD. However,
a large proportion of patients initiated HD through CVC
due to primary dysfunction: 25 (64.1%) in the experi-
mental group and 28 (68.3%) in the control group. Prior
to the first CVS intervention, patients underwent one to
three interventions. Tunneled CVS was the preferred
intervention. In both groups, the need for CVC was high.
The main indicators in the groups are summarized in
Table. To evaluate the comorbid background, the CIRS
(Cumulative Illness Rating Scale) scale [28] in the Miller
modification [29] was used as the most convenient for re-
trospective analysis in our center. When analyzing CKD
causes, the “systemic processes” group included patients
with vasculitis, myeloma, HIV infection, patients with
kidney neoplasm (some of them are renoprival), patients
who underwent chemotherapy, having a long history of
drug addiction, etc.

In 23 patients of the experimental group and 26 pati-
ents of the control group, isolated subclavian, brachioce-
phalic or superior vena cava stenosis was revealed. In 16
patients of the experimental group and 15 patients in the
control group, stenosis of one of these veins was com-
bined with jugular vein stenosis. Central vein stenosis
was confirmed by angiography or ultrasound. Moreover,
in patients from the control group, stenosis in some cases
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Table
Characteristics of the groups

Experimental group Control group Significance

(n=39) (n=41) of difference
45 [39.25; 507, 47 [41; 55], _
Age (years) 23 10 59! 26t0 71" p=0.3999
o o
Gender (M/F) 43.6%/56.4% (17/22) | H1-270/38.5% p = 0.8475
(17/24)

1 14.5[12; 19.75], 18 [12; 23], _
Comorbidity, CIRS scores 7 10 26! 710 29! p =0.0894
Cause of CKD
Polycystic kidney disease 25.6% (10) 22% (9)

Pyelonephritis 12.8% (5) 12.2% (5) — 0.993
Glomerulonephritis 15.4% (6) 17.1% (7) P
Diabetes 28.2% (11) 31.7% (13)
System processes 17.9% (7) 17.1% (7)
L . . 4[3;4.6], 3[3; 4], _
Time interval between AVF formation and its use (months) 07 t0 7' 2107 p=0.43
Time interval between the start of using AVF and the first 29 [18.5; 40.5], 25[16; 36], —~ 0.2858
intervention for CVS (months) 6 to 54! 4to 51 p=0.
0.964
. . . 3.704 3.841 : 3
Need for reconstructive interventions before using AVF [2.79: 4 82T [2.917: 4.965] [0.263,0 1@26]
Need for reconstructive interventions from the start of using 2.263 2.241 [0 57,}:011 773]
AVF to the first intervention for CVS [1.478;3.316]* [1.435;3.334]* p ~0.9742
Number of CVCs before the first intervention for CVS 3 [2; 5;’ 3 [2; 5}’ p=0.763
0to7 0to8
Need for CVC before the first intervention for CVS 1443 1.298 [0 8715"1 }2412]3
[1.205; 1.7137 [1.091; 1.532] Y
p=10.3859
Number of catheters in relation to catheterization duration 4.72 4.796 [0 72;19'81425]3
[4.944; 5.605]° [4.032; 5.663] b: 6 8'97
. 1.411.18; 1.8], 1.3 [1.03; 1.98], _
Average duration of use of one CVC (months) 07 to 57! 06 t05.6! p=0.753
Stenosis localization: (percentage of 39) | (percentage of 41)
left subclavian vein 46.2% (18) 51.2% (21)
right subclavian vein 28.2% (11) 24.4% (10)
left internal jugular vein 17.9% (7) 14.6% (6) — 0.9915
right internal jugular vein 23.1% (9) 22% (9) p=
left brachiocephalic vein 12.8% (5) 12.2% (5)
right brachiocephalic vein 7.7% (3) 9.8% (4)
superior vena cava 5.1% (2) 2.4% (1)
Need for open reconstructive interventions after the first 0.374 2.451 [0 0905'.1(5)323 77
R R A 2 . 2 . s V.
intervention for CVS [0.24; 0.556] [1.963; 3.023] p < 0.0001
Need for balloon angioplast 1137 - -
gloplasty [0.89134 1.43]?
General need for surgical interventions after the first 1.511 2.451 [0.4 601.'6(1)782 5P
intervention for CVS [1.225; 1.8437 [1.963; 3.023] p ~0.0011

Note. ' Median, interquartile range. ? Number of operations per 10 patient-months and 95% confidence interval. * Incidence
rate ratio (intensity of occurrence of events) and 95% confidence interval. * Operations per 100 patient-months and 95% con-
fidence interval. > Number of CVCs per 100 catheter days and 95% confidence interval.
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was revealed during angiographic examination perfor-
med in connection with CVC implantation difficulties.

