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ABSTRACT

Introduction: Arteriovenous fistula remains the most
effective access for haemodialysis, but women are less likely
to receive it than men. The reasons are not entirely clear.
Likewise, women have a higher risk of mortality associated
with greater use of central venous catheters, leading to
gender inequalities in outcomes.

Objectives: To understand and synthesise existing scientific
evidence on the influence of sex on vascular access outcomes
for haemodialysis.

Methodology: A systematic review was conducted following
the PRISMA statement, with articles extracted from the
PubMed and Scopus databases (2019-2024). The search

terms used were: “female’,
and “vascular access”.

» o«

gender”, “sex”, “haemodialysis”,

Results: A total of 14 articles were included, 13 of which
correspondtoobservational studies, whilst 1isabioinformatic
study. The synthesis of the reviewed literature reveals
physiological (immunological, genetic, venous diameter,
pregnancy) and external factors (pre- and post-dialysis care).

Conclusions: The difficulties women face in achieving
successful vascular access through an arteriovenous fistula
are not only due to physiological factors but also to an
interaction between internal and external factors, such as
clinical practices. Immunological, hormonal, and genetic
mechanisms that can hinder fistula maturation have been
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identified. Furthermore, inequalities in medical care, such
as greater dependence on catheters and less effective pre-
dialysis care, contribute to worse outcomes for women.

Keywords: vascular access; haemodialysis; sex; gender;
arteriovenous fistula.

RESUMEN

Influencia del sexo en los resultados del acceso vascular
para hemodialisis. Una revision sietematica

Introduccioén: Lafistula arteriovenosa sigue siendo el acceso
mas eficaz para la hemodiilisis, pero las mujeres tienen me-
nos probabilidades de recibirla que los hombres. Las razones
no estan completamente claras. Asimismo, las mujeres pre-
sentan un mayor riesgo de mortalidad asociada al mayor uso
del catéter venoso central, determinando desigualdades de
género en los resultados.

Objetivos: Conocer y sintetizar la evidencia cientifica exis-
tente sobre la influencia del sexo en los resultados del acce-
so vascular para hemodialisis.

Metodologia: se realizé una revision sistematica siguiendo
la declaracion PRISMA, con articulos extraidos de las bases
de datos PubMed y Scopus (2019-2024). Para llevar a cabo
la busqueda se utilizaron los términos: “female”, “gender”

“sex”, “hemodialysis” y “vascular access”.
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Resultados: se han incluido 14 articulos, 13 de los mismos
corresponden a estudios observacionales, mientras que 1
es un estudio bioinformético. De la sintesis de la literatura
revisada aparecen factores fisioldgicos (inmunoldgicos, ge-
néticos, didmetro venoso, embarazo) y factores externos
(atencion predidlisis y postdialisis).

Conclusiones: las dificultades que encuentran las mujeres
para lograr un acceso vascular exitoso mediante una fistula
arteriovenosa no solo se deben a factores fisioldgicos, sino a
una interaccion entre y factores externos, como las practi-
cas clinicas. Se han identificado mecanismos inmunoldgicos,
hormonales y genéticos que pueden dificultar la maduracion
de la fistula. Ademas, las desigualdades en la atenciéon mé-
dica, como la mayor dependencia de catéteres y la menor
eficacia de la atencion predidlisis, contribuyen a peores re-
sultados para las mujeres.

Palabras clave: acceso vascular; hemodialisis; sexo; género;
fistula arteriovenosa.

INTRODUCTION

Chronic Kidney Disease (CKD) represents one of the main
emergingthreats to global public health, due toits progressive
nature, asymptomatic presentation in early stages, and high
socio-health care burden. This pathology has been recognised
as a "silent epidemic" due to its increasing prevalence and the
low perception of risk by both patients and non-specialist
health care professionals®.

Inrecent decades, the incidence of CKD has steadily increased
in numerous countries, including Spain. According to data
from the Spanish Registry of Kidney Patients (ONT/SEN),
the rate of patients with CKD undergoing renal replacement
therapy (RRT) rose from 121.1 people per million population
(pmp) in 2010 to 141.4 pmp in 2020, representing an 11.6%
increase’.

In the terminal phase of CKD, RRT becomes essential for
patient survival, with haemodialysis (HD) being the most
frequently used therapeutic modality, ahead of peritoneal
dialysis and kidney transplantation®. In Spain, 39.4% of
patients on RRT receive HD as their primary treatment*
This procedure requires effective and safe vascular access,
usually via a native arteriovenous fistula (NAVF), prosthetic
arteriovenous fistula (PAVF), or central venous catheter
(CVC)5s.

The NAVF is considered the vascular access of choice due to
its lower rate of infectious complications, greater durability,
and better overall clinical outcomes’. Nevertheless, the use
of CVC persists as a frequent option, especially in patients
with comorbidities, lack of nephrological preparation, or in
urgent clinical situations, despite being associated with lower
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survival, less dialytic efficacy, and a higher risk of bloodstream
infections®.

Various studies have shown that the presence of a functional
NAVF is directly related to greater survival for HD patients.
Vs CVCs, AVFs confer a 52% reduction in the risk of mortality
during the first year of HD, as well as a significant decrease
in bacteraemia rates, which are up to 20 times higher with
CVCs vs NAVF®?. Furthermore, the initial use of CVC has
been identified as an independent risk factor for mortality in
HD patients?.

The maturation and functionality of the NAVF are determined
by multiple factors, both clinical, anatomical, and technical.
Among the most relevant are advanced age, obesity, female
sex, diabetes mellitus, cardiovascular diseases, blood vessel
diameter, and surgical expertise in fistula creation”%,

In this context, notable sex differences have been identified in
the vascular access used. Women are less likely to receive an
NAVF and have a higher prevalence of CVC as primary access.
In Spain, 20.8% of women on HD use CVC vs 10.8% of men,
which highlights a significant care gap*2.

Although this difference has traditionally been attributed
to the supposedly lower quality of venous capital in women,
ultrasound studies have not demonstrated significant
anatomical differences between sexes. However, some
research has described poorer maturation and patency
rates in female AVFs, which could influence clinical
decision-making and favour the preferential use of CVC in
this population?3.

On the other hand, analyses adjusted for mortality also
reflect a higher rate of adverse events associated with CVC
use in women vs men, highlighting an inequity in vascular
access management that could contribute to poorer health
outcomes in the female population4.

Within this framework, the main objective of the present
work has been toidentify and synthesise the existing scientific
evidence on the influence of sex on vascular access outcomes
for haemodialysis. Secondary objectives included:

Identifying the physiological factors linked to AVF failure
inwomen.

