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ABSTRACT OF THE DISSERTATION 
 
 

The Association Between Frailty and Hemodialysis Vascular Access Fistula and Graft Failure 

 

by 

 

Karen Woo 

Doctor of Philosophy in Health Policy and Management 

University of California, Los Angeles, 2020 

Professor Patricia A. Ganz, Chair 

 
End-stage kidney disease (ESKD) is a grave public health problem in the US affecting 

over 808,000 Americans in 2017. Options for treatment of ESKD include renal transplantation 

and peritoneal dialysis. However, the most common treatment for ESKD in the US is 

hemodialysis, with over 468,000 Americans being hemodialysis dependent in 2017. For 

hemodialysis-dependent patients, vascular access is required, for which there are two options 

that are considered permanent, typically created in the upper extremity: 1) fistula, created by 

surgically connecting a patient’s own vein to an artery, and 2) graft, using a prosthetic tube as a 

conduit between artery and vein. However, evidence to support the choice of fistula vs graft in 

an individual patient is lacking. Frailty is a measure of patient global functional status and 

overall health that could be used in the decision-making progress to determine the optimal 

vascular access type for an individual patient. The objective of this dissertation is to investigate 

the association of frailty with probability of short-term vascular access failure to assess the 
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usefulness of incorporating measurement of frailty into the vascular access decision-making 

process. 

I performed a quantitative analysis of the United States Renal Data Systems Registry 

which includes all hemodialysis dependent patients in the US. I determined the presence of 

frailty for each patient using a validated claims-based frailty indicator. I then assessed the 

association of frailty with time to fistula and graft functional use (the process of becoming 

usable  for hemodialysis) using multivariable models.  

The analysis demonstrated that patients with increasing claims-based frailty indicator 

values have increasing length of time to fistula functional use. There was no association of 

claims-based frailty indicator value with time to graft functional use. The association between 

frailty and longer fistula functional use times has significant implications for clinical decision-

making and guideline creation. Given that this study suggests frailty could also be associated 

with longer time to fistula functional use, frailty could serve as a strong indicator that fistula is 

not an appropriate choice of vascular access for that patient. Further, since increasing degrees 

of frailty, as measured by the claims-based frailty indicator, are associated with the highest risk 

of longer time to fistula m functional use in this study, it may be appropriate to consider 

patients with the highest levels of frailty as candidates for permanent access through a 

tunneled catheter.  
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Chapter 1: Introduction 

End-stage kidney disease (ESKD)a is a grave public health problem in the US affecting 

over 808,000 Americans in 2017.1,2 Options for treatment of ESKD include renal transplantation 

and peritoneal dialysis. However, the most common treatment for ESKD in the US is 

hemodialysisb, with over 468,000 Americans being hemodialysis dependent in 2017. Medicare 

costs were nearly $92K per-person per-year for hemodialysis-dependent patients in 2017, 

constituting a significant healthcare burden with attendant problems.1  The problem is growing 

secondary to the aging of the population and rising incidence of diabetesc and obesity. For 

hemodialysis-dependent patients, vascular access is required, for which there are two options 

that are considered permanent, typically created in the upper extremity: 1) fistula, created by 

surgically connecting a patient’s own veind to an arterye, and 2) graft, using a prosthetic tube as 

a conduit between artery and vein. However, evidence to support the choice of fistula vs graft 

in an individual patient is lacking.   

The recent update of the National Kidney Foundation (NKF) Kidney Disease Outcomes 

Quality Initiative (KDOQI) Clinical Practice Guideline for Vascular Access (published in April 

2020) advocates for a patient-centered approach to optimal vascular access selection by 

focusing on the ESKD Life-Plan.3 Life-Plans are to be developed by the provider team in 

conjunction with the patient and detail the patient’s planned vascular access for the remainder 

                                                      
aEnd stage kidney disease is defined as the point as which kidney function falls to less than 15% of normal.  
bHemodialysis is the process of cleaning the blood of impurities using an external machine that filters the blood 
and returns the cleaned blood to the patient.  
cDiabetes is a chronic disease that occurs when the body’s ability to process glucose (sugar) in the blood is 
impaired 
dVeins are the blood vessels that carry de-oxygenated blood from end organs back to the heart to be re-
oxygenated  
eArteries are the blood vessels that carry oxygenated blood from the heart to the end organs  
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of their hemodialysis-dependent life. However, the guideline states that “there is insufficient 

evidence for KDOQI to make recommendations on choice of incident vascular access type” and 

emphasizes the need for “a patient-centered approach to hemodialysis vascular access that 

considers multiple aspects of a patient’s needs and dialysis access eligibility”.3  In order for 

providers and patients to make a patient-centered vascular access decision together, they need 

evidence that takes into account the many factors that may affect vascular access failure. 

Providers can discuss the general characteristics of fistula, graft and catheter when advising 

patients, but as KDOQI acknowledges, the evidence for any one type is insufficient.3  

Prior efforts to aid in the prediction of vascular access outcomes have been 

unsuccessful, leaving physicians and patients with no effective resources to aid in vascular 

access decision-making.4 The central goal of this dissertation is to investigate the association of 

frailty (a global measure of patient functional status and overall health) with time to access 

maturation (the process of becoming usable for hemodialysis) to assess the usefulness of 

incorporating measurement of frailty into the vascular access decision-making process. I 

accomplish this by performing a quantitative analysis of a large-scale registry of hemodialysis 

dependent patients.  

The broad outline of the dissertation proceeds as follows. First, I describe in detail the 

ESKD population, vascular access options and their outcomes, prior efforts to aid in the 

prediction of vascular access failure, and other possible measures of global patient health, 

including frailty, that could potentially be used to risk stratify patients for likelihood of access 

maturation. I then review the literature to examine the factors that have been studied in 
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relation to vascular access outcomes including factors that may be associated with vascular 

access outcomes but have been minimally investigated. 

Subsequently, I describe the specific analysis that was undertaken in this dissertation, 

beginning with the dataset used for the analysis, followed by the study population, the primary 

regressor of interest, and the control variables, followed by the analytic method used. I then 

present the results of the analysis and finally a discussion of the findings in relation to the 

existing literature, limitations of the analysis and implications of the results on future work in 

this field.   
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Chapter 2: Background 

Hemodialysis and Vascular Access 

The prevalence of ESKD and hemodialysis dependence in the US continues to rise 

steadily. (Figure 1) For hemodialysis dependent patients, vascular access is required to allow 

the patient’s blood to flow to the hemodialysis machine, be cleaned, and return to the patient. 

(Figure 2) Without functional vascular access, hemodialysis-dependent patients would die 

within days. As stated in the Introduction, there are two vascular access options that are 

considered permanent: 1) fistula that connects a patient’s own vein to an artery (Figure 3), and 

2) graft using a prosthetic tube as conduit between artery and vein (Figure 4). Fistulas and 

grafts are created surgically, most commonly in an arm, in an operation that is typically 1-2 

hours long. (Table 1) 

In the US, 80% of patients initiate hemodialysis through a tunneled catheter with 

subsequent creation of a permanent access, either a fistula or graft.5,6  A tunneled catheter 

typically consists of a plastic or silastic tube with two channels.7  The catheter is tunneled under 
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Figure 1. Prevalence of 
ESKD and Hemodialysis in 

the US

ESKD Hemodialysis available at https://chemical-materials.elsevier.com/new-materials-
applications/materials-medicine-hemodialysis-prosthetic-vascular-grafts/ 

Figure 2. Schematic of Patient Attached to 
Hemodialysis Machine 
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the skin, usually on the patient’s chest, into the internal jugular or subclavian vein, with the 

external ports allowing for connection to the dialysis machine.   A feature of tunneled catheters 

that allows them to remain in the patient for longer periods of time compared to non-tunneled 

catheters is they have a subcutaneous cuff at the skin exit site.  The cuff allows for tissue 

ingrowth that (a) prevents the catheter from falling out on its own and (b) reduces the risk that 

bacteria can use the catheter as a pathway into the patient’s circulation.7 Tunneled catheters 

Figure 3. Schematic of Radial Cephalic and Brachiocephalic Fistula 

Figure 4. Schematic of Forearm and Upper Arm Graft 

Upper Arm 

Forearm 
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can be placed under local anesthesia, with or without intravenous sedation; the procedure 

typically takes no more than 30 minutes.  The primary advantage of tunneled catheters is that 

they can be used immediately for hemodialysis and patients can be discharged from the 

hospital with a tunneled catheter in place while they are awaiting creation of a fistula or graft. 

(Table 1)  

Table 1. Features of Fistula, Graft and Tunneled Catheter 

 Creation  Short term 
functionality* 

Long term 
functionality* 

Infection* Lifestyle 

Fistula -requires an 
operation 
-can be done under 
local anesthesiaa 

with sedation 
-time required 
approximately 1-2 
hours 
 

- Requires a 
minimum of 4 
weeks to become 
functional.   
- Up to 60% never 
become 
functional.8  
- May require 
additional 
procedures to 
become 
functional.9 

If the fistula 
becomes 
functional, it may 
remain functional 
with no 
complications for 
longer than a graft. 
May have lowest 
rate of clotting.  

Has the lowest 
incidence of 
infection 

no 
restrictions 

Graft -requires an 
operation 
-can be done under 
local anesthesia 
with sedation 
-time required 
approximately 1-2 
hours 

Can be used within 
24-48 hours 
depending on the 
type of graft 
material used10 

May require more 
procedures than 
fistula to maintain 
functionality. 
May have higher 
risk of clotting 
compared to 
fistula, but less 
than tunneled 
catheter.  

Has a higher 
incidence of 
infection than 
fistula but lower 
than catheter 

no 
restrictions 

Tunneled 
Catheter 

-does not require 
an operation 
-can be done under 
local anesthesia 
-time required 15-
30 minutes  

Can be used 
immediately 

-Highest risk of 
clotting 
-Clotting can often 
be treated with 
infusion of 
medication 
-Sometimes 
clotting requires 
replacement of the 
catheter 

Has the highest 
incidence of 
infection.  

not able to 
shower, 
swim or 
submerge 
the 
catheter 

*The published ranges for rates of short term function, long term function and infection for fistula, graft and 
catheter vary widely in the literature, due to differing definitions and differing study populations, making an overall 
estimate impossible.  
a. Local anesthesia is administered by injecting anesthetic medication into the surgical site 
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 Tunneled catheters are considered temporary vascular access options for the 

overwhelming majority of patients. The primary reason is that patients who dialyze through a 

tunneled catheter for prolonged periods have higher mortality rates compared to patients who 

dialyze through a fistula (62% vs 31% at 24 months (P<0.001)).11 However, these mortality 

differences are primarily associated with the patient factors that affect fistula placement, with 

healthier, more clinically robust patients being selected for fistula placement.11 Nevertheless, 

tunneled catheter use over 90 days is discouraged by the Centers for Medicare and Medicaid 

Services (CMS) initiated End-Stage Renal Disease Quality Incentive Program (QIP).12 In this 

program, dialysis facilities with relatively higher percentages of patients dialyzing through a 

tunneled catheter for over 90 days are financially penalized. 

 

ESKD Patient Population 

Patients with ESKD are, as a group, sicker than patients who do not have ESKD and have 

a relatively high prevalence of co-morbidities and frailty (see below). In 2017, incident ESKD 

patients had a 28.1% prevalence of congestive heart failuref, a 13.4% prevalence of 

atherosclerotic heart diseaseg and a 19.6% prevalence of other cardiac disease.1 Hypertensionh 

was present in 87.5% of the patients and 59.8 had diabetes mellitusi.1 In contrast, the 

prevalence of hypertension among US adults is 46% and the prevalence of diabetes mellitus is 

                                                      
fCongestive heart failure means that the heart is not pumping as well as it should.  
gAtheroslcerotic heart disease occurs when plaque, made primarily of fat, cholesterol and calcium, builds up in the 
arteries that supply blood to the heart muscle.  
hHypertension is chronic high blood pressure, defined as a value of ≥130 for the systolic blood pressure and ≥80 for 
the diastolic blood pressure 
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approximately 13%.13 Furthermore, the 3- and 5-year survival probability for incident dialysis 

patients is 59% and 43%, respectively.1 Given the high mortality rates in this population, the 

quality of life during a patient’s remaining years with ESKD becomes an even more important 

consideration. A hemodialysis dependent patient’s quality of life can be significantly affected by 

the reliability of their vascular access. 

 

Vascular Access Functionality 

The most commonly reported vascular access outcomes are 1) maturation, typically 

reported as the time required for a fistula to become usable for hemodialysis, or as the percent 

that become usable within a given time after creation; and 2) patency, which includes multiple 

subcategories related to the time that access remains usable, or the percent still usable at a 

given time post-creation. Primary patency is defined as the time from which the index access is 

created, until the time that it requires an intervention or it thromboses, whichever comes 

first.14  Secondary patency is defined as the time from which the index access is created, until 

the time that it is deemed no longer usable for hemodialysis and abandoned.14 Patency is 

measured for each index access. The outcomes of an access created after the index access fails 

are attributed to the new access and not to the previous access. When maturation is not 

achieved, or patency fails, both are considered access failure.  

