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Differences in shuntflow (Qa),

cardiac function and mortality
between hemodialysis patients with a
lower-arm fistula, an upper-arm fistula,
and an arteriovenous graft

Johannes W Drouven'(®), Janke Wiegersma?, Solmaz Assa?, Adrian Post?,
Mostafa El Moumni?, Akin Ozyilmaz?, Clark ] Zeebregts'
and Casper FM Franssen?

Abstract

Background: High-flow vascular accesses may contribute to cardiovascular morbidity and mortality in hemodialysis
patients. Since shuntflow (Qa) varies between vascular access types, the current study aims to investigate differences in
left ventricular hypertrophy (LVH), systolic and diastolic function parameters, and all-cause mortality between patients
with a lower-arm arteriovenous fistula (AVF), an upper-arm AVF, and an arteriovenous graft (AVG).

Methods: A post hoc analysis of 100 patients was performed in a single-center, prospective observational study.
Echocardiography examinations were performed prior to the dialysis session. Qa measurements were performed
using ultrasound dilution. Patient groups were categorized by vascular access type. Cox proportional hazards
models were used to investigate the association of shunt type with all-cause mortality with adjustment for potential
confounders including, amongst others, age, sex, diabetes, the duration of hemodialysis treatment, shunt vintage,
and Qa.

Results: Patients with an upper-arm AVF had significantly (p <0.001) higher Qa (median 1902, IQR 1223-2508 ml/min)
compared to patients with a lower-arm AVF (median 891, IQR 696—1414 ml/min) and patients with an AVG (median 881,
IQR 580-1157 ml/min). The proportion of patients with LVH and systolic and diastolic echocardiographic parameters
did not differ significantly between groups. Survival analysis showed that an upper-arm AVF was associated with a
significantly lower all-cause mortality (p=0.04) compared to a lower-arm AVF.

Conclusions: Patients with an upper-arm fistula had a higher Qa but similar systolic and diastolic cardiac function.
Patients with an upper-arm fistula had a significantly lower risk of all-cause mortality compared with patients with a
lower-arm fistula.
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Introduction

Worldwide, the number of patients with end-stage renal
disease requiring intermittent hemodialysis is increas-
ing."? A vascular access with sufficient flow is mandatory
to perform adequate hemodialysis. A radiocephalic arterio-
venous fistula (AVF) is considered the access of first
choice in most patients.?

Hemodialysis patients have markedly increased cardio-
vascular morbidity and mortality, with left ventricular
hypertrophy (LVH) and left ventricular systolic and dias-
tolic dysfunction as the most common cardiac abnormali-
ties.>* The cause of cardiac complications is multifactorial
with conventional risk factors having a modest contribu-
tion whereas fluid overload, bone and mineral disorders,
chronic inflammation, endothelial dysfunction, and hemo-
dialysis treatment itself are considered to have a more
important role.*"" There is increasing awareness that a
vascular access may contribute to cardiac complications.
This link is most obvious in patients with prolonged high
vascular access flow (Qa) that have an increased risk to
develop high-output cardiac failure.*® Basile et al. were
one of the first to show that higher Qa are strongly associ-
ated with a higher cardiac output,® although the exact
pathophysiology behind this process has not been fully
elucidated.'?

Since the Qa may vary between different types of vas-
cular access, the effect on the heart may also differ between
different types of vascular access. It can be hypothesized
that the vascular access type with the highest Qa, that is the
brachiocephalic AVF, may have a negative effect cardiac
function and that patients with such an access are particu-
larly prone to the development or worsening of cardiac
failure.®>3!° However, literature in which echocardio-
graphic parameters and long-term outcomes are compared
between patients with different types of arteriovenous
access is absent.

The primary objective of this study was to determine
whether there are differences in left ventricular hypertro-
phy (LVH), systolic and diastolic cardiac function parame-
ters between patients with a lower-arm AVF, an upper-arm
AVF, and an arteriovenous graft (AVG). The secondary
objective was to determine if there is an association between
the type of vascular access and all-cause mortality.