Exploring structural inequalities in access to vascular
surgery and analysing the clinical implications of
prolonged CVC exposure in this population.

METHODOLOGY

Design

We conducted a systematic review based on scientific
evidence from previous studies, following the guidelines
established by the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) statement?®.
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Furthermore, following the PICO model, we established the
following question: "Does sex influence the use of vascular
access in patients undergoing HD?" According to this model,
we established:

P (Population): Women on HD.

| (Intervention): Existing differences between sexes.

C (Comparison): Men on HD.

O (Outcomes): Comparison between vascular access

outcomes.

S (Studies): Observational.

Search Strategy

The bibliographic search was conducted across the
Pubmed and Scopus databases to select the most up-to-
date information available. Data collection took place from
September through December 2024.

The search method consisted of using keywords according

to MeSH terminology: "female", "gender", and "sex", terms

linked by "OR"; together with the terms "haemodialysis",
"vascular access"; linked by the Boolean term "AND".

Eligibility Criteria
Inclusion Criteria
Articles in English and Spanish.
Full-text articles.
Articles published between 2019 and 2024.

Original articles addressing sex differences in HD
vascular access.

Exclusion Criteria
Literature reviews.
Studies not including women.

Article Quality Assessment

The quality of the selected articles was assessed according
to the checklists defined by STROBE (Strengthening the
Reporting of Observational Studies in Epidemiology)?,
intended for observational studies.

Data Extraction

Theinformation collected includes authors, year and country
of publication, study design, sample used, summary of key
results obtained, and quality of evidence of the selected
articles. A thematic-categorical approach was used due to
the disparity of variables and methodologies evaluated in
the selected studies.

Synthesis of Results

For the synthesis of information, a qualitative analysis
was employed, which allowed for the clear and structured
organisation and interpretation of data, thus responding to
the objectives proposed in this study.

RESULTS

Search Results

The search strategy identified a total of 2103 publications.
After removing duplicates and applying the inclusion
criteria, 618 were evaluated by title and abstract, and 42
proceeded to full-text reading. Finally, 14 publications were
included in the review. This process is represented in Figure
1, following PRISMA recommendations?®,

Characteristics of Results

Of the 14 articles chosen for this review, 13 correspond to
observational studies, while 1 is a bioinformatics study. Ta-
ble 1 presents the selected articles along with their most
relevant data.
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Figure 1. Flowchart of the search process.
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82 days in men and 182 days in women. Additionally, a
lower percentage of monocytes was observed in women,
influencing vessel thickening and dilation during the
initial fistula remodelling, with this scarcity being more
pronounced in those whose fistulas failed. Among females,
every 1% increase in monocytes is associated with a 1.7
increase in the odds of maturation. A possible intervention
of macrophages in this process is also suspected; although no
differences in total leucocytes, neutrophils, or lymphocytes

DESCRIPTION OF RESULTS

Physiological Factors
Of the 14 articles analysed, 6 highlight the role of physiological
factors as the main agents in NAVF failure among women.

Immunological Factors

On the one hand, one of the reviewed studies highlights a
time difference in AVF maturation between sexes, being

Table 1. Characteristics of the studies included in the review.

Authorsand e StUdy Type ““ Quality

Satam et al. Retrospective 56 patients Women with brachiocephalic fistulas have a smaller STROBE
Yale, EEUU, observational - 28 women brachial artery diameter both before and after 18/22
2023 (17). cohort study. -28 men surgery.
Farrington et Retrospective 132 patients The association of elevated class || PRA antibodies STROBE
al. Alabama, observational - 66 women with non-maturation of AVF suggests that the 19/22
EEUU, 2021 cohort study. - 66 men immune system may influence AVF maturation
(18). outcomes, especially among female patients.
Mohazzab et Cross- 466 patients Female patients and hypertensive patients have a STROBE
al. Iran, 2022 sectional, - 322 women higher risk of catheter thrombosis, with diabetes 17/22
(19). longitudinal - 144 men being the most critical factor for infectious catheter-

observational related dysfunction.

study.
Liuetal. Bioinformatics - 3 AVF databases. In women with failed AVFs, key processes were Not
Chinay Yale, study. identified, such as extracellular matrix organization, applicable
EEUU, 2022 morphogenesis, cell proliferation, eGFR signaling
(20). regulation, and protein assembly.
Heindel et al. Retrospective 914 patients Patients with radiocephalic AVFs often require STROBE
EEUU and longitudinal -203 women intervention, on average, within the first year after 16/22
Canada, 2023 observational -711men creation, according to KDOQ)I guidelines.
(21). cohort study.
Jesudason et Retrospective 23 women with Catheter-related complications were minimal. STROBE
al. Australia, observational advanced CKD With proper planning, it is possible to successfully 18/22
Reino Unidoy cohort study. during pregnancy create and use an AVF during pregnancy to minimize
Canada, 2022 catheter use if preferred.
(22).
Weigert et Retrospective 1,247 patients HD practices and treatment goals are similar for STROBE
al. Portugal y observational both women and men, including elderly patients. 15/22
Polonia, 2019 cohort study.
(23).
M. MacRae Retrospective 2,375 patients There are differences between women and men in STROBE
et al. Canada, observational - 929 women the likelihood of receiving or successfully using an 18/22
2021 (24). cohort study. - 1,446 men AVF. Regardless of sex, AVF use is associated with

increased patient survival and fewer infections.

Lee et al. Prospective 9,458 patients AVF may not be the best option for many older STROBE
Alabama, observational -4,531women women starting HD with a CVC, and AVG should 17/22
EEUU, 2020 cohort study. -4,927 men be considered as an alternative to avoid CVC
(25). dependence.
Beaumier et Retrospective 16,032 patients The association between sex and CVC use seems to STROBE
al. Francia, observational - 5,627 women be mediated by indirect measures of the quality or 16/22
2022 (26). cohort study. - 10,405 men timing of pre-dialysis care.
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Authorsand e StUdy Type m“ Qua"ty

Aryaetal. Retrospective 74,194 patients
Atlanta, observational - 35,062 women
EEUU, 2020 cohort study. -39,132men
(27).
Arhuidese et Retrospective 490,850 patients
al. San Diego, database- - 341,571 women
EEUU, 2020 based -456,693 men
(28). observational

study.
Djukanovi¢ Longitudinal 441 patients
et al. Serbia, cohort study. - 148 women
2022 (29). -293 men
Piveteau et al. Retrospective 8,856 patients
Francia, 2023 observational - 3,188 women
(30). cohort study. - 5,668 men

Female patients spend more time with a CVC and
are less likely to transition to permanent access.
Minorities also spend more time with a CVC but are
more likely to transition to permanent access.

