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ABSTRACT

Arteriovenous fistula (AVF) is the preferred method of vascular access for patients with end-
stage kidney disease. However, excessive inflammation and inadequate remodeling of the
venous component may cause intimal hyperplasia and AVF stenosis. This could lead to vas-
cular access failure and an increased risk of mortality. Serum albumin, neutrophil-to-lympho-
cyte ratio (NLR), C-reactive protein, mean platelet volume, platelet-to-lymphocyte ratio (PLR),
systemic immune-inflammation index, interleukin-6, red cell distribution width, and fibrinogen
have been identified as the most promising biomarkers in predicting AVF maturation and long-
term patency. According to the 14 studies examined in this state-of-the-art review, with a total
of 2,695 patients, NLR and PLR have shown the most promising prognostic role in terms of
AVF outcome. Our findings indicate that systemic inflammatory indicators may be important in
the development of dialysis-associated AVF dysfunction and warrant further evaluation of NLR
and PLR as potential biomarkers for patient management and follow-up of AVF dysfunction.
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INTRODUCTION

Arteriovenous fistula (AVF) is the first choice for vascular access in patients with
end-stage kidney disease (ESKD).!-* The long-term permeability and favorable
outcome of AVF depend on maintaining a balance between inflammation and
repair during the venous wall remodeling process.>¢ Excessive inflammation and
impaired repair can lead to intimal hyperplasia (IH) and AVF stenosis, resulting
in vascular access dysfunction for dialysis and an increased risk of mortality.” A
recent study by Matsubara et al.8 highlighted the critical role of inflammation in
AVF remodeling and maturation by distinguishing the different functions of T
cell and macrophage subsets.
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Thus, recently a particular interest has been directed
to the study and identification of some biomarkers with a
prognostic role in AVF dysfunction, but without success
in implementing a protocol for use in the management of
vascular access.?-1!

We conducted a state-of-the-art review to analyze and
present the published data from the last decade on sys-
temic inflammatory biomarkers and their impact on AVF
dysfunction. Our aim was to investigate the impact of sys-
temic inflammation on local remodeling and suggest new
prevention strategies and risk stratification for a better
management of vascular access.

SYSTEMIC INFLAMMATORY BIOMARKERS

After a detailed analysis of the literature from the last de-
cade, the most promising biomarkers are serum albumin,
the neutrophil-to-lymphocyte ratio (NLR), C-reactive
protein (CRP), mean platelet volume (MVP), the platelet-
to-lymphocyte ratio (PLR), the systemic immune-inflam-
mation index (SII), interleukin-6 (IL-6), red cell distribu-
tion width (RDW), and fibrinogen.'2-2> We analyzed the
results of 14 studies with a total number of 2,695 patients,
with an average age of 57.79 years, of which 1,655 (61.41%)
were male. The patients’ comorbidities included arte-
rial hypertension in 77.45% of cases, followed by diabetes
(41.47%, ischemic heart disease (32.07%), and peripheral
arterial disease (16.41%), as well as active smoking as a risk
factor in 40.64% of patients (Table 1).

The role of NLR was analyzed in six studies!?14.17,22,23,25,
that of PLR in four studies,20222325 gerum albumin in
three studies12,16,18, CRP in three studies,21522 I1,-6,24.26
MPV, 1921 and SII?225 in two studies each, and the role of
fibrinogen!2and RDW'4in one study each (Tables 2 and 3).
Further, we will present the results of inflammatory bio-
markers from at least three studies.

NLR

In 2014, Yilmaz et al.’® identified that high basal values of
NLR are positively associated with the presence of AVF
stenosis (odds ratio (OR) 6.61, p <0.001). In addition, they
identified an optimal biomarker cut-off value of 2.7 with a
sensitivity of 98.4% and a specificity of 75% in the receiver
operating characteristic (ROC) analysis. Similarly, Usman et
al.* validated the results of the previous study (OR 1.39, p
<0.001) on a cohort of 300 patients, in which they followed
AVF dysfunction 3 months postoperatively. The authors
identified an optimal cut-off value of 2.65 with a sensitivity
of 98% and a specificity of 80%. Furthermore, a third study,
published by Wongmabhisorn et al.,'” identified a similar cut-
off value of 2.7 (sensitivity of 82.6% and specificity of 52%)
above which they demonstrated that there is a five times
higher risk of AVF failure at 3 months (p = 0.005).
Recently, Kaller et al.2225 and Pasqui ef al.23 demonstrat-
ed that high NLR values are associated with maturation
failure at 6-8 weeks and with long-term patents. A possi-
ble explanation of the mechanism was presented by Kaller

TABLE 1. Patient demographics and comorbidities from the included studies

Study Year Country No.of Mean Male sex, Hyper- Ischemic Diabetes, Peripheral Active

patients age n (%) tension, heart n (%) arterial smoking,
(years) n (%) disease, disease, n (%)
n (%) n (%)

