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vein catheter (UCC) as a third option and choice of necessity, 
respectively (3). On the basis of this order of preference for 
VA placement, the current situation in the “real world” is not 
optimal in many industrialized countries (4-8). A multicenter 
study performed in 2,516 patients of 28 HD facilities around 
Spain showed that no center in 2007 met the quality goal, 
defined in the Spanish Guideline, of having 80% of patients 
with mature arteriovenous access at the HD start (5, 9). In 
the same line, data from the United States Renal Data Sys-
tem (USRDS) indicated that less than 20% of patients used a 
mature AVF at HD initiation in 2011 (8), far below the Kidney 
Disease Outcomes Quality Initiative (KDOQI) target of at least 
50% (10). A multinational registry-based study (n = 13,044) 
showed that the use of AVFs at the start of HD in Europe has 
decreased significantly from 42% in 2005 to 32% in 2009 (7).

Using the data from the Catalan Renal Registry, we per-
formed a retrospective observational study to examine 
trends in the VA used at first HD session over 12 years in inci-
dent HD patients and identify the factors associated with the 
likelihood to initiate HD through a mature AVF.
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Introduction

According to the clinical guidelines on vascular access 
(VA), the arteriovenous fistula (AVF) should be considered 
ahead of the arteriovenous graft (AVG) which, in turn, should 
be considered ahead of the central venous catheter (CVC) 
when selecting the optimal VA to initiate chronic hemodi-
alysis (HD) in end-stage renal disease (ESRD) patients (1, 2). 
Furthermore, some guidelines differentiate between tun-
neled central vein catheter (TCC) and untunneled central 
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Materials and methods

The Catalan Renal Registry (RMRC)

The data source used for this study is the Registry of Catalo-
nia, an autonomous community of Spain with a population of 
7,553.197 million residents in 2011. This Registry collects data 
from 46 centers about HD initiation, changes of center and/or 
treatment modality, deaths and patient exclusion, as well as 
annual update of all active cases on the 31st of December of 
each year.

Patients and VAs

From January 1, 2000, until December 31, 2011, we ana-
lyzed the VA of incident HD patients. We have included all 
patients resident in Catalonia of age 18 years or older with 
ESRD who start a chronic HD program as their initial form of 
renal replacement treatment (RRT) and with documented VA 
type in use on the first HD.

The following baseline variables were analyzed: gender, 
age, primary kidney disease, associated comorbidities (coro-
nary artery disease, cardiomyopathy, cardiac conduction dis-
orders, cerebrovascular disease, peripheral vascular disease, 
chronic respiratory disease and diabetes not considered as pri-
mary kidney disease) grouped according to the International 
Classification of Diseases (ICD-9) (11), duration of nephrology 
care before HD start, ESRD presentation form [acute presenta-
tion of chronic kidney disease (CKD) not previously known or 
acute-on-chronic renal disease or steady progression of known 
CKD] and period of HD initiation (2000-2005 or 2006-2011).

The VA used at HD inception was classified as one of four 
types: AVF, AVG, TCC and UCC. To assess the changes from the 
initial VA, we used the information collected in the two first 
annual follow-up reports on 31 December, in order to have at 
least 1 year follow-up in all cases. We determined the direc-
tion of changes comparing the initial VA with the VA used in 
the first and second follow-up on December 31.

Statistical analyses

Continuous and categorical variables were described as 
mean ± standard deviation and as percentages, respectively. 
We evaluated the differences between each type of VA and 
the studied variables using the analysis of variance and the 
chi-square test.

We performed a multivariate logistic analysis to deter-
mine the factors independently associated with a greater 
likelihood to use a mature AVF as the first VA in the incident 
patient. This model was adjusted for all aforementioned po-
tential confounding baseline variables.

The statistical significance was defined as p<0.05 and data 
analysis was performed using STATA software version 11.

results

Patients included

During 2000-2011, 9,956 patients met the inclusion cri-
teria. Table I summarizes the characteristics of all included 

patients by initial VA type at baseline. The follow-up of these 
patients was as follows: changing the RRT to peritoneal dialy-
sis (1.8%) or kidney transplantation (23.7%), death (47.2%), 
recovery of renal function (1.4%), exclusion because the pa-
tient moves outside Catalonia (0.1%) and remained on HD 
program on December 31, 2011 (25.7%).