The ideal access would provide sufficient blood flow to reliably support hemodialysis, 

withstand punctures with large bore needles in two locations three times a week without 

adverse events, for the remainder of the patient’s hemodialysis-dependent life – but no such 

ideal access exists. Available vascular access options can fail at multiple points in their lifespan, 
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requiring immediate invasive restoration. Initially, vascular access can fail upon creation, 

termed non-maturation. A disadvantage of fistulas, compared to grafts, is that before 

hemodialysis vascular access use, fistulas must undergo maturation , the process of becoming 

dilated in diameter and thicker-walled in order to be usable for hemodialysis– a process not 

required for grafts. (Table 1) In most patient populations, once a fistula has matured, it remains 

functional for hemodialysis vascular access for a longer period than a graft and is more resistant 

to infection.15-20 This is the primary reason that for over 15 years, clinicians have strongly 

prioritized fistula over grafts for vascular access, based on the 2006 National Kidney Foundation 

Dialysis Outcomes Quality Initiative (NKF KDOQI) Clinical Practice Guideline for Vascular 

Access,21 in conjunction with “Fistula First”22 (instituted in 2003). However, these earlier 

guidelines were based on older evidence from single institution studies that did not encompass 

the increasingly older ESKD patients that we see now.15,18,23  This earlier evidence reported 

fistula maturation rates of 80% and higher. 

Recent data, contradicting the data that earlier guidelines were based on, demonstrate 

that fistula non-maturation rates are as high as 36%. This means that 36% of the fistulas 

created never (if given an unlimited amount of time) become functional for hemodialysis 

vascular access, requiring creation of another access site.24 When the time for maturation is 

limited to 5 months after the index operation (as opposed to an unlimited amount of time), up 

to 60% fail to mature within 5 months after the index operation.8 Of the fistulas that do mature, 

only 56% do so unassisted; the remainder require at least 1, and in some cases up to 4, 

additional operations or invasive interventions to achieve maturation.25 This, in combination 

with data suggesting that fistula patency (the amount of time the fistula or graft stays open) is 
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not superior to grafts in some populations,26-29 underscores the considerable impact that 

vascular access and its associated complications can have on an ESKD patient’s quality of life 

and the importance of making a well-informed decision. 

 

Changes in Vascular Access Guidelines 

These recent data challenge the universal appropriateness of Fistula First; thus the 2020 

KDOQI Clinical Practice Guideline for Vascular Access update advocates a substantial shift in 

optimal access selection toward a patient-centered approach, focusing on the ESKD Life-Plan.3 

Life-Plans are to be developed by the physician team in conjunction with the patient, and detail 

the patient’s vascular access plan for the remainder of her/his hemodialysis-dependent life. 

However, strong objective data are yet lacking to aid selection of the most appropriate access 

for a given individual patient. Thus, the recently updated guidelines cite “insufficient evidence 

for KDOQI to make recommendations on choice of incident vascular access type”, and 

emphasize the need for a “patient-centered approach to hemodialysis vascular access that 

considers multiple aspects of a patient’s needs and dialysis access eligibility”.3 Enabling 

physicians and patients to collaboratively make patient-centered vascular access decisions 

requires evidence that integrates each individual patient’s risk profile, and addresses outcomes 

reflecting individuals’ values. Such evidence does not yet exist, resulting in a significant barrier 

to the vascular access shared decision-making process.  

 

Vascular Access Risk Stratification 



 

11 
 

Prior efforts to aid in the prediction of vascular access outcomes have been 

unsuccessful, leaving physicians and patients with no effective resources to aid in vascular 

access decision-making. A review of prognostic models for fistula outcomes identified five 

different models, but discrepancies between the studies with definitions of included predictor 

variables prevented development of a unified approach.4 Three of the models were intended to 

predict overall fistula maturation,30,31 while two of the models attempted to predict time to 

patency failure of specific types of fistula (snuffbox and forearm radial-cephalic).32,33 The latter 

two did not have adequate validation processes in their model development, as judged by the 

review and the specificity of the anatomic sites limit the models’ generalizability and 

usefulness.4 Of the three models that predicted overall fistula maturation, two were published 

in 2003 and did not gain any traction with the third, most widely-cited model recently being 

shown to be ineffective in an external validation when applied to a cohort of older US 

hemodialysis patients.31,34  

 Another approach to using a global measure to predict vascular access outcomes is a 

comorbidity index which efficiently summarizes multiple comorbidities into a single score. The 

most commonly used comorbidity indices are the Charlson Comorbidity Index (CCI) (Table 2) 

and the Elixhauser comorbidity measure (ECM) (Table 3).35 A study examining their 

performance in predicting mortality using administrative databases demonstrated that the two 

have similar performance in predicting short and long term mortality.36 With respect to the 

ESKD literature, the CCI is by far the most commonly used as a covariate summarizing 

comorbidities. However, the usefulness of the CCI in predicting outcomes in the ESKD 

population is questionable. A study comparing the CHADS2 and CHA2DS2 scores (Table 4), 
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which are used for stroke prediction in patients with atrial fibrillation, and the CCI, 

demonstrated that the CHADS2 and CHA2DS2 scores had good predictive value for mortality of 

ESKD patients, but that the CCI did not.37 A similar study using five different comorbidity indices 

including the CCI and the ECM demonstrated that none of them accurately predict 1-year 

mortality in patients with CKD.38 Very few studies have examined the association of the CCI 

with vascular access outcomes. In one single center study of 117 patients, there was no 

significant difference in the CCI between patients who did and did not experience early fistula 

failure.39 There was also no association between CCI and fistula secondary patency.    

 

Table 2. Charlson Comorbidity Index 

Co-Morbidity Points assigned with diagnosis* 

History of Myocardial Infarction (heart attack) 1 

Congestive heart failure 1 

Peripheral vascular disease 1 

Cerebrovascular disease 1 

Dementia 1 

Chronic pulmonary (lung) disease 1 

Rheumatologic disease 1 

Peptic ulcer disease 1 

Liver Disease 
     Mild liver disease 
     Moderate or severe liver disease 

 
1 
3 

Diabetes 
     Without chronic complications 
     With chronic complications 

 
1 
2 

Hemiplegia or paraplegia 2 

Malignancy 
     Any malignancy, including leukemia and lymphoma 
     Metastatic solid tumor 

 
2 
6 

Acquired ImmunoDeficiency Syndrome (AIDS)/Human 
Immunodeficiency Virus (HIV) 

6 

*The Charlson Comorbidity index score is calculated as the sum total of the points assigned with each diagnosis 
present 
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Table 3. Elixhauser comorbidity measure* 

Comorbidity 

Congestive heart failure 
Cardiac arrhythmias 
Valvular disease 
Pulmonary circulation disorders 
Peripheral vascular disorders 
Hypertension 
Paralysis 
Other neurologic disorders 
Chronic pulmonary disease 
Diabetes, uncomplicated 
Diabetes, complicated 
Hypothyroidism 
Renal failure 
Liver disease 
Peptic ulcer disease excluding bleeding 
Acquired ImmunoDeficiency Syndrome (AIDS) 
Lymphoma 
Metastatic cancer 
Solid tumor without metastasis 
Rheumatoid arthritis/collagen vascular diseases 
Coagulopathy 
Obesity 
Weight loss 
Fluid and electrolyte disorders 
Blood loss anemia 
Deficiency anemias 
Alcohol abuse 
Drug abuse 
Psychoses 
Depression 

*The comorbidities are not weighted. The measure is calculated as total number of comorbidities present. 
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Table 4. CHADS and CHA2DS2 Scores* 

CHADS CHA2DS2 

Comorbidity/Characteristic Points Comorbidity/Characteristic Points 

Congestive heart failure 1 Congestive heart failure 1 

Hypertension 1 Hypertension 1 

Age >75 1 Age ≥ 75 2 

Diabetes 1 Diabetes 1 

Stroke or Transient ischemic attack 2 Stroke or Transient ischemic attack 2 

  Vascular Disease 1 

  Age 65-74 1 

  Female 2 
*each score is calculated as the sum total of the points attributed for each comorbidity/characteristic present 

 
Frailty 

Another global measure of patient functional status and overall health is frailty. Frailty is 

defined as “a clinically recognizable state of increased vulnerability resulting from aging-

associated decline in reserve and function across multiple physiologic systems such that the 

ability to cope with every day or acute stressors is compromised.”40 Frailty is highly prevalent in 

patients with older age, with patients of increasing age having increasing prevalence of frailty.41 

While a number of instruments exist to measure frailty, the one that is most commonly used in 

frailty research and has been the most extensively tested for validity is the Fried scale (named 

after its developer, Linda Fried).41,42 In a systematic review of the use of frailty measures, 69% 

of publications used the Fried scale,41 12% used the Frailty Index,43 4% used the Edmonton Frail 

Scale,44 and <2% used other instruments.42 

The premise of the Fried scale is that it operationalizes a phenotype of frailty. The Fried 

scale was developed using data from the Cardiovascular Health Study, a prospective, 

observational study of men and women 65 years and older.41 The phenotype of frailty in the 

Fried scale is presumed to include characteristics derived from the body of literature on the 

characteristics that constitute frailty. (Table 5) These characteristics were operationalized to 
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data collected in the Cardiovascular Health Study. The phenotype for frailty is identified by the 

presence of three or more of the characteristics. If one or two of the criteria are present, the 

patient is classified as intermediate or prefrail. 

 

Table 5. Fried scale Operationalizing a Phenotype of Frailty 

Characteristics of Frailty Cardiovascular Health Study Measure 

Shrinking:  
     Weight loss (unintentional)  
     Sarcopenia (loss of muscle mass) 

>10 pounds lost unintentionally in the prior year 

Weakness Grip strength: Lowest 20% (by gender, body mass index) 
     Men                                   Cutoff for grip strength 
        BMI ≤ 24                                         ≤29 
        BMI 24.1–26                                   ≤30 
        BMI 26.1–28                                   ≤30 

        BMI >28                                          ≤32 
      Women  
        BMI ≤ 23                                          ≤17 
        BMI 23.1–26                                   ≤17.3 
       BMI 26.1–29                                    ≤18  
       BMI > 29                                           ≤21 

Poor endurance; Exhaustion “Exhaustion” (self-report) 

Slowness Walking time/15 feet: slowest 20% (by gender, height) 
     Men                                       Cutoff for time to walk 15 feet 
       Height ≤ 173 cm                               ≥7 seconds 

       Height > 173 cm                              ≥6 seconds 
     Women  
       Height ≤ 159 cm                               ≥7 seconds 

       Height > 159 cm                              ≥6 seconds 

Low activity Kcals/week: lowest 20% 
     males: <383 Kcals/week 
     females: <270 Kcals/week 

 

The Frailty Index, developed by Mitniski et al., identifies a set of 20 symptoms, signs, 

impairments and disabilities that represent loss of functional activity, sensory impairment, and 

general medical, health and behavioral problems: vision loss, hearing loss, impaired mobility, 
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vascular problem, gait abnormality, impaired vibration sense, difficulty toileting, difficulty 

cooking, difficulty bathing, difficulty going out, difficulty grooming, skin problems, resting 

tremor, changes in sleep, difficulty dressing, urinary complaints, gastro-intestinal problem, 

diabetes, hypertension, and limb tone abnormality.43 The impairment index is the fraction of 

the 20 characteristics that a patient is determined to have based on clinical exam. An 

individual’s frailty index is defined as the ratio of that person’s impairment index to the mean 

index value, averaged across individuals without cognitive impairment, but of the same 

chronologic age. In comparing the Fried scale and the Frailty Index, the Fried scale is more 

objective and straightforward to determine, likely contributing to its popularity among 

researchers. 

The Edmonton Frail Scale (EFS) contains eleven items across nine domains of frailty 

(Table 6).44 The EFS can be administered by people with no formal medical training and requires 

< 5minutes. The maximum score is 17, with no cutoff indicating presence of frailty; higher 

scores indicate higher levels of frailty. In comparing the Fried scale with the EFS, the Fried scale 

is again more objective and relies less on self-report, likely contributing to its popularity among 

researchers. 
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Table 6. Components of the Edmonton Frail Scale44 

 

Regardless of the method used to measure frailty, the prevalence of frailty in the ESKD 

population is significantly higher than the average population with 75% of those aged >60 

meeting frailty criteria.45-47 Frailty is associated with a >200% increase in 1-yr mortality risk in 

ESKD patients.45 Frailty is also associated with increased risk of post-operative morbidity and 

mortality in patients undergoing oncologic, neurologic, colorectal, orthopedic, and vascular 

operations.48-52  Despite the high prevalence of frailty among dialysis patients, it is unknown 

whether frailty is associated with dialysis access failure.   