Materials and methods

Study design

The current study is a post hoc analysis of a single-center,
prospective observational study that was originally
designed to assess the prevalence and prognostic value of
hemodialysis-induced regional left ventricular dysfunction
in hemodialysis patients.?’ Hemodialysis patients from the
Dialysis Center Groningen and the University Medical
Center Groningen were considered eligible for inclusion in

our study if they were treated with hemodialysis for more
than 3 months and were on a thrice-weekly hemodialysis
schedule. Of the 235 in-center hemodialysis patients that
were screened for potential inclusion in the original study,
76 patients did not meet the inclusion criteria and/or had
exclusion criteria for this study. Of these, 27 patients were
excluded because of NYHA stage IV heart failure. For this
analysis, patients with a central venous catheter (n=9) as
hemodialysis access were excluded.

The study was performed according to the Declaration
of Helsinki and was approved by the medical ethics com-
mittee of the University Medical Center Groningen (METc:
2008/343). All patients signed written informed consent.
Echocardiography examinations were performed between
March 2009 and March 2010. Mortality data was recorded
until January 2015. There was no loss to follow-up.

Creation of arteriovenous access

Vascular access creation was scheduled approximately
3months before the expected start of hemodialysis in
patients receiving an AVF, and 4-6weeks in case of an
AVG. Following the KDOQI and national guidelines, a fis-
tula first approach was used in vascular access creation.! In
case of patients with previous maturation problems, or
patients with a subacute indication for dialysis (i.e.
<4weeks), an AVG was considered instead of the fistula
first approach. In AVG patients, a standard wall polytetra-
fluorethylene (PTFE) graft (Gore-Tex, WL Gore &
Associates, Flagstaff, Arizona, USA) with 6 mm diameter
and 0.5mm wall thickness was used, in either a loop or
straight configuration in the lower-arm or upper-arm.
Lower-arm AVF patients received a radiocephalic AVF.
Upper-arm AVF patients received a brachiocephalic AVF
or basilic vein transposition.

Echocardiography examination

Patients were studied just before the dialysis session after
the longest interdialytic interval. All examinations were
performed on the dialysis unit and were conducted by a
team of three experienced technicians. Two-dimensional
echocardiography was performed, including color flow
mapping, and tissue Doppler echocardiography. All analy-
ses were performed off-line according to the guidelines of
the European Society of Echocardiography.?! At least three
consecutive heartbeats in each view were acquired. Global
systolic function was evaluated by left ventricular ejection
fraction (LVEF) calculated using the biplane Simpson’s
method. Left ventricle mass index (LVMi) was calculated
as described previously.?? Left ventricular hypertrophy
(LVH) was defined as LVMi>95g/m? for women and
>115g/m? for men.? Peak early (£) and late (4) diastolic
filling velocities, deceleration time, and isovolemic relaxa-
tion time were measured. Mean e” and S” were derived
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from tissue Doppler early diastolic and peak systolic
velocity respectively, on the lateral, septal, anterior, and
inferior junctions of the myocardium and mitral valve
annulus. The average e’ (mean e”) and S’ (mean S”) values
were calculated from these values.

Qa measurements

Ultrasound dilution flow measurements were performed
with a Transonic HDOI plus Hemodialysis Monitor
(Transonic Systems Inc., Ithaca, NY, USA). Qa was meas-
ured at 3-monthly intervals as part of routine patient care.
For this study we used the average flow of the measure-
ments before and after the dialysis session at which the
echocardiographic examination was performed.

Statistical analysis

Statistical analyses were performed using SPSS 24 (SPSS,
Chicago, IL, USA) and R version 3.6.2 software (The
R-Foundation for Statistical Computing). A two-sided p
value less than 0.05 was considered to indicate statistical
significance. Data is presented as mean with standard
deviation (SD) for continuous variables with normal distri-
bution, or as median and interquartile range (IQR) for
skewed variables. Assessment of normality was tested
with the Kolmogorov—Smirnov test. Patient groups were
compared based on the type of vascular access.

