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Background Right ventricular (RV) dysfunction is associated with increased risk of heart failure and mortality in end

stage renal disease (ESRD) patients. Accumulating evidence suggests an association between atriovenous

fistula (AVF) and RV dysfunction; however, there is no adequate data on the relation between AVF

characteristics and risk of RV dysfunction after AVF creation.

Methods The study included 30 ESRDpatients (median age: 44 years, 17male) who had their first autogenousmature

AVF. Before and 6 months after AVF creation the followingweremeasured: myocardial performance index

of RV (MPI-RV) using tissue Doppler imaging echocardiography and flow rate (Qa), feeding artery and

receiving vein diameters using colour-flow Doppler ultrasound. Change (D) in MPI-RV was calculated by

subtracting follow-up value from baseline value.Worsening RV function was defined asDMPI-RV > 0.015

and high AVF flow as Qa � 950 ml/min.

Results Compared to patients with lower AVF flow, patients with higher flow showed increasedD inMPI-RV (0.12

vs. �0.03, p = 0.04), basal RV diameter (0.3 vs. �0.02 cm, p = 0.014), left ventricular end diastolic volume

index (9.9 vs. 0 ml/m2, p = 0.004) and left atrial volume index (3 vs. 1 ml/m2, p = 0.016). Among all clinical,

echocardiographic and AVF-related parameters, univariate predictors of worsening of RV function were:

high Qa, upper arm AVF, and large feeding artery diameter at baseline. D MPI-RV showed significant

correlations with feeding artery diameter at baseline (r = 0.46, p = 0.01), and Qa (0.37, p = 0.04) and no

significant correlation with pulmonary artery pressures. Qa � 950 ml/min, feeding artery diameter at

baseline � 4 mm and upper arm AVF can predict worsening of RV function with 73%, 73%, 75% sensitivity

and 67%, 67%, 70% specificity, respectively.

Conclusions In patients with ESRD, higher AVF flow adversely affects RV remodelling, manifested as increased size and

worsening function. Predictors of worsening of RV function are: higher AVF flow rate, AVF in the upper

arm, and large feeding artery diameter.

Keywords Atrioventricular fistula � Haemodialysis � Right ventricular dysfunction
Introduction
Heart failure is a leading cause of death in end stage renal

disease (ESRD) patients on dialysis [1]. One of the major
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predictors of mortality and heart failure among these

patients is the development of right ventricular (RV) dys-

function [2]. Several pathophysiologic mechanisms may

adversely affect RV function in patients on haemodialysis
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including the volume load posed by the creation of atriove-

nous fistula (AVF) [3–5]. Accumulating evidence suggests

that AVF is associatedwith haemodynamic changes that may

induce or exacerbate structural and functional cardiac

changes. These changes are well characterised on the left

side of the heart and currently there is growing interest to

study the impact of AVF on the RV [6,7]. In a recent study,

worsening of RV function was detected in 34% of patients

after AVF creation [8]. The adverse impact of AVF on RV

dysfunction is supported by evidence showing higher prev-

alence of RV dysfunction among patients on haemodialysis

compared to patients on peritoneal dialysis and in patients

with higher flow brachial AVF compared to patients with

lower flow radial AVF [7]. Nevertheless, it is difficult to

determine the exact contribution of AVF to worsening of

RV function since RV dysfunction can be attributed to several

other pathogenic mechanisms and risk factors that are highly

prevalent in ESRD patients. In addition, there is no study to

address the relation between AVF haemodynamics and RV

remodelling after AVF creation. Identification of AVF-related

variables that increase risk of RV dysfunction is important

since recent data suggest that, once RV remodelling has

occurred, AVF ligation may not be completely effective at

reducing the mortality risk [8]. Accordingly, this study was

conducted primarily to study the potential relation between

AVF flow rate (Qa) and subsequent changes in RV function in

ESRDpatients and also to characterise clinical or AVF-related

variables that can predict worsening of RV function.
Figure1 Tissue Doppler image of lateral tricuspid annu-
lus demonstrating early (e0) and late (a0) diastolic waves
and peak systolic (s0) wave.
Materials and Methods
This was a prospective study conducted in Kasr El-Aini

