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Introduction

Creation of vascular access is a necessary but significant 
milestone for patients with end-stage renal disease (ESRD) 
in their progression towards haemodialysis. Current inter-
national guidelines encourage the creation of arteriovenous 
fistulas (AVF) as a first choice for dialysis access followed 
by arteriovenous grafts (AVG) and as a last resort insertion 
of central venous catheter (CVC).1–4

The ‘Fistula First’ approach has evolved into a ‘Fistula 
First – Catheter Last’ approach5 based on evidence show-
ing that patients dialysing using AVFs (and AVGs) have 
better overall patient survival as well as decreased rates of 
infection, interventions and overall morbidity than those 
reliant on CVCs.6–8

Although the guidelines generally advocate fistula crea-
tion in haemodialysis patients, there have been suggestions 

that in certain groups of patients, in particular the elderly, a 
more tailored approach is needed9,10). As the prevalence of 
more senior individuals (aged >65) suffering from chronic 
kidney disease (CKD)11,12 and receiving renal replacement 
therapy (RRT) has increased steadily in recent years and as 
a consequence the importance of including patient age in 

Age is just a number: Is frailty  
being ignored in vascular access  
planning for dialysis?

Kulli Kuningas1  and Nicholas Inston2

Abstract
Current international guidelines advocate fistula creation as first choice for vascular access in haemodialysis patients, 
however, there have been suggestions that in certain groups of patients, in particular the elderly, a more tailored approach 
is needed. The prevalence of more senior individuals receiving renal replacement therapy has increased in recent years 
and therefore including patient age in decision making regarding choice of vascular access for dialysis has gained more 
relevance. However, it seems that age is being used as a surrogate for overall clinical condition and it can be proposed 
that frailty may be a better basis to considering when advising and counselling patients with regard to vascular access for 
dialysis. Frailty is a clinical condition in which the person is in a vulnerable state with reduced functional capacity and has 
a higher risk of adverse health outcomes when exposed to stress inducing events. Prevalence of frailty increases with age 
and has been associated with an increased risk of mortality, hospitalisation, disability and falls. Chronic kidney disease is 
associated with premature ageing and therefore patients with kidney disease are prone to be frailer irrespective of age 
and the risk increases further with declining kidney function. Limited data exists on the relationship between frailty and 
vascular access, but it appears that frailty may have an association with poorer outcomes from vascular access. However, 
further research is warranted. Due to complexity in decision making in dialysis access, frailty assessment could be a key 
element in providing patient-centred approach in planning and maintaining vascular access for dialysis.

Keywords
Frailty, dialysis, arteriovenous fistula, aging, premature, kidney failure, chronic, renal insufficiency, chronic, risk 
assessment

Date received: 12 October 2020; accepted: 26 December 2020

1 Department of Research and Development, University Hospitals 
Birmingham, Edgbaston, Birmingham, UK

2 Department of Nephrology and Transplantation, University Hospitals 
Birmingham, Edgbaston, Birmingham, UK

Corresponding author:
Nicholas Inston, Consultant Renal Surgeon, Renal Surgery, Department 
of Nephrology and Transplantation, University Hospitals Birmingham, 
7th Floor, Area 5, Queen Elizabeth Hospital, Birmingham B15 2GW, 
UK. 
Email: Nicholas.Inston2@uhb.nhs.uk

989902 JVA0010.1177/1129729821989902The Journal of Vascular AccessKuningas and Inston
editorial2021

Editorial

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Heart of England: HEFT Repository

https://core.ac.uk/display/386341267?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
https://uk.sagepub.com/en-gb/journals-permissions
https://journals.sagepub.com/home/jva
mailto:Nicholas.Inston2@uhb.nhs.uk
http://crossmark.crossref.org/dialog/?doi=10.1177%2F1129729821989902&domain=pdf&date_stamp=2021-01-30


2 The Journal of Vascular Access 00(0)

decision making regarding choice of vascular access (VA) 
for dialysis has been discussed.13,14

The distal first approach as defined in guidelines is 
largely to maintain future options for subsequent access 
although the primary failure is higher in distal fistulas.15 A 
systematic review by McGrogan et al.14 identified that in 
the elderly, brachiocephalic AVF have superior primary 
(58.5% vs 49.7%) and secondary patency rate (72.7% vs 
65.1%) at 12 months post fistula creation compared to 
radiocephalic AVFs.