Female gender is associated with a lower
prevalence of preventive AVFs, higher use of
catheters as a bridge to AVF, and lower patency vs
men.

Some significant gender differences were observed
throughout the study, while others emerged during
it, but none were due to gender disparities in the
treatment applied.

After adjusting for patient characteristics, women
had more general practitioner visits and more
frequent hospitalizations (longer than 24 hours)

STROBE
18/22

STROBE
18/22

STROBE
19/22

STROBE
16/22

due to kidney conditions. In addition, hospital

stays related to vascular access preparation and
maintenance tended to be longer and more complex
in women.

HD; hemodialysis; NAVF; a native arteriovenous fistula; PAVF; a prosthetic arteriovenous fistula; CVC; a central venous catheter; eGFR; estimated glomerular

filtration rate; and KDOQI; Kidney Disease Outcomes Quality Initiative.

were detected’. HLA antibodies, measured as PRA (Panel
Reactive Antibody), can be activated after surgical vascular
injury and promote immunological responses that favour
hyperplasia, stenosis, or thrombosis, hindering NAVF
maturation.

In cases of early NAVF failure, women present mean PRA
class | and Il levels 3 times higher than men. These levels
are higher in patients with non-mature NAVF, highlighting
a significant difference in PRA Il. In particular, women with
non-mature NAVF show values 6 times higher than men
(18%+30% vs 3%+13%). According to Farrington C et al.
(2021), PRA levels could have an indirect effect on AVF
non-maturation through their pro-inflammatory action?®®.
Conversely, Mohazzab A et al. (2022) suggest that both
women, along with other groups such as hypertensive
or obese patients, present a considerably higher risk of
catheter thrombosis'®. The difference in thrombosis rate
could be affected by the duration of patient follow-up and
the use of antithrombotic/thrombolytic protocols.

Genetic Factors

Another reviewed study suggests the possibility that
differences between sexes lie in genetic factors. In their
data analysis, 46 genes were found to show differences in
their expression between failed and mature NAVF samples,
regardless of sex. When performing a sex-based analysis,
women with failed NAVF showed 428 genes expressed
differently vs mature ones, while in men there were 174

genes. Biological processes related to gene expression and
cellular macromolecule synthesis showed more activity in
genes with higher expression in failed NAVF, regardless of
sex?,

In women with failed NAVF, processes related to the
extracellular matrix, cell proliferation, and EGF signalling
were activated, while key vascular functions were
suppressed. In men, mechanisms of gene regulation,
immune activation, and lipid translocation were activated,
and responses to cellular stress, cytokines, and apoptosis
were suppressed. Five key molecules that induce similar
or opposite gene expression profiles between failed
and mature AVFs were also identified, with sex-specific
differences. In particular, anti-inflammatory compounds
such as CGP-60474 and alvocidib reproduce patterns of
expression associated with insufficiency in men, while in
women they seem to counteract this insufficiency in failed
AVFs. Finally, women present more unique microRNAs than
men, suggesting a differential role of non-coding RNA in
post-translational gene regulation in failed AVFs?°,

Venous Diameter

Regarding venous calibre, one study states that diameter
does not necessarily influence NAVF maturation, although
it can affect fistula velocity and flow after surgery, which
impacts its maturation?’. Similarly, neither arterial
nor preoperative venous diameters show a significant
relationship with non-maturation, although a 1 mm increase
in venous diameter was related to a 39% reduction in the
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probability of NAVF non-maturation. Average preoperative
arterial diameters were similar in patients in their study
whose AVF matured and those whose did not?*8,

Heindel P et al. (2023) state that female patients, along with
diabetics, and an intraoperative venous diameter <3.0 mm
are associated with an increase in interventions, and an
appropriate vessel diameter is one of the most important
determinants of fistula success?*.

Pregnant Patients

The initiation of dialysis during pregnancy remains an
unusual event. According to the reviewed study, 70% of
evaluated women used a catheter at some point, and 70% of
them had a CVC as initial vascular access. Few complications
related to this were observed, with a single case of CVC
infection, not requiring replacement during pregnancy.
NAVF complications were mild and did not affect its use.
Its presence facilitated catheter removal or avoided its use,
with no differences according to access type. Most women
who received an NAVF during pregnancy continued to use it
postpartum?. Although concerns exist about aneurysms and
other complications that might discourage NAVF creation
during pregnancy, only one case of aneurysmal NAVF was
reported, which was ligated without being used. Hormonal
changes in pregnancy can induce vascular remodelling,
favouring this risk. The decision must be personalised,
considering the clinical context, local practices, and patient
preferences. In women with advanced CKD, NAVF creation
before conception or early in pregnancy can be successful,
with low complication rates, and be used in later stages of
pregnancy or after delivery?2.

External Factors
Of the 14 reviewed articles, 9 highlight the influence of ex-
ternal factors as the main causes of NAVF failure in women.

Pre-dialysis Care

Although NAVFs are considered the first-choice vascular
access for HD patients, at the initiation of HD, catheter use
is higher in women. According to MacRae J et al. (2021),
fewer women undergo fistula creation attempts, despite
receiving slightly more pre-dialysis care. This suggests that
access to surgeons or willingness to perform fistula creation
might vary by gender, reflecting a possible inequity in access
to care. This decision by medical staff has also been recorded
in other studies, attributing the cause to smaller vessel size
inwomen?%,

After fistula creation, women often have prolonged catheter
exposure and lower probabilities of successful use, possibly
due to poorer maturation related to longer catheter duration
and more insertion attempts. Patients with previous
interventions have a higher risk of recurrence and require
careful monitoring?*?4. On the other hand, Lee T et al. (2020)
report similar AVF outcomes between sexes, although
women have a lower probability of creation, successful
use, and unassisted maintenance, despite subsequent
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interventions being similar in both sexes?. Furthermore,
Beaumier M et al. (2022) emphasised the importance of
pre-dialysis care, and how its deficiency could partly explain
CVC use in women. Their results demonstrate that females
experience less effective prior care, presenting malnutrition
and anaemia at dialysis initiation. Additionally, they suffer
from late referral to nephrology and highlight the possibility
that aesthetic considerations limit their options?.

Although women receive the same number of fistula
procedures as men, they are less prone to using it. While
the maturation rate is similar, they have fewer creation
attempts, more time with a catheter, and take longer for the
fistula to mature. Men are almost three times more likely
to use the fistula without a catheter, suggesting women's
limited access to bailout therapies?*.