Differences between groups were tested using the
Pearson Chi-Square test and Kruskall-Wallis test for cat-
egorical data and non-normally distributed data, respec-
tively. Correlation coefficients were calculated using the
Pearson’s R test.

Prospective analyses of vascular access with transplan-
tation-censored all-cause mortality were performed using
Cox proportional hazard models. The proportional hazards
assumption was verified visually with plots of the scaled
Schoenfeld residuals and was not violated in any of the
models. To account for differences in the characteristics
between patients with different types of shunts, adjust-
ments were made for the following variables: age, sex,
body mass index (BMI), hemodialysis duration, diabetes
mellitus, history of cardiovascular disease, hypertension,
angiotensin receptor blockage use, shunt vintage (the time
since creation of the vascular access), and Qa. To account
for potential bias that could result from the exclusion of
participants with missing values,?* multiple imputation
using Fully Conditional Specification was performed to
obtain five imputed data sets, in which Rubin’s rules were
applied to acquire pooled estimates of the regression coef-
ficients and their standard errors across the imputed data
sets.?

To visualize the association of the type of vascular
access with transplantation-censored all-cause mortality, a
Kaplan—Meier curve was plotted.

Results

Patient characteristics

A total of 109 patients participated in the original study.'”
Nine of these patients had a central venous catheter as vas-
cular access and were excluded for this study. The charac-
teristics of the remaining 100 patients categorized per
access type are shown in Table 1. Hypertension (18%),
autosomal dominant polycystic kidney disease (12%), and
diabetes mellitus (12%) were the major causes of renal
failure. Except for a difference in the proportion of males
and the time on dialysis, no other significant differences
between groups were observed. The time on dialysis was
significantly longer in patients with a PTFE AVG com-
pared with those with a lower-arm AVF or upper-arm AVF
(50.9 (IQR 26.8-69.8), 19.1 (IQR 8.0-49.8), and 25.1
(IQR 13.1-47.9) months, respectively; p=0.024).

Vascular access flow (Qa)

Patients with an upper-arm AVF had a significantly higher
Qa (1902 (IQR 1223-2508) ml/min) compared to patients
with a lower-arm AVF (891 (IQR 696—1414) ml/min) or
compared to those with a PTFE AVG (881 (IQR 580-1157)
ml/min), p <0.001.

Echocardiographic data, systolic and diastolic
function parameters

LVMIi and the proportion of patients with LVH did not dif-
fer significantly between the three groups (Table 2). Five
patients in the lower-arm AVF group had significant
(grades 2-3) mitral valve insufficiency versus three in the
upper-arm AVF group and one in the PTFE AVG group.
No significant differences were found in the systolic and
diastolic echocardiographic parameters between groups.