Estimated indicators

In accordance with the latest clinical recommenda-
tions [30], we evaluated the following indicators:
Primary patency — the time interval between the first
intervention for CVS and the first repeated surgical
intervention (eventless survival of vascular access
from the moment of first intervention for CVS);
Assisted primary patency — the time interval between
the first intervention for CVS and the first AVF throm-
bosis, including surgical open or endovascular in-
terventions to maintain its function (non-occlusive
vascular access survival from the moment of the first
intervention for CVS);

Secondary patency — the time interval between the
first intervention for CVS and complete cessation of
the use of AVF, including all surgical interventions.
Functional primary patency — the time interval bet-
ween the start of AVF and the first surgical interven-
tion.

These indicators are similar to those described above
with the only difference being that the start of measure-
ment of the corresponding period was considered as the
start of using AVF.

Statistical analysis methods

For quantitative features (e.g. age, average duration
of CVC use), the median and interquartile range (first
and third quartiles) were calculated. Comparisons were
performed using the Mann—Whitney U test. For nominal
values (e.g. gender, localization of stenosis), fractions
were calculated. Comparisons were performed using
the chi-square test.

Patency was assessed using the Kaplan—Meier esti-
mate. The significance of differences was assessed using
the Mantel-Cox Logrank test (long term) and Gehan—
Breslow—Wilcoxon (short term). Point estimates and
95% confidence intervals (95% CI) were calculated. In
addition, the survival median (and 95% CI) was calcu-
lated, i.e. point in time when the event did not occur in
50% of subjects. Relative risk of event was assessed
using the hazard ratio — HR (log-rank).

In order to take the total number of events into ac-
count when doing risk assessment, the incidence rate
ratio was determined, which is the intensity of the onset
of events: the number of events for a standardized time
interval (for example, the number of operations of 10
patient-months of follow-up). The ratio of the two inci-
dence rate ratios (IRRs) was interpreted as relative risk.

Calculations were performed in GraphPad v.8 and
OpenEpi v.3. A two-sided level of significance was
evaluated. Values p < 0.05 were considered statistically
significant.
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RESULTS

Indicators of functional patency, as well as patency
after the first intervention for CVS are shown in Figure.

We did not notice any significant differences in the
functional primary patency (Fig., a) between the groups:
89.7% [95% C1 74.9; 96] and 30.8% [95% CI 17.3; 45.4]
after one year and three years, respectively, in the expe-
rimental group, 80.5% [95% CI 64.8; 89.7] and 24.4%
[95% CI 12.7; 38.2] — in the control group, HR 0.7695
[95% C1 0.4952; 1.196], p = 0.2259; median in the expe-
rimental group — 29 months [95% CI 22.9; 35.1], in the
control group — 25 months [95% CI 19.8; 30.2].

Moreover, there was lesser need for second interven-
tion after BA compared with palliative “open” interven-
tions, as evidenced by primary patency rates (Fig., b):
61.5% [95% C144.5; 74.7] and 15.4% [95% C1 6.2; 28.3]
after 6 and 12 months, respectively, in the experimental
group, 39% [95% CI 24.3; 53.4] and 0% in the control
group, HR 0.5337[95% CI10.3381; 0.8427], p=0.0011;
median in the experimental group — 8 months [95% CI 6;
10], in the control group — 6 months [95% CI1 4.9; 7.1].

In the experimental group, a strong inverse correlati-
on between the primary patency and functional primary
patency was found: r=-0.627 [95% CI -0.787; —0.388],
r* = 0.393, p < 0.0001. In the control group, there was
no such correlation: r=0.049 [95% CI -0.262; —0.351],
* =0.002, p = 0.7599.