Creation of an AVF with subsequent failure represents a 
source of distress and anxiety which may deter further 
attempts. Even where a successful fistula is created it may 
never be used due to failure to mature or due to death of the 
patient before reaching the requirement for dialysis.14,16,17

Accordingly, some authors have supported that in older 
CKD patients with diabetes, peripheral vascular disease 
(PVD) or limited life expectancy using a proximal location 
for the primary AVF might be more suitable choice or even 
to use an early cannulation graft as a first line option.1,10,18

However, the use of age as a factor in deciding on vas-
cular access is flawed. Whilst older individuals may have 
an increased burden of existing comorbidities per se the 
presentation in CKD and renal failure does not show that 
age alone is a risk factor of access failure. Additionally, the 
terms ‘elderly’ and ‘older’ are vague19 and largely not rep-
resentative of an individual’s state of health or suitability 
for clinical decision making.

It is generally implied that age is being used as a sur-
rogate for overall clinical condition and it can be proposed 
that frailty may be a better basis to considering when 
advising and counselling patients with regard to vascular 
access for dialysis.

Frailty

Frailty encompasses both physical and psychological com-
ponents. It is described as a clinical condition in which the 
person is in a vulnerable state with reduced functional 
capacity and has a higher risk of adverse health outcomes 
when exposed to stress inducing events.20

Prevalence of frailty increases with age and has been 
associated with an increased risk of mortality, hospitalisa-
tion, disability and falls. Frailty is also associated with 
increased overall health care costs.20–22

A frailty phenotype has been described as a syndrome 
consisting of unintentional weight loss, reduced activity, 
slow gait, exhaustion and weakness21 and whilst frailty has 
mainly been described in association with elderly popula-
tion in recent years the importance of frailty as part of 
chronic diseases and in younger age groups has been 
acknowledged.22–24

The prevalence of frailty in the general population does 
increase with age and is more seen in women compared to 
men. Gale et al.25 examined the prevalence of frailty in 

5450 people aged >60 years and above as part of the 
English Longitudinal Study of Ageing. The overall preva-
lence of frailty was 14% (men vs women 12% and 16%, 
respectively). Among those aged 60–69 years the preva-
lence was 6.5%, increasing to 65% among those aged 90 
and over. In a large prevalence study of almost half a mil-
lion UK Biobank participants aged 37–73 years the preva-
lence of frailty was 3% overall with 38% deemed pre-frail 
and 59% not frail. Only a slight increase in prevalence was 
noted in the 65–73 age groups with only 5% deemed frail. 
When frail patients were assessed for co-morbidity almost 
three quarters (72%) had at least one long-term condition. 
When multiple co-morbidities were assessed frailty was 
seen in 18% of people with four chronic conditions.24

Two main concepts of frailty measurement are used: 
Fried Phenotype (FP) and Frailty Index (FI). Detailed 
description of both methods provided in Table 1.

Several other screening tools for frailty have been 
developed largely based on similar concepts.20,26,33 Table 2 
summarises some of the frailty assessment tools used in 
CKD (including ESKD) population. No consensus exists 
on which measurement tool to use to assess the frailty 
among people with CKD, nevertheless, the focus must 
remain on using all effort to assess the frailty and use the 
outcome as part of holistic patient care.28,34,35

Frailty and kidney disease

Kidney disease is considered an independent risk-factor 
for patients’ functional decline and frailty, and frailty has 
been acknowledged as an important factor in CKD 
management.34,35