First VA in incident patients

Figure 1 shows the VA type used to start chronic HD pro-
gram in Catalonia over time. Considering globally the whole 
recruitment period, the VA distribution for initiating HD was 
the following (Tab. I): AVF 47.9% (4,473), AVG 1.2% (116), TCC 
15.9% (1,582) and UCC 35% (3,485). The location of the AVF 
was the following: radiocephalic 77% (3,675), brachiocephal-
ic 15.8% (754), brachiobasilic 6.1% (291), 1.1% (53) missing 
value.

The percentage of patients starting HD with an AVF has 
ranged between 44% and 51% over time. From 2002, we can 
see a growing trend in the use of TCC at the expense of the 
UCC as the first VA. The use of AVG as a first VA in Catalonia 
is very infrequent.

Relationship between the first VA used and the characteris-
tics of incident patients

In the univariate analysis, we have observed significant 
differences among all the variables analyzed according to the 
initial VA (Tab. I). Considering four age groups, the highest 
percentage of TCC was found in patients aged over 74 years 
(almost 18%). Patients with polycystic kidney disease had the 
lowest incidence of CVC (both TCC and UCC) compared to pa-
tients with other nephropathies. Regarding the predialysis ne-
phrology care, patients with a care of less than 1 year had the 
highest percentage of UCC. Conversely, patients with a care of 
longer than 2 years had the highest percentage of arteriove-
nous access. The AVF showed the highest percentage of “no 
presence” for each comorbidity. With regard to ESRD presenta-
tion, the highest percentage of AVF and AVG was recorded in 
patients with a steady CKD progression. According to the time 
period considered, the percentage of UCC was higher in the 
period 2000-2005 and, conversely, the percentage of TCC was 
higher in the period 2006-2011. Women who started HD with 
AVF had higher number of previous VA compared to men using 
AVF (0.53 ± 0.99 versus 0.41 ± 0.89, p<0.001).

Probability to start HD with an AVF

Table II shows the different risk factors associated with the 
probability to start chronic HD through a mature AVF. This likeli-
hood was significantly higher in incident HD patients with poly-
cystic kidney disease [odds ratio (OR): 2.08, 95% confidence  
interval (CI): 1.63-2.67], predialysis nephrology care longer than 
2 years (OR: 4.14, 95% CI: 3.63-4.73) and steady ESRD progres-
sion (OR: 10.97, 95% CI: 8.41-14.32). On the other hand, the 
probability to initiate HD with an AVF was significantly lower in 
females (OR: 0.69, 95% CI: 0.61-0.75), patients aged between 
18 and 44 years (OR: 0.78, 95% CI: 0.64-0.94) and patients with 
at least one comorbidity (OR: 0.67; 95% CI: 0.60-0.75). This 
likelihood tended also to be lower, although not significantly, 
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table i - Characteristics of the incident hemodialysis patients according to the initial vascular access during the study period

% missing  
(n = 9,956)

