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ABSTRACT
Aims: The optimal timing of predialysis vascular access surgery remains uncertain. This study goal was to
evaluate the influence of kidney function and clinical characteristics at predialysis vascular access surgery on
the likelihood of initiating hemodialysis during follow-up. Methods: Our study retrospectively identified all
patients undergoing predialysis arteriovenous fistula creation between 2012–2015. We assessed 3 outcomes:
frequency of hemodialysis initiation, death before hemodialysis initiation, and dialysis-free survival after vascular
access creation. Multiple variable logistic regression analyzed which factors predicted initiation of dialysis.
Results: The study involved 202 patients. Using multiple variable logistic regression, 5 factors were associated
with hemodialysis initiation: estimated glomerular filtration rate <10 mL/min/1,73m2 at vascular access placement [OR 4.7, CI: 1.98-8,60, p=0.005], diabetes [OR 2.14, CI: 1.07–4,30, p=0.033], proteinuria>1gr/24 hours
[OR 1.88, CI: 0.95–3.71, p=0.049], higher phosphorus levels [OR 6.25, CI: 1.39–13.05, p=0.017] and glomerular
filtration rate drop ³3mL/min/1.73m2 in the year preceding vascular surgery [OR 1.67, CI: 0.81–3.45, p=0.016].
Cancer and congestive heart failure were associated with dead before starting dialysis [OR 5.9, CI: 1.15–9.78,
p=0.038 and OR 2.4, CI: 1.3–3.9, p=0.021, respectively] and higher hemoglobin (>10g/dL) without erythropoietin
stimulating agent levels with survival without needing dialysis [OR 2.34, CI: 1.09-4,58, p=0.028]. Conclusions:
Optimizing the timing of vascular access creation in predialysis patients requires consideration not only of the
kidney function but also comorbidities such as diabetes, estimated glomerular filtration rate decline in the
preceding year and degree of proteinuria.
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INTRODUCTION
Creating a permanent vascular access (VA) is a significant management step in the clinical pathway of
patients with progressive chronic kidney disease (CKD)1
who should be referred early to the nephrologist and
vascular surgeon to allow sufficient time for education,
planning, access creation and maturation2. However,
the optimal timing of predialysis vascular access surgery
remains uncertain3. Although clinical practice guidelines
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are unified recommending native arteriovenous fistula
(AVF) as the first vascular access choice for hemodialysis
(HD), the majority of patients throughout the Western
world commence hemodialysis with a central venous
catheter1.
Vascular access placement guidelines are not unanimous. European Best Practice Guideline recommend
that potential chronic HD patients should be ideally
referred to the nephrologist and/or surgeon they reach
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CKD stage 4 or earlier in case of rapidly progressive
nephropathy or specific clinical conditions such as diabetes or severe peripheral vascular disease4. British
Guidelines suggest that the exact timing of VA placement will be determined by rate of decline of renal
function, co-morbidities and by the surgical pathway5.
Instead, Canadian guidelines propose that VA placement should be stablished when the patient has an
estimated GFR of 15 to 20 ml/min and progressive
kidney disease6.
Taking into account the heterogeneity of the recommendations, this study aimed to study the influence
not only of the of the kidney function but also clinical
characteristics at the time of pre-end stage renal disease VA surgery on the likelihood of initiating dialysis
during 1 year-follow-up.

MATERIAL AND METHODS
Data collection


We retrospectively identified all predialysis VA
placed from January 1, 2012 to December 31, 2015 in
a district hospital. During this period 202 patients with
CKD underwent predialysis AV surgery. Each patient’s
medical record was reviewed to collet demographic
and clinical information. The eGFR was calculated using
the CKD-EPI formula and the trajectory was estimated
from the difference between the eGFR one year before
the VA construction and the eGFR at the moment of
the vascular access placement. Proteinuria was obtained
in the 24-hour urine collection (correction of the
24-hour urine collection was not made in this study).
Blood pressure (BP) control was estimated using the
first preoperative systolic BP obtained on the VA surgery
date. The study had a one-year follow-up. Patients with
previous renal replacement therapy, duplicate entries,
missing follow-up data and patients younger than 18
years old were excluded.
Statistical Analysis


Baseline patient characteristics were compared
between eGFR groups using chi-squared tests for categorical variables, and t-student for continuous variables.
Multiple variable logistic regression analyzed which
demographic and clinical factors predicted initiation of
dialysis. P values < 0.05 were considered statistically significant. All statistical analysis was performed using SPSS.

