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Abstract
Introduction: Vascular access (VA) remains a major source of morbidity for hemodialysis pa-
tients (HD). Few data sources adequately capture longitudinal patency of the VA. This study
aimed to evaluate VA failure and its related factors in HD patients.
Methods: A retrospective cohort study of 985 incident hemodialysis patients treated in clinics
of BRCS in Colombia, from January 1rst ,2016, until December 3 of the same year, was done.
The cohort’s enrollment was on day 1 of HD, and with follow-up for up to 15 months. Associa-
tion among a group of independent variables and time to failure of the VA was performed, and
adjusted by baseline variables using a Cox regression model.
Results:A total of 985 patients were included in the study, requiring 1774 procedures of vascular
access during follow-up. The mean age was 61 ± 15.6 years. At day 1, 15 % were dialyzing with an
arteriovenous fistula (AVF) or AVG; and at day 90, this proportion had increased to 70 %. The rate
of vascular access procedure was 1.95 per patients-year, 95 % CI 1.86-2.04. The rate of vascular
access failure was 0.66 per patients-year, 95 % CI 0.61–0.72. Risk factors for failure in AVF/AVG
were age > 65 (p= 0.008), diabetes (p=0.019), female sex (p=0.002) rural housing (p<0.0001) and
higher hemoglobin (p= 0.021).
Conclusions: Vascular access failure and the requirement for procedures associated with it are
frequent in the dialysis population. Several risk factors, some of them modifiable, are related to
vascular access failure.
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Factores asociados a la falla del acceso vascular en
hemodiálisis: un estudio retrospectivo en Colombia

Resumen
Introducción: El acceso vascular (AV) sigue siendo una fuente importante de morbilidad para los pa-
cientes en hemodiálisis (HD). Pocas fuentes de datos capturan adecuadamente la permeabilidad longi-
tudinal del AV. Este estudio tiene como objetivo evaluar la falla del AV y los factores relacionados en
pacientes en HD.
Métodos: Se realizó un estudio de cohorte retrospectivo de 985 pacientes incidentes a hemodiálisis
tratados en clínicas de BRCS en Colombia, entre el 1ro de enero de 2016, al 31 de diciembre de 2016.
La incepción de la cohorte fue el día 1 de HD y con un seguimiento de hasta 15 meses. Se realizó la
asociación entre un grupo de variables independientes y el tiempo hasta la falla del AV, asimismo se
ajustó por variables basales mediante un modelo de regresión de Cox.
Resultados: Se incluyeron en el estudio un total de 985 pacientes que requirieron 1774 procedimientos
de AV durante el seguimiento. La edad media fue de 61 ± 15,6 años. En el día 1, el 15 % se dializaba
con una fístula arteriovenosa (FAV) o injerto arteriovenoso (IAV); y al día 90, esta proporción había
aumentado al 70 %. La tasa de procedimiento de acceso vascular fue de 1,95 por paciente-año, IC 95 %
1,86-2,04. La tasa de falla del AV fue de 0,66 por paciente-año, IC del 95 %: 0,61–0,72. Los factores de
riesgo para falla del AV en FAV/IAV fueron edad> 65 años (p= 0,008), diabetes (p= 0,019), sexo femenino
(p= 0,002), vivienda rural (p<0,0001) y hemoglobina elevada (p= 0,021).
Conclusión: La falla del acceso vascular y el requerimiento de procedimientos asociados a ella, son
frecuentes en la población en diálisis. Varios factores de riesgo, algunos de ellos modificables, están
relacionados con la falla del acceso vascular.

Palabras clave: Hemodiálisis; acceso vascular; fístula arteriovenosa; injerto arteriovenoso; desenlaces

Introduction

A well-functioning and safe vascular access (VA) for chronic hemodialysis (HD), must
ensure adequate blood flow to achieve the goals of dialysis therapy. The evidence summarized
in management guidelines by many international committees and medical associations,
recommends the arteriovenous fistula (AVF) as the best option for VA [1–3]. Notwithstanding
the clearness of the evidence, and systematic efforts to increase the proportion of HD patients
with a permanent AVF access, there is wide variability in the use of different VA for chronic
HD across the world [4–7]. This body of evidence, showcases that the onset of HD with a
vascular catheter has been associated with a significant increase in mortality [8, 9], and fatal
infections [10].
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Several studies have focused on identifying factors related to the patency of access for
HD [11, 12]; where it has been observed that the age, female gender, diabetes, the history
of smoking, and the poor initial blood flow, among others, are risk factors for VA failure.
Likewise, the longitudinal follow-up of HD cohorts shows that survival of VA, and the
frequency of related procedures are variable and not uncommon [7]. It should be noted, that
the frequency of use of the different VAs for HD varies according to the clinical scenario,
clinical practice patterns, and the time of clinical course within the chronic HD program [6].