% Ucc (3,485) % tcc (1,582) % aVF (4,773) % aVg (116) p Value*

0 Age group  
(years)

18-44 40.3 14.5 44.7 0.5

45-64 32.6 13.8 52.3 1.3

65-74 35.7 15.8 47.2 1.3 <0.001

>74 34.9 17.8 46.2 1.1

0 Gender Male 34.4 14.8 50.1 0.7

Female 36.1 17.7 44.1 2.1 <0.001

0 Primary renal  
disease (PRD)

Glomerular  
disease

36.7 13 49.2 1.1

Polycystic  
kidney disease

16.2 7.3 74.7 1.8

Interstitial disease 32.6 14.9 50.8 1.7

Vascular disease 35.9 15.6 47.4 1.1 <0.001

Diabetic  
nephropathy

35.8 17.2 45.8 1.2

Others 47.2 22.3 30 0.5

Unknown 34.9 17.1 47 1

3.2 Duration of  
predialysis  
nephrology  
care (years)

<1 59.1 22.1 18.5 0.3

1-2 30.5 16.3 52.3 0.9 <0.001

>2 23.7 12 62.5 1.8

0.9 Coronary  
artery disease

No 34.6 14.8 49.5 1.1

Yes 37.1 19.5 41.8 1.6 <0.001

0.9 Cardiomyopathy No 32.8 14.6 51.4 1.2

Yes 40.7 19.2 39 1.1 <0.001

0.9 Cardiac conduction  
disorders

No 33.8 15.3 49.7 1.2

Yes 41.1 19 38.8 1.1 <0.001

0.9 Cerebrovascular  
disease

No 34.8 15.4 48.7 1.1

Yes 37.2 18.9 42.6 1.3 <0.001

1 Peripheral vascular  
disease

No 34.2 15.4 49.2 1.2

Yes 38.2 17.6 43 1.2 <0.001

0.9 Chronic respiratory  
disease

No 33.9 15.4 49.5 1.2

Yes 40.3 17.9 40.6 1.2 <0,001

0.8 Diabetes (not PRD) No 34.8 15.2 48.7 1.3

Yes 39.1 22.9 37.6 0.4 <0.001

2.1 ESRD presentation Unknown chronic  
renal disease

70.4 22.3 7.2 0.1

Acute-on-chronic  
renal disease

53.6 20.4 25.4 0.6 <0.001

Gradual progression 20.3 12.6 65.5 1.6

0 Period of time 2000-2005 40.1 11.1 47.6 1.2

2006-2011 29.6 20.9 48.4 1.1 <0.001

AVF = arteriovenous fistula; AVG = arteriovenous graft; ESRD = end-stage renal disease; TCC = tunneled central vein catheter; UCC = untunneled central vein catheter. 
*p<0.05.
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Fig. 1 - Annual distribution of the 
vascular access used in the first he-
modialysis during the study period 
(2000-2011). From top to bottom: 
arteriovenous graft, arteriovenous 
fistula, tunneled catheter, untun-
neled catheter.

table ii - Probability to start hemodialysis through a mature arteriovenous fistula. Adjusted multivariate logistic regression model

Or (ic 95%) p-Value

Gender Male 1
Female 0.69 (0.61-0.75) <0.001

Age 45-64 1
18-44 0.78 (0.64-0.94) 0.010
65-74 0.92 (0.81-1.05) 0.238
>74 0.89 (0.78-1.01) 0.072

Primary renal disease Glomerular 1
Polycystic 2.08 (1.63-2.67) <0.001
Interstitial 1.01 (0.82-1.25) 0.885
Vascular 1.00 (0.84-1.20) 0.973
Diabetes 0.87 (0.73-1.04) 0.119
Others 0.81 (0.65-1.02) 0.079
Unknown 0.98 (0.82-1.17) 0.848

Duration of predialysis nephrology care (years) <1 1
1-2 3.37 (2.92-3.89) <0.001
>2 4.14 (3.63-4.73) <0.001

At least, one comorbidity* No 1
Yes 0.67 (0.60-0.75) <0.001

End-stage renal disease presentation Unknown chronic renal disease 1
Acute-on-chronic renal disease 2.26 (1.72-2.97) <0.001
Gradual progression 10.97 (8.41-14.20) <0.001

Period of hemodialysis inception 2000-2005 1
2006-2011 1.02 (0.93-1.13) 0.613

*Coronary artery disease, cardiomiopathy, cardiac conduction disorder, cerebrovascular disease, peripheral vascular disease, chronic respiratory disease or 
diabetes not as primary renal disease.

in patients aged over 74 years (OR: 0.89, 95% CI: 0.78-1.01;  
p = 0.072).

Changes in the VA during the first year of follow-up

We were able to study a possible VA change in 6,705 
(67.3%) incident patients for which there was available in-

formation about the VA in two consecutive follow-up re-
ports on 31 December. Overall, 66.6% of them changed the 
initial VA during the first year of follow-up. This percentage 
was 90.1%, 81.7%, 44.6% and 69% in patients with UCC, 
TCC, AVG and AVF as first VA, respectively. Regarding the di-
rection of these VA changes, more than half of the incident 
patients who initiated HD with UCC and TCC changed to an 
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AVF during the first year of follow-up (67.2% and 59.6%, 
respectively).

Discussion

During a period of 12 years, 47.9% of ESRD patients 
started HD with a mature AVF in Catalonia. There have 
been no big changes over the years, so that this percent-
age remains more or less stable at around 50%. Although 
all current clinical guidelines recommend preferential AVF 
placement as the first VA to initiate HD (2, 3), there is a gap 
between these recommendations and the practice patterns 
(8, 12). Data from the UK Renal Registry show that 41% of 
ESRD patients started HD through a mature AVF in 2011 
despite the UK Renal Association recommendation that at 
least 65% of ESRD patients must initiate HD by an AVF (3, 
12). Likewise, less than one-fifth of ESRD patients in the 
United States started HD by an AVF in 2011 despite the fact 
that the KDOQI Clinical Practice Guidelines recommended 
that at least 50% of ESRD patients must initiate HD through 
a mature AVF and this rate showed no changes in the United 
States during the last years (2, 8, 13).