Roshanravan et al.39 measured the prevalence of frailty 
among adults with pre-dialysis CKD from the Seattle 
Kidney Study (SKS) cohort and compared these to a group 
of patients from Cardiovascular Health Study (CHS). The 
prevalence of frailty among CKD pre-dialysis patients was 
14% compared to 7% in Cardiovascular Health Study 
group despite the mean age in SKS and CHS group being 
59 and 76 years, respectively. In both patient cohorts half 
of the participants were classified as intermediately frail 
(52% in SKS group vs 47% in CHS group). Intermediate 
frailty (or pre-frailty) was defined by authors as having 
one or two conditions based on frailty phenotype which in 
itself is considered to be predictive of becoming frail in 
next 3–4 years.35 The study also showed higher prevalence 
of frailty among participants with eGFR <45 ml/
min/1.73 m².39 A systematic review by Chowdhury et al.40 
demonstrated increased frailty among pre-dialysis popula-
tion from 7% in community CKD cohorts (median eGFR 
49 ml/min/1.73 m²) to 42.6% in more severe CKD cohort 
(mean eGFR 27 ml/min/1.73 m²). In the haemodialysis 
population the frailty prevalence varied from 14% to 73%.

In a separate study in a dialysis cohort a high proportion 
of frailty in younger age groups was seen with 44% of 
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participants aged <40 year classed as frail and 61% 
between age 40 and 50 were frail. The overall frailty 
among study participants was 67.7% with highest preva-
lence among patients aged >80 years (78.8%).41

The prevalence studies (as summarised in Table 3) sug-
gest that CKD patients in general are prone to be frailer irre-
spective of age and the risk increases further with declining 
kidney function. To support that statement further, chronic 

kidney disease is described as a state of accelerated meta-
bolic – ageing.12 CKD is associated with physiological and 
biochemical changes including chronic low-grade inflam-
mation and oxidative stress, malnutrition, sarcopenia, pro-
tein-energy wasting syndrome, chronic anaemia, vascular 
disease including vascular calcification and changes in cal-
cium metabolism. Some of these changes are considered as 
part of normal ageing, however, the presence of CKD and 

Table 1. Concepts of frailty measurement.

Assessment method Description/scoring Strengths Limitations

Fried Phenotype (aka 
Fried criteria).21,26–28

Five domains: weight loss, reduced activity, 
slow gait, exhaustion, weakness. Individuals 
with ⩾ 3 positive domains considered 
frail. Individuals with 1–2 positive domains 
considered pre-frail

Validated in different 
population groups 
(including CKD). Easy to 
apply.

Focus on physical aspects of 
frailty (excludes psychosocial 
and cognitive function and 
co-morbidities). Includes 
measurements not used in 
routine care (grip strength, 
walking test).

Frailty Index (aka 
Frailty Index of 
Accumulative 
Deficits).26–32

Pre-defined 30 or more health related deficits 
(co-morbidities, symptoms, disabilities etc.) 
relevant to population of interest. Individual 
assessed to determine which pre-defined 
deficits exist. Higher number of existing 
deficits indicate higher risk of frailty. Existing 
number of deficits is divided with total 
number of pre-defined deficits and the 
result is reported as frailty index (range 0–1) 
indicating frailty status: FI ⩽ 0.08 non-frail. FI 
0.09–0.24 pre-frail. FI ⩾ 0.25 frail

Validated in different 
population groups 
(including CKD). 
Includes cognitive and 
social aspects of frailty. 
Deemed more accurate 
in predicting adverse 
outcomes compared to 
other frailty assessment 
methods.

Time consuming to calculate.

Table 2. Summary of frailty measurement tools.

Assessment tool Domains/Items Score/Cut-off values Validated in 
CKD population

Comments

Clinical Frailty Scale 
(CFS).26–28,36

1–8 categories with increasing 
state of frailty.

1 = very fit. 8 = very 
severely frail. 
9 = terminally ill. ⩾5 frail

Yes Proven to have high accuracy 
in identifying frailty in CKD 
population. Highly subjective.

Short Physical 
Performance Battery 
(SPPB).27,28

Three physical assessments: 
Standing balance. Gait speed. A 
chair stand test

0 – worst performance. 
12 best performance. 
<10 frail

Yes Rapid assessment tool. 
Poor correlation with Fried 
criteria.

Groningen Frailty 
Indicator (GFI).26,28,37

15 questions, eight domains: 
mobility, vision, hearing, 
nutrition, co-morbidity, 
cognition, psychosocial and 
physical fitness

0 = normal activity 
without restriction. 
15 = completely disabled. 
⩾4 frail

Yes Mainly used in Netherlands.