To contextualize, Baxter Renal Care Services (BRCS) is a network of renal care clinics in
Colombia, which provides dialysis care to around 9.000 patients; with 60 % of this population
in hemodialysis. A dialysis care based on standardized process and procedures allows to reach
quality indicators in dialysis, such as a proportion of patients with AVF greater than 80 % [13].

BRCS clinical teams use temporary vascular access (non-tunneled catheter, cuffed catheter)
when urgent HD had performed or when AVF or arteriovenous graft (AVG) were not possible
to create, following the clinical practice guidelines for vascular access [1, 2]. The decision of
vascular access type made, takes into consideration factors such as life expectancy, comorbi-
dities, and vascular system status. The objective of this study, is to describe the pattern of use
of VA for HD, the frequency of VA failure, and the factors associated with failure in 15 months
of follow-up.

Materials and methods

Study Design and Patients

This is a retrospective cohort study of end-stage renal disease (ESRD) patients, treated
in BRCS Colombia network between January 1rst and December 31, 2016. We included he-
modialysis patients with cohort’s inception the first day of HD. The patients had a potential
follow-up time within the cohort of up to 15 months from the inception. The inclusion crite-
ria were patients over 18 years of age, with diagnosis of ESRD, incidents in HD; however, we
excluded of the analysis patients with more than one active vascular access at the study incep-
tion. Data collected included demographics, CKD cause, presence of diabetes, hypertension,
cardiovascular disease, characteristics of vascular access, and laboratory data.

Vascular access

All dialysis accesses within the study period were tracked; at the inception (day 1 of HD)
we recorded the first access and then, we followed the patient until its VA failure or elective
change, with follow-up of all the eventual changes in vascular access. Patients were followed
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within the study from their inception until the end of the follow-up period, death or loss of
follow-up were considered as right censored.

The analysis of person-time in risk was based on the vascular access type in use; when one
VA was changed to another one, the remainder of his or her person-time contribution was
attributed to the new vascular access type in use. Thus, data of multiple entries from the same
patient were possible.

Outcome

Vascular access failure was defined as access that could no longer be used for effectively
perform the HD procedure, secondary to dysfunction or infection and required VA change or
closure.

Statistical analysis

Descriptive statistics were used to report the population characteristics, using mean
and standard deviation for normally distributed variables, and median and inter-quartile
range (IQR) for non-normally distributed variables. We evaluated time to VA failure using
Kaplan-Meier failure function, to estimate the cumulative probability during the follow-up.
Survival time was calculated from the date of access first use until the date of failure. Patients
were censored if there were an elective change of vascular access, kidney transplant, switch
to peritoneal dialysis, change of provider or lost to follow-up. Only in the group of permanent
VA we used multivariable analysis to determine risk factors of failure; this, because in the
case of catheters, the access’s failure is due to factors inherent to the catheter and not to
modifiable factors. For analyzing time until failure, dealing with recurring-event data, the
models included the Andersen Gill extension to the Cox proportional hazard models [14].
These models considered independent variables as age, gender, rural/urban origins, diabetes,
hypertension and levels of hemoglobin, albumin and calcium, and in addition, the effect of
gender-age interaction was evaluated.

The backward stepwise regression method was applied for variable selection to have a mo-
re parsimonious model using a fixed p-value threshold of 0.15 which was defined according to
what is widely accepted to build a model that contains significant covariates and confounders
proposed by Hosmer and Lemeshow [15]. The proportional hazards assumption was evalua-
ted using Schoenfeld residuals for each predictor. For hypothesis testing, P-values of less than
0.05 were considered statistically significant, except for stepwise procedures and the 95 % con-
fidence intervals (CI) for the estimators were calculated. STATA 14.2® (StataCorp LLC, College
Station, Texas) was used in the statistical analyses.
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Results

A total of 985 patients were included in this analysis, which required 1774 procedures
for vascular access during follow-up; mean age was 61 ± 15.6 years, 37.3 % of the population
(N=368) had diabetes mellitus (DM) as the cause of ESRD; details of demographic and cli-
nical characteristics are presented in Table 1. Of the total vascular accesses recorded during
follow-up, 35 % (N = 622) were AVF/AVG (See Figure 1). At day 1 of HD, 15 % of the patients
had AVF/AVG, and at day 90 this proportion had increased to 70 % after change of temporary
vascular access (See Figure 2).

Figure 1. Flow chart of vascular accesses in the study

Note: The diagram shows the flow of vascular accesses, a total 1774 vascular accesses were observed
in 985 patients (corresponds to the total number of incident adult patients on hemodialysis at RTS

network in Colombia), 35 % (n = 622) were AVF/AVG. Likewise, we can also observe the distribution of
outcomes and censures during the follow-up of vascular access.