RESULTS

Patient Characteristics


The study cohort involved 202 patients with CKD
who underwent predialysis AV placement during a
4-year period. The average age was 70.2 ± 13.7 years,
132 (65.3%) were male and 150 (74.3%) started hemodialysis in an average period of 8.1 ± 7.9 months. The
patients were divided into three cohorts on the basis
of their eGFR values at the time of surgery (Table I).
Concerning patient characteristics, only male gender,
peripheral vascular disease, GFR drop ³ 3mL/min/1.73m2
in the preceding year and higher phosphorus levels
differed significantly among the three cohorts. Age,
diabetes, hypertension, cerebrovascular disease, congestive heart failure, coronary artery disease, cancer,
previous nephrology follow-up and systolic BP were
similar in the three groups.
Likelihood of HD initiation, die before starting dialysis

and being dialysis free after VA placement

Overall, 150 patients (74%) started hemodialysis; 12
(6%) died before starting dialysis and 40 (20%) were
dialysis-free during 1-year of follow-up. Using multiple
variable logistic regression, five factors were associated
with hemodialysis initiation: the group with the GFR <10
mL/min/1,73m2 at VA creation showed 4.7-fold greater
probability of starting dialysis. Also, diabetes, proteinuria
>1gr/24 hours, higher phosphorus levels and GFR drop
³3mL/min/1.73m2 in the year preceding vascular surgery
were associated with hemodialysis initiation. Cancer and
congestive heart failure were associated with dead
before starting dialysis. Higher hemoglobin (>10g/dL)
without erythropoietin stimulating agents (ESA) levels
associated with survival without dialysis (Table II).

DISCUSSION

Selection of the optimal eGFR for access surgery
requires finding the optimal balance between placing
the access too early or placing it too late3. VA guidelines
are not peremptory. Most of them are opinion based,
and propose various eGFR thresholds for referral a
patient with CKD to the surgeon for access creation
(6-8). The European guidelines of Vascular Access Society promote that a VA planning should commence when
the patient reaches CKD stage 4. A systematic review
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Table I
Baseline characteristics of patients who underwent predialysis VA placement by eGFR group using Chi-square and T-test test
Patient Characteristics
N patients

eGFR at access surgery (mL/min/1.73m2)
<10

10-14,9

>15

p Value

75

93

34

Age > 65 years (%)

68.0

80.6

64.7

NS

Male gender (%)

46.7

72.0

88.2

< 0.001

DM (%)

40.0

58.1

52.9

NS

HTN (%)

86.7

79.6

70.6

NS

CAD (%)

16.0

20.4

26.5

NS

PVD (%)

13.3

15.1

35.3

0.034

Cerebrovascular disease (%)

12.0

18.3

17.6

NS

CHF (%)

17.3

15.1

20.6

NS

Cancer (%)

8.0

16.1

17.6

NS

81.33

73.1

55.9

< 0.001

GFR drop³ 3mL/min/1.73m2 (%)
Proteinuria > 1gr/24hours (%)

65.3

61.3

47.1

NS

141.9 ± 21.5

144.3 ± 22.5

139.7 ± 20.6

NS

Systolic BP > 150 mmHg (%)

33.3

55.6

26.5

NS

Hb < 10g/dL (%)

37.3

31.2

17.6

NS

P > 5.5 mg/dL (%)
Dead (%)