The association of frailty with failure of vascular access has been investigated in only 

one study of 51 patients using a self-reported frailty measure which demonstrated that frailty 

increased the risk of fistula failure with a hazard ratio of 2.63.53 This previous study is lacking 
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due to the small sample size and the use of a self-reported, unvalidated frailty measure. The 

association between frailty and vascular access failure must be investigated further. Frailty and 

poor functional status may be an indication of both increased mortality and poor outcomes 

with fistula and/or graft. In this case, frailty may serve as an indicator of appropriateness for the 

small population of patients that should permanently use tunneled catheter as their vascular 

access. Frailty could also be used as an indicator of a patient who might have a shorter life 

expectancy and therefore would not benefit from the long-term advantages of a fistula. 
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Chapter 3: Conceptual Model and Research Questions 

The conceptual model was constructed based on the review of the literature and my 

experience as a clinician and investigator. It is not based on any existing conceptual model and 

flows from left to right (Figure 5). A number of factors may be associated with vascular access 

failure.54 (Figure 5) A significant challenge with investigating the failure of vascular access, is 

that the type of access (fistula vs graft) likely has the most significant impact on the outcome.  

However, assignment to fistula vs graft is not random, particularly over the last decade when 

policy strongly advocated for fistula.  As the conceptual model indicates, the factors which may 

be associated with vascular access failure are the same factors that providers often use to 

determine which access type is most appropriate in a given patient.  The factors that may be 

associated with vascular access failure fall into three broad categories: system factors, patient 

socio-demographics and patient co-morbidities.  All three categories of factors are used by 

surgeons in determining which type of access the patient should undergo.  Of the system 

factors, the year the access was performed likely plays the largest role in the decision-making 

process, as the guidelines described above were instituted at varying points in time, with Fistula 

First being introduced in 2003 and the previous KDOQI Guidelines being introduced in 2006 (see 

above). The literature describes varying rates of vascular access failure based on the socio-

demographics and co-morbidities (described in detail below).  In an effort to minimize the risk 

of failure, surgeons use this literature to the best of their ability to determine what type of 

access the patient should undergo. As a result, these factors are associated both with the type 

of access selected and the outcomes of the access. 
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Figure 5. Overall Conceptual Framework for Vascular Access Failure 

 

Patient Sociod emographics 

There is no shortage of literature regarding most of the factors that may be involved in 

vascular access success/failure. Patient age is one of the most significant considerations with 

respect to optimal vascular access, given the complex implications associated with age: life 

expectancy, likelihood of associated comorbidities, and age–related personal goals.  Life 

expectancy is reduced with increasing age and length of dialysis dependence.1 For example, the 

12-month survival rates of patients with incident ESKD ≥75 or 45–64 years old are 62% and 

86%, respectively.1   

Patient age is also one of the most extensively studied factors in association with 

vascular access failure.  There is growing literature showing higher rates of failure of fistulas in 

elderly patients compared with younger patients on hemodialysis.28,55,56 For example, patients 

aged ≥65 years old have been reported to have an increased risk of fistula maturation failure 

with a relative risk of 1.7 compared with patients <65 years old.55 A meta-analysis also showed 
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that 12-month primary and secondary patency as well as maturation rates are significantly 

worse in the elderly patient.28 Until the fistulas matures enough to be used, the patient cannot 

enjoy the benefits of fistulas over grafts, such as a lower infection risk. Indeed, in elderly 

patients with limited life expectancy, fistulas confer a very modest reduction in the risk of 

bacteremia compared with grafts.56 Among patients with an estimated life expectancy in the 

25th percentile, 200 fistulas would need to be placed to prevent one episode of graft–related 

bacteremia.56  

The fistula has also been traditionally touted as providing improved patient survival over 

graft.  However, in a cohort of 115,426 incident hemodialysis patients, the investigators 

reported that there was no difference in survival among patients ages ≥80 years old who had 

graft as their initial access placed pre-dialysis compared with those with fistula.29 Other studies 

have also found lower fistula maturation and use, greater need for interventions, and 

prolonged catheter dependency among fistula use compared with grafts in the elderly.12,29,57,58  

The issue of patient sex is another extensively studied factor with respect to vascular 

access failure.  However, study results are conflicting regarding the association between female 

sex, fistula non-maturation, and reduced patency.59-62 This is presumed to be related to smaller 

vein diameter in females compared with males.  To refute this belief, one study of 148 

consecutive patients showed no association between sex and diameter of the cephalic vein.63 

Similarly, another study found lower fistula maturation rates in females that were not explained 

by differences in vein diameter.64  It remains unclear how sex should be considered during the 

vascular access decision-making process.  
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Patient race is significantly associated with both prevalence of ESKD and vascular access 

type.   Despite the fact that the US Census Bureau65 estimates that Blacks constitute 

approximately 13.4% of the US total population in 2019, Blacks represent 30.5% of the 

prevalent ESKD population in the US.66  In addition, Blacks are significantly less like to undergo 

fistula vs graft compared to non-Blacks.67 There is some evidence to indicate that Blacks have 

worse outcomes with fistula compared to Whites.68 

 

Patient Health Characteristics 

Diabetes mellitus is another factor that may be associated with vascular access failure. 

No studies have reported on the relationship between the degree of diabetes control and/or its 

duration (and associated effect on vessels) and fistula or graft failure. Some studies have found 

decreased primary and secondary patency69 and longer maturation times in patients with 

diabetes.17 However, other studies have demonstrated no association between diabetes and 

maturation time70, risk of nonmaturation71,72, or patency9. Given the disparate outcomes, it is 

likely that the relationship between diabetes and fistula failure is complex and may be related 

to a variety of diabetes–associated pathologic factors, such as the presence of arterial 

calcification, atherosclerosis, and vessel damage.  

For a fistula or graft be sustained, it must have adequate arterial inflow and outflow. 

The presence of coronary artery disease (CAD) represents a surrogate for two issues that may 

affect the inflow of an AV access. Atherosclerosis is a systemic disease that affects all arteries, 

including vascular access inflow arteries. Patients with severe CAD may also have compromised 

cardiac output. This may be reflected by poor blood pressure. Low diastolic blood pressure has 
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been shown to significantly decrease fistula patency.73 For example, an AV access can 

thrombose easily when a patient’s blood pressure suddenly drops on hemodialysis.73,74 The 

patency of fistulas and grafts is likely to be negatively affected by a low cardiac ejection fraction 

regardless of whether it is associated with CAD. However, maturation, which is only required 

for fistula, is also negatively affected by CAD.31  

Similarly, peripheral arterial disease has been shown to be associated with failure to 

mature31 and decreased patency in both fistula and grafts.74 When atherosclerosis affects the 

peripheral arteries to the extent that the ankle-brachial index is decreased, it is highly likely that 

atherosclerosis is also affecting the inflow arteries used for vascular access.  

Obesity is a co-morbidity that is clearly associated with fistula failure to mature.  This is 

because for a fistula to be considered mature, it must be able to be punctured for dialysis.  In 

order for it to be punctured, it must be close enough to the skin for the needle to reach it.  

When patients are obese, defined as a body mass index ≥30, the superficial veins used for 

fistula creation are often at an increased depth compared to the non-obese patient.  While a 

study of 1486 patients did demonstrate that the morbidly obese (those with a body mass index 

≥35) had an increased failure to mature, there was no difference in fistula patency between the 

morbidly obese and non-morbidly obese.75 

 

Anatomical Factors 

Anatomical factors involving the vein and artery proposed to be used for an access have 

traditionally played important roles in determining optimal vascular access type.  Many 

surgeons consider vein size to be the most important consideration in determining whether the 
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vein is suitable for fistula creation.  However, vein size is non-linearly correlated with fistula 

maturation and patency.9,72 Results from the prospective multi–institutional Hemodialysis 

Fistula Maturation Study show that a draining vein diameter of 2–3 mm is associated with 

increased risk of early thrombosis (defined as thrombosis within 18 days of fistula creation).76 

Upper arm fistulas have larger vein diameters than forearm fistulas and are at lower risk for 

fistula maturation failure77 and early thrombosis76, with increased long–term patency.77 What is 

unclear is the diameter cutoff between success and failure. Diameters of 1.6–4.0 mm have been 

used as cutoffs.62,71,72 The varying definitions of maturation, patency, and techniques of 

measuring vein diameter likely contribute to the wide range of threshold diameters cited. To 

further complicate the situation, some authors have shown that there can be substantial 

overlap in the vein diameters of those whose fistula fail and those that succeed.61  

Similarly, smaller inflow artery diameter is associated with fistula failure.  In most 

patients, the brachial artery at the level of the elbow is significantly larger than the radial artery 

at the wrist.  As such, brachial artery–based fistula have been shown to be more likely to 

mature and have superior patency compared with radial artery–based fistula.76,78 In terms of 

minimum required artery diameter, there seems to be more consensus in the literature with a 

minimum diameter of 2 mm.63,71  Another feature of arteries that may contribute to vascular 

access failure is calcification.  Surgeons have often considered calcification of arterial inflow to 

be a negative prognostic factor. However, data from the Hemodialysis Fistula Maturation Study 

reveal that calcified, noncompliant inflow arteries are associated with a lower incidence of early 

thrombosis.76 Arterial microcalcification itself may not be associated with maturation failure if 
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the artery is of adequate size and overall quality to allow for surgical proximal and distal control 

and suture placement.79,80 

 

System Factors 

The role of system factors in failure of vascular access have not been examined in detail 

in the literature.  Geographic variation in the delivery and outcomes of healthcare is well 

described. For example, investigators have demonstrated that there is substantial regional 

variation in use of cardiac health services utilization (stress tests, diagnostic cardiac 

catheterization and revascularization).81 Similarly, it is well known that there is significant 

geographic variation in the prevalence of access types.82  Even after adjusting for demographic 

variables including age, sex, race and co-morbidities, there variation in prevalence of access 

type persists across the geographically assigned end-stage kidney disease networks.82  The 

drivers of these variations have not been examined, and are outside the scope of this project, 

given that the focus of this dissertation is to examine the association of frailty with vascular 

access failure.   

Insurance Plan Type. All hemodialysis-dependent patients become eligible for Medicare 

on the first day of their fourth month of dialysis dependence.  The population that qualifies for 

Medicare solely by virtue of ESKD do not have the option of Medicare advantage.  Patients who 

have private insurance at the time they start hemodialysis can elect to keep their insurance as 

Medicare advantage. If at any time, they lose their insurance or voluntarily choose to switch to 

fee-for-service Medicare, they do not have the option of going back to private insurance or 

Medicare advantage.  Those who have fee-for-service Medicare at the time they become 
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dialysis dependent, also do not have the option of Medicare advantage. Thus, the majority of 

hemodialysis patients have fee-for-service Medicare for their insurer and the association 

between insurer and vascular access failure has been minimally studied.  The issue of insurer 

and insurance is more of a driver in pre-dialysis care.  Those with improved access to health 

care may presumably have better pre-dialysis care. Further examination of this is, again, 

outside the scope of this project.  

The association between surgeon characteristics and outcomes of major vascular 

operations has been extensively studied and shown to have a strong positive correlation 

between extensive provider experience and improved surgical outcomes.21,22 However, vascular 

access surgery is considered a minor operation, as it can typically be performed on an 

outpatient basis under local or regional anesthesia.  There is some evidence that surgeons who 

perform higher volumes of access procedures have better outcomes.83       

Dialysis facility characteristics have been shown to be associated with level of 

performance in the CMS QIP.84 Dialysis facility for-profit status was shown to be associated with 

higher Total Performance Score (TPS), as measured by the QIP.84 Increasing number of stations 

in the facility was associated with decreasing TPS, as was increasing percentage of Black 

patients treated at the facility.84-86 However, the association between dialysis facility 

characteristics and vascular access outcomes has not been investigated.   

 

Research Questions 

The relationship between vascular access type and vascular access failure is exceedingly 

complex. This dissertation focuses on the in-depth examination of the relationship between 
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frailty and fistula and graft failure, an association that has been minimally studied in the past. 

This dissertation seeks to assess whether frailty can serve as a global measure of functional 

status and overall patient health that is associated with the immediate failure or success of a 

hemodialysis fistula or graft by answering the following two questions: 

Question 1: Is presence of patient frailty associated with length of time to time to 

functional use after fistula creation? 

Hypothesis: Frailty is associated with longer times to time to functional use after 

fistula creation.  

Rationale: Frail patients have been shown to have worse outcomes after a wide 

range of surgical procedures, including vascular surgery and thus would be 

expected to take longer to mature a fistula. 

Question 2: Is presence of patient frailty associated with length of time to time to 

functional use after graft creation? 

Hypothesis: Frailty is associated with longer times to time to functional use after 

graft creation.  

