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Introduction
Although a recent analysis of data from the European 

Registry showed an improvement in survival of European 
incident haemodialysis (HD) patients over time more than 
in the general population [1], mortality rate of HD patients 
remains a cause for concern. As shocking as the data, it has 
been demonstrated that survival of incident dialysis patients 
is lower than patients with several different solid-organ 
cancers [2]. In this regard, the vascular access (VA) for HD is 
considered as one potentially modifiable risk factor of death 
in HD patients [3,4].

The central venous catheter (CVC) for HD has been 
associated with an increased mortality risk in both incident 

Case Series

Abstract
Background: An arteriovenous (AV) access with high blood flow (QA) value (>2 L/min) or low QA value (<0.4 L/min) due 
to a significant stenosis can increase the risk of death in haemodialysis (HD) patients through high-output heart failure 
and underdialysis development, respectively. But, outside these extreme values, little is known regarding the significance 
of QA levels in AV accesses without stenosis on the mortality risk of HD patients in the absence of haemodynamic 
disturbance. The aim of this study is to analyse all-cause mortality of prevalent HD patients and its relationship with AV 
access function (QA value).

Methods: We prospectively measured QA of AV accesses in prevalent HD patients under routine QA surveillance for 
stenosis over a 5-year period.

Results: We performed 950 measurements of QA in 145 AV accesses of 131 HD patients for 2624 months of overall 
follow-up. The mortality rate was 24.4% (n=32), cardiovascular being the main cause of death (62.5%). Patients who 
died showed lower baseline (907.6±398.1) and overall (933.9±393.5) QA (ml/min) compared with survivors (1150.8±432 
and 1207.3±476.6, respectively) (p=0.005 and 0.002, respectively). The adjusted hazard ratio for all-cause mortality was 
1.280 (95% confidence interval CI, 1.057-1.551, p=0.012) for patient’s age (for a 5-year increase) and 1.143 (95% CI, 
1.009-1.294, p=0.035) for QA at baseline (for a decrease of 100 ml/min). Receiver operating characteristic curve analysis 
identified 948 ml/min as the best baseline cut-off QA value to predict all-cause mortality. The comparative analysis of 
Kaplan-Meier survival curves showed the lowest survival probability for HD patients with baseline QA value of AV access 
<948 ml/min (λ2 = 16.4, p<0.001, log-rank test).

Conclusions: In addition to patient’s age, baseline QA of AV access was an independent predictor for all- cause mortality 
and could possibly represent a quantitative indicator of systemic vascular health in HD patients.
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and prevalent HD patients [3-5]. Compared to using an 
arteriovenous fistula (AVF) in the first HD session, there has 
been reported a hazard ratio (HR) of death for all-causes 
over time of 1.55 and 1.43 for incident patients starting HD 
through a tunneled and non-tunneled CVC, respectively [3].

Although to a lesser extent than CVC, the arteriovenous 
(AV) access also contributes to the excess of mortality linked 
with VA in HD patients [4-8]. The arteriovenous graft (AVG) 
has an intermediate mortality risk between CVC (the highest 
risk) and AVF (the lowest risk) [4,5]. AVF can also have an 
impact on HD patient survival [6-8]. In this respect, the 
negative effects of high-flow (QA) AVF have been previously 
described [6,9,10]. High-QA (>2 L/min) AVF can cause high-
output heart failure development in some HD patients and, 
therefore, can increase the risk of death [6,11-13]. A low QA 
level (<0.4 L/min) in an AV access with a significant stenosis 
can be associated with an increased mortality risk in the 
setting of under- dialysis [14-16]. In fact, the QA value and 
HD adequacy improves after successful elective AV access 
treatment for stenosis [17] and, therefore, the risk of death 
can return to baseline level. But, outside these extreme 
values, we have little information regarding the significance 
of QA levels in AV accesses without stenosis on the mortality 
risk of HD patients in a stable clinical condition and absence of 
haemodynamic disturbance [14,18-20]. The aim of this study 
is to analyze all-cause mortality of prevalent HD patients and 
its relationship with AV access function (QA value).

Methods
Patients

We conducted a survival sub-analysis from prevalent 
HD patients dialysed three times a week at the Hospital 
Universitari Mollet in Barcelona (Catalonia, Spain) and 
enrolled in a five-year single-centre prospective AV access 
stenosis surveillance study using QA measurements [17]. The 
patients’ inclusion criteria were the following: 1) 18 years 
of age or older. 2) Clinical and haemodynamic stability. 3) 
HD treatment performed through AV access (either AVF or 
AVG). 4) AV access needling though two needles for at least 
12 consecutive HD sessions. 5) reaching a pump flow higher 
than 250 ml/min in at least 12 consecutive HD sessions. 6) AV 
access without any signs of infection or suspicion of stenosis. 
7) obtaining the informed consent form from patients.