28.0
16.0

12.9
24.7

2.9
17.6

0.005
NS

Systolic BP (mmHg). mean ± SD

DM – Diabetes; HTN – Hypertension; CAD – Coronary artery disease; PVD – Peripheral vascular disease; CHF – Congestive heart failure; GFR – Glomerular Filtration Rate; BP – Blood
pressure; Hb – hemoglobin; Ca – Calcium. P – Phosphate

Table II
Multivariable logistic regression analysis of factors associated with likelihood of initiating dialysis. of dying before starting dialysis and surviving
without dialysis
Factor

Odds Ratio

95% Confidence Interval

p Value

Likelihood of initiating dialysis
eGFR < 10mL/min/1.73m2

4.7

1.98–8.60

0.005

DM

2.14

1.07–4.30

0.033

GFR trajectory > 3mL/min/1.73m2 per year

1.67

0.81–3.45

0.016

Proteinuria > 1gr/24 hours

1.88

0.95–3.71

0.049

6.25

1.39–13.05

0.017

Higher phosphorus levels

Likelihood of dying before starting dialysis
Cancer

5.9

1.15–9.78

0.038

CHF

2.4

1.3–3.9

0.021

Likelihood of surviving without starting dialysis
Hemoglobin (>10g/dL)

3.38

did not identify any randomized controlled clinical trials
investigating whether early referral to prepare for dialysis had any advantage over late referral. However, being
referred earlier to a nephrologist resulted in a reduction
in mortality and hospitalization, a higher uptake of
peritoneal dialysis, a decreased likelihood of requiring
temporary vascular access at the start of dialysis and
increased likelihood of having an AVF9.
In this study, we suggest that eGFR by itself is a relatively poor predictor to define the timing to start dialysis
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1.09–7.39

0.013

and therefore the optimal timing of a VA construction
may need to take into account not only kidney function
but also, other clinical variables. The predictive value
of diabetes and magnitude of proteinuria that was
pointed out in our study agrees with the observation
that CKD progresses faster in patients with diabetes
and those with more proteinuria10.
A prospective, population-based cohort study, using
the data of the Prevention of Renal and Vascular Endstage Disease (PREVEND) Study, provides important
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information on decline in kidney function at the
population level. This study evaluated 6894 people
over a 4-year period and reported loss in eGFR of
2.3 mL/min/1.73 m2/ 4 years in the whole population; 7.2 mL/min/1.73 m2/4 years in participants with
macroalbuminuria and 0.2 mL/min/1.73 m2/4 year
in participants with impaired renal function. The rate
of eGFR decline was approximately two times higher
in participants with proteinuria. Among adults aged
65 and older, progression varied by sex and presence
of diabetes. In general studies suggest progression
rates of approximately 0.3 to 1 mL/min/1.73 m 2/
year among participants without proteinuria or
comorbidity and rates of approximately two to three
times higher among participants with proteinuria or
comorbidities11.
The contribution of GFR trajectory to the predictive
model is consistent with a recent investigation that
examined 22 cohorts to determine the association of
past slopes and current eGFR level with subsequent
end stage renal disease (ESRD). This investigation
reported that both current eGFR level but more importantly the eGFR trajectories were predictors of progression to ESRD in patients with CKD12. Past slopes
of eGFR provide an empirical measure of the disease
process, which represents the aggregate effect of all
known and unknown predictors of kidney disease
progression for each patient. Nevertheless, in clinical
practice, prediction of ESRD is most important for the
immediately foreseeable future, because clinicians
need to implement preparations, such as vascular
access planning and referral for transplantation, during the 6–12 months preceding ESRD. These results
suggest that interventions that slow kidney disease
progression and preparations for ESRD should be continuously implemented in patients with CKD stages 4
and 5, even in the absence of demonstrable eGFR
decline in the past 1–3 years12.
The finding that a more rapid past eGFR rise is associated with higher ESRD risk is reminiscent of associations between positive slopes and higher mortality in
previous studies1314. The explanation for these seemingly intuitive associations is unclear but could be
explained by loss of muscle mass, volume overload,
presence of severe illness with an underlying heightened propensity for faster kidney disease progression,
or recovery from previous acute Kidney injury events12.
Thus, the last eGFR seems to be a robust predictor of
future ESRD, but past trajectory of eGFR over time is
also independently associated with ESRD and adds
important information, especially in patients with lower