The total duration of use of AVF in the experimental
group was significantly longer than in the control group,
and as evidenced by functional secondary patency rates
(Fig., ¢): 100%, 74.4% [95% CI 57.6; 85.3] and 12.8%
[95% C1 4.7; 25.2] after one, three and five years in the
experimental group, 95.1% [95% CI 81.9; 98.8], 36.6%
[95% CI 22.3; 51] and 4.9% [95% CI 0.9; 14.5] in the
control group, HR 0.5661 [95% CI 0.3598; 0.8906], p =
0.0067; median in the experimental group — 47 months
[95% CI 40.9; 53.1], in the control group — 34 months
[95% CI 29.8; 38.2].

At the same time, BA allowed to significantly incre-
ase AVF duration after the first operation for CVS, as
evidenced by secondary patency rates (Fig., d): 84.6%
[95% CI 68.9; 92.8], 66.7% [95% CI 49.6; 79.1] and
17.9% [95% CI 7.9; 31.3] after 6, 12 and 24 months,
respectively, in the experimental group, 56.1% [95%
CI39.7; 69.6], 19.5% [95% C1 9.2; 32.7] and 0% in the
control group, HR 0.4009 [95% CI 0.2481; 0.6477],p <
0.0001; median in the experimental group — 16 months
[95% CI 12.5; 19.5], in the control group — 7 months
[95% CI 4.9; 9.1].

The occlusion-free period from the moment the use
of AVF was stated was longer in the experimental group
than in the control group, as evidenced by the functional
primary assisted patency rate (Fig., e): 100%, 61.5%
[95% CI 44.5; 74.7] and 2.6% [95% CI1 0.2; 11.5] after
one, three and five years, respectively, in the experimen-
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Fig. Functional patency rates — primary (a), secondary (c) and assisted primary (e); patency indicators after the first interven-
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blue — after palliative “open” surgical interventions, the dots indicates 95% confidence intervals (Kaplan—Meier estimate)

tal group, 92.7% [95% CI 79; 97.6], 36.6% [95% CI
22.3; 51] and 0% in the control group, HR 0.7212 [95%
C10.4633; 1.123], p=0.1193; median in the experimen-
tal group — 39 months [95% CI 36.5; 41.5], in the control
group — 32 months [95% CI 27.5; 36.5].

The occlusal period from the moment of the first sur-
gical intervention was also significantly longer in the
experimental group, as evidenced by the primary assisted
patency rate (Fig., f): 66.7% [95% C149.6; 79.1], 28.2%
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[95% CI 15.3; 42.7] and 10.3% [95% CI 3.3; 22] after
6, 12 and 24 months, respectively, in the experimental
group, 48.8% [95% CI 32.9; 62.9], 12.2% [95% CI 4.5;
24.1] and 0% in the control group, HR 0.5758 [95% CI
0.3664; 0.905], p = 0.0055; median in the experimental
group — 9 months [95% CI 7; 11], in the control group — 7
months [95% CI 5.6; 8.4].
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DISCUSSION

To increase the objectivity of the study, the sample
was deliberately formed in such a way that all subjects
had an outcome — AVF failure.

From Table it can be seen that both samples were ob-
tained from the same set: we did not note any differences
between the groups by main parameters. However, this
population differs from the general HD patient popula-
tion by distribution of CKD causes [17]. It is logical that
the proportion of patients with CKD causes that prede-
termine the difficulties of providing constant vascular
access (polycystic kidney disease, diabetes and systemic
processes) were significantly higher. Although the first
AVF creation in most patients was done before HD, a
larger proportion of patients initiated HD via CKD. As
a result, in 3—4 months before a stable vascular access
was created and AVF was started, patients underwent
an average of 3 reconstructive interventions performed
in connection with primary failure: early thrombosis or
delayed fistula vein maturation. Since the vast majority
of these interventions consisted of AVA proximalization,
by the time the use of AVA was started, most patients
had AVF in the middle or upper third of the forearm
(proximal AVF). We consider this an important factor
in both the development of central venous stenosis and
in its rapid clinical manifestation. It is known that the
AVF high volumetric flow rate (which is characteristic
of proximal AVF) leads to abnormal shear stress and
turbulence. Non-physiological hemodynamics promotes
endothelial dysfunction, activation of endotheliocytes
and platelets, and neointimal hyperplasia. The vein walls
thicken due to remodeling and fibrosis, [31-34]. At the
same time, increased volumetric flow rate quickly leads
to depletion of the functional-compensatory capabilities
of the vein and its collaterals.