The following demographic and clinical variables of patients 
and their AV accesses were assessed: gender, age, primary 
kidney disease, cardiovascular disease (either coronary artery 
disease, cerebrovascular disease and peripheral vascular 
disease), time on HD, single-pool Kt/V index, mean arterial 
pressure, type of AV access (AVF or AVG), history of previous 
AV accesses, ratio number AV access/patient, duration of 
current AV access, QA of AV access and successful elective AV 
access intervention for stenosis. 

The primary outcome was all-cause mortality. The causes 
of death were obtained from patient reports and classified 
into seven categories as previously established [3]. The 
protocol of the study was approved by the local Clinical 
Research Committee and each patient signed the informed 
consent for its participation in the study.

Assessment of AV access function
The AV access function was evaluated at least every 4 

months through QA determination by using the Delta- H 
method (Crit Line III monitor, ABF-mode, HemaMetrics, 
Kaysville, UT, USA). The baseline QA value was calculated 
from the QA values obtained in two consecutive HD sessions. 
The overall QA value was obtained after averaging all QA 
measurements recorded during the study period. In addition, 
the last QA obtained in a stable systemic haemodynamic 
period before the patient’s death was also registered. The 
mean arterial pressure (diastolic plus 1/3 pulse pressure) and 
HD adequacy (single-pool Kt/V index) were measured at the 
same time as each QA determination.

Surveillance protocol for AV access stenosis
All AV accesses showing an absolute QA<700 ml/min or 

a fall in QA>20% over time from baseline were referred for 
angiography. A subsequent elective intervention through 
percutaneous transluminal angioplasty or revision surgery 
was performed if a significant AV access stenosis was 
confirmed, that is, a luminal narrowing greater than 50% 
compared with the adjacent vessel segment.

Statistical analysis
Data analysis was performed using SPSS for Windows, 

version 20.0 (SPSS Inc., Chicago, IL, USA). The values were 
expressed as mean±standard deviation, percentages and 95% 
confidence interval (CI) as appropriate.

Differences between means of groups were assessed by 
two-sample independent t test. To assess the relationship 
between the last QA obtained before the patient’s death and 
the continuous variables considered, a Pearson’s correlation 
test was applied. A multivariate Cox regression analysis was 
performed to calculate the adjusted HR for all-cause mortality.

A time-dependent receiver operating characteristic (ROC) 
curve analysis was performed to determine the optimal 
threshold value for baseline QA of AV access to predict all-
cause mortality.

The survival probability of HD patients was analysed 
using Kaplan-Meier survival curves performed from the cut-
off baseline QA value of AV access obtained and these were 
compared by log-rank test.

Statistical significance was defined as p<0.05.

Results
Overall characteristics of the study population

One hundred and thirty-one patients aged 62.6±13.5 
years and dialysed through 145 AV accesses (84.1% AVF) met 
the inclusion criteria and were enrolled in the prospective 
study; ten patients participated in this study with two AV 
accesses and two patients with three AV accesses. Of them, 
950 QA measurements were performed for 2624 months of 
overall follow-up. The mean baseline and overall QA (ml/min) 
obtained from these 145 AV accesses were 1097.1±435.3 and 
1166.6±473.1, respectively.
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of patients (Table 1). The last mean QA obtained before the 
patients’ death, but within the period when they were still 
clinically stable, was 883.8±435.9 ml/min.

Correlations with the last QA obtained before 
the patient’s death

Among the continuous variables included at baseline in 
Table 1, only baseline QA were positively correlated with 
the last QA obtained before the patient’s death (Pearson’ 
correlation coefficient 0.908, p<0.001).