Survival analysis

During a mean follow-up of 4.8 (*£3.1) years, 46 (46%)
patients died. Cox regression analyses of the association
between the type of vascular access and transplantation-
censored all-cause mortality are shown in Table 3.
Compared to patients with a lower-arm AVF, an upper-arm
AVF was associated with a lower risk of all-cause mortal-
ity in the crude analysis (HR [95% CIJ: 0.24 [0.10-0.58];
p=0.002). This association remained significant after
adjustment for age, sex, BMI, dialysis vintage, diabetes
mellitus, history of cardiovascular disease, hypertension,
angiotensin receptor blocker usage, and shunt vintage
(model 5, p=0.01). After additional adjustment for Qa,
patients with an upper-arm AVF still had a lower all-cause
mortality compared with patients with a lower-arm AVF
(model 6, p=0.04). There was no significant difference in
all-cause mortality between patients with a lower-arm AVF
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Table I. Patient characteristics and shuntflow.
Lower-arm AVF Upper-arm AVF PTFE AVG p-Value
Number of patients 46 32 22
Age (y) 65.6 (52.4-74.8) 58.5 (49.1-68.9) 71.9 (59.3-79.0) 0.074
Male 36 (78%) 22 (69%) 10 (45%) 0.025
Body mass index (kg/m?) 26.1 (22.9-28.5) 254 (23.2-27.7) 26.7 (23.0-30.4) 0.464
Time on dialysis (mo) 19.1 (8.0-49.8) 25.1 (13.1-47.9) 50.9 (26.8-69.8) 0.024
Shunt vintage 17.1 (8.0-42.4) 22.8 (13.1-45.8) 45.0 (26.8-54.0) 0.065
Diabetes mellitus 12 (26%) 4 (13%) 6 (27%) 0.288
Hypertension 40 (87%) 23 (72%) 18 (82%) 0.246
Cardiovascular history Il (24%) 6 (19%) 5 (23%) 0.860
Systolic blood pressure (mmHg) 137 (29) 132 (32) 143 (30) 0.567
Diastolic blood pressure (mmHg) 78 (16) 80 (14) 75 (23) 0.894
Heart rate (bpm) 73 (18) 75 (18) 64 (13) 0.067
Medication
Angiotensin receptor blocker 4 (9%) 8 (25%) 1 (5%) 0.051
Aspirin 22 (48%) 16 (50%) 17 (77%) 0.076
Beta blocker 28 (61%) 16 (50%) 12 (55%) 0.628
Calcium channel blockers 7 (15%) 3 (9%) 3 (14%) 0.708
Diuretics 3 (7%) 2 (6%) 1 (5%) 0.936
Qa (ml/min) 891 (696—1414) 1902 (1223-2508) 881 (580-1157) <0.001
Data are presented as median (IQR) or number (%).
AVF: arteriovenous fistula; AVG: arteriovenous graft; PTFE: polytetrafluoroethylene.
Table 2. Echocardiographic parameters.
Lower-arm AVF Upper-arm AVF PTFE AVG p-Value
Number of patients 46 32 22
Systolic function
LVEF 52.5 (42.5-58.0) 52.0 (46.5-57.0) 49 (40.0-54.5) 0518
Mean § 5.48 (3.94-6.67) 5.73 (4.42-7.26) 4.69 (3.96-5.44) 0.174
Diastolic function
E (m/s) 0.90 (0.82—1.11) 0.93 (0.81-1.11) 0.97 (0.72-1.06) 0.749
A (m/s) 0.81 (0.66-0.97) 0.90 (0.74-1.05) 0.82 (0.77-0.98) 0417
E/A 1.06 (0.92—1.33) 1.09 (0.91-1.37) 1.07 (0.77-1.22) 0.747
DT (ms) 200 (163-240) 215 (192-238) 219 (180-277) 0.482
IVRT (ms) 81 (68-113) 94 (74-113) 100 (85—-105) 0.248
Mean e’ (cm/s) 7.3 (5.1-8.0) 6.4 (5.2-8.7) 5.6 (4.5-6.6) 0.081
Ele’ 133 (11.2-17.3) 14.8 (10.5-18.3) 16.2 (12.8-17.2) 0.254
Left ventricular mass
LVMi (g/m?) 93.6 (74.2-111.2) 93.1 (75.8-110.4) 95.1 (71.6—-112.8) 0.994
LVH 9 (21%) 8 (25%) 6 (27%) 0.174

Data are presented as median (IQR) or number (%).
A: peak velocity of late transmitral flow; E: peak velocity of early diastolic transmitral flow; DT: deceleration time; e’, peak velocity of early diastolic mitral
annular motion as determined by tissue Doppler; E/e’, E to e’ ratio; IVRT: isovolemic relaxation time; LVEF, left ventricular ejection fraction; LVH: left

ventricular hypertrophy; LVMi, left ventricular mass index; S’, peak systolic velocity of mitral annular motion as determined by tissue Doppler.

and those with a PTFE AVG, nor between patients with an

upper-arm AVF and a PTFE AVG.

Additional survival analysis between the type of vascu-
lar access and cardiovascular mortality showed no signifi-

cant association, data not shown.