Rationale: Frail patients have been shown to have worse outcomes after a wide 

range of surgical procedures, including vascular surgery and thus would be 

expected to take longer to mature a graft. 
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Chapter 4: Methods 

Analytic Framework 

Figure 6 displays the analytic framework used for this study. The specific type of vascular 

access outcome that will be examined is fistula and graft time to time to functional use. The 

analytic framework (Figure 6) is a subset of the overall conceptual model and represents the 

variables and relationships that were available and addressed in this dissertation. In the 

category of system factors, the specific insurance plan type was not included as it is not 

available in the dataset. Medicare/Medicaid dual eligibility was included as a socio-

demographic characteristic. The year the access was performed was not included as all accesses 

were performed during the era of “Fistula First.” The geographic location was included in the 

form of zip code socio-demographics. Physician characteristics and anatomic factors are not 

available in this dataset and were not included.  

 

Figure 6. Analytic Framework 
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Institutional Review Board (IRB) Approval 

 This study was deemed exempt by the UCLA IRB as the dataset used was de-identified, 

publicly available data and does not constitute human subjects research.  

Dataset 

 The dataset used was the United States Renal Data Systems (USRDS) database from 

2012 to 2017. The USRDS is a national data system that collects, analyzes and distributes wide-

ranging, relevant information about chronic kidney disease and ESKD in the United States. The 

USRDS is funded by the National Institute of Diabetes and Digestive and Kidney Diseases 

(NIDDK).  Every ESKD patient is enrolled in the database within 45 days of initiation of 

treatment for ESKD.   

USRDS Data Structure 

The USRDS database is a compilation of data from a number of sources (available at 

https://www.usrds.org/media/1286/2019-researcher-s-guide.pdf). The available data can be 

classified into data that is relevant to this dissertation and data that are not. 

The data that is relevant to this dissertation are: 

Consolidated Renal Operation in a Web-enabled Network (CROWNWeb). This is the 

primary data source for ESKD patient information. CROWNWeb is a quality measure 

reporting system mandated by the CMS. Dialysis facilities report the CROWNWeb data 

on a monthly basis in order to satisfy clinical performance measure reporting. The data 

point included in the CROWNWeb data that is most relevant to this dissertation, is the 

type of vascular access the patient is using. Additional data, not relevant to this 

dissertation, include a number of laboratory values, medication administration and their 

https://www.usrds.org/media/1286/2019-researcher-s-guide.pdf
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dosages, and hemodialysis flow rates and clearance efficiency values. CROWNWeb data 

is available starting from 2013, requiring that the study period be limited to start in 

2013.  

CMS ESKD Medical Evidence Report Form (CMS 2728) This form is used to register 

patients at the onset of ESKD and must be submitted by dialysis or transplant providers 

within 45 days of treatment initiation. Only one Medical Evidence Report Form is 

expected for each ESKD patient for the entire ESKD treatment period. However, when 

the therapy changes, for example, if a transplant patient experiences graft failure and 

returns to dialysis, a new Medical Evidence Form must be filed at that time.  This form 

includes demographic information (age/sex/race), comorbid conditions, the type of 

vascular access being used at initiation for patients who are undergoing hemodialysis 

and laboratory values. The items on the form are required, making the data nearly 100% 

complete. Less than 1% of the required elements from this form are missing. The form 

does not designate who should fill it out or how the diagnoses should be made or how 

the demographic determinations should be made. 

CMS ESKD Death Notification Form (CMS 2746) This form is used to report the death of 

ESKD patients. CMS policy is that this form must be submitted by dialysis or transplant 

providers within 30 days of a patient’s death, and provides the date, primary and 

secondary causes of death, reasons for discontinuation of renal replacement therapy, if 

applicable, and evidence of hospice care prior to death. It is the primary source of death 

information for CMS and the USRDS, documenting more than 99% of deaths. Of note, 
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the USRDS also utilizes several supplemental data sources for ascertaining date and 

cause of death. 

CMS Medicare Enrollment Database (EDB) The EDB is the repository of all Medicare 

beneficiary enrollment and entitlement data, including Medicare/Medicaid dual 

eligibility. 

CMS Paid Claims Records Inpatient transplant and outpatient dialysis claim records are 

used to identify new ESKD patients for whom no Medical Evidence Report form has 

been filed. These are only used to supplement and do not replace other sources of 

information. 

CMS ESKD Standard Analytical Files (SAFs) The SAFs contain data from final action claims 

submitted by Medicare beneficiaries. The USRDS uses 100% of Part A Institutional 

Claims for inpatient, outpatient, skilled nursing facility, home health agency and hospice 

care. The USRDS uses 100% of Part B claims for physician/supplier and durable medical 

equipment.  

CMS Annual Facility Survey This survey is conducted annually and includes the dialysis 

facility characteristics regarding RN and staff to patient ratios, numbers of patients using 

peritoneal dialysis, non-profit status and hospital-based status. 

The data that are not relevant to this dissertation are: 

Organ Procurement and Transplantation Network Database This is the registry for data 

related to organ matching and transplantation.   

CMS 5% General Medicare SAF This data is extracted from the general Medicare billing 

database as a random sample of 5% of the entire Medicare population. These files are 
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used by USRDS to create the CKD cohort dataset and conduct studies on the Healthy 

People 2020 objectives. 

Data from special studies involving USRDS These are special studies performed through 

the USRDS platform regarding specific issues related to chronic kidney disease and 

ESKD. Each study occurs over a finite period. None of these studies contain data 

relevant to this dissertation. The special studies are: Dialysis Morbidity and Mortality 

Study, Case Mix Adequacy Study, Case Mix Severity Study, Pediatric Growth and 

Development, Continuous Ambulatory Peritoneal Dialysis and Peritonitis Study, 

Active/Adipose, The Transition of Care in Chronic Kidney Disease, and CDC National 

Surveillance of Dialysis Associated Diseases.   

Dialysis facility compare data The USRDS uses this data to define chain and ownership 

information for each dialysis facility. 

US Census The US Census data regarding age, race and sex is used by USRDS to compare 

the chronic kidney disease and ESKD populations to the general US population. 

 

Obtaining the USRDS data 

 USRDS data are available to researchers free of charge by submitting a request to the 

USRDS Coordinating Center. The request consisted of a research proposal, documentation of 

approval from the UCLA IRB and a completed Agreement for Release of Data. Upon approval of 

the request, I received an electronic transmission of all of the files that contain all of the above 

described data. The data obtained for this dissertation are complete through October 2017. 

 



 

33 
 

Linking the USRDS data to the American Community Survey 

 I linked patient zip codes to information about local sociodemographics using the 2010 

Census and 2013 American Community Survey (ACS).87 The ACS is a nationwide survey that 

collects and produces information on social, economic, housing, and demographic 

characteristics about the US population every year. Given that the data used in this study was 

for patients who started hemodialysis between 2013-2015, the 2013 ACS was used. Participants 

are contacted by the Census Bureau to participate in the survey. The forms are mailed to 

specific addresses and the sample is designed to ensure representative geographic coverage. 

The ACS data is publicly available and can be downloaded directly from the website 

(https://www.census.gov/programs-surveys/acs/data.html). 

 

Patient Population 

The patients who initiate hemodialysis through a tunneled catheter with no fistula or 

graft in place pose the most significant decision-making challenge for vascular access surgeons 

who must weigh the risks and benefits of time spent dialyzing through a catheter with 

possibility of failure of a fistula.  Vascular access failure has greater consequences in dialysis-

dependent than pre-dialysis patients.  Pre-dialysis patients will not require a tunneled catheter 

because they do not need to dialyze yet, and the practitioner may feel less urgency to create a 

functioning fistula/graft after the index fistula/graft fails.  Furthermore, given the limited 

anatomic sites available for vascular access, each subsequent access is more challenging than 

the previous since the most optimal sites that are thought to be most likely to succeed are 

typically used first.  As such, this study focuses on the population of patients initiating 
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hemodialysis through a tunneled hemodialysis catheter and undergoing subsequent creation of 

a vascular access.  

Thus, the following inclusion criteria were imposed: 1) 6 months of Medicare claims 

available prior to the first day of dialysis. This is required to determine the degree of frailty. 2) 

Initiation of hemodialysis with a tunneled catheter.  This is to limit the population to the most 

common clinical scenario in the US, which is patients who start hemodialysis through a 

tunneled catheter with no fistula or graft present. 3) No previous fistula or graft creation prior 

to initiation of hemodialysis. This is to ensure that the population is being limited to those who 

initiate dialysis through a tunneled catheter, and the fistula/graft created after tunneled 

catheter initiation is the first fistula/graft creation. 4) Creation of a vascular access (fistula or 

graft) after the initiation of hemodialysis. This excludes those who never have a fistula or graft 

placed after initiation of hemodialysis through a tunneled catheter. 5) At least two years of 

possible follow up data, which limits the included sample to those who initiated dialysis prior to 

October 2015, since the dataset obtained has data through October 2017.  

Once the inclusion criteria were imposed, 43,401 patients, 34,779 who underwent 

fistula creation and 8,622 who underwent graft creation, were included in the analysis. (Figure 

7) 
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Figure 7. Consort diagram of included and excluded cases. 

 

 

   

 

 

3,081,768 with ESKD in the USRDS dataset 

1,984,863 excluded who did not use hemodialysis, or 
had previous peritoneal dialysis 

1,096,905 initiating hemodialysis with no previous 
transplant or other dialysis services 

696,977 excluded who were not enrolled in Medicare 
Part A & B at least 6 months prior to first hemodialysis 

399,928 enrolled in Medicare Part A & B at least 6 
months prior to first hemodialysis 

163,835 excluded who initiated hemodialysis through a 
fistula or graft, or had a fistula or graft in place at the 

time of hemodialysis initiation 

236,093 initiating hemodialysis through a tunneled 
catheter with no fistula or graft in place 

180,763 excluded who were enrolled before January 
2013 or after October 2015 

55,330 enrolled between January 2013 and October 
2015 

11,127 excluded with no observed creation of fistula or 
graft after hemodialysis initiation 

44,203 with fistula or graft creation after hemodialysis 
initiation through tunneled catheter 

2,677 excluded for missing covariate data 

41,526 with fistula or graft creation after hemodialysis 
initiation through tunneled catheter with complete 

covariate data 
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Variables 

The variables included in the study represent operationalization of the factors in the 

analytic framework.  

 

Dependent Variable 

The dependent variable was time to time to functional use. This was defined as the time 

to use of index vascular access for hemodialysis with two needles. This is a proxy for this 

outcome.  The endpoint as available in the dataset is the first instance in CROWNWeb of the 

access of interest being used with two needles.   

 

Primary Regressor 

The primary regressor of interest was frailty. Frailty was calculated according to the 

claims-based disability status model of Segal.88,89  This model is the only validated model that 

calculates frailty using Medicare claims data and is anchored to a well-established frailty 

phenotype (as described by Fried).41 The model calculates the “Claims-Based Frailty Indicator” 

(CFI) which is a continuous value with a minimum of 0 and a maximum of 1. The model uses 

modified Berenson-Eggers Type of Service (BETOS) codes, in the following categories: 

preventive services, evaluation and management visits, other visit types, minor or ambulatory 

procedures, major procedures, imaging, durable medical equipment use, and other, to predict 

frailty.   

In the models for this dissertation, the CFI was treated as a categorical variable and 

divided into quartiles determined by the sample distribution. The quartile cutoffs are consistent 
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with the cutoffs suggested by the Segal. When a probability cutoff of 0.12 as used, the 

sensitivity and specificity were maximized with a sensitivity of 66% and a specificity of 73%. At a 

cutoff of 0.2, the sensitivity and specificity were 35% and 91%. When a cutoff of 0.2 is used, the 

CFI significantly predicts death in five years, time to death, hospital admission in five years and 

nursing home admission.88,89 The authors suggest that the cutoff for classifying individuals as 

frail or not frail “can be chosen based on the intended use.” The authors suggest that if the 

intention is to specifically identify frail individuals, a higher CFI cutoff should be used.  