Independent predictors for all-cause mortality
Patient’s age [for a 5-year increase, HR 1.280 (95% CI, 

1.057-1.551), p=0.012] and QA of AV access at baseline [for 
a decrease of 100 ml/min, HR 1.143 (95% CI, 1.009-1.294), 
p=0.035] were independently associated with all-cause 
mortality

Time-dependent ROC curve analysis of baseline 
QA for all-cause mortality

The ROC curve analysis identified the baseline QA of 
948 ml/min as the best threshold value to predict all- cause 
mortality (sensitivity 65.6%, specificity 64.6%, positive 
predictive value 34.4%, negative predictive value 86.9%). The 

Mortality analysis
Thirty-two patients (24.4%) died during follow-up. The 

leading cause of death was cardiovascular (62.5%, n=20) 
followed by infection (18.8%, n=6), unknown (12.5%, 
n=4), liver disease (3.1%, n=1) and cancer (3.1%, n=1). 
Cardiovascular causes were the following: congestive heart 
failure (n=6), myocardial infarction (n=6), stroke (n=5), 
sudden death (n=2) and arrhythmia (n=1).

Comparative characteristics of the patients who 
died and who survived

Table 1 shows the comparative analysis of both groups 
of patients. At baseline, patients who died were significantly 
older and tended to have a greater percentage of at least 
one cardiovascular comorbidity compared with survivors. No 
differences in the distribution of AVF and AVG between both 
groups of patients were recorded.

Functional evaluation of AV accesses in patients 
who died and who survived

Patients who died had significantly lower baseline and 
overall mean QA compared with survivors. The proportion 
of patients who underwent successful VA intervention for 
stenosis during follow-up did not differ between both groups 

Variable Patients who died Patients who survived p
Number: % (n) 22.1 (32) 77.9 (113) -
Gender % (n): male / female 53.1 (17) / 46.9 (15) 62.8 (71) / 37.2 (42) 0.32
Age (years) 71.1±8.0 60.2±13.8 <0.001
Time on hemodialysis (months) 46.7±62.0 27.0±39.6 0.25
Primary kidney disease % (n)
Glomerular disease 
Polycystic kidney disease 
Interstitial disease
Vascular disease 
Diabetic nephropathy
Hypertensive nephropathy
Unkonwn

12.5 (4)
12.5 (4)
9.4 (3)
6.2 (2)
21.9 (7)
15.6 (5)
21.9 (7)

17.7 (20)
15.0 (17)
12.4 (14)
1.8 (2)
16.8 (19)
10.6 (12)
25.7 (29)

0.48
0.41
0.64
0.21
0.51
0.65
0.66

Coronary artery disease (%) 31.3 (10) 17.9 (20) 0.10
Peripheral vascular disease (%) 18.8 (6) 12.4 (14) 0.36
Cerebrovascular disease (%) 28,1 (9) 16.8 (19) 0.15
At least one cardiovascular disease (% ) 53.1 (17) 35.4 (40) 0.07
Baseline single-pool Kt/V index 1.40±0.21 1.37±0.23 0.37
Overall single-pool Kt/V index 1.44±0.18 1.41±0.22 0.56
Baseline mean arterial pressure (mmHg) 96.2±14.7 94.8±12.5 0.76
Overall mean arterial pressure (mmHg) 94.8±14.5 94.0±11.9 0.87
Type of arteriovenous access (%): fistula / graft 87.5 (28) / 12.5 (4) 83.2 (94) / 16.8 (19) 0.56
Radial artery-based fistula (%) 59.4 (19) 52.2 (59) 0.47
Brachial artery-based fistula (%) 28.1 (9) 31.0 (35) 0.76
Brachial artery-based graft (%) 3.1 (1) 7.1 (8) 0.41
Femoral artery-based graft (%) 9.4 (3) 9.7 (11) 0.95
Duration of current arteriovenous access (months) 25.6±54.8 35.2±53.2 0.16
History of previous arteriovenous accesses (%) : 1 / >1 62.5 (20) / 37.5 (12) 57.5 (65) / 42.5 (48) 0.61
Ratio number arteriovenous access /patient 2.00±1.62 1.84±1.42 0.61
Baseline arteriovenous access flow (ml/min) 907.6±398.1 1150.8±432 0.005
Overall arteriovenous access flow (ml/min) 933.9±393.5 1207.3±476.6 0.002
Elective arteriovenous access intervention for stenosis (%) 18.7 (6) 14.2 (16) 0.41

Table 1: Characteristics of patients and arteriovenous access included (n=145)
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area under the ROC curve was 0.668 (95% CI: 0.558-0.778, 
p<0.001) (Figure 1).

Survival probability of HD patients according to 
baseline cut-off QA value of AV access

Kaplan–Meier survival curves were different according 
to the optimal cut-off QA value of AV access for all-cause 
mortality obtained at baseline. As seen in Figure 2, survival 
probability of HD patients was significantly lower in patients 
with a baseline QA value of their AV accesses lower than 
948 ml/min compared with the remaining patients (λ2 =16.4, 
p<0.001, log-rank test).