Kaygin et al.”2 2013 Turkey 386 56.36 213 (55) - - 169 (43.78) 37(9.5) 197 (51)
Yilmaz et al.® 2014 Turkey 108 55.2 56 (51.8) - 35 (32.4) - - 31(287)
Usman et al.* 2017  Pakistan 300 44 230 (76.6) - 51(17) 13 (37.6) - 163 (54.3)
Stirbu et al.’® 2017  Romania 258 597 155 (60.07) 145 (56.2) 152 (58.91)  81(31.39) 55 (21.31) 101(39.14)
Kordzadeh et al.'® 2017 UK 195 68 144 (73.8) 159 (81) 41(27) 73 (37) - -
Wongmahisorn et al” 2019  Thailand 396 61.2 202 (51) 353 (89.) 79 (19.9) 220 (55.6) - -
Martinez-Mier et al.’® 2019 Mexico 82 36.3 61(74.4) 74 (90.2) - 1(13.4) - 15 (18.3)
Lano et al.’® 2019 France 153 65.5 91(59.47) 135 (88) 54 (35) 55 (35) 40 (26) 66 (43)
Sarioglu et al.20 2020 Turkey 95 57.51 51(53.7) 64 (67.37) - 34 (35) - -
Bilican et al.2! 2020 Turkey 95 57.2 42 (44.2) 41(4315) 22 (2315) 41(4315) 5 (5.26) 33(34.73)
Kaller et al.22 2022  Romania 125 61.64 76 (60.8) 102 (81.6) 83 (66.4) 52 (41.6) 32 (25.6) 43 (34.4)
Pasqui et al.23 2022 Italy 178 67.5 120 (67.4) 150 (84.3) 63 (35.4) 36 (20.2) 16 (9) 26 (14.6)
Baek et al.24 2023 Korea 282 62 190 (67.37) - - 161(57.09) - -
Kaller et al.25 2023  Romania 42 57.07 24 (5714) 31(73.81) - 27 (64.29) 18 (42.86) 27 (64.29)
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TABLE 2. Statistical analysis and parameters of the included studies
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Study AAA diam- Study Control Cut-off AUC/ROC Sensitivity Specificity Outcome Follow-up
eter (cm) group group value analysis (%) (%) period
value value
Kaygin et al.”2 Albumin 3.0 3.96 - - - - Unsuccessful AVF 3 months
CRP 18.6 46 - - - -
Fibrinogen 530.5 348.9 - - - -
Yilmaz et al.® NLR 3.47 2.27 27 0.893 98.4 75 AVF stenosis -
Usman et al* NLR 33 2.2 265 0.792 98 80 AVF failure 3 months
RDW 15.9 13.6 151 0.821 98 79
Stirbu et al’® CRP 3.24 0.54 - - - - AVF failure 26 months
Kordzadeh et al.’® Albumin <35 >35 - - - - AVF failure -
Wongmahisorn et al.” NLR 4.5 31 27 0673 82.6 52 AVF failure 3 months
Martinez-Mier et al.’® Albumin 33 3.8 335 0715 81 67.2 AVF failure 12 months
Lano et al.”® MPV n.3 10.6 - - - - AVF failure 24 months
Sarioglu et al.20 PLR 284.87  120.24 68.37 0.646 88.9 98.9 AVF thrombosis -
Bilican et al.?! MPV 8.6 7.8 - - - - AVF thrombosis 12 months
Kaller et al.22 NLR 5.9 2.86 4.9 0.856 811 841 Non—maturation 6 weeks
PLR 208.39  140.59 172.29 074 70.3 73.9
Sl 129463 641.99 95454 0.802 78.4 727
CRP 215 1.97 2.07 0.785 83.8 73.9
Pasqui et al.23 NLR 8.27 3.55 4.21 0.7733 75 69.66 AVF failure 6 months
PLR 266 194 208.8 0.6131 61.84 56.86
Baek et al.24 IL-6 3.96 276 2.945 0.730 - - AVF failure 12 months
Kaller et al.25 NLR 571 2.47 - - - - Non—maturation 8 weeks
PLR 24425  109.55 - - - -
Sl 1644.3 561 - - - -
IL-6 766 5.32 - - - -

et al.?5, who found a positive correlation between the in-
flammatory markers NLR, PLR, SII, and IL-6, and CD-
31-positive relative surface at the level of the intima-media
complex in the venous wall. Additionally, higher levels of
inflammatory markers were recorded in patients who had
intimal hyperplasia at the time of performing AVF.

PLR

Out of the four studies, only three conducted ROC anal-
ysis and determined an optimal cut-off value, revealing
a noteworthy variation. Sarioglu ef al?® reported a PLR
cut-off value of 68.37 (sensitivity of 88.9% and specificity
of 98.9%), Kaller et al.22 reported a cut-off value of 172.29
(sensitivity of 70.3% and specificity of 73.9%), and Pas-
qui et al2? reported a cut-off value of 208.8 (sensitivity of
61.84% and specificity of 56.86%). This variability can be
attributed to a higher prevalence of hypertension among
patients in the studies by Kaller et al.22 and Pasqui et al.23,
as well as the higher average age of patients. Additionally,
the study of Sarioglu et al.? revealed through logistic re-
gression analysis that PLR did not have a predictive role

in AVF thrombosis and stenosis. Nevertheless, the other
three studies identified PLR as a predictive factor for AVF
dysfunction, with ORs ranging from 1.02 to 6.68 (p <0.05
for all).