No conclusions can be obtained from the patients who 
started HD through an AVG in Catalonia due to their very 
low number (about 1%). Recent data from the national 
registries indicate that less than 4% of 2011 incident HD 
patients initiated HD treatment with an AVG in the United 
States, Australia, New Zealand, Argentina, Canada and the 
UK (8, 12, 14-16). If the goal is to prevent starting HD by 
CVC, using an AVG as the first VA it could be a smart ap-
proach to avoid CVC in selected incident patients (17, 18). 
In relation to AVF, the AVG has some advantages as a lower 
incidence of failure-to-mature (FTM), shorter maturation 
time and increased cumulative patency during the first 18 
months after placement (19, 20). In the worst case scenario, 
that is, very elderly ESRD patient closer to initiate HD with 
associated comorbidities, suboptimal veins and previous 
failed attempts of AVF maturation, the AVG placement is a 
lesser evil, a good solution to avoid CVC insertion (21, 22). 
The development of a new AVG generation of early punc-
ture may help us to prevent CVC placement in patients not 
suitable for AVF creation (23).

Considering globally the study period, half of the inci-
dent patients (50.9%) started HD through CVC (15.9% TCC 
and 35.0% UCC) in Catalonia, that is, without arteriove-
nous access. From 2002, the use of TCC increased at the 
expense of the UCC in the first HD session. In the same way, 
the proportion of incident ESRD patients initiating HD in 
Australia with a TCC increased from 39% in 2008 to 42% 
in 2011 and, conversely, the percentage of UCC decreased 
from 22% in 2008 to 12% in 2011 (14). This change in the 
CVC profile in Catalonia can be attributed, on the one hand, 
to the generalization of the catheter tunneling procedure 
among radiologists and interventional nephrologists and, 
on the other hand, to the significantly higher infection-
related risk soon after UCC placement compared with the  
TCC (24).

The initial VA at HD inception in Catalonia was related 
to age, gender, primary nephropathy, comorbidity at base-
line, predialysis nephrology care duration and ESRD pre-

sentation. It has been reported that patient characteristics 
associated with a lower probability to start HD by AVF, like 
older age, female gender and the presence of cardiovascu-
lar comorbidities, were also linked to a higher FTM risk (13, 
18, 25). On the other hand, the prescription of high dialyzer 
blood flow can decrease AVF use. This prescription is higher 
than 300 mL/min in most Catalan patients and, according 
to DOPPS data, AVF failure rates are higher in facilities with 
higher flow rates (26).

The likelihood to use an AVF at HD inception in Cata-
lonia was significantly lower between 18 and 44 years old 
and tended to be lower in patients aged over 74 years, com-
pared to the reference group of 45-64 years. In addition, 
the highest percentage of patients starting HD with a TCC 
in Catalonia was found among the group of patients aged 
over 74 years. Although this bimodal distribution in the 
probability to initiate HD by an AVF related to patients’ age 
has been reported previously (27, 28), the question is: how 
can we explain this finding? Elderly incident patients have a 
greater prevalence of vascular disease causing a higher FTM 
rate that, in turn, is responsible for the lower likelihood to 
use an AVF in the patient’s first HD session. But the possible 
reasons for the lower AVF use in young incident HD patients 
are merely speculations.

As with previous reports, the probability of starting 
HD by an AVF was lower for females when compared with 
males and the AVG was mainly used by women compared 
with men in the first HD session in Catalonia (7, 20, 22, 28, 
29). Females were 31% and 36% less likely than males to use 
an AVF at HD initiation in Catalonia and the United States, 
respectively (28). Women had a higher FTM rate than men 
(25), even when preoperative vascular mapping is used, but 
the exact cause for this finding (smaller vessel diameter 
and impaired venous compliance) is still not fully clarified 
(30-32). In addition, it has also been recently reported that 
women need more time for adequate AVF maturation than 
men (33). For all these reasons, it has been suggested that 
earlier AVF placement is more advisable in women than in 
men to ensure initiating HD with an AVF in female patients 
(32, 33).

In relation to incident HD patients with glomerular dis-
ease, patients with polycystic kidney disease showed two-
fold greater likelihood to start chronic HD through a mature 
AVF in Catalonia. Furthermore, these patients also showed 
the lowest incidence of TCC and UCC when compared to 
patients with any other CKD cause. This finding can be ex-
plained by two reasons. First, they are referred to the ne-
phrologist in the initial stages of the disease because of the 
family context. According to the Canadian Organ Replace-
ment Register from 2002 to 2011, patients with polycystic 
kidney disease always had the lowest rate of late referral 
(8.6% in 2011) (15). And, second, these patients have a 
more predictable CKD progression to ESRD, that is, a steadi-
er loss of glomerular filtration rate than patients with other 
nephropathies (34).