Hospital, Cairo University. The study recruited patients with

ESRD scheduled for surgical creation of autogenous AVF for

the first time. All patients underwent an echocardiographic

examination and colour-flow Doppler ultrasound (CDU)

study of upper limb vessels before and 6 months following

AVF surgery. The follow-up study was performed while

patients were at dry weight within 1 hour of a complete

non-complicated dialysis session. A written informed con-

sent was obtained from all eligible patients. The research

protocol was approved by the institute’s ethics committee.

Exclusion criteria for this study were: age less than 18 or

older than 65 years; failure of AVF maturation before the

follow-up study; or presence of any of the following: coro-

nary artery disease, valvular lesions beyond mild severity,

atrial fibrillation or paced rhythm, pericardial effusion with

evident cardiac compression by echocardiography, constric-

tive pericarditis, haemoglobin less than 8 g/dl, or patients

with advanced chronic obstructive pulmonary disease, inter-

stitial pneumopathy, or chronic thromboembolic disease.

Echocardiographic Examination
Images were obtained via Philips iE33 [53_TD$DIFF]with 2 and 2.5 MHz

sector transducer equipped with tissue Doppler imaging

(TDI) mode while the patient in the left lateral decubitus
position. All measurements were taken on three consecutive

beats and themean values were used. Left atrial (LA) and left

ventricular (LV) volumes indexed to body surface area were

measured according to criteria provided by the American

Society of Echocardiography [9]. Left ventricular ejection

fraction (LVEF) was calculated using Simpson’s rule. Left

ventricular hypertrophy was defined as LV mass index

>110 g/m2
[52_TD$DIFF] for women and >130 g/m2 for men [9]. Three

RV dimensions were taken in the apical four-chamber view

at end diastole: basal RV measurement (RVD1) at the level of

tricuspid annulus; mid RV measurement (RVD2) at the level

of LV papillary muscles; and base-to-apex measurement

(RVD3) [9]. Pulmonary artery systolic pressure (PASP)

was calculated as: 4 � (peak tricuspid regurge velocity)2 + -

right atrial pressure [10,11]. Right atrial pressure was esti-

mated from the diameter and respiratory motion of inferior

vena cava in the subcostal view [10]. Pulmonary hyperten-

sion was defined as a value of PASP > 35 mmHg. Mean

pulmonary artery pressure (PAP) in mmHg was calculated

according to the equation: mean PAP = 80 – (RV outflow

acceleration time/2) [12,13].

TDI
In the apical four-chamber view, the sample volume was

placed at the lateral margin of the tricuspid annulus and the

cursor was oriented so that it was parallel to the direction of

the annulus motion. Peak systolic (s0), early diastolic (e0), and
late diastolic (a0) annular velocities weremeasured (Figure 1).

Myocardial performance index of RV (MPI-RV) was calcu-

lated by measuring two time intervals in the same cardiac

cycle: A interval which represents the time interval between

the end of a0 wave and onset of the next e0 wave, and B



886 K. Said et al.
interval which is the duration of s0 wave. Myocardial perfor-

mance index was calculated as (A-B)/B [14]. Similarly, MPI-

LVwas calculated by pulsed TDI analysis of lateral margin of

the mitral annulus. MPI-RV > 0.55 or s0-wave velocity of

tricuspid annulus < 10 cm/s were considered to indicate

RV dysfunction [10].

CDU
For all eligible patients, upper extremity arteries and veins

used in AVF creation were mapped by CDU. Images were

obtained by Philips iE33 and Philips Envisor CHD C1.3 [55_TD$DIFF]

(Philips Medical Systems, Andover, MA, USA) with

7 MHz linear transducer. Patients were studied in the supine

position without angling of the elbow or wrist joints. All

measurements were taken on three consecutive beats and

the mean values were used. Examinations were performed

by one skilled operator. Before AVF creation, diameters of

feeding artery (radial or brachial artery) and receiving vein

(cephalic or basilic vein) were measured.

