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Background: Vascular access for hemodialysis (HD) with an inappropriately high flow may underlie the
onset of high output heart failure (HOHF).
The aim of this study was to determine the prevalence of high flow access (HFA) in chronic HD patients,

and to determine its effects on cardiac functions.
Methods: This cross sectional study was conducted on 100 chronic hemodialysis patients through arteri-
ovenous fistula (AVF). The study cohort was subdivided into 2 groups based on AVF flow: Group A (Non-
HFA group with Qa < 2000 ml/min), and Group B (HFA group with Qa � 2000 ml/min). AVF flow (Qa) was
assessed using Color Doppler ultrasonography. Transthoracic echocardiography was performed for all
patients to assess cardiac dimensions and functions.
Results: Prevalence of HFA among study population was 24%. Mean AVF Qa was 958.63 ± 487.35 and
3430.13 ± 1256.28 ml/min, for group A and B respectively. The HFA group demonstrated a significant
dilatation in LV dimensions and volumes and significantly larger LA volume as compared to non-HFA
group. A significantly lower LV ejection fraction [EF] was also observed in group B with a mean value
of 57.32 ± 6.19% versus 62.90 ± 5.76%. A significant association between HFA group and high
Qa/cardiac output (CO) ratio (�20%) was also observed.
Conclusion: HFA is a prevalent hemodialysis vascular access problem. HFA was associated with dilated LV
dimensions, impaired LV systolic function. High Qa/CO ratio (�20%) was an independent predictor of high
output heart failure (HOHF) in our study population.

� 2018 Egyptian Society of Cardiology. Production and hosting by Elsevier B.V. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

On the creation of a HD vascular access, a low-resistance venous
pathway is connected to the arterial circuit. AVF is the conduit of
choice for dialysis. Although satisfactory vascular access flow
(Qa) of an AVF is necessary for HD adequacy. The ideal access
should have just enough pressure and flow to prevent thrombosis
while maximizing hemodialysis efficiency.1

High access flow is associated with complications like High-
output heart failure [HOHF], pulmonary hypertension, massively
dilated fistula i.e., megafistula, central vein stenosis, dialysis-
associated steal syndrome (or distal hypoperfusion ischemic
syndrome.1
Currently, there is no precise definition for a high-flow access
(HFA). National Kidney Foundation-Kidney Dialysis Outcome Qual-
ity Initiative (NKF-K/DOQI) and European best practice guidelines
(EBPG) sections on vascular access did not provide reference
ranges for HFA. The Vascular Access Society (VAS) on the other
hand has defined a high-flow access as one with a flow (Qa)
between 1000 and 1500 ml/min or a Qa that is >20% of the cardiac
output (CO).

In a landmark trial in 2008 however, Basile et al., published a
study-investigating patients with AV fistulas and heart failure.
The study showed that upper arm AVFs are associated with an
increased risk of HOHF. It was the first published study with a high
predictive power for AV fistula flows greater or equal to 2000 ml/
min to result in HOHF.2

Ye et al., in 2013, confirmed a 2000 ml/min threshold for treat-
ment. They demonstrated that the risk of heart failure significantly
increases when the Qa of AVF is >2000 ml/min with much higher
cardiac output and lower peripheral resistance.3
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1.1. Aim of the study

The aim of this study was to determine the prevalence of high
flow access (HFA) in chronic HD patients, and to determine its
effects on cardiac functions.
2. Methods

This cross sectional study was conducted on 100 chronic
hemodialysis patients receiving regular hemodialysis for at least
3 months through a native AVF in Ain Shams University Hospital
Dialysis Unit.

Patients with History of cardiovascular disease, echocardio-
graphic evidence of structural heart disease [Valvular or congeni-
tal] were excluded from the study.

Patients’ data were collected including [A] Demographic
characteristics as gender, weight, height &body mass index
(BMI).