Preventive NAVF placement is less frequent in women, who
also present greater use of catheters as bridging access.
NAVF maturation and patency are lower in them, with no
significant differences in infections justifying excisions. In
a study conducted in the United States, women used CVCs
for longer (245.8 vs. 200.8 days) and had longer transitions
to HD, regardless of initial access. They also showed a lower
probability of transitioning to NAVF and a higher probability
of proximal AVF, with the latter increasing with age in both
sexes. These factors, along with the delay between HD
initiation with a catheter and permanent access placement,
represent preventable exposure to risks, thus reducing
catheter use and time is key to improving their outcomes?”-28,

According to the results of 2 of the studies, no inequalities
were found between women and men regarding vascular
access disparities, although there were differences in HD
treatments. Similar percentages of men and women were
referred late to a nephrologist, and these percentages are
consistent with the proportion of patients dialysed by CVC
in the first year?®%,

NAVFs require interventions to maintain patency, while
PAVFs need healing time before cannulation; if this is not
achieved, CVC use is prolonged, increasing complications.
The USRDS (2017) report indicates that less than 20% of
patients use AVFs at dialysis initiation, with a 15% gender
gap in favour of men after one year. Lee T et al. (2020) report
higher AVF abandonment in women after successful use,
suggesting lower effectiveness of interventions to maintain
their patency. Furthermore, in women, PAVF outcomes were
equal to or better than those of NAVF, with lower rates
of failure and abandonment, indicating that grafts might
be more beneficial in older women, reducing prolonged
catheter use and its risks?>.

Post-dialysis Care

One study found few differences in post-dialysis care between
sexes. Men have fewer long hospital stays and medical visits,
possibly due to a higher prevalence of cardiovascular and
respiratory diseases. In contrast, women present more
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behavioural disorders, less autonomy, malnutrition, and
inability to walk®°.

Arhuidese et al. (2020) suggest that the lower utilisation of
AVF in women could explain the high rate of access-related
hospitalisations, which negatively affect the patient, the
system, and quality of life. More than 75% of preventive
AVFs were used for HD, supporting their placement before
treatment initiation. Additionally, a 36% increase in the use of
catheters as a bridge to AVF was observed. On the other hand,
Piveteau J et al. (2023) report longer and more complicated
hospital stays for women to prepare or maintain vascular
access, possibly due to smaller vascular calibre?®°,

DISCUSSION

This review highlights the immunological factor as key
in sex differences in AVF maturation. Women present
fewer circulating monocytes, affecting initial vascular
remodelling, while no differences were observed in
leukocytes, neutrophils, or lymphocytes. Salmela B et al.
(2013) link thrombophilia and female sex to a higher risk
of vascular access failure due to thrombosis or stenosis®.
Other factors such as hypertension, diabetes, age, and
endothelial alterations also influence vascular response®2.
Studies identified T lymphocytes and macrophages as key
regulators in maturation, with T lymphocytes modulating
macrophages®34. Given that women have greater innate and
adaptive immune activation, this could explain the observed
differences®%. Furthermore, experimental studies in mice
suggest that oestrogens increase immune cell recruitment,
and their decrease after menopause could affect venous
remodelling and NAVF patency®-%,

HLA antibodies might be involved in AVF stenosis and
thrombosis, as women exhibit higher levels of PRA | and I,
suggesting a proinflammatory effect, although evidence
is limited and primarily comes from transplant studies*®41,
Furthermore, the TREM-1 receptor, present in immune
cells, is associated with inflammation and could contribute
to thrombosis 4.

In this review, more genes with differential expression were
found in women than in men, highlighting processes such as
extracellular matrix organisation and EGF signalling in failed
AVFs. A 2020 study links greater venous fibrosis in women
to increased TGF-R31 and reduced BMP7, favouring smooth
muscle cell and fibroblast proliferation, and reducing blood
flow. Under hypoxic conditions, these cells in women show
greater expression of TGF-1, TGF-BR1,and Col1a,aswell as
greater migration, suggesting that an imbalance in TGF-31/
BMP7 signalling could explain their greater tendency to
venous stenosis and fibrosis#2. One study identified that the
genetic polymorphism (SNP) rs1492099 in the AGTR1 gene
could increase the risk of NAVF dysfunction in men on HD,
by affecting the function of the AGTR1 receptor, related
to fibrosis and vascular changes. In women, oestrogen
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modulates the amount of AGTR1 receptors and the balance
between AT1 and AT2, attenuating the SNP effect®.
Additionally, microRNAs present sex-specific differential
profiles, suggesting a specific regulatory mechanism in the
female AVF, although no studies addressing this yet exist.

Although venous diameter does not directly influence AVF
maturation, it can affect post-surgical velocity and flow,
impacting the maturation process. However, anatomical
differences are not associated with negative vascular
outcomes or predict fistula functionality, and vessel size does
not seem to depend on sex according to ultrasonographic
criteria**, To optimise NAVF creation, staff and patient
training is fundamental, along with the use of appropriate
tools. Non-invasive preoperative evaluation helps select
the ideal site, especially in women. Additionally, blood flow
monitoring and postoperative surveillance improve success
rates, and prior exercise can favour vascular dilation*.

Information on pregnant women on dialysis is scarce,
especially regarding vascular access, as initiating dialysis
during pregnancy remains uncommon. CVCs have been
shown to be safe, with few complications. Mehandru et al.
(2018) described 3 cases of pregnant women with end-stage
renal disease who used CVCs, rejecting fistula for aesthetic
reasons and fear of procedures. There were no infections;
two pregnancies went to term and one ended in spontaneous
abortion*®. Jacques L et al. (2018) reported that 1 in 4
patients with CVC in obstetric care experienced serious
complications, mainly infectious, but concluded that CVCs
are safe if handled carefully, with rates similar to the general
population®’. Although AVF creation is preferred, the Renal
Association Guidelines offer no specific recommendations
for vascular access management in pregnant women due
to lack of evidence®®. The risk of aneurysms, favoured by
hormonal changes and vascular remodelling, can deter
doctors from creating NAVFs in pregnant women. Although
a 2012 review reported aneurysms during pregnancy, they
have not been documented in pregnant AVFs. Aneurysms,
presentin 26% of cases, are related to puncture trauma, high
flow, MMP-2, and hyperdynamic state. Rigorous follow-up is
recommended, despite the lack of evidence on accelerated
progression in pregnancy®t.