Atfollow-upstudy, thefollowingparametersweremeasured:

(1)diametersof the feedingarteryandreceivingvein (measured

2 cm proximal and distal to the site of fistula respectively); (2)

resistivity index of the fistula calculated as (peak systolic veloc-

ity � end diastolic velocity)/peak systolic velocity and (3) AVF

flowrate (Qa) calculatedas:CSA(cm2
[54_TD$DIFF])� TVI (cm)�HR(bpm).

In this equation, CSA is the systolic cross sectional area of the

feeding artery 5 cm proximal to the site of fistula; TVI is time

velocity integralof thespectrumobtainedina longitudinalplane

at thesitewhere theCSAwasmeasured;andHRis theheart rate.

CSAwas calculated by twomethods using B-mode ultrasonog-

raphy then readings of bothmethodswere averaged; in the first

methodCSAwasdeterminedby tracing andplannimetry of the

artery lumen in the transverse plane while, in the second

method,CSAwasdeterminedbymeasuring thearterydiameter

in the longitudinal plane and then CSA was calculated as:

(diameter/2)2 � p.

Statistical Analysis
Using Kolmogorov-Smirnov test, all continuous variables

showed abnormal distribution with the exception of body

mass index (BMI), estimated glomerular filtration rate

(eGFR), and fistula resistivity index. Qualitative data were

presented as number (percentage) while quantitative data

were presented as median (range) or mean � standard devi-

ation, as appropriate. Comparisons between continuous var-

iables were performed usingMannWhitney test orWilcoxon

signed-rank test, as appropriate. For categorical variables

comparisons were performed using Chi-square analysis.

Bivariate correlation was performed using Spearman corre-

lation coefficient. Probability value of <0.05 was considered

statistically significant. Change (D) at follow-up for a specific

parameter was calculated by subtracting the value of this

parameter at follow-up from its corresponding value at base-

line study. Takingmedian value as a cut-off, worsening of RV

function was defined as D MPI-RV > 0.015 and high AVF

flow as Qa index � 950 ml/min/m2. To determine factors

associated with RV dysfunction, patients with and without
worsening of RV function were compared regarding all

baseline clinical (including age, diabetes status, and BMI),

echocardiographic (including MPI-RV, MPI-RV > 0.55, and

LVmass index); and AVF variables. Intraobserver variability

was judged by calculation of themean of differences between

repeated measurements in 10 randomly selected patients

performed by the same investigator then intraclass correla-

tion coefficient was obtained. Values of intraclass correlation

coefficient were 0.79 for MPI-RV, 0.90 for feeding artery

diameter at baseline, 0.82 for Qa, and 0.92 for RV1.
Results
Forty-three (43) consecutive ESRD patients were eligible for

this study; however 13 patients were excluded due to: failed

AVF maturation (four patients); missed follow-up visit (four

patients); development of severe anaemia (two patients);

atrial fibrillation (two patients); or death (one patient).

Accordingly, 30 patients completed the study protocol. Eigh-

teen patients (60%) underwent forearm ‘‘radio-cephalic”

AVF and the remaining patients underwent upper arm ‘‘bra-

chio-cephalic or brachio-basilic” AVF. Median time from

AVF creation to follow-up studywas 90 days (range: 80–105).

Clinical and Echocariographic
Characteristics
Clinical and echocardiographic data at baseline and follow-

up are shown in Tables 1 and 2 No significant changes were

noticed between both studies in terms of heart rate, blood

pressure, haemoglobin and haematocrit levels, or renin-

angiotensin blockers treatment. All patients were ambulant

and no patient had heart failure during the course of the

study. Underlying aetiologies of ESRDwere: chronic glomer-

ulonephritis and interstitial nephritis (67%), diabetic

nephropathy (13%), hypertensive nephropathy (10%),

obstructive uropathy (7%), and autosomal dominant poly-

cystic kidney disease (3%).