eGFR in whom risk of progression to ESRD in the near
future is greatest12.
The other variable associated with the initiation of
dialysis was phosphate levels. Hyperphosphatemia
plays an important role in mineral bone diseases and
vascular calcifications, and is associated with increased
risk of progression to ESRD, cardiovascular events, and
all-cause mortality in CKD patients15. Hyperphosphatemia is not itself immediately harmful and may
have numerous underlying causes, and serum phosphate level is not regularly used as an indicator for
starting dialysis in clinical practice16. However, our
study demonstrated that high serum phosphate level
is a strong predictor of dialysis initiation for advanced
CKD patients, contributing with a 6.25% greater probability of starting dialysis. Based on these findings, we
suggest that clinicians should consider the use of serum
phosphate as a laboratory marker in the decision-making process to initiate dialysis in advanced CKD patients.
When analyzing the other outcomes of this study,
we found that 6% of this total population died before
starting dialysis. The factors predicting death before
HD start were congestive heart failure and cancer,
which are intuitive variables, when patients who die
the most are expected to be patients with more
comorbidities. The presence of CKD is associated with
poor prognosis in heart failure17. According to one
study, the risk of death in heart failure may be more
strongly associated with a decline in the GFR than
with a decline in the left ventricular ejection fraction18. In the CHARM trial, patients with chronic heart
failure with CKD compared to patients without CKD
had increased risk of cardiovascular death or heart
failure hospitalization17. In cancer, there was a large
cohort that showed a significant graded relationship
between the severity of CKD and cancer mortality19
which reflects the negative impact of this comorbidity, even before starting HD.
Finally, 20% of the patients were dialysis-free during
the 1-year of follow-up and higher hemoglobin levels
(>10g/dL) without erythropoietin stimulating agents
(ESA) levels associated with survival without needing
dialysis.
Many reasons can be pointed out: higher values of
hemoglobin presuppose a less severe stage of CKD,
thus a slower progression to end stage renal disease;
patients will have better general state, quality of life
and thus less hospital admissions; higher levels of
hemoglobin lead to lower renal ischemia, and
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therefore, less oxidative stress in the renal parenchyma,
preserving it and delaying the onset of dialysis; anemia
also has a negative impact on the immune system,
increasing susceptibility to infectious complications and
thus increasing the likelihood of worsening renal function and progressing to dialysis; Anemic patients are
more malnourished and consequently more inflamed.
Thus, greater hemoglobin levels can be associated with
better patient outcomes and higher probability of survival, without the needing HD.
Summarizing, it is clear that the timing of VA creation before dialysis start is important to optimize
patient outcomes and health care resources. However,
this is dependent on the challenging task of nephrologists and a multidisciplinary team to predict when a
patient will need to start dialysis. The VA creation
cannot be decided only by the eGFR. It needs to take
into account the patient as a whole. The presence of
some comorbidities such as age and diabetes mellitus
are extremely important and can be associated with
a higher likelihood of starting HD after VA construction. Second is the severity of kidney dysfunction
(measured not only by the eGFR but also by the degree
of proteinuria) and perhaps more importantly, the
trajectory of kidney function decline. At last, underlying patient and provider process factors can further
alter the trajectory to dialysis start. This clinical uncertainty and the paucity of data in the literature may
be reflected in the heterogeneity of clinical practice
guidelines and the simplicity of using the severity of
kidney function to guide the timing of AVF placement.
More research and data informing the relationships
between vascular access placement, kidney function
decline, and dialysis start may provide clarity for future
guidelines and help lift the shroud of clinical unpredictability currently present.
Disclosure of potential conflicts of interest: none declared.
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