A Kaplan—Meier curve of the association between the
type of vascular access and all-cause mortality is shown in

Figure 1.

Discussion

In this study, our primary objective was to evaluate whether
there are differences in left ventricular hypertrophy (LVH),

and systolic and diastolic cardiac function parameters

between different types of vascular access. Our secondary
objective was to determine if there is an association

between the type of wvascular access and all-cause
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Table 3. Prospective analyses of vascular access on transplantation-censored all-cause mortality.

Model Type of vascular access
Lower-arm AVF Upper-arm AVF PTFE AVG
HR (95% ClI) HR (95% ClI) p-Value HR (95% ClI) p-Value
| Ref (1.00) 0.24 [0.10-0.58] 0.002 0.59 [0.29-1.24] 0.16
2 Ref (1.00) 0.29 [0.12-0.71] 0.008 0.70 [0.32-1.56] 0.38
3 Ref (1.00) 0.29 [0.12-0.70] 0.008 0.83 [0.35-1.99] 0.67
4 Ref (1.00) 0.31 [0.12-0.77] 0.0l 0.66 [0.29-1.48] 0.30
5 Ref (1.00) 0.30 [0.12-0.73] 0.0l 0.71 [0.32-1.59] 0.39
6 Ref (1.00) 0.38 [0.15-0.96] 0.04 0.60 [0.26—1.35] 0.21

AVF: Arteriovenous fistula; PTFE: polytetrafluoroethylene; AVG: Arteriovenous graft.

Model |: Crude; Model 2: Adjusted for age and sex; Model 3: As model 2, additionally adjusted for BMI and hemodialysis vintage; Model 4: As model
2, additionally adjusted for diabetes mellitus, history of cardiovascular disease, angiotensin receptor blocker usage, and hypertension. Model 5: As
model 2, additionally adjusted for shunt vintage. Model 6: As model 2, additionally adjusted for Qa.

== Upper-arm AVF
-+ PTFE AVG

== |Lower-arm AVF

0 1 2 3 4
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~ 100+
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Figure |. Survival analysis.

Kaplan—Meier curve of transplantation-censored all-cause mortality according to the type of vascular access (Log-rank test p-value =0.002).

mortality. Interestingly, systolic and diastolic function
parameters did not differ significantly between the types of
vascular access in spite of a significantly higher Qa in
patients with an upper-arm AVF, compared to patients with
a lower-arm AVF and those with a PTFE AVG. The access
type with the highest Qa, the upper-arm AVF, was indepen-
dently associated with a lower all-cause mortality. Patients
with an upper-arm AVF had a significantly better survival
compared with those with a lower-arm AVF, even after
correction for potential confounders including age, sex,
diabetes, duration of dialysis treatment, and shunt vintage.
The significant longer time on dialysis in patients with an
AVG might be explained by the vascular access strategy in
our center. An AVG is only used when previous autologous
vascular accesses failed or were not possible.

Several studies analyzed the association between Qa
and cardiac function and cardiac failure in vascular access