[B] Basic hemodialysis and vascular access information
including date of creation of vascular access, physical findings,
and dialysis procedure data. AVF flow (Qa) was assessed using
Color Doppler ultrasonography [Mindray M5 system], The AVF feed-
ing vessel diameter and mean flow velocity by Pulsed Doppler
were measured for calculation of flow volume.4 The flow volume
was obtained from the algorithm available on the ultrasound sys-
tem. The study cohort was then subdivided into 2 groups based on
AVF flow: Group A (Non-HFA group with Qa < 2000 ml/min), and
Group B (HFA group with Qa � 2000 ml/min).

[C] Transthoracic echocardiography Conventional echocardio-
graphic Doppler study and tissue Doppler imaging were performed
using Siemens Acuson P50 system.

Images were obtained with patients in the left lateral position
at end-expiration and connected to single-lead electrocardiogra-
phy (ECG) according to the recommendations of the American
Society of Echocardiography. All standard measurements were
obtained in the parasternal long- and short-axis views, apical
four-chamber, two-chamber views, and apical long-axis view. All
measurements were taken on three consecutive beats and the
mean values were used.

All studies were performed within 24 h after HD session.
The following parameters were measured:
[1] LV dimensions & systolic function:
Quantification of the LV dimensions using M-mode echocardio-

graphy to measure Left ventricular end diastolic diameter (LVEDD),
left ventricular end systolic diameter (LVESD), Interventricular sep-
tal thickness & Posterior wall thickness, then using the biplane
(modified Simpson method) to measure left ventricular end dias-
tolic volume (LVEDV), left ventricular end systolic volume
(LVESV)& Left ventricular ejection fraction (LVEF) was calculated.
LV mass in grams was calculated according to Devereux and asso-
ciates,5 then LV mass was normalized for body surface area to
obtain LV mass index (LVMI in g/m2). Relative wall thickness was
calculated as 2(PWT)/LVEDD.h

[2] LA volume LA volume was calculated by applying the Simp-
son biplane methods to the apical four and two-chamber views.

[3] Assessment of LV diastolic function:
Transmitral pulsed-wave Doppler was recorded, the peaks of

both E and A waves were measured, and the E /A ratio and E wave
deceleration time were calculated.

Offline color-coded tissue Doppler imaging was done in the api-
cal four-chamber view by placing the sample volume over the sep-
tal and lateral mitral annuli, and then, early diastolic velocity (E0),
and late diastolic velocity (A0) were measured. The average E0

velocities at the sepal and lateral mitral annuli were estimated,
and the E/E0 ratio was calculated.
[4] Measurement of the tricuspid annular plane systolic
excursion (TAPSE);

TAPSE was acquired by placing an M-mode cursor through the
tricuspid annulus in the apical 4 chamber view and measuring
the amount of longitudinal motion of the annulus at peak systole.

[5] Assessment of right ventricular systolic pressure;
Right ventricular systolic pressure (RVSP) was calculated by

continuous-wave Doppler ultrasound examination of the maxi-
mum velocity of TR using the modified Bernoulli equation [4 �
(peak velocity of TR)2] and estimation of the mean right atrial
pressure from the size & collapsibility the inferior vena cava in 2-
dimensional echocardiography.

[6] Cardiac output was calculated from the left ventricular
outflow tract diameter (LVOTd) and velocity time integral (VTI)
of LVOT flow by Doppler.6

[7] AVF Qa/CO ratio was calculated accordingly.
Statistical analysis was performed using the SPSS software

(Statistical Package for the Social Sciences, version 20.0, SPSS Inc,
Chicago, Ill, USA). Categorical variables were presented as counts
and percentages. Continuous variables were presented as
mean ± standard deviation. Independent-samples t-test was used
for between group comparisons. Chi-Square test, or Fisher Exact’s
test where appropriate, was performed to determine associations.
ROC curve analysis was performed to determine Qa/CO cutoff
value. Pearson’s correlation test was utilized to determine correla-
tions between AVF Qa and Qa/CO with other study parameters, and
a Linear regression analysis was performed as to determine
whether the observed changes in AVF Qa and/or Qa/CO may pre-
dict LV systolic function. A two-sided P value < 0.05 was consid-
ered statistically significant.
3. Results

The Study included 100 patients with chronic end stage renal
disease receiving hemodialysis sessions at Ain Shams University
dialysis unit. The study population comprised 66 males (66%)
and 34 females (34%), with a mean age of 48.48 ± 13.75 years.