In the vast majority of cases, the main initiating factor
for CVS is the use of CVC [9-11]. Indeed, the subjects
had a high need for CVC (Table). Moreover, despite the
fact that preference was given to permanent CVCs, the
average duration (median) of using one was approxi-
mately 1.3—1.4 months. CVC dysfunctions or infectious
complications required implantation of a new catheter.
Despite the fact that this was not the immediate goal
of our analysis, based on our own experience, we are
inclined to conclude that the number of CVC implants
is a more important risk factor for CVS development
than catheterization duration. This has been confirmed
by a number of studies [35—38]. Nevertheless, it should
be noted that there is no consensus among researchers
on this issue: some have the opposite opinion [36—39].

It is curious that in 4 patients (1 in the experimental
group and 3 in the control group), CVCs were not used.
It is known that idiopathic CVS is described, which ne-
vertheless is extremely rare [40]. In this case, stenosis
could occur in the area of confluence or branching, and in
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the area of twisted vein segments and anatomical bends,
subject to increased pressure and sustained turbulent
blood flow due to the presence of AVF from the ipsila-
teral side. [41, 42].

Symptoms of venous hypertension can occur in the
absence of organic stenosis due to damaged vein walls.
Functional stenosis may develop as a result of external
compression of the vein by anatomical structures in the
thoracic outlet [43—45]. This phenomenon is known as
thoracic outlet syndrome [46]. Such observations in pa-
tients on hemodialysis are fairly well described [40, 47,
48]. In the most severe cases, Paget—Schroetter syndrome
develops [49, 50]. The AVF high volumetric flow rate si-
gnificantly promotes early clinical manifestation of vein
compression (or organic stenosis) [40, 43, 44, 51-53].

External vein compression (as well as its physiologi-
cal bends) against the background of direct arteriovenous
discharge of a large volume of blood (as a result of AVF
creation) can cause blood flow turbulence and promote
neointimal hyperplasia and fibrosis [51, 54] of the vein
wall. In this regard, chronic venous compression at the
thoracic outlet level can be an important potential factor
for CVS [55].

We noted a high incidence of subclavian vein ste-
nosis, especially on the left. This agrees well with the
data from other authors: the use of subclavian veins for
catheterization (compared with the internal jugular veins)
[7, 35, 37, 56, 57] and the use of left subclavian veins
[7, 58] are associated with increased risk of stenosis.
This can be explained by anatomical features: a more
winding path to the right atrium, as well as a smaller
vein diameter on the left [7, 10]. Nevertheless, such lo-
calization distribution of stenosis can distort reality, as
localization of stenosis was one of the inclusion criteria.
The study did not include patients with isolated jugular
vein stenosis. This was done deliberately, since isolated
jugular vein stenosis creates objective difficulties in CVC
implantation, but affects AVF patency to a lesser extent.

A comparative analysis of treatment outcomes (com-
paring the patency rates with and functional patency
rates) reveals some interesting nuances that allow to
somewhat differently evaluate BA outcomes and sup-
plement essentially the idea about optimal provision of
stable vascular access for CVS patients.

Primary patency rates (Fig., b) are traditional: in the
control group, one year after the first operation for CVS,
all patients required another surgery. In the experimental
group, by 15 months, 92% of patients needed another
operation. Only a small group of patients required re-
peated surgical intervention at a later date. However,
primary patency did not exceed 20 months.