Women more frequently initiate dialysis with catheters and
have less access to AVFs, reflecting possible inequalities
in care and anatomical differences. Surgeon's willingness
to create fistulas appears to be influenced by gender,
reinforcing inequities in access*, although aesthetic reasons
can also favour CVC use in women?*2 Kausz AT et al. (2000)
indicate that access choice depends more on the surgeon's
discretion than clinical factors’2. Furthermore, women with
CKD face social and economic barriers that limit their access
to treatments, especially in patriarchal societies®3.

The transition from catheter to NAVF is longer in women,
with a lower probability of obtaining definitive vascular
access. Only 30% of women start HD with AVF, although
those who use it successfully show greater one-year
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survival than men?*2. However, NAVF evolution in women is
less favourable, with higher abandonment rates and more
catheter-related interventions, affecting its functionality.
Even so, NAVF remains a valid option in HD, although it
requires multiple interventions for its maintenance>4.

In the pre-dialysis stage, inadequate care has been observed
in women, with late diagnoses, poorer nutritional status,
and possible aesthetic barriers. However, some studies
report that men and women receive similar medical
care before starting dialysis®®, and that women are more
frequently referred to nephrologists'2 Despite this, other
research indicates that women have less knowledge of
their disease, start HD later, and present higher mortality
before treatment®$8. No significant differences in post-
dialysis care by sex were found, although women have more
vascular access-related hospitalisations. Studies conducted
in the United States show a higher hospitalisation rate in
women on HD, especially in young patients®’. The lower
utilisation of NAVF in women could explain this increase
in complications and hospitalisations, with an estimated
equality in hospitalisation rates having prevented over
30,000 admissions in five years®®. Nevertheless, a Japanese
study found no significant differences in this regard®.

Study limitations

The main limitation of this review was the scarce number of
studies with a gender/sex focus related to vascular access in
HD patients. Furthermore, among the articles found, a large
part did not meet the inclusion criteria, and others presen-
ted inconclusive results. Likewise, the search strategy did
not cover all existing databases, which may have led to in-
advertently excluding some relevant studies on the topic, by
not being included in the selected databases.

Practical considerations

The findings of this review highlight the importance of con-
sidering patient sex as a potentially influential variable in
vascular access outcomes for HD. In clinical practice, this
could lead to a more individualised assessment of the most
appropriate access type, considering possible sex-related
differences.

Furthermore, health care professionals could benefit from
specific training that demonstrates these differences, with
the aim of optimising vascular access planning and monito-
ring, as well as promoting the use of NAVF in women. These
considerations could help reduce fistula failure rates and
complications, thereby decreasing problems associated with
CVC for HD.

In view of these results, we can draw as main conclusions
that the difficulties women face in achieving successful vas-
cular access via NAVF are not explained solely by anatomi-
cal factors, but by a complex combination of physiological,
social, and health care aspects. Immunological, hormonal,
and genetic factors, such as lower monocyte levels and hi-
gher microRNA activity, affect AVF maturation. Hormonal
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changes in pregnancy can increase certain risks, although no
increased risk of aneurysms or thrombosis has been associa-
ted, highlighting the need for more research.

Additionally, inequalities in medical care are determining fac-
tors: many women initiate dialysis with catheters, which in-
creases complications and hospitalisations. This situation does
not always respond to medical criteria, but to stereotypes,
fears, or lack of information. Pre-dialysis care is also less effec-
tive in women, exacerbating disparities from early stages.

In conclusion, gender differences in HD access and treat-
ment outcomes are not limited to physiological factors;
they also reflect structural barriers and clinical biases that
directly affect the quality of care. Promoting gender-sensi-
tive care, improving access to appropriate information, and
fostering research focused on these disparities is essential
to achieve appropriate, effective, and personalised care.

Conflict of interest
None declared.

Funding

None declared.

REFERENCES

1. JhaV, et al. Chronic kidney disease: global dimension and
perspectives. Lancet. 2013;382(9888):260-72.

2. Organizacion Nacional de Trasplantes (ONT)/Sociedad
Espafiola de Nefrologia (SEN). Registro Espaiiol de En-
fermos Renales. Informe 2020 [Internet]. [cited 20 Jan
2025]. Available at: https:/tos/la-enfermedad-renal-cro-
nica-erc-en-espana-2022

3. KDIGO. Clinical Practice Guideline for the Evaluation and
Management of Chronic Kidney Disease. Kidney Int Su-
ppl. 2013;3(1):1-150.

4. Registro Espanol de Enfermos Renales. Informe de Dia-
lisis y Trasplante 2024 [Internet]. Madrid: SEN; [cited 20
Jan 2025]. Available at: https:/tents/webstructure/ME-
MORIA_REDYT_2023_prelim.pdf

6. Ethier J, Mendelssohn DC, Elder SJ, Hasegawa T, Aki-
zawa T, Akiba T, et al. Vascular access use and outcomes:
an international perspective from the Dialysis Outcomes
and Practice Patterns Study. Nephrol Dial Transplant.
2008;23(10):3219-26.

6. Murea M, Geary RL, Davis RP, Moossavi S. Vascular ac-
cess for hemodialysis: A perpetual challenge. Semin Dial.
2019;32(6):527-34.

7. Allon M, Robbin ML. Increasing arteriovenous fistulas in
hemodialysis patients: problems and solutions. Kidney Int.
2002;62(4):1109-24.

Enfermeria Nefrolégica 2025. Apr-Jun;28(2):81-91




REVIEW ARTICLE

8. Lok CE, Allon M, Moist L, Oliver MJ, Shah H, Zimmer-
man D. Risk equation determining unsuccessful cannu-
lation events and access thrombosis. J Am Soc Nephrol.
2006;17(11):3209-17.

9. Ravani P, Palmer SC, Oliver MJ, Quinn RR, MacRae JM, Tai
DJ, et al. Association between hemodialysis access type
and mortality. JAMA. 2013;309(5):477-86.

10. Jeong S, Kwon H, Chang JW, Kim M-J, Ganbold K, Han Y, et
al. Patency rates of arteriovenous fistulas created before
versus after hemodialysis initiation. PLoS One [Internet].
2019 [cited 20 Jan 2025];14(1):e0211296. Available at:
http://dx.doi.org/10.1371/journal.pone.0211296

11.ZhangF, LiJ,YuJ, Jiang Y, Xiao H, Yang Y, et al. Risk factors
for arteriovenous fistula dysfunction in hemodialysis pa-
tients: a retrospective study. Sci Rep [Internet]. 2023 [ci-
ted 20 Jan 2025];13(1):21325. Available at: https:// www.
nature.com/articles/s41598-023-48691-4

12. Arenas Jiménez MD, Martin-Gémez MA, Carrero JJ,
Ruiz Cantero MT. La nefrologia desde una perspecti-
va de género. Nefrologia [Internet]. 2018 [cited 20 Jan
2025];38(5):463-5. Available at: https://rua.ua.es/dspace/
handle/10045/81847

13.See YP,ChoY, Pascoe EM, Cass A, Irish A, Voss D, et al. Pre-
dictors of arteriovenous fistula failure: a post hoc analysis
of the FAVOURED Study. Kidney360. 2020;1(11):1259%-
69. Available at: https:/pmc.ncbi.nlm.nih.gov/articles/
PMC8815512/.