 

Control variables 

The control variables used in the analysis are detailed in Table 7. Dialysis facility 

characteristics represented the facility the patient was using at the time the vascular access was 

created. Zip code sociodemographics were used as obtained from the merge with the American 

Community Survey. 
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Table 7. Control Variables 

Variable Definition Categories 

Dialysis facility characteristics 

Profit binary variable indicating 
whether the facility was for-
profit or not for-profit 

a. for profit 
b. not for-profit 

Hospital-based binary variable indicating 
whether the facility was 
hospital-based or free-
standing 

a. hospital-based  
b. free-standing 

Number of peritoneal dialysis 
patients 

categorical variable 
indicating the number of 
peritoneal dialysis patients 
that are cared for by the 
dialysis facility 

a. 0 
b. 1-25 
c. 26-50 
d. >50 

Patient to Registered Nurse 
ratio 

categorical variable 
indicating the ratio of 
patients to registered nurses, 
measured as full time 
employees 

a. 1-10 
b. >10-20 
c. >20 

Patient to staff ratio categorical variable 
indicating the ratio of 
patients to staff with staff 
defined as nurses of any 
certification level and 
technicians, measured as full 
time employees 

a. 1-4 
b. >4-8 
c. >8 

Patient Characteristics 

Age Age at time of index vascular 
access creation. This was 
treated as a categorical 
variable based on clinically 
relevant categories of age. 

a. 18-49 
b. 50-64 
c. 65-74 
d. 75-84 
e. ≥85 

Sex This was used as defined by 
USRDS on form 2728 

a. male  
b. female 

Race This was used as defined by 
USRDS on form 2728 

a. White 
b. Black/African American 
c. American Indian/ Alaskan 
d. Asian 
e. Native Hawaiian or Other 
Pacific Islander 
f. Other 
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Medicare Medicaid dual 
eligibility 

binary variable indicating 
whether the patient was 
eligible for Medicaid and 
Medicare 

a. dual eligible 
b. not dual eligible 

Zip code sociodemographics 

Median income   categorical variable 
indicating the median income 
in the zip code 

a. 0-50K 
b. 50K-100K  
c. 100+K 

Percent below the poverty 
level 

categorical variable 
indicating the percentage of 
residents in the zip code 
below the poverty level 

a. 0-<15% 
b. 15%-<25% 
c. 25+% 

Percent unemployment categorical variable 
indicating the percentage of 
residents in the zip code who 
were unemployed 

a. 0-<10%  
b. 10%-<20% 
d. 20+% 

Percent with high school 
degree 

categorical variable 
indicating the percentage of 
residents in the zip code with 
a high school degree or 
equivalent 

a. 0-<15% 
b. 15%-30% 
c. 30+% 

Median Rent median rent being paid by 
residents in the zip code who 
rent their home 

a. 0-<$750 
b. $750-<$1250 
c. $1250+ 

Comorbidities 

Diabetes identified by the provider on 
enrollment in USRDS on form 
2728 

a. yes 
b. no 

Coronary Artery Disease identified by the provider on 
enrollment in USRDS on form 
2728 

a. yes 
b. no 

Peripheral Vascular Disease identified by the provider on 
enrollment in USRDS on form 
2728 

a. yes 
b. no 

Obesity identified by the provider on 
enrollment in USRDS on form 
2728 

a. yes 
b. no 
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Analytic Method 

Descriptive statistics were performed of the patient demographics, comorbidities, 

dialysis facility characteristics and zip code socio-demographics. Chi-square test was used to 

compare the patients who underwent fistula creation and those who underwent graft creation. 

A correlation matrix was performed to assess collinearity of covariates. Bivariate associations 

between each covariate and the dependent outcome were assessed using cox proportional 

hazards models. Time to time to functional use was modeled using cox proportional hazards 

models, which is an appropriate modeling strategy as the dependent variable is a time to event.  

Fistula and graft time to functional use were modeled separately. Patients were 

censored at time of death, switching to peritoneal dialysis, successful kidney transplantation 

and termination of hemodialysis dependence or repeat access creation prior to functional use 

of the index fistula/graft. Because frailty and comorbidity burden are highly related concepts, 

frailty and comorbidity burden may be collinear. To assess this relationship, the distribution of 

the quartiles of claims-based frailty indicator by the number of comorbidities the patient had 

(coronary artery disease, diabetes, peripheral vascular disease, obesity) was assessed using the 

chi-square test. To further assess this relationship, the full model was built to include all of the 

control variables. Then, a second, reduced model was built excluding the comorbidity control 

variables (coronary artery disease, diabetes, peripheral vascular disease and obesity). Frailty 

and age may also be collinear, but the relationship is more easily assessed through the 

correlation matrix. 
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Sample selection and data management was conducted using SAS 9.2 (SAS institute, 

Cary, NC) and statistical analysis was performed using Stata 15.1 (StataCorp, College Station, 

TX).  
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Chapter 5. Results 

 

Descriptive Results 

The mean claims-based frailty indicator score was higher in patients who underwent 

graft compared to patients who underwent fistula (Table 8). Patients who underwent graft 

creation were older, were more likely to be Black, more likely to be dual eligible for Medicaid 

and Medicare, and had higher prevalence of co-morbidities . Patients who underwent fistula 

were slightly more likely to dialyze at a non-profit dialysis facility and a facility with a lower 

patient to RN ratio . Patients who underwent fistula were also slightly more likely to live in a zip 

code with lower rates of unemployed residents. The percentage of high school graduates was 

slightly lower in the zip codes of patients who underwent fistula and the median rent was also 

slightly lower .  
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Table 8. Patient, dialysis facility characteristics and sociodemographics by access type. 

 Overall 
(n=41,526) 

Fistula 
(n=33,260) 

Graft 
(n=8,266) 

P-
value 

Characteristic n (%) n (%) n (%)  

Mean claims-based frailty 
indicator (SD) 

0.17 (0.15) 
 

0.15 (0.13) 0.18 (0.16) <0.001 

Claims-Based Frailty Indicator 
(value cutoff) 
     First quartile 
     Second quartile 
     Third quartile 
     Fourth quartile 

 
 

0 
0.057 
0.12 
0.23 

NA NA NA 

Demographics 

Age  
     18-49 
     50-64 
     65-74 
     75-84 
     ≥85 

 
2122 (5.1) 
7048 (17) 

14591 (35.1) 
13354 (32.2) 

4111 (9.9) 

 
1796 (5.4) 

5802 (17.4) 
12246 (36.8) 
10403 (31.3) 

3013 (9.1) 

 
326 (3.9) 

1246 (15.1) 
2345 (32) 

2951 (35.7) 
1098 (13.3) 

<0.001 

Female 19241 (46.3) 14425 (43.4) 4816 (58.3) <0.001 

Race 
     White 
     Black 

American Indian/Alaskan Native 
Asian 
Native Hawaiian/ Other Pacific 

Islander 
Other  

  
29905 (72) 
9795 (23.6) 

356 (0.9) 
1147 (2.8) 
264 (0.6) 

 
59 (0.1) 

 
24739 (74.4) 
7081 (21.3) 

323 (1) 
855 (2.6) 
214 (0.6) 

 
48 (0.1) 

 
5166 (62.5) 
2714 (32.8) 

33 (0.4) 
292 (3.5) 
50 (0.6) 

  
11 (0.1) 

<0.001 

Medicaid Dual Eligibility 13929 (33.5) 10901 (32.8) 3028 (36.6) <0.001 

Co-morbidities 

Diabetes 22888 (55.1) 18248 (54.9) 4640 (56.1) 0.04 

Coronary artery disease 5168 (12.4) 4033 (12.1) 1135 (13.7) <0.001 

Peripheral vascular disease 6174 (14.9) 4843 (14.6) 1331 (16.1) <0.001 

Obesity 10076 (24.3) 7861 (23.6) 2215 (26.8) <0.001 

Dialysis facility characteristics 

Non-profit (vs for-profit) 4497 (10.8) 3713 (11.2) 784 (9.5) <0.001 

Freestanding (vs hospital based) 39824 (95.9) 31829 (95.7) 7995 (96.7) <0.001 

Peritoneal dialysis patients 
     0 
     1-25 
     26-50 
     >50 

 
21537 (51.9) 
16269 (39.2) 

2994 (7.2) 
726 (1.7) 

 
17025 (51.2) 
13244 (39.8) 

2416 (7.3) 
575 (1.7) 

 
4512 (54.6) 
3025 (36.6) 

578 (7) 
151 (1.8) 

<0.001 
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Patient to RN ratio 
     >0-10 
     >10-20 
     >20 

 
5253 (12.6) 

25073 (60.4) 
11200 (27) 

   
4403 (13.2) 

20016 (60.2) 
8841 (26.6) 

 
850 (10.3) 

5057 (61.2) 
2359 (28.5) 

<0.001 

Patient to staff ratio 
     >0-4 
     >4-8 
     >8 

 
2599 (6.3) 

34375 (82.8) 
4552 (11) 

 
2092 (6.3) 

27540 (82.3) 
3628 (10.9) 

 
507 (6.1) 

6835 (82.7) 
924 (11.2) 

0.7 

Zip code sociodemographics 

Median income 
     0-<50K 
     50K-<100K 
     100K+ 

 
24005 (57.8) 
16212 (39) 
1309 (31.5) 

 
19292 (58) 

12932 (38.9) 
1036 (3.1) 

 
4713 (57) 

3280 (39.7) 
273 (3.3) 

0.23 

Percent below poverty 
     0-<15% 
     15%-<25% 
     25+% 

 
19027 (45.8) 
14823 (35.7) 
7676 (18.5) 

 
15290 (46) 

11912 (35.8) 
6058 (18.2) 

 
3737 (45.2) 
2911 (35.2) 
1618 (19.6) 

0.07 

Percent unemployment 
     0-<10% 
     10%-<20% 
     20%+ 

  
24086 (58) 

16222 (39.1) 
1217 (2.9) 

 
19437 (58.4) 
12908 (38.8) 

914 (2.7) 

 
4649 (56.2) 
3314 (40.1) 

303 (3.7) 

<0.001 

Percent high school graduate 
     0-<15% 
     15%-<30% 
     30+% 

  
24158 (58.2) 
14658 (35.3) 

2710 (6.5) 

 
19519 (58.7) 
11609 (34.9) 

2132 (6.4) 

 
4639 (56.1) 
3049 (36.9) 

578 (7) 

<0.001 

Median rent 
      0-<$750 
      $750-<$1250 
      $1250+ 

 
15509 (37.3) 
20614 (49.6) 
5403 (13.0) 

 
12666 (38.1) 
16269 (48.9) 

4325 (13) 

 
2843 (34.4) 
4345 (52.6) 
1078 (13) 

<0.001 
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Correlations 

The correlation matrix (Tables 9 and 10) demonstrated that there was only one 

correlation greater than R=0.5, which was the correlation between non-profit and freestanding 

as dialysis facility characteristics.  This is likely due to the overwhelming majority of dialysis 

facilities being non-profit and freestanding. Based on this finding, and given nearly all facilities 

(95.9%) were freestanding, which provides little discrimination in the dataset, only non-profit 

status will be included in the models going forward. 
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Table 9. Correlation matrix, Part 1 
 Frailty 

 
Age Female Race Medicaid 

dual 
eligibility 

Diabetes Coronary 
artery 

disease 

Peripheral 
vascular 
disease 

Obesity Nonprofit 

Frailty            

Age 0.42*          

Female 0.05 0.02         

Race 0.04 0.12 0.02        

Medicaid dual 
eligibility 

0.07 0.14 0.13 -
0.09 

      

Diabetes 0.21* 0.11 0.06 0.03 0.12      

Coronary 
artery disease 

0.37* 0.01 0.02 0.02 0.02 0.17*     

Peripheral 
vascular 
disease 

0.32* 
 

0.05 0.05 0.01 -0.05 0.17* 0.2*    

Obesity 0.19 0.02 0.05 0.01 0.02 0.20* 0.21* 0.21*   

Nonprofit 0 0.01 0 0.06 0.01 0.02 0.05 0.04 0.01  

Freestanding 0 0.01 0 0.04 0 0.01 0.01 0 0 0.9* 

*[Peritoneal 
dialysis 
patients 

0 0 0.01 0.05 0.05 0 0.01 0 0 -0.01 

Patient to RN 
ratio 

0 0 0 0.07 0.05 0 0 0 0 0.07 

Patient to staff 
ratio 

0 0 0 0.03 0.02 0 0 0 0 -0.11* 

Median income 0 0.03 0 -
0.05 

-0.05 0.01 0 0 0 0 

Percent below 
poverty 

0.01 0.07 0.01 0.07 0.12 0 0 0 0 0 

percent 
unemployment 

0.02 0.04 0.03 -
0.06 

0.07 0 0 0 0 0 

percent high 
school 
graduate 

0 0.04 -0.05 -
0.03 

-0.16 0 0 0 0 0 

median rent 0 0.03 -0.03 0.02 -0.02 0 0 0 0 0 

*p<0.05 
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Table 10. Correlation Matrix, Part 2 
 Frailty  Free-

standing 
Peritoneal 

dialysis 
patients 

Patient 
to RN 
ratio 

Patient 
to staff 

ratio 

Median 
income 

Percent 
below 

poverty 

Percent 
unemployment 

Percent 
High 

School 
Graduate 

Median 
Rent 

Frailty            

Age           

Female           

Race           

Medicaid dual 
eligibility 

          

Diabetes           

Coronary 
artery disease 

          

Peripheral 
vascular 
disease 

          

Obesity           

Nonprofit           

Freestanding           

Peritoneal 
dialysis 
patients 

0 0.01         

Patient to RN 
ratio 

0 0.02 -0.06        

Patient to staff 
ratio 

0 0 -0.08 0.20*       

Median 
income 

-0.02 0 0 0 0      

Percent below 
poverty 

0.04 0.01 0 0.03 -0.01 -0.17     

Percent 
unemployment 

0 0.01 0 0.02 0.04 -0.09 0.12    

Percent high 
school 
graduate 

0 0 0 0.01 -0.01 0.17 -0.23 -0.31*   

Median rent 0 0.02 0 0 0 0.28* -0.19 -0.12 0.08  
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The majority of patients had only one comorbidity (Table 11). The distributions of 

patients with increasing numbers of comorbidities by frailty indicator quartile did was not 

significantly different (Table 11), suggesting there is not a significant correlation between frailty 

indicator and comorbidity burden. 