Functional primary patency curves, on one hand, in-
dicate that CVS manifestations requiring surgical treat-
ment, can, with the same probability, occur at any time
of its use. In both groups, the survival curves decrease
almost linearly, which is an indirect sign that the intensity
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of the onset of the event (the first repeated operation) is
relatively constant. On the other hand, it is rather difficult
to predict when the CVS clinical manifestation would
occur. Obviously, this depends on many factors, among
which we believe the main ones are the initial state of
the patient’s veins, AVF blood flow rate and a history of
CVC use. The first surgeries for CVS in the experimental
group were performed already after 6 months of AVF
use, and in the control group — after 4. The combined
influence of a number of factors contributed to the fact
that clinically significant CVS had already formed in
the patients within this period. In this regard, it is very
important not only to identify significant risk factors for
CVS (which is the subject of most of these studies), but
also to assess with reasonable accuracy the unique impact
of each of them on CVS incidence at different periods of
treatment. It is likely that the impact of various factors on
CVS risk will be different. For example, a patient who
has successfully used one tunneled CVC for six months,
and a patient who, for various reasons, underwent several
catheterizations within one month, may have different
risks of CVS. Results of such an analysis can serve as
a reason for conducting, for example, angiography (an
invasive and expensive method) for vascular access dys-
function in a patient at risk until clinically significant
symptoms of venous hypertension appear.

We identified very important features when compa-
ring primary patency with functional primary patency
(Fig., a). These two indicators are inextricably linked.
The endpoint for functional primary patency (first re-
peated operation after AVF formation) is the starting
point for primary patency. In the experimental group,
there was a strong inverse correlation between functio-
nal primary patency and primary patency: the later the
first intervention for CVS was required, the earlier a
repeated intervention would be required. This is under-
standable because hemodynamic disturbances against
the background of a long-functioning AVF, on one hand,
apparently lead to formation of the corresponding mor-
phological substrate — change in the vein wall. On the
other hand, a gradual increase of AVF blood flow (es-
pecially with proximal AVF) leads to manifestation of
clinical signs of CVS. Since, as we have established,
“late” stenoses are less treatable and after surgical re-
solution of CVS with BA, recurrence develops faster,
the compensatory potential of venous collaterals does
not have time to be fully achieved. No such dependence
was revealed in the control group: duration of the first
intervention for CVS to the second one did not depend
on the length of time between AVF formation and CVS
appearance. This can be explained by the fact that the
essence of operations in the control group consisted of
thrombectomy in case of thrombosis, which was sup-
plemented by AVA proximalization if necessary or by
reducing blood flow through AVF by forming a bandage
from a synthetic vascular prosthesis on the juxtaanas-
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tomotic segment of the “fistula” vein, if the indication
for the operation consisted of clinical manifestations of
venous hypertension in the limb. Both the formation of
a bandage and formation of a new AVA led to reduced
blood flow through AVF. This, on one hand, indicates
the important influence of this parameter on the clinical
manifestations of CVS. On the other hand, the lack of
significant correlation between functional primary pa-
tency and primary patency indicates that reducing AVF
blood flow is an effective palliative operation for any
CVS formation period (within our study), in contrast to
the effectiveness of balloon angioplasty.

As follows from Fig., d, balloon angioplasty can sig-
nificantly increase the secondary patency, i.e. the period
between the first intervention for CVS and the complete
loss of AVF function. Nevertheless, even in the experi-
mental group, secondary patency does not exceed 30
months. In addition, differences between functional se-
condary patency curves are not so pronounced. In both
groups, AVF function was completely lost 70 months
after the start of AVF in the experimental group and 66
months in the control group. Despite the fact that diffe-
rences between the groups were statistically significant
(even in the long-term period, as evidenced by the P va-
lue for the log rank test), after 54 months, the confidence
intervals cross the alternative survival curves. In other
words, whenever CVS develops, its function will most
likely be lost by 5 years after the start of AVF, regardless
of the treatment method used. Given the fact that, accor-
ding to the data in Table and Fig., a, the time interval bet-
ween the start of using AVF and the first intervention for
CVS (i.e., in fact, the duration for development of clini-
cally significant CVS) did not differ between the groups.
This can be explained by the fact that the effectiveness
of balloon angioplasty decreases as the duration of AVF
use increases. This is also confirmed by the presence of a
significant inverse correlation between primary patency
and functional primary patency. As a result, differences
in secondary patency are partially offset.

At the same time, BA allowed to more than halve
the risk of losing AVF function in the early stages of
its use: in the control group, the first AVF was lost after
10 months, while in the experimental group — after 25
months (functional secondary patency — Fig., c).

Differences in primary and secondary AVF patency in
the control group indicate that blood flow reduction is an
effective palliative method for increasing AVF patency.
However, there is no consensus on the optimal value of
AVF volumetric blood flow rate. It must be remembered
that significant decrease in this rate may increase the
risk of AVF thrombosis [59—-62]. In our study, whenever
blood flow reduction was necessary, the target values
were in the range of 1-1.5 liters per minute.