14. Hecking M, Bieber BA, Ethier J, Kautzky-Willer A, Sun-
der-Plassmann G, Sdemann MD, et al. Sex-specific di-
fferences in hemodialysis prevalence and practices and
the male-to-female mortality rate: the Dialysis Outco-
mes and Practice Patterns Study (DOPPS). PLoS Med.
2014;11(10):e1001750. Available at: https:/pubmed.
ncbi.nlm.nih.gov/25350533/.

15. Page MJ, McKenzie JE, Bossuyt PM, Boutron |, Hoffmann
TC, Mulrow CD, et al. Declaracion PRISMA 2020: una
guia actualizada para la publicacién de revisiones siste-
maticas. Rev Esp Cardiol [Internet]. 2021 [cited 20 Jan
2025];74(9):790-9. Available at: https://www.sciencedi-
rect.com/science/article/pii/S0300893221002748

16.Von Elm E, Altman DG, Egger M, Pocock SJ, Ggtzs-
che PC, Vandenbroucke JP. Declaraciéon de la Iniciativa
STROBE (Strengthening the Reporting of Observational
Studies in Epidemiology): directrices para la comunica-
cion de estudios observacionales. Gac Sanit [Internet].
2008 [cited 20 Jan 2025];22(2):144-50. Available at:
https://scielo.isciii.es/scielo.php?script=sci_arttext&pi-
d=50213-91112008000200011

17.Satam K, Setia O, Moore MS, Schneider E, Chaar CIO, Dar-
dik A. Arterial diameter and percentage of monocytes are
sex-dependent predictors of early arteriovenous fistula
maturation. Ann Vasc Surg [Internet]. 2023 [cited 20 Jan

Carrasco-Carmona N. https://doi.org/10.37551/52254-28842025011

2025];93:128-36. Available at: https://pmc. ncbi.nlm.nih.
gov/articles/PMC10277224/.

18. Farrington CA, Cutter G, Allon M. Arteriovenous fis-
tula nonmaturation: what’s the immune system got to
do with it? Kidney360 [Internet], 2021 [cited 20 Jan
2025];2(11):1743-51. Available at: https://pmc.ncbi. nim.
nih.gov/articles/PMC8785854/.

19. Mohazzab A, Khavanin Zadeh M, Dehesh P, Abdolvand N,
Rahimi Z, Rahmani S. Investigation of risk factors for tun-
neled hemodialysis catheters dysfunction: competing risk
analysis of a tertiary center data. BMC Nephrol [Inter-
net]. 2022 [cited 20 Jan 2025];23(1):300. Available at: ht-
tps://bmcnephrol.biomedcentral.com/articles/10.1186/
$12882-022-02927-z

20. Liu J, Zhang D, Brahmandam A, Matsubara Y, Gao M, Tian
J, et al. Bioinformatics identifies predictors of arteriove-
nous fistula maturation. J Vasc Access [Internet]. 2024 [ci-
ted 20 Jan 2025];25(1):172-86. Available at: https://pmc.
ncbi.nlm.nih.gov/articles/PMC9734286/.

21. Heindel P, Fitzgibbon JJ, Feliz JD, Hentschel DM, Burke
SK, Al-Omran M, et al. Evaluating national guideline con-
cordance of recurrent interventions after radiocephalic
arteriovenous fistula creation. J Vasc Access [Internet].
2024 [cited 20 Jan 2025];25(1):172-86. Available at: ht-
tps://pmc.ncbi.nim.nih.gov/articles/PMC9734286/.

22. Jesudason S, Hewawasam E, Moloney B, Tan R, Li J, Blakey
H, et al. Comparison of catheters or new arteriovenous
fistulas for commencement of haemodialysis in pregnant
women with chronic kidney disease: an international ob-
servational study. J Vasc Access [Internet]. 2024 [cited 20
Jan 2025];25(1):172-86. Available at: https://pmc.ncbi.
nlm.nih.gov/articles/PMC9734286/.

23. Weigert A, Drozdz M, Silva F, Frazéo J, Alsuwaida A, Krish-
nan M, et al. Influence of gender and age on haemodialysis
practices: a European multicentre analysis. Clin Kidney J
[Internet]. 2020[cited 30 Jan 2025];13(2):217-24. Availa-
ble at: https://pubmed.ncbi. nim.nih.gov/32296527/.

24. MacRae JM, Clarke A, Ahmed SB, Elliott M, Quinn RR,
James M, et al. Sex differences in the vascular access
of hemodialysis patients: a cohort study. Clin Kidney
J [Internet]. 2021 [cited 20 Jan 2025];14(5):1412-
8. Disponible en: https://academic.oup.com/ckj/arti-
cle/14/5/1412/5902034

25.Lee T, Qian J, Thamer M, Allon M. Gender disparities in
vascular access surgical outcomes in elderly hemodialy-
sis patients. Am J Nephrol [Internet]. 2019 [cited 20 Jan
2025];49(1):11-9. Available at: https://pubmed. ncbi.nlm.
nih.gov/30544112/.

26. Beaumier M, Ficheux M, Couchoud C, Lassalle M, Launay L,
Courivaud C, et al. Is there sex disparity in vascular access
at dialysis initiation in France? A mediation analysis using
data from the Renal Epidemiology and Information Ne-

Enfermeria Nefrolégica 2025. Apr-Jun;28(2):81-91

89



REVIEW ARTICLE

twork registry. Clin Kidney Clin Kidney J [Internet]. 2022
[cited 20 Jan 2025];15(11):2144- 53. Available at: https://
academic.oup.com/ckj/article/15/11/2144/6653238

27.Arya S, Melanson TA, George EL, Rothenberg KA, Tamura
MK, Patzer RE, et al. Racial and sex disparities in catheter
use and dialysis access in the United States Medicare po-
pulation. J Am Soc Nephrol [Internet] 2020 [cited 20 Jan
2025];31(3):625-36. Available at: https:/pmc. ncbi.nlm.
nih.gov/articles/PMC7062210/.