 

Table 11. Correlation of Frailty Indicator with number of comorbidities 
 

Claims-based 
frailty 
indicator 

1 comorbidity* 
(%) 

n=17441 

2 comorbidities 
(%) 

n=11627 

3 comorbidities 
(%) 

n=9343 

4 comorbidities 
(%) 

n=3115 

p-value 

1st quartile 4395 (25.2) 2837 (24.4) 2252 (24.1) 754 (24.2) 0.65 

2nd quartile 4308 (24.7) 2883 (24.8) 2392 (25.6) 782 (25.1) 

3rd quartile 4360 (25) 2930 (25.2) 2336 (25) 788 (25.3) 

4th quartile 4378 (25.1) 2977 (25.6) 2364 (25.3) 791 (25.4) 

*comorbidities are coronary artery disease, diabetes, peripheral vascular disease, obesity 

 

Relationship of fistula with time to functional use 

 
Question 1: Is presence of patient frailty associated with length of time to functional use after 

fistula creation? 

Bivariate Analysis 

 On bivariate analysis of time to fistula time to functional use, increasing quartile of 

claims-based frailty indicator was significantly associated with decreased likelihood of achieving 

maturation, and thus, longer times to maturation (Table 12). Female sex, Black race, Medicaid 

dual eligibility, diabetes, coronary artery disease, peripheral vascular disease and obesity were 

also significantly associated with longer time to functional use (Table 12). Dialysis facility non-

profit status, patient to staff ratio of >4-8, and higher median zip code income were associated 

with shorter time to functional use. Increasing percentage of poverty in the patient’s zip code 
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and rates of unemployment <20% were both associated with longer time to functional use 

(Table 12). 

 
 
Table 12. Bivariate analyses of time to functional use for fistula 

 Time to Fistula functional use 
(n=34,779) 

Characteristic HR 95% CI P-value 

Claims-Based Frailty Indicator      
     First quartile 
     Second quartile 
     Third quartile 
     Fourth quartile 

 
Ref 
0.95 
0.89 
0.81 

 
Ref 

0.92, 0.99 
0.86, 0.92 
0.78, 0.84 

 
Ref 

<0.001 
<0.001 
<0.001 

Demographics 

Age  
     18-49 
     50-64 
     65-74 
     75-84 
     ≥85 

 
Ref 
1.0 
1.0 
1.0 
1.0 

 
Ref 

0.94, 1.07 
0.95, 1.08 
0.95, 1.08 
0.93, 1.09 

 
Ref 
0.94 
0.68 
0.72 
0.87 

Female 0.69 0.68, 0.71 <0.001 

Race 
     White 
     Black 

American Indian/Alaskan Native 
Asian 
Native Hawaiian/ Other Pacific Islander 
Other  

 
Ref 
0.87 
1.09 
1.11 
1.04 
1.07 

 
Ref 

0.84, 0.90 
0.96, 1.25 
1.02, 1.21 
0.90, 1.21 
0.77, 1.48 

 
Ref 

<0.001 
0.19 
0.01 
0.59 
0.70 

Medicaid Dual Eligibility 0.93 0.90, 0.95 <0.001 

Co-Morbidities 

Diabetes 0.92 0.89, 0.95 <0.001 

Coronary artery disease 0.87 0.83, 0.91 <0.001 

Peripheral vascular disease 0.90 0.87, 0.94 <0.001 

Obesity 0.89 0.86, 0.92 <0.001 

Dialysis facility characteristics 

Non-profit (vs for-profit) 1.09 1.05, 1.14 <0.001 

Peritoneal dialysis patients 
     0 
     1-25 

 
Ref 
0.99 

 
Ref 

0.95, 1.03 

 
Ref 
0.56 
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     26-50 
     >50 

0.98 
1.01 

0.93, 1.04 
0.91, 1.13 

0.49 
0.86 

Patient to RN ratio 
     1-10 
     >10-20 
     >20 

 
Ref 
1.0 
1.0 

 
Ref 

0.96, 1.05 
0.96, 1.06 

 
Ref 
0.85 
0.71 

Patient to staff ratio 
     1-4 
     >4-8 
     >8 

 
Ref 
1.11 
1.05 

 
Ref 

1.04, 1.18 
0.98, 1.12 

 
Ref 

0.003 
0.2 

Zip code sociodemographics 

Median income 
     0-<50K 
     50K-<100K 
     100K+ 

 
Ref 
1.14 
1.31 

 
Ref 

1.04, 1.25 
1.16, 1.48 

 
Ref 

0.001 
<0.001 

Percent below poverty 
     0-<15% 
     15%-<25% 
     25+% 

 
Ref 
0.95 
0.94 

 
Ref 

0.92, 0.98 
0.91, 0.98 

 
Ref 

0.003 
0.004 

Percent unemployment 
     0-<10% 
     10%-<20% 
     20%+ 

 
Ref 
0.97 
0.84 

 
Ref 

0.91, 1.03 
0.75, 0.93 

 
Ref 
0.26 

0.001 

Percent high school graduate 
     0-<15% 
     15%-<30% 
     30+% 

 
Ref 
0.98 
1.03 

 
Ref 

0.95, 1.01 
0.97, 1.09 

 
Ref 
0.29 
0.36 

Median rent 
      0-<$750 
      $750-<$1250 
      $1250+ 

 
Ref 
1.0 

1.08 

 
Ref 

0.88, 1.16 
0.94, 1.24 

 
Ref 
0.89 
0.29 
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Full Multivariable Model 

 In multivariable analysis, the claims-based frailty indicator in the 3rd and 4th quartile 

were significantly associated with longer time to functional use. (Table 13) Female sex and 

Black race were associated with significantly longer time to functional use. Diabetes and obesity 

were no longer significantly associated with time to functional use. Coronary artery disease and 

peripheral vascular disease remained associated with longer time to functional use. Dialysis 

facility non-profit status remained associated with shorter time to functional use, as well as 

patient to staff ratio of >4-8. The only zip code sociodemographic that remained significant was 

median income >100K which was associated with shorter time to functional use.  
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Table 13. Fistula Full Multivariable Model: Multivariable model of time to functional use for 
fistula, including comorbidities 

 Time to Fistula Functional Use 
(n=34,779) 

Characteristic HR 95% CI P-value 

Claims-Based Frailty Indicator 
     First quartile 
     Second quartile 
     Third quartile 
     Fourth quartile 

 
Ref 
0.96 
0.91 
0.87 

 
Ref 

0.91, 1.0 
0.85, 0.96 
0.81, 0.94 

 
Ref 
0.06 

0.001 
0.001 

Demographics 

Age  
     18-49 
     50-64 
     65-74 
     75-84 
     ≥85 

 
Ref 
0.99 
1.01 
1.03 
1.04 

 
Ref 

0.92, 1.07 
0.94, 1.09 
0.95, 1.12 
0.94, 1.16 

 
Ref 
0.83 
0.71 
0.46 
0.45 

Female 0.71 0.69, 0.74 <0.001 

Race 
     White 
     Black 

American Indian/Alaskan Native 
Asian 
Native Hawaiian/ Other Pacific Islander 
Other  

 
Ref 
0.90 
1.11 
1.1 

1.05 
1.12 

 
Ref 

0.87, 0.94 
0.96, 1.28 
1.01, 1.21 
0.8, 1.24 

0.77, 1.64 

 
Ref 

<0.001 
0.15 
0.03 
0.57 
0.55 

Medicaid Dual Eligibility 0.99 0.95, 1.02 0.4 

Co-Morbidities 

Diabetes 1.01 0.98, 1.04 0.62 

Coronary artery disease 0.91 0.87, 0.96 <0.001 

Peripheral vascular disease 0.93 0.89, 0.97 0.001 

Obesity 0.97 0.94, 1.01 0.15 

Dialysis facility characteristics 

Non-profit (vs for-profit) 1.23 1.16, 1.3 <0.001 

Peritoneal dialysis patients 
     0 
     1-25 
     26-50 
     >50 

 
Ref 
0.99 
0.97 
0.99 

 
Ref 

0.95, 1.02 
0.91, 1.03 
0.89, 1.11 

 
Ref 
0.43 
0.3 

0.87 

Patient to RN ratio 
     1-10 
     >10-20 
     >20 

 
Ref 
0.98 
0.97 

 
Ref 

0.93, 1.04 
0.91, 1.04 

 
Ref 
0.46 
0.43 



 

53 
 

Patient to staff ratio 
     1-4 
     >4-8 
     >8 

 
Ref 
1.10 
1.08 

 
Ref 

1.03, 1.19 
0.99, 1.19 

 
Ref 

0.007 
0.09 

Zip code sociodemographics 

Median income 
     0-<50K 
     50K-<100K 
     100K+ 

 
Ref 
1.06 
1.19 

 
Ref 

0.94, 1.19 
1.02, 1.38 

 
Ref 
0.36 
0.03 

Percent below poverty 
     0-<15% 
     15%-<25% 
     25+% 

 
Ref 
0.96 
0.99 

 
Ref 

0.92, 1.01 
0.93, 1.05 

 
Ref 
0.11 
0.7 

Percent unemployment 
     0-<10% 
     10%-<20% 
     20%+ 

 
Ref 
1.01 
0.92 

 
Ref 

0.94, 1.08 
0.81, 1.03 

 
Ref 
0.71 
0.16 

Percent high school graduate 
     0-<15% 
     15%-<30% 
     30+% 

 
Ref 
1.03 
1.06 

 
Ref 

0.99, 1.07 
0.99, 1.13 

 
Ref 
0.14 
0.11 

Median rent 
      0-<$750 
      $750-<$1250 
      $1250+ 

 
Ref 
1.03 
1.05 

 
Ref 

0.89, 1.19 
0.90, 1.23 

 
Ref 
0.72 
0.51 

 

Reduced multivariable model without co-morbidities 

 In the reduced model, the hazard ratios of the claims-based frailty indicator quartiles 

increased slightly in magnitude of association compared to the full model, with the second 

quartile also becoming statistically significant (compared to a p-value in the full model of 0.06) 

(Table 14).  There was no change in the direction or statistical significance of the hazard ratios 

of the claims-based frailty indicator quartiles. There was no change in the direction or statistical 

significance of the hazard ratios of the other covariates in the model. 
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Table 14. Reduced Fistula Multivariable Model: Multivariable model of time to functional use 
for fistula, comorbidities not included in model 

 Time to Fistula Functional Use 
(n=34,779) 

Characteristic HR 95% CI P-value 

Claims-Based Frailty Indicator  
     First quartile 
     Second quartile 
     Third quartile 
     Fourth quartile 

 
Ref 
0.92 
0.84 
0.80 

 
Ref 

0.89, 0.96 
0.81, 0.89 
0.75, 0.84 

 
Ref 

<0.001 
<0.001 
<0.001 

Demographics 

Age  
     18-49 
     50-64 
     65-74 
     75-84 
     ≥85 

 
Ref 
0.99 
1.05 
1.06 
1.11 

 
Ref 

0.93, 1.07 
0.97, 1.13 
0.93, 1.19 
0.98, 1.25 

 
Ref 
0.87 
0.22 
0.36 
0.09 

Female 0.72 0.70, .74 <0.001 

Race 
     White 
     Black 

American Indian/Alaskan Native 
Asian 
Native Hawaiian/ Other Pacific Islander 
Other  

 
Ref 
0.92 
1.13 
1.13 
1.07 
1.16 

 
Ref 

0.88, 0.95 
0.99, 1.3 

1.04, 1.24 
0.91, 1.26 

0.8, 1.7 

 
Ref 

<0.001 
0.08 

0.006 
0.43 
0.43 

Medicaid Dual Eligibility 0.98 0.95, 1.02 0.36 

Dialysis facility characteristics 

Non-profit (vs for-profit) 1.23 1.16, 1.3 <0.001 

Peritoneal dialysis patients 
     0 
     1-25 
     26-50 
     >50 

 
Ref 
0.98 
0.97 
0.99 

 
Ref 

0.95, 1.02 
0.92, 1.03 
0.89, 1.11 

 
Ref 
0.15 
0.35 
0.91 

Patient to RN ratio 
     1-10 
     >10-20 
     >20 

 
Ref 
0.98 
0.97 

 
Ref 

0.93, 1.04 
0.91, 1.04 

 
Ref 
0.47 
0.41 

Patient to staff ratio 
     1-4 
     >4-8 
     >8 

 
Ref 
1.11 
1.09 

 
Ref 

1.03, 1.19 
0.99, 1.19 

 
Ref 

0.006 
0.08 

Zip code sociodemographics 
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Median income 
     0-<50K 
     50K-<100K 
     100K+ 