One of the important reasons for the higher func-
tional secondary survival of AVF in patients from the
experimental group is the fact that in the experimental
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group, “open” surgical interventions only supplemen-
ted endovascular interventions if necessary, while in
the control group, “open” interventions were the only
option for surgical interventions. Moreover, since AVA
proximalization was often required, it is natural that in
the control group the “vascular resource” was exhausted
more quickly.

Analysis of primary assisted patency (Fig., f) showed
that the probability of AVF thrombosis is much lower
in the late stages after the first intervention for CVS in
the experimental group: repeated operations were per-
formed in connection with increasing manifestations of
venous hypertension (clinical manifestations, indirect
“dialysis” signs: decreased HD effectiveness, increased
pressure in the venous line, increased circulation in the
vascular access). If the second operation was performed
shortly after the first intervention for CVS, the differen-
ces between the groups are not so obvious: the P value
is very close to the threshold of statistical significance
(p = 0.033 according to the Breslow-Day test). When
analyzing the functional primary assisted patency (i.e.,
when the starting point for the period corresponds with
the start of AVF use), the results are somewhat different
(Fig., e): the time interval between the start of AVF use
and the first intervention for CVS compensates to some
extent the differences between the groups. Differences in
the long-term period are statistically insignificant (log-
rank test p = 0.0854), but significant in the short term
(Breslow-Day test p=0.0211). However, both estimates
are on the threshold of statistical significance. In other
words, BA allows to slightly reduce the risk of AVF
thrombosis. However, their effectiveness decreases as
the duration of AVF use increases. At the same time,
BA more than halved the risk of thrombosis in the early
stages of its use — in the control group, the first AVF
thrombosis occurred after 10 months, in the experimental
group — after 21 months.

STUDY LIMITATIONS

First, the study was retrospective. Secondly, inclusion
and exclusion criteria were determined to best achieve
the research objective but limit the specific sample. Care
should be taken when attempting to interpolate the resul-
ting AVF patency estimates to the total HD patient popu-
lation. The work was carried out to investigate the pecu-
liarities of cause-effect relationships (which, in general,
are relevant for the general HD patient population), and
not to conduct a general assessment of the effectiveness
of balloon angioplasty. Thirdly, the study did not include
patients who used various stenting options. There is con-
vincing evidence in favor of the fact that the use of stents
can significantly increase patency [25, 63—68]. The main
deterrent to the use of stents is the limited increase in pri-
mary patency, lack of clear indications for the use of stent
and the choice of stent, as well as high cost of treatment
[69]. Analysis of the effectiveness of angioplasty using
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stents requires a separate thorough investigation, which
will be presented by us later. Fourth, we did not take into
account the type of balloon, its working pressure and the
extent of stenosis. There is reason to believe that these
factors also have clinical significance [66, 70—72]. Fifth,
we did not include in the study patients in whom AVF
was created using a synthetic vascular prosthesis, as well
as those patients in whom prosthesis was used during
reconstructions (such patients were excluded from the
study). This is an important factor in the context of our
study, since it is obvious that a vascular prosthesis has
less potential for significant increase in arteriovenous
blood flow compared to native AVF.

CONCLUSION

Unfortunately, it must be recognized that CVS inevi-
tably leads to loss of vascular access from the ipsilateral
side. Balloon angioplasty, at the moment, is virtually a
non-alternative way to quickly restore central vein paten-
cy in patients on HD. They allow to slightly extend the
period of AVF use. However, BA outcomes significantly
depend on the time interval between the start of AVF use
and CVS appearance. At the same time, percutaneous
balloon angioplasty is not able to radically change the
long-term outcomes of CVS. If this complication deve-
lops, it is necessary to assess the possibility of forming a
new vascular access from the contralateral side. Multiple
repeated balloon angioplasties are apparently justified
in patients in whom the possibility of creating a new
vascular access is doubtful.

AVF volumetric flow rate is an important factor de-
termining the severity of clinical manifestations of CVS
and the need for repeated surgical interventions. AVF
blood flow reduction is an effective palliative treatment
for CVS.

The authors declare no conflict of interest.
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