Multidisciplinary 
Prognostic Index 
(MPI).26,28

Eight individual assessments: 
function, polypharmacy, 
mental status, nutrition, risk of 
pressure sores, co-morbidity 
and social circumstances.

<0.34 robust. 0.34–0.66 
pre-frail. >0.66 frail

Yes Aimed at hospitalised 
patients.

Edmonton Frailty 
Scale (EFS).23,26

Nine domains: cognition, 
health, hospitalisation, social 
support, nutrition, mood, 
function and continence.

0–5 not frail. 6–7 
apparently vulnerable. 
8–9 mildly frail. 10–11 
moderately frail. 12–17 
severely frail

No Used among patients with 
CKD stages 1–5

FRAIL scale.23,26,38 Five items: fatigue, resistance, 
ambulation, illness and loss of 
weight

0 = robust. 1–2 pre-frail. 
⩾3 frail

No Used among patients with 
CKD stage 5
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progressively declining kidney function accelerates the pro-
cess leading to premature ageing and earlier clinical mani-
festation of aspects of frailty syndrome.11,12,23,35,42,43

Frailty and dialysis access

Despite the multiple studies concentrating on age and vas-
cular access, as summarised previously, there has been neg-
ligible work on the association of frailty and vascular access.

Chao et al.44 conducted a study of frailty in dialysis 
patients using the FRAIL scale. Using this self-reported 
measure demonstrated that around one fifth of the patients 
were deemed frail. Vascular access failure was 37.3% 
overall in the study and in those classified as frail the risk 
of failure increased by a hazard ratio of 2.63. The underly-
ing mechanisms of access failure are not defined although 
endothelial dysfunction has been associated with frailty in 
CKD patients. Mansur et al.45 studied the association in 
pre-dialysis population (eGFR between 16 and 39 mL/
min/1.73²), the study sample included 61 participants with 
mean age of 64.9 years (±10.3 years) of which 42.6% were 
deemed frail (measured with Short Form-36 question-
naire) and 46% of frail participants were classified as non-
elderly (<60 years of age). Frailty was associated with 
endothelial dysfunction (OR 3.86 (95% CI 1.00–14.88)) 
together with older age, female gender and obesity. The 
hypothesised reasons behind endothelial dysfunction 
based around hyper-activation of the sympathetic system 
and oxidative stress, both features of CKD progression.

Johansen et al.41 assessed frailty in >3000 incident 
dialysis patients and determined that individuals with a 
permanent vascular access (AVF or AVG) were less likely 
to be frail with hazard ratio 0.72 (95% CI 0.51–0.98) and it 
was independent of the time of nephrology referral. 
However, reasons behind it are unclear. Nevertheless, it 
seems to associate with findings by Garcia-Canton et al.46 
who observed non-frail dialysis patients to be more fre-
quently hospitalised due to issues with dialysis access and 
need for surgical intervention. Frail counterparts had ten-
dency to be hospitalised due to infection or cardiovascular 
issues.

Although the data is limited it appears that frailty may 
have an association with poorer outcomes from vascular 
access. As this is seen in younger patients and is not lim-
ited to an arbitrary cut off such as has been previously sug-
gested using age, it would appear that frailty scoring may 
have a role in studying vascular access outcomes.

In addition, it may be a suitable measure to include in the 
individualised ESRD Life-Plan proposed in the 2019 
KDOQI guidelines. Frailty scoring could easily be per-
formed as part of the plan and this could be started in the 
pre-dialysis period and reviewed regularly.1 The possible 
advantages of using functional assessments such as frailty 
scores allows a patient centric approach to be applied which 
may address previously described disparities in priorities in 
VA decision-making between patients and clinicians.47,48 
The inter-relation between frailty and comorbidities may act 
as an overarching measure for burden of disease in CKD 
population and since frailty assessment includes physical, 
cognitive and social aspects of patient’s health and wellbe-
ing, irrespective of age39 it may serve as a much better tool 
with which to consider an access option.