SERUM ALBUMIN AND CRP

Among the studies examining the role of serum albumin in
AVF dysfunction, Kordzadeh et al.’ (OR 0.48, p = 0.043)
and Martinez-Mier et al.’8 (OR 0.29, p = 0.03) revealed that
elevated serum albumin levels provide protection against
AVF dysfunction at the 12-month follow-up. Additionally,
Kaller et al.?2 observed lower albumin values in the group
of patients with failure of AVF maturation at 6 weeks (2.93
vs. 3.78, p <0.0001). Regarding the optimal cut-off value,
only the study of Martinez-Mier et al.'® presented ROC
analysis results, indicating an area under the curve (AUC)
of 0.715 with an albumin threshold value of 3.35 (sen-
sitivity of 81% and specificity of 67.2%). Despite being a
common biomarker and widely available in current prac-
tice, serum albumin has received limited attention in the
context of vascular access. In the same way, two!522 of the
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TABLE 3. The values of biomarkers in the included studies

Study Biomarker OR/HR 95% ClI p value Kaplan—Meier logrank
p value
Lower Upper
Yilmaz et al.® NLR 6.61 3.567 8.912 <0.001 - -
Usman et al.* NLR 1.39 1.02 2.08 <0.001 - -
RDW 139 1 1.69 <0.001
Stirbu et al’s CRP 117 1136 1.206 <0.001 AVF patency related to the cause 0.007
of ESRD
Kordzadeh et al.'® Albumin 0.48 0.23 0.98 0.043 - -
Wongmahisorn et al.”” NLR 516 3.05 874 0.005 - -
Martinez-Mier et al.’® Albumin 0.29 0.09 0.93 0.03 - -
Lano et al.”® MPV 1.58 117 214 0.003 VA events depending on the MPV 0.001
quartile.
Sarioglu et al.20 PLR 1.009 0.991 1.0270 0.325 - -
Bilican et al.?! MPV 2.83 1.593 5.025 0.001 - -
Kaller et al.22 PLR 6.68 2.85 15.63 <0.001 - -
Sli 9.66 3.88 24.07 <0.001
CRP 14.6 5.39 39.49 <0.001
Pasqui et al.? NLR 253 1.85 2.96 0.02 AVF patency based on NLR/PLR <0.0001
cut—off value
PLR 2.37 164 276 0.04
Baek et al.24 IL-6 312 1.24 7.87 0.016 AVF survival rate based on IL-6 0.05
tertiles
Kaller et al.25 NLR 2.61 143 478 0.002 - -
PLR 1.02 1.01 1.04 0.02
Sli 1.003 1.001 1.006 0.04
IL-6 115 1.01 1.30 0.03

three studies that analyzed the role of CRP in the evolution
of AVF demonstrated that high values are associated with a
reduced patent and maturation failure at 6 weeks.

SYSTEMIC INFLAMMATION IN THE
PROCESS OF VENOUS REMODELING

The failure of AVF maturation arises from the development
of TH and biomechanical alterations in the extracellular ma-
trix of the vein wall. Endothelial injury, triggered by exces-
sive vein dilatation under arterial pressure, stands out as a
primary inducer of IH.?¢ Consequently, endothelial cell in-
jury, local inflammatory response, and the migration and
proliferation of smooth muscle tissue contribute to venous
wall thickening through an TH mechanism, leading to severe
forms of AVF stenosis and dysfunction.?-?8 Current IH in-
hibition therapies have shown variable efficacy and are not
widely adopted. Yang et al.? suggested stent implantation
around the vein graft in a murine carotid bypass model with
jugular vein interposition, demonstrating a positive corre-
lation between limiting venous graft distension, inhibiting
intimal hyperplasia, and reducing local inflammation.

Recent findings by Kaller et al.?5 complement these
conclusions, revealing an association between systemic in-
flammation and the presence of IH. Future investigations
should focus on analyzing how systemic inflammation im-
pacts the local inflammatory response within the venous
wall due to graft distension following exposure to arterial
pressure.

CONCLUSIONS

Our research has shown that systemic inflammatory bio-
markers play a significant role in the development of di-
alysis-associated AVF dysfunction. However, there is no
defined optimal cut-off value, which requires further stud-
ies involving multiple centers with a long-term follow-up.
Additionally, recent studies have revealed a connection be-
tween systemic inflammation and localized alterations in
the venous wall, which significantly impact the mechani-
cal properties of the tissue. Future studies can explore the
biomechanical remodeling of the venous wall to gain new
insights into the subject.
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