28. Arhuidese 1J, Faateh M, Meshkin RS, Calero A, Shames
M, Malas MB. Gender-based utilization and outcomes of
autogenous fistulas and prosthetic grafts for hemodialy-
sis access. Ann Vasc Surg [Internet]. 2020 [consulado 20
Jan 2025];65:196-205. Available at: https://pubmed.ncbi.
nim.nih.gov/31626935/.

29. Djukanovi¢ L, Lezai¢ V, Dimkovi¢ N, Marinkovic¢ J, Aksi¢
Mili¢evi¢ B, Arsenijevic S, et al. Gender-specific differen-
ces in hemodialysis patients: a multicenter longitudinal
study from Serbia. Int Urol Nephrol [Internet]. 2022 [cited
20 Jan 2025];54(12):3233-42. Available at: https://euro-
pepmc.org/article/med/35780280

30. Piveteau J, Raffray M, Couchoud C, Chatelet V, Vig-
neau C, Bayat S. Care trajectory differences in wo-
men and men with end-stage renal disease after dialy-
sis initiation. PLoS One [Internet]. 2023 [cited 20 Jan
2025];18(9):e0289134. Available at: https:/pubmed.
ncbi.nlm.nih.gov/37708191/.

31.Salmela B, Hartman J, Peltonen S, Alback A, Lassila R.
Thrombophilia and arteriovenous fistula survival in ESRD.
Clin J Am Soc Nephrol [Internet]. 2013 [cited 20 Jan
2025];8(6):962-8. Available at: https://pubmed. ncbi.nlm.
nih.gov/23411429/.

32. Pushevski V, Dejanov P, Rambabova-Bushljetikj I, Petru-
sevska G, Popov Z, Ivanovski N. Pathohistomorphometric
and immuno-histologic changes in early arteriovenous
fistula failure in patients with chronic kidney disease. Pril
(Makedon Akad Nauk Umet Odd Med Nauki) [Internet].
2024; [cited 20 Jan 2025];45(2):13-20. Available at: ht-
tps://pubmed.ncbi.nim.nih.gov/39008640/.

33. Matsubara Y, Kiwan G, Fereydooni A, Langford J, Dardik
A. Distinct subsets of T cells and macrophages impact
venous remodeling during arteriovenous fistula matu-
ration. JVS Vasc Sci [Internet]. 2020 [cited 20 Jan 2025];
1:207-18. Available at: https:/pubmed.ncbi.nim.nih.
gov/33748787/.

34.Wu C-C, Hung H-C, Kao T-C, Hsin C-H, Yu S-Y, Hsieh H-C,
et al. High pulse pressure predicts primary arteriovenous
fistula failure within 1 year. J Vasc Access [Internet]. 2023
[cited 20 Jan 2025];24(6):1349-57. Disponible: https://
pubmed.ncbi.nlm.nih.gov/35394390/.

35.Yang Y, Kozloski M. Sex differences in age trajectories of
physiological dysregulation: inflammation, metabolic syn-

Carrasco-Carmona N. https://doi.org/10.37551/52254-28842025011

drome, and allostatic load. J Gerontol A Biol Sci Med Sci
[Internet]. 2011 [cited 20 Jan 2025]; 66(5):493-500. Avai-
lable at: https://pubmed.ncbi.nim. nih.gov/21350248/.

36. Mondal S, Rai U. Sexual dimorphism in phagocytic activity
of wall lizard’s splenic macrophages and its control by sex
steroids. Gen Comp Endocrinol [Internet]. 1999 [cited 20
Jan 2025];116(2):291-8. Available at: https:// pubmed.
ncbi.nlm.nih.gov/10562459/.

37.Satam K, Ohashi Y, Thaxton C, Gonzalez L, Setia O, Bai H,
et al. Sex hormones impact early maturation and immune
response in the arteriovenous fistula mouse model. Am J
Physiol Heart Circ Physiol [Internet]. 2023 [cited 20 Jan
2025];325(1):H77-88. Available at: https://journals.phy-
siology.org/doi/full/10.1152/ajpheart. 00049.2023

38. Dorsett-Martin WA, Hester RL. Sex hormones and aortic
wall remodeling in an arteriovenous fistula. Gend Med [In-
ternet]. 2007 [cited 20 Jan 2025];4(2):157-69. Available
at: https://pubmed.ncbi.nlm.nih.gov/17707849/.

39.Ohashi Y, Protack CD, Aoyagi Y, Gonzalez L, Thaxton C,
Zhang W, et al. HeterogJanous gJan expression during
early arteriovenous fistula remodeling suggests that
downregulation of metabolism predicts adaptive ve-
nous remodeling. Sci Rep [Internet]. 2024 [cited 20 Jan
2025];14(1):13287. Available at: https://pubmed.ncbi.
nim.nih.gov/38858395/.

40.Samra G, Rai V, Agrawal DK. HeterogJanous population
of immune cells associated with early thrombosis in ar-
teriovenous fistula. J Surg Res (Houst) [Internet]. 2022;
[cited 20 Jan 2025],5(3):423-34. Available at: https://
lation-of-immune-cells-associated-with-early-thrombo-
sis-in-arteriovenous-fistula.html

41. Carrasco K, Boufenzer A, Jolly L, Le Cordier H, Wang G,
Heck A Jr, et al. TREM-1 multimerization is essential for
its activation on monocytes and neutrophils. Cell Mol Im-
munol [Internet]. 2019 [cited 20 Jan 2025];16(5):460-72.
Available at: https://www.nature.com/articles/ s41423-
018-0003-5

42.Mishra MN, Baliga KV. Significance of panel reactive an-
tibodies in patients requiring kidney transplantation.
Saudi J Kidney Dis Transpl [Internet]. 2013 [cited 20 Jan
2025];24(3):495-9. Available at: https://pubmed.ncbi.
nlm.nih.gov/23640620/.

43. Chen Y-W, Wu Y-T, Lin J-S, Yang W-C, Hsu Y-H, Lee K-H, et
al. Association of gJantic polymorphisms of renin-angio-
tensin-aldosterone system-related gJans with arterio-ve-
nous fistula malfunction in hemodialysis patients. Int J
Mol Sci [Internet]. 2016;17(6):833. Available at: https://
pubmed.ncbi.nlm.nih.gov/27240348/.

44, Caplin N, Sedlacek M, Teodorescu V, Falk A, Uribarri J. Ve-
nous access: women are equal. Am J Kidney Dis [Internet].
2003 [cited 20 Jan 2025];41(2):429-32. Available at: ht-
tps://pubmed.ncbi.nlm.nih.gov/12552506/.