AVF flow (Qa) was assessed using Color Doppler ultrasonogra-
phy and the flow volume was obtained; accordingly study popula-
tion was categorized into 2 groups based on AVF Qa, where GROUP
A (non-HFA group) with Qa < 2000 ml/min [76 patients], and
GROUP B (HFA group) with Qa � 2000 ml/min [24 patients] so
the prevalence of HFA was 24%.

Mean AVF Qa for group A was 958.63 ± 487.35 ml/min, while
mean AVF Qa for group B was 3430.13 ± 1256.28 ml/min.

Basic demographics for both study groups were mostly bal-
anced with no statistically significant differences observed
between them as seen in [Table 1].

The HFA group (Group B) demonstrated a significant dilatation
in LV dimensions and volumes and significantly larger LA volume
index, they also had significantly lower LV EF, significantly higher
LV mass and LV mass index compared to non-HFA group (group A).
The HFA group (Group B) had significantly higher E/e0 (denoting
higher LV filling pressure), significantly higher COP and signifi-
cantly higher SPAP as compared to non-HFA group (group A), how-
ever, no significant difference was observed in RV function as
indicated by TAPSE.

Echocardiographic parameters for both groups are demon-
strated in [Table 2].

Qa/CO was also assessed and it was significantly higher in group
B compared to group A (29.89 ± 9.64% in group B as vs
11.14 ± 7.45% in group A) (P value 0.000).

A correlation between Qa and the echocardiographic parame-
ters was performed for the whole study population. A significant
positive correlation was observed between Qa and LV dimensions,



Table 1
Basic demographics, dialysis data, and lab results for both groups ‘‘Both Groups were
homogenous”.

Group A
(non-HFA group)

Group B
(HFA group)

P value*

Age (years) 47.93 ± 13.55 50.21 ± 14.58 0.482
Gender 0.566
Male 49 (4964.5%) 17 (1770.8%)
Female 27 (2735.5%) 7 (729.2%)
Height (m) 1.65 ± 0.08 1.61 ± 0.12 0.117
Weight (Kg) 66.76 ± 14.61 73.00 ± 20.72 0.104
BMI (kg/m2) 24.22 ± 4.12 27.29 ± 5.18 0.004*

Hypertension (no of patients) 69 (91%) 21 (88%) 0.33
DM (no of patients) 20 (26.3%) 6 (25%) 0.64
HD duration (month) 80.82 ± 62.56 92.38 ± 70.58 0.446
AVF duration (month) 57.76 ± 50.07 49.63 ± 46.66 0.482
HD time (hr)
<4 h 67 (6777.9%) 8 (857.1%)
4 h 19 (1922.1%) 6 (642.8%)
>4 h 0 0
HD frequency 0.251
2 times/week 4 (45.3%) 0 (0%)
3 times/week 72 (7294.7%) 24 (24100%)
Hb (gm/dl) 11.6 ± 0.6 11.6 ± 0.6 0.89
Pre HD urea (mg/dl) 163.16 ± 24.78 157.88 ± 26.60 0.373
Post HD urea (mg/dl) 54.34 ± 13.91 53.21 ± 16.61 0.741
HD UF rate (L) 1.72 ± 0.86 1.60 ± 0.67 0.527

*Quantitative variables are expressed as mean ± SD while qualitative variables are
expressed as count (percentage).
**Student’s t-test or Chi square test is used as indicated.

Table 2
Echocardiographic parameters for both study groups. The HFA group demonstrated a
significant increase in LV dimensions, volumes, LA volume index, LV mass and LV
mass index, significant decrease LV EF, The HFA group had significantly higher LV
filling pressure, COP and SPAP as compared to non-HFA group, no significant
difference was observed in RV function as indicated by TAPSE, compared to non-HFA
group (group A).