Summary

Decisions regarding dialysis access are becoming more 
complex with recent guidelines advocating a more individ-
ualised approach in collaboration between patient/carer and 
renal team members. The basis of this approach is stated to 
consider the patient’s ‘medical condition, current and future 
life goals and preferences, social support, functional status, 
logistics and other relevant aspects of the disease manage-
ment together with enhanced dialysis access strategy’.1

As part of that assessment and attempting to incorpo-
rate a universal reproducible approach, which can be sub-
sequently audited and studied, it would appear that frailty 
scoring would be a key component of ongoing future 
access care.

Further studies will be required to better understand 
which approach to frailty scoring is best suited to dialysis 
access, although the validated methods described may be 
applicable in different settings.

Table 3. Summary of prevalence studies.

Study Population (n = No. of patients) Age or mean age 
(*SD) in years

Assessment method Prevalence of frailty

Gale et al.25 General population (n = 5450) >60 Fried criteria Overall 14%
Hanlon et al.24 General population (n = 493,737) 37–73 Fried criteria Overall 3%
Roshanravan et al.39 Pre-dialysis CKD. (n = 336) Mean 59 (±13) Fried criteria CKD cohort 14%

Community-dwelling population 
(number of patients not provided)

Mean 76 (no SD 
provided)

Community-dwelling 
population 7%

Chowdhury et al. 2017 
(systematic review)40

Pre-dialysis and dialysis patients – Majority (72%) tools used 
were based on Fried criteria

Pre-dialysis 7–42.6%
Dialysis 14–73%

Johansen et al.41 Dialysis population (n = 2275) Mean 58.2 (±15.5) Fried criteria Overall 67.7%

*SD = standard deviation.



Kuningas and Inston 5

Author’s contribution

NI: Research idea and study design; NI and KK: Literature 
search; NI and KK Drafting of the manuscript; NI and KK: 
Review and approval of the final draft.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with respect 
to the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, 
authorship, and/or publication of this article.

ORCID iDs

Kulli Kuningas  https://orcid.org/0000-0003-4442-7914

Nicholas Inston  https://orcid.org/0000-0002-9411-6367

References

 1. KDOQI. KDOQI clinical practice guideline for vascu-
lar access: 2019, https://www.ajkd.org/article/S0272-
6386(19)31137-0/fulltext (2020, accessed 18 September 
2020).

 2. Fluck R and Kumwenda M. Renal Association Clinical 
Practice Guideline on vascular access for haemodialysis. 
Nephron Clin Pract 2011; 118 Suppl 1: c225–c240.

 3. Gallieni M, Hollenbeck M, Inston N, et al. Clinical practice 
guideline on peri- and postoperative care of arteriovenous 
fistulas and grafts for haemodialysis in adults. Nephrol Dial 
Transplant 2019; 34 Suppl 2: ii1–ii42.

 4. Wilmink T. Vascular access: clinical practice guidelines 
of the European Society for vascular surgery. Eur J Vasc 
Endovasc Surg 2018; 55(6): 753–754.

 5. Quinn RR and Ravani P. Fistula-first and catheter-last: fad-
ing certainties and growing doubts. Nephrol Dial Transplant 
2014; 29(4): 727–730.

 6. Ravani P, Quinn R, Oliver M, et al. Examining the asso-
ciation between hemodialysis access type and mortality: the 
role of access complications. Clin J Am Soc Nephrol 2017; 
12(6): 955–964.

 7. Pisoni RL, Zepel L, Port FK, et al. Trends in US vascu-
lar access use, patient preferences, and related practices: an 
update from the US DOPPS practice monitor with interna-
tional comparisons. Am J Kidney Dis 2015; 65(6): 905–915.

 8. Quinn RR, Oliver MJ, Devoe D, et al. The effect of predi-
alysis fistula attempt on risk of all-cause and access-related 
death. J Am Soc Nephrol 2017; 28(2): 613–620.

 9. Drew DA and Lok CE. Strategies for planning the optimal 
dialysis access for an individual patient. Curr Opin Nephrol 
Hypertens 2014; 23(3): 314–320.

 10. Drew DA, Lok CE, Cohen JT, et al. Vascular access choice 
in incident hemodialysis patients: a decision analysis. J Am 
Soc Nephrol 2015; 26(1): 183–191.