Confirming other studies (27, 29, 35, 36), the probability 
of initiating HD by an AVF in Catalonia was related with the 
duration of predialysis nephrology care. This likelihood was 
time-dependent, so that it was more than three or four times 
higher if the nephrology care was longer than 1 or 2 years, 
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respectively, in relation to a care of less than 1 year’s dura-
tion. In this way, data from the USRDS in 2011 showed that 
50% of incident US patients with 1 year or more of predialy-
sis nephrology care started HD by an AVF and this rate was 
fivefold higher compared to patients without predialysis care 
(8). However, 24% of patients initiated HD in Catalonia with 
UCC despite a predialysis care period longer than 2 years, that 
is, sufficient time for AVF creation. Regarding this data, 19% 
and 40% of incident HD patients began HD therapy in 2011 
through a CVC in the United States and the United Kingdom, 
respectively, despite the fact they had 1 year or more of pre-
dialysis nephrology care (8, 12). The reasons of this finding 
have been studied previously (35, 37-40) and, according to 
Hughes et al, most of them are modifiable, such as patient-
related delays, surgical delays or late decision-making by the 
nephrologist (40).

Incident HD patients with steady ESRD progression showed 
11-fold greater probability to start chronic HD by an AVF in 
Catalonia. However, 20% of patients with predictable CKD pro-
gression to ESRD initiated HD with an UCC. Probably, this find-
ing occurs because there are heterogeneity trajectories of CKD 
progression to ESRD that can complicate the optimal timing of 
AVF placement (41-43).

Yet, can we improve the current rate of half of the incident 
ESRD patients starting HD with a mature AVF in Catalonia? Ac-
cording to demographic and clinical factors of ESRD patients 
in Catalonia, have we already reached the plateau or, on the 
contrary, do we still have room for improvement? One would 
easily assume that we have already peaked and we will nev-
er be able to overcome the AVF rate of about 50% that has 
been repeated annually related to the characteristics of ESRD 
patients. However, there are two important data in the pres-
ent study that lead us to believe that this rate can be really 
improved in Catalonia: (A) Despite the progressive increase 
in the age and comorbidity of ESRD patients treated with HD 
worldwide, the percentage of mature AVF as initial VA remains 
stable over time in Catalonia rather than decreasing progres-
sively. If the change in the demographic and clinical profile of 
incident patients were decisive for obtaining a mature AVF, the 
epidemiological translation should result in the direction of a 
progressive decrease instead of a stabilization of the AVF rate 
over the years. (B) A significant number of incident patients 
initiating HD with a CVC can achieve a mature AVF during the 
first year of follow-up in Catalonia. This means it would have 
been technically possible for timely AVF placement earlier in 
many patients so as to perform the first HD session through an 
AVF instead of a CVC.

It seems that factors associated with patient characteris-
tics are very important but not sufficient to fully explain the 
AVF rate of incident HD patients in Catalonia. The current 
scenario is multifactorial involving nonmodifiable factors 
related to FTM rates such as age, gender or comorbidity 
and also modifiable organizational factors associated with 
the CKD practice processes such as the duration of predi-
alysis care (6, 29, 39, 41, 44, 45). Therefore, it is possible 
to improve the current rate of AVF acting on modifiable 
factors by reviewing the processes of CKD care (6, 37, 41, 
44, 46-50). For example, it has been shown that we can in-
crease this rate by introducing a VA coordinator and priori-
tizing the waiting list for surgery (49). In this way, the Fistula 

First Breakthrough Initiative underlined 13 change concepts 
for increasing AVFs in both incident and prevalent HD  
patients (50).

This study has a number of weaknesses inherent to any 
study performed completely using patients’ data from a 
population register database, in which the variables utilized 
are restricted in number and can have low clinical specific-
ity. Strengths of the present study include its large sample 
size (almost 10,000 incident HD patients) and the prolonged 
duration of the study period (12 years), sufficient number and 
sufficient time to make valuable conclusions about trends in 
VA use in Catalonia.

In conclusion, the probability to start HD by an AVF in this 
registry-based study was associated with nonmodifiable fac-
tors related to patient characteristics and also with modifi-
able factors related to the CKD practice processes, such as 
predialysis nephrology care duration. The VA used at HD in-
ception in Catalonia has been suboptimal over time since it 
has not been possible to overcome the annual 50% rate of 
patients initiating HD by an AVF and, therefore, about half 
of the incident HD patients are exposed annually to morbid-
ity and mortality risks associated with the CVC. However, our 
data suggest that this scenario could be improved by optimiz-
ing the processes of CKD care.
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