Group A
(non-HFA group)

Group B
(HFA group)

P
value*

LVEDD (cm) 4.93 ± 0.68 5.67 ± 0.82 0.000*

LVESD (cm) 3.38 ± 0.55 4.22 ± 0.75 0.000*

IVSd (cm) 1.08 ± 0.18 1.21 ± 0.18 0.003*

PWd (cm) 1.10 ± 0.15 1.20 ± 0.17 0.007*

LVEDV (ml/m2) 63.02 ± 19.59 90.42 ± 20.34 0.000*

LVESV (ml/m2) 24.37 ± 7.26 38.78 ± 10.59 0.000*

EF (modified Simpson’s
method) (%)

62.90 ± 5.76 57.32 ± 6.19 0.001*

LV mass (g) 205.43 ± 73.23 291.76 ± 114.65 0.000*

BSA (m2) 1.74 ± 0.22 1.79 ± 0.32 0.350*

LV mass index (g/m2) 119.69 ± 45.10 169.93 ± 85.87 0.000*

RWT 0.45 ± 0.06 0.43 ± 0.06 0.184
LA volume (ml/m2) 34.54 ± 15.03 48.34 ± 19.46 0.001*

SPAP (mmHg) 29.59 ± 8.24 34.91 ± 7.86 0.006*

TAPSE (cm) 2.26 ± 1.86 1.90 ± 0.31 0.351
LVOTd (cm) 2.67 ± 0.33 2.84 ± 0.30 0.025*

LVOT area (cm2) 5.68 ± 1.37 6.41 ± 1.40 0.003*

LVOT VTI (cm) 20.87 ± 4.60 23.54 ± 6.05 0.025*

SV (ml) 119.63 ± 42.00 151.98 ± 55.43 0.003*

HR (bpm) 80.78 ± 9.20 82.95 ± 8.51 0.347
CO (ml/min) 9291.24 ± 3279.33 12833.78 ± 4599.63 0.000*

E (m/s) 0.63 ± 0.18 1.00 ± 0.67 0.000*

A (m/s) 0.76 ± 0.64 0.83 ± 0.16 0.607
E/A 0.98 ± 0.53 1.20 ± 0.74 0.103
E-dct (ms) 78.12 ± 38.10 69.3932.41 0.325
s0 (m/s) 0.11 ± 0.13 0.08 ± 0.01 0.317
e0 (m/s) 0.08 ± 0.08 0.10 ± 0.12 0.472
a0 (m/s) 0.09 ± 0.03 0.15 ± 0.19 0.024*

E/e0 8.74 ± 3.10 13.98 ± 10.64 0.000*

* Student’s t-test.

M.A. Saleh et al. / The Egyptian Heart Journal 70 (2018) 337–341 339
volumes, wall thickness, LV mass, LV mass index and LA volume. A
highly significant positive correlation between Qa and cardiac out-
put was found. There was a significant negative correlation
between Qa and LV EF. A significant positive correlation between
Qa and SPAP was found, however a negative but non significant
correlation was noted between Qa & TAPSE [Table 3].

About 12% (8 patients) of our study population had impairment
in LV systolic function [i.e. EF < 55%] with statistically significant
association between HFA and impaired LV function. A ROC curve
analysis demonstrated a cutoff value for Qa/CO of 19.27% to be
associated with impaired LV systolic function (AUC 0.76, sensitivity
75%, specificity 78%) [Fig. 1].

A significant association between HFA group and high Qa/CO
ratio (�20%) was observed.