patients. Pandeya et al. found a linear relationship between
Qa and cardiac output in 16 patients on hemodialysis, of
which 11 patients had a lower-arm AVF and 5 patients a
PTFE AVG." Basile et al. investigated the relationship
between Qa, cardiac output, and cardiac failure in a group
consisting of 65 patients with a lower-arm AVF and 31
patients with an upper-arm AVF.® Ten patients were classi-
fied as having high-output cardiac failure, of which three
patients had a lower-arm AVF and seven an upper-arm
AVE. These authors concluded that a Qa greater than
2000 ml/min reliably predicted the occurrence of high-
output cardiac failure, since this was the case for all 10
patients with high-output cardiac failure. Recently,
Zamboli et al. attempted to define the high-flow vascular
access in 29 hemodialysis patients with a minimum Qa of
2000 ml/min, of which 8 had a lower-arm AVF and 21 had
an upper-arm AVF.?® Patient characteristics, Qa and
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echocardiographic data were evaluated. They argued that
the Qa rate should be corrected for the height*” of the
patients and concluded that a Qa= 603 ml/min/m?’ com-
bined with echocardiographic alterations could identify
patients at higher risk of high-output cardiac failure.
Notably, none of these studies analyzed the association
between Qa and cardiac function and/or outcome sepa-
rately by type of vascular access. In the present study, the
systolic and diastolic echocardiographic parameters did
not differ significantly between the different vascular
access groups. Thus, in patients with an upper-arm fistula,
a similar degree of LVH and systolic and diastolic function
was found compared with patients with a lower-arm fistula
or a PTFE AVG, despite a significantly higher Qa.
Notably, both the LVMi and the prevalence of LVH
were comparable for the different types of vascular access.
This is remarkable given the significantly higher Qa in
patients with an upper-arm AVF compared to those with a
lower-arm AVF or PTFE AVG. These findings contrast
with the results from previous studies that found a clear
association between Qa and LVH.?”?® The importance of
LVH is evident since it is important prognostic factor
affecting survival of hemodialysis.*® Interestingly, we also
found a reduced all-cause mortality in patients with an
upper-arm AVF compared to those with a lower-arm AVF
despite a much higher Qa in patients with a lower-arm
AVF. This reduced all-cause mortality remained signifi-
cant after adjustment for potential confounders including
dialysis vintage and shunt vintage and even after addi-
tional adjustment for Qa. These contra-intuitive findings
may be explained by divergent effects of an upper arm fis-
tula versus a lower arm fistula on peripheral arterial resist-
ance, blood pressure, and long-term cardiac workload. At
the same time, we should be cautious with definite conclu-
sions because this was an observational study with differ-
ences in patient characteristics between the lower-arm
AVF group and the upper-arm AVF group. Despite our
efforts to adjust for potential bias in our analyses, we can-
not exclude the possibility of residual confounding.
Limitations of the current study are the relatively low
number of patients, differences between groups and its
cross-sectional design. Due to this cross-sectional design
of this study, the interval between access creation and
echocardiography was not standardized and this may
potentially induce bias. However, inclusion of shunt vin-
tage in the analysis of the associations between the type of
vascular access and all-cause mortality did not change
these associations. Moreover, shunt vintage was compara-
ble in patients with an upper-arm AVF and lower-arm AVF.
Therefore, varying intervals between access creation and
the echocardiography have unlikely contributed to the
observed differences in Qa and all-cause mortality between
patients with an upper-arm and those with a lower-arm
AVEF. The original study focused on diastolic function
parameters and regional wall motion abnormalities of the
left ventricle. Unfortunately, reliable measurement of

cardiac output was not available. However, other systolic
cardiac function parameters like left ventricular ejection
fraction (LVEF) and peak systolic velocity of mitral annu-
lar motion as determined by tissue Doppler (S§”) were avail-
able. Although all echocardiographic measurements were
performed at a standardized time-point, it would have been
informative to have follow-up measurements to monitor
possible changes in Qa and cardiac function parameters
over time. The strength of our study is that this is one of
the largest studies on the association between type of
access, cardiac function, and mortality. Furthermore, we
provided detailed information on patient characteristics,
vascular access characteristics, Qa, LVH, systolic and
diastolic echocardiographic parameters, and long-term
survival follow-up. Since this study is the first that com-
pared echocardiographic parameters and outcome between
patients with different types of vascular access, confirma-
tion by other groups, is needed. Additionally, the possibly
divergent effects of an upper arm fistula versus a lower
arm fistula on peripheral arterial resistance, blood pres-
sure, and long-term cardiac workload should be studied.

Conclusion

Patients with an upper-arm AVF had comparable cardiac
function parameters compared to patients with a lower-
arm AVF and patients with a PTFE AVG and the lowest
all-cause mortality, despite having the highest Qa. These
findings should be confirmed in future research projects. It
remains to be studied whether the favorable effects of an
upper-arm fistula are caused by more favorable hemody-
namic effects on the heart.
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