 11. Walker SR, Wagner M and Tangri N. Chronic kidney dis-
ease, frailty, and unsuccessful aging: a review. J Ren Nutr 
2014; 24(6): 364–370.

 12. Musso CG, Jauregui JR and Nunez JFM. Frailty phenotype 
and chronic kidney disease: a review of the literature. Int 
Urol Nephrol 2015; 47(11): 1801–1807.

 13. Tordoir JHM, Bode AS and van Loon MM. Preferred strat-
egy for hemodialysis access creation in elderly patients. Eur 
J Vasc Endovasc Surg 2015; 49: 738–743.

 14. McGrogan D, Al Shakarchi J, Khawaja A, et al. 
Arteriovenous fistula outcomes in the elderly. J Vasc Surg 
2015; 62(6): 1652–1657.

 15. Wilmink T, Hollingworth L, Powers S, et al. Natural his-
tory of common autologous arteriovenous fistulae: conse-
quences for planning of dialysis. Eur J Vasc Endovasc Surg 
2016; 51(1): 134–140.

 16. Allon M. Vascular access for hemodialysis patients: new 
data should guide decision making. Clin J Am Soc Nephrol 
2019; 14(6): 954–961.

 17. McGrogan DG, Field MA, Maxwell AP, et al. Patient sur-
vival following arteriovenous fistula formation. J Vasc 
Access 2015; 16(3):195–199.

 18. Viecelli AK and Lok CE. Hemodialysis vascular access in 
the elderly-getting it right. Kidney Int 2019; 95(1): 38–49.

 19. Drouven JW, De Bruin C, Van Roon AM, et al. Vascular 
access creation in octogenarians: the effect of age outcomes. 
J Vasc Surg 2020; 72(1): 171–179.

 20. Morley JE, Vellas B, Van Kan GA, et al. Frailty consensus: 
a call to action. J Am Med Dir Assoc 2013; 14(6): 392–397.

 21. Fried LP, Tangen CM, Walston J, et al. Frailty in older 
adults: evidence for a phenotype. J Gerontol A Biol Sci Med 
Sci 2001; 56A(3): M146–M156.

 22. Donatelli NS and Somes J. What is frailty? J Emerg Nurs 
2017; 43(3): 272–274.

 23. Wu PY, Chao CT, Chan DC, et al. Contributors, risk associ-
ates, and complications of frailty in patients with chronic 
kidney disease: a scoping review. Ther Adv Chronic Dis 
2019; 10: 1–23.

 24. Hanlon P, Nicholl BI, Jani BD, et al. Frailty and pre-frailty 
in middle-aged and older adults and its association with 
multimorbidity and mortality: a prospective analysis of 493 
737 UK Biobank participants. Lancet Public Health 2018; 
3: e323–e332.

 25. Gale CR, Cooper C and Sayer AA. Prevalence of frailty and 
disability: findings from the English Longitudinal Study of 
Ageing. Age Ageing 2015; 44: 162–165.

 26. Dent E, Kowal P and Hoogendijk EO. Frailty measurements 
in research and clinical practice: a review. Eur J Intern Med 
2016; 31: 3–10.

 27. Bohm C, Storsley L and Tangri N. The assessment of frailty 
in older people with chronic kidney disease. Curr Opin 
Nephrol Hypertens 2015; 24(6): 498–504.

 28. Worthen G and Tennankore K. Frailty screening in chronic 
kidney disease: current perspective. Int J Nephrol Renovasc 
Dis 2019; 12: 229–239.

 29. Rockwood K and Mitnitski A. Frailty in relation to the accu-
mulation of deficits. J Gerontol A Biol Sci Med Sci 2007; 
62A(7): 722–727.

 30. Searle SD, Mitnitski A, Gahbauer EA, et al. A standard pro-
cedure for creating a frailty index. BMC Geriatr 2008; 8: 
Article number: 24.

 31. Song X, Mitnitski A and Rockwood K. Prevalence and 
10-year outcomes of frailty in older adults in relation to 
deficit accumulation. JAGS 2010; 58(4): 681–687.