Finally to determine whether Qa and/or Qa/CO ratio can predict
LV systolic dysfunction (impaired LV ejection fraction), a linear
regression analysis was performed. The model for linear regression
was fit (f = 6.484, p = .003). Qa/CO was an independent predictor of
LV systolic dysfunction, and it accounted for 20.6% of the explained
variability in LV ejection fraction Fig. 2.
4. Discussion

It is widely acknowledged that uremic syndrome is associated
with high cardiovascular risk; indeed manifest congestive heart
failure can be observed in 25–50% of HD patients.7 An inappropri-
ately high flow (Qa) within the AVF may underlie the onset of
HOHF.8,9 HOHF is characterized by the occurrence of signs and
symptoms of systemic congestion in the presence of an elevated
cardiac output >8 l/minute or cardiac index (CI) >3.9 l/min/m2.10

Ejection fraction (EF) is usually preserved. The prevalence of this
condition is not well established as many cases are not reported
and remain unrecognized. Much of the current information has
Table 3
Correlation of Qa and echocardiography parameters. A significant positive correlation
between Qa and LV dimensions, volumes, wall thickness, LV mass, LV mass index and
LA volume, cardiac output and SPAP. A significant negative correlation between Qa
and LV EF.

Echocardiography parameters Pearson’s correlation (r) P value

LVEDD (cm) 0.297 0.003*

LVESD (cm) 0.413 0.000*

IVSd (cm) 0.263 0.008*

PWd (cm) 0.289 0.004*

LVEDV (ml/m2) 0.574 0.000*

LVESV (ml/m2) 0.679 0.000*

EF (modified Simpson’s method) (%) �0.387 0.001*

LV mass (g) 0.346 0.000*

LV mass index (g/m2) 0.237 0.017*

RWT �0.025 0.805
LA volume (ml/m2) 0.304 0.004*

SPAP (mmHg) 0.251 0.012*

TAPSE (cm) �0.107 0.287
LVOTd (cm) 0.167 0.097
LVOT area (cm2) 0.172 0.088
LVOT VTI (cm) 0.338 0.001*

SV (ml) 0.340 0.001*

HR (bpm) 0.176 0.117
CO (ml/min) 0.454 0.000*

E (m/s) 0.272 0.006*

A (m/s) 0.045 0.660
E/A 0.104 0.303
E-dct (ms) �0.022 0.832
s0 (m/s) �0.072 0.479
e0 (m/s) 0.018 0.859
a0 (m/s) 0.250 0.013*

E/e0 0.250 0.013*



Fig. 1. ROC curve for determination of Qa/CO cut-off associated with impaired LV
function. A significant association between HFA group and high Qa/CO ratio (�20%).
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been derived from case reports and case series. AVFs for HD are
believed to be an uncommon cause of heart failure (HF).11

Our data demonstrated that the prevalence of HFA was 24%
using 2000 ml/min as cut off point with a mean flow of 3440.13
for HFA group as compared to a mean flow of 958.63 for the
non-HFA group. Similarly, Schier et al.12 investigated the incidence
of AVF closure due to HOHF in patients who received a kidney
transplant. The authors reported in their study that 29 out of 113
Fig. 2. Scatter plot demonstrating correlation between AVF Qa/CO and LV ejectio
patients (25.7%) needed an AV fistula closure, because of heart fail-
ure symptoms. The mean Qa in the AVF closure group was
2197.2 ml/min, whereas the mean Qa was only 850.9 ml/min in
the non-intervention group.

The available case reports of HFA reported Qa/CO ranges
between 23 and 57%.8,9,13–17 HF rarely occurs with normal fistula
flow.8,9

In concordance with Basile et al.,2 and based on ROC curve anal-
ysis, data from our study have demonstrated that Qa/CO ratio
exceeding a lower cut off of 20% has been associated with a relative
impairment in LV function as indicated by an ejection fraction that
is <55%. Furthermore, we performed a linear regression model that
included Qa and Qa/CO ratio as predictors for LV systolic dysfunc-
tion (impaired LV ejection fraction) which demonstrated that Qa/
CO is an independent predictor of LV systolic dysfunction further
emphasizing the importance of assessing Qa/CO ratio rather than
absolute Qa values only.