 
Ref 
1.06 
1.09 

 
Ref 

0.94, 1.19 
1.02, 1.38 

 
Ref 
0.36 
0.02 

Percent below poverty 
     0-<15% 
     15%-<25% 
     25+% 

 
Ref 
0.96 
0.99 

 
Ref 

0.92, 1.0 
0.93, 1.05 

 
Ref 
0.12 
0.71 

Percent unemployment 
     0-<10% 
     10%-<20% 
     20%+ 

 
Ref 
1.01 
0.92 

 
Ref 

0.95, 1.08 
0.81, 1.03 

 
Ref 
0.74 
0.15 

Percent high school graduate 
     0-<15% 
     15%-<30% 
     30+% 

 
Ref 
1.03 
1.06 

 
Ref 

0.99, 1.07 
0.99, 1.14 

 
Ref 
0.13 
0.1 

Median rent 
      0-<$750 
      $750-<$1250 
      $1250+ 

 
Ref 
1.03 
1.06 

 
Ref 

0.89, 1.19 
0.90, 1.23 

 
Ref 
0.69 
0.49 
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Predictive margins of proportion of those with fistula not achieving functional usability  
 
 The majority of patients who underwent fistula, regardless of frailty quartile, did NOT 

achieve functional usability by 90 days. (Table 15) Unadjusted at 90 days, 4.6% more patients in 

the first quartile of frailty achieved functional usability than patients in the fourth quartile. At 

180 days, 7.8% more patients in the first quartile of frailty achieved functional usability than 

patients in the fourth quartile. This difference persisted at 365 days.  

 After adjustment using the full model, the direction of the difference did not change, 

but it did decrease in magnitude to 2.2% at 90 days, 3.6% at 180 days and 3.1% at 365 days.   

 
Table 15. Proportion of those with Fistula that have NOT achieved functional usability at 90, 
180 and 365 days, unadjusted and adjusted with the full model. 

Frailty Cat Fully Adjusted Unadjusted 

 At 90 Days 
At 180 
Days 

At 365 
Days At 90 Days 

At 180 
Days 

At 365 
Days 

       

First Quartile 72.7% 36.3% 19.9% 72.3% 35.6% 19.0% 

       

Second Quartile 73.7% 37.9% 21.3% 73.5% 37.6% 20.8% 

       

Third Quartile 74.9% 39.9% 23.0% 75.1% 40.1% 23.1% 

       

Fourth Quartile 75.7% 41.1% 24.2% 76.9% 43.4% 26.2% 
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Relationship of graft with time to functional use 

 
Question 2: Is presence of patient frailty associated with length of time to functional use after 

graft creation? 

 

Bivariate analyses 

 
 On bivariate analyses of time to functional use for graft, claims-based frailty indicator in 

the third quartile was significantly associated with shorter time to functional use (Table 16). 

Increasing age was also associated with shorter time to functional use, as was female sex. 

Dialysis facility non-profit status was significantly associated with shorter time to functional use 

with no other dialysis facility characteristics or zip code sociodemographics being significant. 
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Table 16. Bivariate analyses of time to functional use for graft 

 Time to Graft Functional Use 
(n=8,622) 

Characteristic HR 95% CI P-value 

Claims-Based Frailty Indicator 
     First quartile 
     Second quartile 
     Third quartile 
     Fourth quartile 

 
Ref 
1.07 
1.09 
1.06 

 
Ref 

0.99, 1.16 
1.01, 1.18 
0.98, 1.15 

 
Ref 
0.09 
0.03 
0.15 

Demographics 

Age  
     18-49 
     50-64 
     65-74 
     75-84 
     ≥85 

 
Ref 
1.07 
1.15 
1.18 
1.21 

 
Ref 

0.92, 1.24 
1.0, 1.32 

1.03, 1.36 
1.04, 1.40 

 
Ref 
0.36 
0.05 
0.02 
0.01 

Female 0.94 0.89, 0.99 0.01 

Race 
     White 
     Black 

American Indian/Alaskan Native 
Asian 
Native Hawaiian/ Other Pacific Islander 
Other  

 
Ref 
0.95 
0.89 
1.13 
1.0 

0.70 

 
Ref 

0.9, 1.0 
0.6, 1.33 
0.99, 1.3 

0.72, 1.39 
0.35, 1.39 

 
Ref 
0.1 

0.58 
0.07 
0.98 
0.31 

Medicaid Dual Eligibility 0.95 0.91, 1.0 0.09 

Co-Morbidities 

Diabetes 0.98 0.93, 1.04 0.53 

Coronary artery disease 0.98 0.91, 1.06 0.64 

Peripheral vascular disease 1.01 0.94, 1.09 0.71 

Obesity 0.98 0.81, 1.19 0.84 

Dialysis facility characteristics 

Non-profit (vs for-profit) 1.15 1.05, 1.25 0.002 

Peritoneal dialysis patients 
     0 
     1-25 
     26-50 
     >50 

 
Ref 
0.98 
0.92 
1.15 

 
Ref 

0.92, 1.05 
0.86, 1.0 

0.95, 1.39 

 
Ref 
0.57 
0.83 
0.95 

Patient to RN ratio 
     >0-10 
     >10-20 
     >20 

 
Ref 
1.04 
0.97 

 
Ref 

0.94 1.13 
0.88, 1.07 

 
Ref 
0.5 

0.56 
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Patient to staff ratio 
     >0-4 
     >4-8 
     >8 

 
Ref 
0.99 
0.92 

 
Ref 

0.87, 1.11 
0.81, 1.05 

 
Ref 
0.78 
0.23 

Zip code sociodemographics 

Median income 
     0-<50K 
     50K-<100K 
     100K+ 

 
Ref 
1.02 
1.01 

 
Ref 

0.88, 1.18 
0.82, 1.23 

 
Ref 
0.78 
0.96 

Percent below poverty 
     0-<15% 
     15%-<25% 
     25+% 

 
Ref 
0.96 
0.97 

 
Ref 

0.91, 1.02 
0.91, 1.04 

 
Ref 
0.23 
0.41 

Percent unemployment 
     0-<10% 
     10%-<20% 
     20%+ 

 
Ref 
0.91 
0.99 

 
Ref 

0.81, 1.02 
0.83, 1.17 

 
Ref 
0.12 
0.9 

Percent high school graduate 
     0-<15% 
     15%-<30% 
     30+% 

 
Ref 
0.94 
0.99 

 
Ref 

0.89, 1.0 
0.9, 1.1 

 
Ref 
0.42 
0.91 

Median rent 
      0-<$750 
      $750-<$1250 
      $1250+ 

 
Ref 
1.12 
1.14 

 
Ref 

0.85, 1.49 
0.85, 1.51 

 
Ref 
0.42 
0.38 

 
 

Full Multivariable Model 

 On multivariable modeling, claims-based frailty indicator was not associated with time 

to functional use (Table 17). Increasing age and dialysis facility non-profit status were 

significantly associated with shorter time to functional use. Female sex was significantly 

associated with longer time to functional use. 
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Table 17. Graft Full Multivariable Model: Multivariable model of time to functional use for 
graft, including comorbidities 

 Time to Graft Functional Use  
(n=8,622) 

Characteristic HR 95% CI P-value 

Claims-Based Frailty Indicator  
     First quartile 
     Second quartile 
     Third quartile 
     Fourth quartile 

 
Ref 
1.0 
1.0 

0.97 

 
Ref 

0.92, 1.1 
0.91, 1.11 
0.87, 1.08 

 
Ref 
1 
1 

0.59 

Demographics 

Age  
     18-49 
     50-64 
     65-74 
     75-84 
     ≥85 

 
Ref 
1.09 
1.17 
1.21 
1.25 

 
Ref 

0.94, 1.28 
1.0, 1.38 

1.02, 1.46 
1.03, 1.53 

 
Ref 
0.28 
0.06 
0.04 
0.03 

Female 0.94 0.89, 0.99 0.04 

Race 
     White 
     Black 

American Indian/Alaskan Native 
Asian 
Native Hawaiian/ Other Pacific Islander 
Other  

 
Ref 
0.99 
0.86 
1.17 
1.06 
0.65 

 
Ref 

0.93, 1.05 
0.56, 1.31 
1.01, 1.35 
0.75, 1.49 
0.31, 1.36 

 
Ref 
0.76 
0.5 

0.03 
0.75 
0.76 

Medicaid Dual Eligibility 0.98 0.92, 1.04 0.53 

Co-Morbidities 

Diabetes 1.0 0, 1.06 1 

Coronary artery disease 1.01 0, 1.09 1 

Peripheral vascular disease 1.02 0, 1.1 0.99 

Obesity 0.96 0, 1.03 0.99 

Dialysis facility characteristics 

Non-profit (vs for-profit) 1.34 1.2, 1.49 <0.001 

Peritoneal dialysis patients 
     0 
     1-25 
     26-50 
     >50 

 
Ref 
0.99 
0.95 
1.16 

 
Ref 

0.92, 1.06 
0.85, 1.06 
0.95, 1.42 

 
Ref 
0.79 
0.37 
0.15 

Patient to RN ratio 
     >0-10 
     >10-20 
     >20 

 
Ref 
1.04 
1.0 

 
Ref 

0.95, 1.15 
0.88, 1.13 

 
Ref 
0.43 

1 
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Patient to staff ratio 
     >0-4 
     >4-8 
     >8 

 
Ref 
0.94 
0.92 

 
Ref 

0.82, 1.08 
0.77, 1.09 

 
Ref 
0.39 
0.35 

Zip code sociodemographics 

Median income 
     0-<50K 
     50K-<100K 
     100K+ 

 
Ref 
1.05 
1.01 

 
Ref 

0.88, 1.27 
0.79, 1.31 

 
Ref 
0.63 
0.94 

Percent below poverty 
     0-<15% 
     15%-<25% 
     25+% 

 
Ref 
0.98 
0.96 

 
Ref 

0.9, 1.07 
0.86, 1.08 

 
Ref 
0.66 
0.49 

Percent unemployment 
     0-<10% 
     10%-<20% 
     20%+ 

 
Ref 
0.99 
1.14 

 
Ref 

0.87, 1.13 
0.93, 1.4 

 
Ref 
0.83 
0.03 

Percent high school graduate 
     0-<15% 
     15%-<30% 
     30+% 

 
Ref 
0.96 
1.03 

 
Ref 

0.89, 1.03 
0.92, 1.17 

 
Ref 
0.28 
0.66 

Median rent 
      0-<$750 
      $750-<$1250 
      $1250+ 

 
Ref 
1.08 
0.98 

 
Ref 

0.81, 1.44 
0.72, 1.34 

 
Ref 
0.61 
0.91 

 

Reduced multivariable model without co-morbidities 

 In the reduced model, the claims-based frailty indicator quartiles were not significantly 

associated with graft time to functional use (Table 18). There was no change in the direction or 

statistical significance of the hazard ratios of the other covariates in the model. 
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Table 18. Reduced Graft Multivariable Model: Multivariable model of time to functional use for 
graft, comorbidities not included in model 

 Time to Graft Functional Use 
(n=8,622) 

Characteristic HR 95% CI P-value 

Claims-Based Frailty Indicator  
     First quartile 
     Second quartile 
     Third quartile 
     Fourth quartile 

 
Ref 
1.0 
1.0 

0.97 

 
Ref 

0.92, 1.1 
0.91, 1.11 
0.87, 1.08 

 
Ref 
1 
1 

0.59 

Demographics 

Age  
     18-49 
     50-64 
     65-74 
     75-84 
     ≥85 

 
Ref 
1.09 
1.17 
1.21 
1.24 

 
Ref 

0.94, 1.28 
1, 1.37 

1.02, 1.44 
1.03, 1.5 

 
Ref 
0.28 
0.05 
0.03 

<0.001 

Female 0.94 0.89, 1 0.04 

Race 
     White 
     Black 

American Indian/Alaskan Native 
Asian 
Native Hawaiian/ Other Pacific Islander 
Other  