Source: the authors.
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Figure 2. Vascular Access distribution comparing day 1 and day 90 of hemodialysis initiation

Note: This figure shows that at day 1 of HD, 15 % of the patients had AVF/AVG, and at day 90 this
proportion had increased to 70 %. AVF: Arteriovenous fistula; AVG: Arteriovenous Graft.

Source: the authors.

Vascular access procedures

The 1774 procedures for vascular access performed during the 15-month follow-up, repre-
sented a rate of 1.95 procedures per patient-year, 95 % CI 1.86 - 2.04; details are presented in
table 2.

Vascular access failure

In 985 patients, 604 vascular access failures were observed, which represents a rate of 0.66
events per patient-year, 95 % CI 0.61 - 0.72. According to the type of access, the failure function
estimated at 3, 6, 9, 12, and 15 months are presented in table 3.

Multivariable analysis

For the 622 AVF / AVG, the best subset of variables in the Cox model using stepwise re-
gression included: being diabetic, female, and living in rural areas, which showed the higher
hazard ratio (HR) in this model (Table 4).
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Table 1. Baseline characteristics of the study population at time of entry

Variables

All
patients

Non-tunneled,
catheter n=428

(43.5 %)

Tunneled
catheter

n=410 (41.6 %)

AVF/
AVG

n=147 (14.9 %)(n=985) p-value

Age, mean ± SD 61 ±15.6 61.7 ±15.8 61.5± 15.9 54.8± 17.3 0,36
Sex, n ( %) 0,79
Female 382 (38.7) 164 (38.2) 165 (40.2) 53 (36.1)
Male 603 (61.2) 264 (61.6) 245 (59.7) 94 (63.9)

Marital status, n ( %) 0,30
Single 182 (19.2) 78 (18.7) 74 (19.3) 30 (20.4)
Married 475 (50.2) 210 (50.3) 188 (49) 77 (52.4)
Other 289 (30) 129 (30) 121 (31.5) 40 (27.2)

Housing, n ( %) 0,22
Rural 97 (11) 46 (11.5) 39 (11) 13 (8.8)
Urban 791 (89) 351 (88.4) 315 (89) 134 (91.2)

BMI, Median (IQR) 23.9 (21.3,
27.3)

23.7 (21.2,
26.6)

23.8 (21.1,
27.4)

24.1 (21.8,
27.5)

Therapy initiation, n ( %) 0,00
Planned-start 346 (35.1) 100 (23.3) 99 (4.1) 147 (100)
Urgent-start 639 (64.8) 328 (76.6) 311 (75.8) 0

Primary cause of
ESRD, n ( %)
Diabetes 368 (37.3) 157 (36.6) 154 (37.5) 57 (38.8) 0,199

Hypertens ion 205 (20.8) 89 (20.7) 83 (20.2) 33 (22.5)
Obstructive 94 (9.5) 42 (9.8) 38 (9.2) 14 (9.5)

Glomerulo nephritis 84 (8.5) 28 (6.4) 41 (10) 15 (10.2)
Polycystic kidney

disease
16 (1.6) 4 (0.9) 11 (2.6) 1 (0.7)

Uncertain 101 (10.2) 54 (12.6) 31 (7.5) 16 (10.8)
Other 117 (11.8) 54 (12.6) 52 (12.6) 11 (7.5)

Phosphorus, mg/dl,
mean ± SD

4.4 ± 1.2 4.1 ± 1.3 4.1 ± 1.2 4.1 ± 1.1 0,504

Calcium, mg/dl,
mean ± SD

8.7 ± 0.7 8.4 ± 0.8 8.4 ± 0.8 8.5 ± 0.9 0,002

Albumin, g/dl,
mean ± SD

3.8 ± 0.5 3.4 ± 0.5 3.5 ± 0.5 3.7 ± 0.5 0,000

Hemoglobin, g/dl,
mean ± SD

9.1 ± 1.6 9.0 ± 1.6 9.1 ± 1.6 9.2 ± 1.5 0,661

AVF: Arteriovenous fistula; AVG: Arteriovenous Graft; SD: standard deviation; BMI: Body Mass Index;
IQR: Interquartile range; ESRD: end-stage renal disease

Source: the authors.
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Table 2. Frequency of procedures for vascular access procedures

Vascular access Person-years Procedures Rate per year 95% CI
Non-tunneled catheter 532 0,59 0.53 0.64

Tunneled catheter 620 0,68 0.63 0.74
AVF/AVG 622 0,68 0.63 0.74
Total 909 1774 1,95 1.86 2.04

*Follow-up since HD day 1 to 15 months; CI: Confidence interval; AVF: Arteriovenous fistula; AVG:
Arteriovenous Graft.
Source: the authors