Discussion
In the current study, patient’s age was an independent 

predictor for all-cause mortality and the risk of mortality 
rose by 28% for every 5 years of increase in patient’s age. In 
addition, patients who died tended to have a greater incidence 
of cardiovascular disease compared with survivors. In this 
regard, data of the Dialysis Outcomes and Practice Patterns 
Study, from 16,720 HD patients across seven countries 
followed up to 5 years, showed that most cardiovascular 
comorbidities and patient’s age were associated with 
increased risk of death, with this risk increasing by 3% to 4% 
per year [21]. From data of the Catalan registry (period 1997-
2019, n=22,404), considering four age groups of HD patients 
(<44, 45-64, 65-74 and >74 years-old), the risk of death for 
all-causes over time rose when increasing the age bracket and 
it was 3.92-fold higher for HD patients older than 74 years 

(n=7324) than those younger than 44 years-old (reference 
group, n=2228) [22].

In our study, the baseline QA of AV access was an 
independent predictor for all-cause mortality in prevalent HD 
patients. There are few published studies on the association 
between the QA of AV access and mortality in HD patients 
[14, 18-20]. Wu et al. conducted a retrospective observational 
cohort study including 378 prevalent HD patients and showed 
that a lower QA level (<1000 ml/min) of AV access (85% AVF) 
was an independent predictor of both short-term and long-
term all-cause mortality; in addition, they identified the QA 
value of 1020 ml/min as the most discriminatory cut-off point 
for all-cause mortality [18]. A recent retrospective cohort 
study of 165 HD dialysed through an AV access (88.5 % AVF) 
identified a baseline QA of 900 mL/min as the optimal cut-
off value for cardiovascular mortality and showed that HD 
patients having an initial QA<900mL/min were almost 4 times 
more likely to die from a cardiovascular event in the first 4 years 
after starting HD compared with the remaining patients [20].

In the present study, the risk of mortality rose by 14.3% 
for every 100 ml decrease in QA at baseline. How could we 
explain this inverse relationship between baseline QA of AV 
access and mortality risk of HD patients in a stable clinical 
condition? A reduced QA value recorded in an AV access 
without stenosis can be indicative of structural vessel wall 
alterations, such as the presence of microcalcifications on 
the media layer of the afferent artery involved in the AV 
anastomosis [23], which can represent the iceberg tip of 
systemic vascular calcification including coronary arteries 

Figure 1: Receiver operating characteristic (ROC) curve of baseline arteriovenous access flow for all- cause mortality risk in haemodialysis patients.
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[24]. The clinical translation of this scenario could be an 
increase in the incidence of cardiovascular events and, thus, 
an increase in the mortality rate [24-26]. Therefore, a low 
baseline QA in stenosis-free AV accesses could be a local 
marker of generalised vascular calcification in HD patients. 
In this regard, microcalcifications on the media layer in the 
afferent artery, diagnosed by preoperative histological 
analysis of arterial specimens obtained just before surgery, 
have been proved to be independently associated, on the one 
hand, with a limitation of the final AV access function (low 
baseline QA) attained at the end of the AV access maturation 
process (23) and, on the other hand, with coronary artery 
calcification and/or increased cardiovascular mortality risk 
[24-26]. Interestingly, it has been shown that a deficiency 
in fetuin-A, a circulating glycoprotein potent inhibitor of 
vascular calcification, is associated with low QA levels of AV 
access [27] and, in addition, with an increase in all-cause and 
cardiovascular mortality risk of HD patients [28,29].

The main weakness of the present study is related to the 
limited number of patients included. In addition, our study 
shows the experience of a single centre and, therefore, the 
results obtained might not be extended to other centres.

The main strength was the attempt to find a baseline QA 
level of AV access as a predictor for all-cause mortality through 
an accurate assessment of AV access function by using almost 
a thousand QA determinations over a 5-year period. The type 
of VA at HD initiation has been included in most of predictive 
models of patient’ survival [30,31]. But, in addition to this 
qualitative predictor for mortality, such as catheter yes/no, it 
could be important to have quantitative predictive variables 
on the mortality risk from the VA. In this regard, if our results 
are confirmed in further studies, the baseline threshold QA 
level of AV access, which determines a higher risk of mortality, 
could also be added in these predictive models.

In summary, in addition to patient’s age, baseline QA of AV 
access was an independent predictor for all- cause mortality 
and could possibly represent a quantitative indicator of 
vascular health in HD patients.
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