Patients with HFA featuring increased LVEDV displayed a higher
risk of developing CF.18,19

Patients with a Qa > 2000 ml/min had a higher tendency toward
an increase LVEDV with increased levels of atrial natriuretic
peptide.20

In our study, patients in the HFA group manifested a significant
increase in volumes of left cardiac chambers (LVEDV, LVESV, and
LA volume), as well as LV dimensions. This was further supported
by a strong correlation between Qa and cardiac volumes and
dimensions. It was noted that Qa/CO demonstrated similar
findings.

The causes underlying the evolution of a volume overload into
overt congestive heart failure remain to be clarified. Specific AVF
or patient characteristics may predispose towards the develop-
ment of heart failure. Undeniably, an anastomosis of >4–6 mm in
a proximal AVF may represent a major trigger. However, even
low Hb levels or inadequate extracellular volume control and arte-
rial hypertension may all enhance the onset of congestive heart
failure, particularly in the presence of preexisting cardiac injury.21
n fraction. Qa/CO was an independent predictor of LV systolic dysfunction.
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In our study, HFA group of patients exhibited a significantly
lower ejection fraction with a mean value of 57.32% as compared
to 62.90% for the non-HFA group. In presence of HF, the decision
for an intervention to reduce the AVF Qa should be supported by
good control of other potential risk factors known to precipitate
the disease such as: anemia, hypertension, excess inter-dialytic
weight gain comprising a fluid volume overload. If clinical signs
of HF (e.g. stress induced or resting dysnea, orthopnea, asthenia,
and oedma) persist, then an intervention procedure to correct an
AVF with persistently high Qa (�2000) should be undertaken.22

Data from our study supports using this cutoff value for AVF Qa;
in addition to Qa/CO ratio (determined by means of transthoracic
echocardiography). In fact, our data suggests that Qa/CO; rather
than absolute AVF Qa; was an independent predictor for a relative
impairment in LV systolic function.

Several techniques have been adopted for AVF Qa reduction, all
of which are based on an attempt to increase resistance to the
anastomosis or in venous outflow (e.g. reduction of anastomsis cal-
iber, interposition of a graft, banding). An intraoperative assess-
ment of Qa by means of Doppler ultrasonography should be
undertaken.22

Attempts should be made to avoid excessive reduction in the
blood vessel caliber, which may lead to a drastic decrease in AVF
Qa eventually precipitating thrombosis and VA failure. In some
cases where possibility of creating a contralateral distal access is
present, AVF ligature may be considered. In more severe or resis-
tant cases of HF, closure of the AVF may be required and insertion
of a hemodynamically inert tunneled venous catheter may consti-
tute the only possible mean of VA.

With regards to the effect of HFA on pulmonary arterial pres-
sure, The prevalence of pH varies from 40% to 48% in the ESRD
population.23,24

In a cohort of chronic hemodialysis (HD) patients (all with
AVFs), Yigla et al. sated that the incidence rate of pH was signifi-
cantly higher after initiation of HD with four out of six patients
eventually developing PH. As opposed to this, pulmonary artery
pressure (PAP) dropped in four out of five HD patients with PH
after kidney transplantation following AVF closure. It was noted
that mean PAP also dropped with AVF compression (from 52 to
41 mmHg) along with a drop in CO.23

Our data support these findings through demonstrating a strong
correlation between Qa and Qa/CO with SPAP. Yet as for RV func-
tion, indicated by TAPSE, there was no statistical difference in
TAPSE values between both study groups although a less mean
value was observed in the HFA group.

In conclusion, HFA is a prevalent HD vascular access problem
affecting about 24% of chronic hemodialysis patients. HFA was
associated with a significant dilatation of left cardiac chambers
(LA and LV) along with a relatively lower ejection fraction and a
higher SPAP, compared to subjects with a non-HFA. Our data sug-
gests that HFA is an under-recognized problem in dialysis units in
Egypt that may lead to HOHF, a disease that has been associated
with increased morbidity and mortality in this group of patients.
Screening for AVF Qa with Doppler ultrasonography combined
with a transthoracic echocardiography estimation of CO and calcu-
lation of Qa/CO is recommended.
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