 32. Hubbard RE, Peel NM, Smith M, et al. Feasibility and con-
struct validity of a Frailty index for patients with chronic 
kidney disease. Australas J Ageing 2015; 34(3): E9–E12.

https://orcid.org/0000-0003-4442-7914
https://orcid.org/0000-0002-9411-6367
https://www.ajkd.org/article/S0272-6386(19)31137-0/fulltext
https://www.ajkd.org/article/S0272-6386(19)31137-0/fulltext


6 The Journal of Vascular Access 00(0)

 33. Faller JW, do Nascimento Pereira D, de Souza S, et al. 
Instruments for the detection of frailty syndrome in older 
adults: a systematic review. PLoS One 2019; 14(4): 
e0216166.

 34. Farrington K, Covic A, Nistor I, et al. Clinical practice 
guideline on management of older patients with chronic 
kidney disease stage 3b or higher (eGFR < 45 mL/
min/1.73m²): a summary document from the European 
Renal Best Practice Group. Nephrol Dial Transplant 
2017; 32: 9–16.

 35. Nixon AC, Bampouras TM, Pendleton N, et al. Frailty and 
chronic kidney disease: current evidence and continuing 
uncertainties. Clin Kidney J 2018; 11(2): 236–245.

 36. Nixon AC, Bampouras TM, Pendleton N, et al. Diagnostic 
accuracy of frailty screening methods in advanced chronic 
kidney disease. Nephron 2019; 141: 147–155.

 37. Van Loon IN, Goto NA, Boereboom FTJ, et al. Frailty 
screening tools for elderly patients incident to dialysis. J Am 
Soc Nephrol 2017; 12: 1480–1488.

 38. Chao CT, Hsu YH, Chang PY, et al. Simple self-report 
FRAIL scale might be more closely associated with dialysis 
complications than other frailty screening instruments in rural 
chronic dialysis patients. Nephrology 2015; 20: 321–328.

 39. Roshanravan B, Khatri M, Robinson-Cohen C, et al. A pro-
spective study of frailty in nephrology-referred patients with 
CKD. Am J Kidney Dis 2012; 60(6): 912–921.

 40. Chowdhury R, Peel NM, Krosch M, et al. Frailty and 
chronic kidney disease: a systematic review. Arch Gerontol 
Geriatr 2017; 68: 135–142.

 41. Johansen KL, Chertow GM, Jin C, et al. Significance of 
frailty among dialysis patients. J Am Soc Nephrol 2007; 18: 
2960–2967.

 42. Kooman JP, Kotanko P, Schols AMW, et al. Chronic kid-
ney disease and premature ageing. Nat Rev Nephrol 2014; 
10(12): 732–742.

 43. Ostuni M and Musso CG. Usefulness of frailty evalua-
tion for handling chronic kidney disease elderly patients: a 
review and original proposal. Int Urol Nephrol 2019; 51(3): 
461–465.

 44. Chao CT, Chiang CK, Huang JW, et al. Self-reported frailty 
among end-stage renal disease patients: a potential predictor 
of dialysis access outcomes. Nephrology 2017; 22: 332–335.

 45. Mansur HN, Lovisi JC, Colugnati FAB, et al. Association of 
frailty with endothelial dysfunction and its possible impact 
on negative otcomes in Brazilian predialysis patients with 
chronic kidney disease. BMC Nephrol 2015; 16: 157.

 46. Garcia-Canton C, Rodenas A, Lopez-Aperador C, et al. 
Frailty in hemodialysis and prediction of poor short-term 
outcomes: mortality, hospitalization and visits to hospital 
emergency services. Ren Fail 2019; 41(1): 567–575.

 47. Van der Veer SN, Haller MC, Pittens CACM, et al. Setting 
priorities for optimizing vascular access decision making – 
An international survey of patients and clinicians. PLoS One 
2015; 10(7): e0128228.

 48. Casey JR, Hanson CS, Winkelmayer WC, et al. Patients’ 
perspectives on hemodialysis vascular access: a systematic 
review of qualitative studies. Am J Kidney Dis 2014; 64(6): 
937–953.