Enfermeria Nefrolégica 2025. Apr-Jun;28(2):81-91




REVIEW ARTICLE

Carrasco-Carmona N. https://doi.org/10.37551/52254-28842025011

45. Wilmink T, Corte-Real Houlihan M. Diameter criteria have
limited value for prediction of functional dialysis use of ar-
teriovenous fistulas. Eur J Vasc Endovasc Surg [Internet].
2018 [cited 20 Jan 2025];56(4):572-81. Available at: ht-
tps://pubmed.ncbi.nlm.nih.gov/30100213/.

46.0zpak B, Yilmaz Y. Arteriovenous fistulas ipsilateral to
internal jugular catheters for hemodialysis have decrea-
sed patency rates. Vascular [Internet]. 2019;27(3):270-6.
Available at: https://pubmed.ncbi.nlm.nih.gov/30453851/.

47.Marcus RJ, Marcus DA, Sureshkumar KK, Hussain SM,
McGill RL. Gender differences in vascular access in hemo-
dialysis patients in the United States: developing strate-
gies for improving access outcome. Gend Med [Internet].
2007 [cited 20 Jan 2025];4(3):193-204. Available at: ht-
tps://pubmed.ncbi.nlm.nih.gov/18022587/.

48.Mehandru S, Haroon A, Masud A, Patel M, Sadiang-Abay
E, Costanzo EJ, et al. Pregnancy and hemodialysis access:
A case for patient satisfaction in favor of a tunneled dialy-
sis catheter. J Vasc Access [Internet]. 2018 [cited 20 Jan
2025];19(6):663-6. Available at: https:/pubmed. ncbi.
nlm.nih.gov/29506430/.

49. Jacques L, Foeller M, Farez R, Kaljo K, Nugent M, Simp-
son P, et al. Safety of peripherally inserted central ca-
theters during pregnancy: a retrospective study. J Ma-
tern Fetal Neonatal Med [Internet]. 2018 [cited 20 Jan
2025];31(9):1166-70. Available at: https://pubmed. ncbi.
nim.nih.gov/28413891/.

50. Ashby D, Borman N, Burton J, Corbett R, Davenport A,
Farrington K, et al. Renal association clinical practice gui-
deline on haemodialysis. BMC Nephrol [Internet]. 2019;
[cited 20 Jan 2025],20(1):379. Available at: https://bmc-
nephrol.biomedcentral.com/articles/10.1186/ s12882-
019-1527-3

51. Stephenson MA, Neate ECM, Mistry H, Valenti D. A large
aneurysm in an arterio-venous fistula for renal access in
a pregnant young woman. J Vasc Access [Internet]. 2013
[cited 20 Jan 2025];14(1):94-5. Available at: https://pub-
med.ncbi.nlm.nih.gov/22865538/.

52. Kausz AT, Obrador GT, Arora P, Ruthazer R, Levey AS, Pe-
reira BJG. Late initiation of dialysis among women and
ethnic minorities in the United States. J Am Soc Nephrol
[Internet]. 2000 [cited 20 Jan 2025];11(12):2351-7. Avai-
lable at: https://pubmed.ncbi.nlm.nih.gov/11095658/.

53.Tong A, Evangelidis N, Kurnikowski A, Lewandows-
ki M, Bretschneider P, Oberbauer R, et al. Nephrolo-
gists’ perspectives on gender disparities in CKD and

§ https://creativecommons.org/licenses/by-nc/4.0/

dialysis. Kidney Int Rep [Internet]. 2022 [cited 20 Jan
2025];7(3):424-35. Available at: https://pubmed.ncbi.
nim.nih.gov/35257055/.

54. Copeland TP, Lawrence PF, Woo K. Surgeon factors have
a larger effect on vascular access type and outcomes than
patient factors. J Surg Res [Internet]. 2021 [cited 20 Jan
2025];265:33-41. Available at: https://pubmed.ncbi.nim.
nih.gov/33882377/.

55. Raffray M, Bourasseau L, Vigneau C, Couchoud C,Béchade
C, Glowacki F, et al. Sex-related differences in pre-dialysis
trajectories and dialysis initiation: A French nationwide
retrospective study. PLoS One [Internet]. 2024 [cited 20
Jan 2025];19(3):e0299601. Available at: http:// dx.doi.
org/10.1371/journal.pone.0299601

56. Veronesi G, Ferrario MM, Chambless LE, Sega R, Man-
cia G, Corrao G, et al. Gender differences in the as-
sociation between education and the incidence of
cardiovascular events in Northern Italy. Eur J Public
Health [Internet]. 2011 [cited 20 Jan 2025];21(6):762-7.
Available at: https:// academic.oup.com/eurpub/arti-
cle/21/6/762/493656

57.Huber TS, Berceli SA, Scali ST, Neal D, Anderson EM, Allon
M, et al. Arteriovenous fistula maturation, functional pa-
tency, and intervention rates. JAMA Surg [Internet]. 2021
[cited 20 Jan 2025];156(12):1111-8. Available at: https://
pubmed.ncbi.nlm.nih.gov/34550312/.

58. Adams SV, Rivara M, Streja E, Cheung AK, Arah OA, Kalan-
tar-Zadeh K, et al. Sex differences in hospitalizations with
maintenance hemodialysis. J Am Soc Nephrol [Internet].
2017 [cited 20 Jan 2025];28(9):2721-8. Disponible: ht-
tps://pmc.ncbi.nlm.nih.gov/articles/PMC5576928/.

59. Ravani P, Palmer SC, Oliver MJ, Quinn RR, MacRae JM, Tai
DJ, et al. Risk of hospitalization associated with variations
in initial vascular access type among incident hemodialy-
sis patients. Clin J Am Soc Nephrol [Internet]. 2013 [cited
20 Jan 2025];8(4):506-15. Available at: https:// pubmed.
ncbi.nlm.nih.gov/21372255/.

60. Tanaka M, Ishibashi Y, Hamasaki Y, Kamijo Y, Idei M, Kawa-
hara T, et al. Hospitalization for patients on combination
therapy with peritoneal dialysis and hemodialysis compa-
red with hemodialysis. Kidney Int Rep [Internet]. 2020 [ci-
ted 20 Jan 2025];5(4):468-74. Available at: http://dx.doi.
org/10.1016/j.ekir.2020.01.004

This is an open access article distributed under a Creative Commons licence.

Enfermeria Nefrolégica 2025. Apr-Jun;28(2):81-91

91