Table 3. Failure function according to vascular access type

Vascular access Time
(Months)

Begining
Total Fail Failure

Function 95% CI

Non-tunneled
catheter

3 72 270 0,70 0,64 0,75
6 30 26 0,83 0,78 0,87
9 20 3 0,85 0,80 0,89
12 18 0 0,85 0,80 0,89
15 1 0 - - -

Tunneled
catheter

3 316 143 0,27 0,23 0,31
6 209 22 0,33 0,29 0,37
9 160 12 0,37 0,33 0,42
12 137 3 0,38 0,34 0,43
15 78 3 0,40 0,35 0,45

AVF/ AVG

3 538 61 0,10 0,08 0,13
6 499 17 0,13 0,10 0,16
9 450 21 0,17 0,14 0,20
12 381 18 0,20 0,17 0,24
15 96 5 0,22 0,19 0,26

CI: Confidence interval; AVF: Arteriovenous fistula; AVG: Arteriovenous Graft.
Source: the authors.

Table 4.Multivariable analysis of factors associated with permanent vascular access failure

Variable Hazard ratio [CI 95%] p-value
Age >65 years 2.8 [1.3 - 6.0] 0,008

Diabetes history 3.4 [1.2 - 9.4] 0,019
Sex: Female 3.6 [1.6 -7.9] 0,002

Rural housing 17.8 [5.4 - 58.6] 0,001
Hemoglobin; g/dL 0.7 [0.5 - 0.9] 0,021

CI: Confidence interval.
Source: the authors.
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Discussion

The ideal vascular access for HD should provide a safe therapy that allows for an adequate
flow rate, be easy to use, reliable, and have a minimal risk of complications. However, the
provision of good quality access is a matter still difficult to achieve [2, 16]. Studies have
consistently shown that AVF presents better survival and less occurrence of complications
compared to AVG and CVC (5,9). Nevertheless, despite the clarity of the evidence, and the
systematic efforts that propose the AVF as the best access, there is wide variability in the use
of different vascular accesses for chronic hemodialysis worldwide [5–7, 17]. Our study shows
that the proportion of patients receiving dialysis with AVF or AVG at the beginning was
around 15%, and this proportion changed to about 70 % after the day 90th after conversion
from CVC, requiring a frequency of procedures close to 2 per patient -year. Yet, there were
some patients that presented non-tunneled catheters for so many months, this was mainly
explained by two reasons: first, impossibility to achieve an AVF and second, patient desire (a
few patients do not want an AVF for cosmetic reasons).

We also found a VA failure rate of 0.66 events per patient-year, which is much higher in
catheters than in fistulas, and should move our efforts to achieve VA based on AVF or AVG.
It is known that VA failure remains the leading cause of morbidity and a significant cause of
mortality in patients with HD therapy [11]. Although many factors related to VA failure have
been described, access dysfunction can be attributed to many causes, and the progression
from dysfunction to corresponding non-function varies accordingly [1]. There are several
studies aimed at identifying factors related to the VA patency, which found that age, female
sex, diabetes, smoking history, and poor initial blood flow, among others, are risk factors of
VA failure maturation [11–18].

The multivariable analysis showed that factors associated with permanent vascular access
failure were: age over 65, female sex, and diabetes, as seen in the literature [7, 12, 19–21]. It is
noteworthy that two additional factors appear associated with this outcome: rural housing
that confers significant high risk, and the hemoglobin that is a protective factor.

We hypothesize that rural housing may imply a condition that brings together several
socio-economic and cultural determinants of health that can negatively impact this outcome,
as seen in peritoneal dialysis programs [22]. Moreover, the finding of hemoglobin as a
protective factor is striking, which could be explained as that hemoglobin protects against
access failure when evaluated as a continuous variable, which implies that for each g/dL of
hemoglobin, there is a decrease in risk of around 30%. The model does not establish a ceiling
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level for this protection. In the literature, it is known that hemoglobin level above 13.0 g/dL
begins to be a risk factor for vascular access failure [23].

To highlight the strength of the study, we could mention that it is a cohort of incident pa-
tients in HD with a substantial number of subjects and, with a follow-up from day 1 of dialysis
up to 15 months, which allows to describe and estimate patterns of therapy and frequency of
events very precisely and illustratively. However, some weaknesses of this study should be
pointed out, such as the fact of not having pre-surgical vascular assessment information or
detailed vascular information of permanent vascular accesses, variables that are surely also
related to the outcome of access.

Conclusion

In this cohort of incident HD patients, vascular access failure for dialysis was frequent,
particularly in vascular catheters, which implies a high frequency of procedures related to
maintaining vascular access. Factors associated with the failure of access were age over 65,
female sex, the presence of diabetes, anemia and rural housing.
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