 
Ref 
0.99 
0.86 
1.16 
1.06 
0.64 

 
Ref 

0.93,1.05 
0.56, 1.3 

1.01, 1.34 
0.75, 1.49 
0.31, 1.35 

 
Ref 
0.76 
0.49 
0.04 
0.75 
0.24 

Medicaid Dual Eligibility 0.98 0.92, 1.04 0.53 

Dialysis facility characteristics 

Non-profit (vs for-profit) 1.34 1.2, 1.49 <0.001 

Peritoneal dialysis patients 
     0 
     >1-25 
     26-50 
     >50 

 
Ref 
0.99 
0.95 
1.16 

 
Ref 

0.92, 1.06 
0.85, 1.06 
0.95, 1.42 

 
Ref 
0.79 
0.37 
0.15 

Patient to RN ratio 
     >0-10 
     >10-20 
     >20 

 
Ref 
1.04 
1.0 

 
Ref 

0.93, 1.16 
0.94, 1.19 

 
Ref 
0.50 

1 

Patient to staff ratio 
     >0-4 
     >4-8 
     >8 

 
Ref 
0.93 
0.91 

 
Ref 

0.82, 1.07 
0.77, 1.08 

 
Ref 
0.29 
0.28 

Zip code sociodemographics 
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Median income 
     0-<50K 
     50K-<100K 
     100K+ 

 
Ref 
1.06 
1.02 

 
Ref 

0.88, 1.28 
0.79, 1.32 

 
Ref 
0.55 
0.89 

Percent below poverty 
     0-<15% 
     15%-<25% 
     25+% 

 
Ref 
0.98 
0.96 

 
Ref 

0.9, 1.07 
0.86, 1.08 

 
Ref 
0.66 
0.49 

Percent unemployment 
     0-<10% 
     10%-<20% 
     20%+ 

 
Ref 
1.0 

1.14 

 
Ref 

0.87, 1.14 
0.93, 1.39 

 
Ref 
1 

0.2 

Percent high school graduate 
     0-<15% 
     15%-<30% 
     30+% 

 
Ref 
0.96 
1.04 

 
Ref 

0.89, 1.03 
0.92, 1.17 

 
Ref 
0.28 
0.53 

Median rent 
      0-<$750 
      $750-<$1250 
      $1250+ 

 
Ref 
1.08 
0.98 

 
Ref 

0.81, 1.44 
0.72, 1.33 

 
Ref 
0.61 
0.91 
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Predictive margins of proportion of those with graft not achieving functional usability  
 
 The majority of patients who underwent graft, regardless of frailty quartile, achieved 

functional usability by 90 days. (Table 19) Unadjusted at 90 days, 180 days and 365 days, there 

was no trend in the incidence of functional usability by frailty quartile.    

 After adjustment using the full model, the patients in the fourth quartile of frailty had 

1.3%, 1.3% and 1.2% higher incidence of functional usability at 90, 180 and 365 days, 

respectively.   

 
Table 19. Proportion of those with Graft that have NOT achieved functional usability at 90, 180 
and 365 days, unadjusted and adjusted with the full model. 

Frailty Cat Fully Adjusted Unadjusted 

 At 90 Days 
At 180 
Days 

At 365 
Days At 90 Days 

At 180 
Days 

At 365 
Days 

       

First Quartile 35.4% 27.2% 23.2% 37.8% 29.4% 25.4% 

       

Second Quartile 35.2% 27.0% 23.0% 35.7% 27.4% 23.4% 

       

Third Quartile 35.4% 27.2% 23.2% 34.8% 26.6% 22.6% 

       

Fourth Quartile 36.7% 28.5% 24.4% 35.7% 27.5% 23.5% 
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Chapter 6. Discussion  

 
This study is the first to demonstrate that patient frailty, measured with a validated 

claims-based frailty index based on the Fried frailty score, was associated with longer time to 

fistula functional use. At the same time, there was no association with frailty and time to graft 

time to functional use. This is not surprising given fistula maturation requires many physiologic 

processes including increase in blood volume flow, dilation of the fistula and thickening of the 

fistula wall that could be negatively affected by frailty. Grafts do not require these physiologic 

changes. Grafts require only that there be tissue ingrowth prior to puncture. Certain types of 

grafts, termed “early cannulation” grafts, can even be punctured without this requirement, 

within 24-48 hours of implantation without the requirement for tissue ingrowth.10,90,91  

The probability of having a longer time to fistula functional use increased with 

increasing quartile of the claims-based frailty indicator in this study. The cutoff for the 3rd 

quartile in this study (0.12) was exactly the value determined by Segal to have the highest 

sensitivity and specificity for identifying frailty.88 The cutoff for the 4th quartile (0.22) was 

consistent with the cutoff value used by Segal (0.2) that has a specificity of 91% in identifying 

frailty and significantly predicts death in five years, time to death, hospital admission in five 

years and nursing home admission. These consistencies provide reassurance of the validity of 

the claims-based frailty indicator. 

In comparing the full model for fistula maturation and the reduced model, with 

comorbidities excluded, the direction and significance of the association between frailty and 

time to functional use did not change. This suggests that the association persists independent 
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of comorbidities. In the reduced model, the association of the second quartile of frailty with 

time to fistula functional use was significant, whereas it was not in the full model. This suggests 

that for those for are less frail, comorbidities are more strongly associated with time to 

maturation than frailty. Furthermore, age was not a significantly associated with fistula 

functional use in the multivariable model. Age, as described in Chapter 3, is one of the most 

commonly studied factors in association with vascular access outcomes, and most commonly 

used for vascular access decision-making. However, the results of this study suggest that frailty 

is significantly associated with time to fistula functional use, independent of age. 

In this study, female sex was significantly associated with a longer time to fistula 

functional use. The issue of patient sex has been extensively studied with respect to vascular 

access failure.  Previous study results are conflicting regarding the association between female 

sex, fistula non-maturation, and reduced patency.59-62 This is presumed to be related to smaller 

vein diameter in females compared with males.  However, another study found lower fistula 

maturation rates in females that were not explained by differences in vein diameter.64  It 

remains unclear how sex should be considered during the vascular access decision-making 

process.  

Black race in this study was also significantly associated with a longer time to fistula 

maturation. This finding is consistent with the sparse data that has been previously reported 

regarding the association of race and vascular access maturation.68,92 Patients of Asian race 

were found to have significantly shorter time to both fistula and graft functional use. Asian 

patients account for only 4.6% of prevalent ESKD patients in the US1 and there is no literature 

that examines outcomes of vascular access in Asians compared to other races. This deserves 
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further study, although it will be challenging due to the small sample sizes in the US ESKD 

population.  

Dialysis facility characteristics have not been studied previously with respect to vascular 

access outcomes. In this study, non-profit status, and higher patient to staff ratios were 

associated with shorter time to fistula functional use only. However, the ratio of patient to RN 

was not significantly associated with fistula functional use. The magnitude of association for 

non-profit status with time to functional use was relatively large. It is challenging to speculate 

on the drivers for these associations as there is no existing literature. These associations could 

also be a result of unmeasured confounders associated with the dialysis facilities that is 

associated with functional use time. The magnitude of the association between patient to staff 

ratio and fistula functional use is minimal and is statistically significant, but likely not clinically 

significant. Further investigation needs to be done to examine these associations in greater 

detail. 

Older patients in the graft group were more likely to have a shorter time to graft 

functional use, with a trend that the older the patient is, the shorter the time to graft functional 

use. This finding is counterintuitive, has not been described in the literature and may be a 

reflection of practice patterns more so than the patients themselves. As described above, “early 

cannulation” grafts can be punctured for hemodialysis as early as 24-48 hours after 

implantation. Graft type is not recorded in the USRDS dataset and cannot be distinguished in 

the Medicare claims. It is possible that surgeons may be more likely to implant “early 

cannulation” grafts in older patients in an effort to minimize the amount of time that elderly 

patients are catheter dependent since elderly patients may be considered to be at highest risk 
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of complications, such as sepsis, from indwelling catheters. It is possible that dialysis facilities 

may also be more aggressive with cannulating a graft sooner in a more elderly patient for the 

same reason. This counterintuitive finding will require further investigation to identify the 

drivers behind this association. 

The unadjusted absolute difference in likelihood of fistula maturation between those in 

the fourth quartile of the frailty indicator and the first quartile was relatively small at 8% at 180 

days. After full adjustment, the difference decreased to less than 4% at 180 days. While the 

absolute difference is relatively small, it indicates that there is a signal that deserves 

assessment with a formal measurement of frailty.  

Limitations 

 Due to the study requirement of 6 months of Medicare claims prior to initiation of 

dialysis, the only patients who met the inclusion criteria were those over the age of 65 or those 

who qualified for Medicare under the age of 65 by virtue of disability. This excluded a majority 

of the USRDS population. It is possible that this may have created a selection bias. However, the 

distribution of claims-based frailty indicator in the selected population was consistent with the 

distribution described by Segal in the general populations that were included in their studies 

suggesting that there was no selection bias with respect to frailty.88 

 USRDS does not include data on patient anatomic characteristics.  Similar to Medicare 

claims data, USRDS has limited patient-specific socio-demographic data beyond age, sex and 

race, but does include zip code socio-demographic characteristics. The USRDS does not contain 

data on surgeon characteristics and these data could not be included in the analysis. It is 

possible that surgeons who are more skilled, or have more experience, may be able to achieve 
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better vascular access outcomes regardless of the patient characteristics. The co-morbidities 

were assessed using data from Form 2827 which is only submitted once when the patient is 

enrolled in USRDS. It is possible that the co-morbidity burden may change over time and this 

could not be accounted for in the dataset. 

 The sample size for the grafts was significantly smaller than for the fistulas. This is due 

to the aforementioned guidelines and payment policy emphasizing the importance of fistulas. It 

is possible that the negative findings for the association between frailty and fistula functional 

use in the graft group represent a Type II error due to the smaller sample size. Obtaining larger 

sample sizes of patients undergoing grafts remains challenging due to the emphasis on fistulas 

and may require aggregation of data over longer periods of time. 

  

Practice and Policy Implications 

 While the claims-based frailty indicator used in this study has been validated, the next 

step in assessing the association between frailty and fistula functional use, is to perform a 

prospective study of fistula maturation which includes the pre-operative assessment of frailty 

using the criteria as described by Fried. Further, the prospective study should include 

measurement of the variables unavailable in this database study, namely 1) surgeon factors, to 

include surgeon specialty, vascular access training and vascular access experience as measured 

by procedural volume and 2) granular anatomic factors to include vein and artery diameter, 

venous sclerosis and arterial calcification. At the same time, the study should aim to gain a 

better understanding of how vascular access surgeons make decisions about the optimal access 

type for a given patient, as well as how vascular access surgeons will (or will not) change their 
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practices to implement the recent update of the KDOQI guidelines. A study such as this would 

require significant resources, but would provide stronger evidence of the association between 

frailty and fistula maturation.  

If further studies demonstrate a significant association between formally measured 

frailty and longer time to fistula functional use, this could have significant implications for 

clinical decision-making and guideline creation. Numerous studies have demonstrated that 

frailty is associated with increasing mortality in the ESKD population, despite the varying 

methods of measuring frailty in the studies.93 Given that this study suggests frailty could also be 

associated with longer maturation time, frailty could serve as a strong indicator that fistula is 

not an appropriate choice of vascular access for that patient. Further, since increasing frailty, as 

measured in this study, is associated with the highest risk of longer maturation time in this 

study, it is possible that frailty could be used to indicate that patients with the highest levels of 

frailty may be considered candidates for permanent access through a tunneled catheter. This 

should be studied in a prospective study randomizing patients with the highest levels of frailty 

to tunneled catheter or permanent access. 

Under the CMS QIP, dialysis facilities with higher prevalence of patients dialyzing 

through a catheter for more than 90 days and lower prevalence of fistula, are punished 

financially with no risk adjustment. This study demonstrates that the majority of patients who 

undergo fistula, regardless of frailty, have NOT achieved functional usability at 90 days after 

creation. Those in the highest frailty quartile have nearly 8% lower incidence of achieving 

functional usability by 180 days. Given that this study suggests frail patients have lower 

likelihood of fistula maturation, it is possible that patients who are using catheters for 
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prolonged periods or grafts are being treated appropriately, with the optimal type of access for 

their individual patient characteristics. Furthermore, with the mandate from KDOQI to 

individualize vascular access care, reimbursement policies must follow suit to allow providers to 

comply with guidelines without the threat of financial detriment. 

As the new KDOQI guidelines mandate, the approach to vascular access moving forward 

must be patient-centered. Implementing a patient-centered approach requires incorporating 

the patient voice into the decision-making process. One way to do this is by measuring quality 

of life. For patients who are frail, who may have poor outcomes of fistula creation, and 

additionally have a short life expectancy, provider should focus on maximizing the quality of 

their remaining life. The approach to maximizing quality of life will be different for each patient 

and must be individualized to each patient. Future studies of vascular access outcomes must 

assess the balance of achieving the optimal vascular access, with all of its associated operations 

and invasive procedures, with patient quality of life.  

 This study demonstrates a signal that higher degrees of frailty are associated with longer 

times to fistula maturation. Frailty, if measured in a systematic clinical assessment, could be 

used to guide vascular access decision-making and future studies of vascular access outcomes 

should include assessment of frailty. Efforts to identify an effective predictive model of fistula 

maturation failure should be continued.  
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