At baseline, LV hypertrophy was detected in 19 patients

(63%) and five patients (17%) had LVEF < 55%; of whom one

patient had moderate (EF 43%) and another patient had

severe (EF 28%) dysfunction. Calculation of PASP was feasi-

ble in 26 patients at baseline and in 24 patients at follow-up

with corresponding prevalence of pulmonary hypertension

of 38.5% (10 patients) and 37.5% (nine patients). Compared to

baseline study, there was significant increase in basal RV

diameter (RV1) after AVF creation; all other echocardio-

graphic measurements showed no significant change includ-

ing indicators of RV function (MPI-RV and s0- wave velocity

of tricuspid annulus).

High Flow Versus Low Flow AVF
Colour-flow Doppler ultrasound study was feasible in all

patients. Haemodynamics and characteristics of AVF are

summarised in Table 2. When changes (D) in echocardio-

graphic variables between baseline and follow-up studies

were measured, patients with high AVF flow compared to



Table 1 Baseline Clinical Characteristics.

Variables All patients (n = 30) Qa > 950 ml/min (n = 15) Qa � 950 ml/min (n = 15)

Age, year 44 (21–65) 47 (27–65) 42 (21–65)

Male gender 17 (57) 10 (67) 7 (47)

Hypertension 25 (83) 14 (93) 11 (73)

Diabetes mellitus 5 (17) 2(13) 3 (20)

BMI, Kg/m2 24.3 � 4.8 24.6 � 4.2 23.8 � 4.0

eGFR, ml/min 11.3 � 2.9 11 � 2.4 10.8 � 2.1

Haemoglobin, gm/dl 9.2 (8.1–13.1) 9.0 (8.2–13.1) 9.2 (8.1–9.6)

Current medications

ACE-I/ARBs 8 (27) 4 (27) 4 (27)

Beta blockers 8 (27) 5 (33) 3 (20)

Calcium channel blockers 9 (30) 3 (20) 6 (40)

Statins 5 (17) 2 (13) 3 (20)

Data are presented as median (range); mean � SD; no (%)

Abbreviations: ACE-I, angiotensin converting enzyme inhibitor; ARBs, angiotensin receptor blocker; BMI, bodymass index; eGFR, estimated glomerular filtration

rate; Qa, atriovenous fistula flow rate

For all variables, there was no significant difference (p > 0.05) between low versus high Qa groups.

Table 2 Echocardiographic and CDU measurements.

Variable Baseline FU

LV end diastole volume index, ml/m2 65.8 (54.1–129.5) 72.4 (36–125.7)

LV end systole volume index, ml/m2 22.6 (11.6–79.5) 23.7 (11–67)

LVEF, % 64.5 (28–78) 66 (33–73)

MPI-LV 0.73 (0.44–1.4) 0.7 (0.4–1.1)

LV mass index, g/m2 133.7 (95–186.5) 131.3 (94–188.5)

LA volume index, ml/m2 26.9 (16.6–52.8) 28.4 (18.4–55.4)

RVD1, cm 2.79 (2.0–4.7) 2.95 (2.0–5.1)*

RVD2, cm 2.2 (1.5–4.2) 2.4 (1.4–4.0)

RVD3, cm 6.9 (5.6–9.5) 6.85 (5.6–8.9)

Mean PAP, mmHg 23.5 (12–41) 21.5 (14–43)

TDI of lateral tricuspid annulus

s0 wave, cm/sec 11.8 (5.5–23.6) 11.7 (5.7–16.8)

e0 wave, cm/sec 10.3 (6.0–19.5) 10.5 (4.6–16.4)

a0 wave, cm/se 18.2 (8.6–28) 15.8 (8.4–24.5)

MPI-RV 0.65(0.33–1.2) 0.66 (0.3–1.0)

MPI-RV > 0.55 12 (40) 13 (43)

s0 wave < 10 cm/s 10 (33) 9(30)

AVF measurements

Qa, ml/min – 951 (228–3208)

Feeding artery diameter, mm 3.1 (2.2–5.6) 5 (2.9–8.5)y

Receiving vein diameter, mm 3.4(2.0–5.0) 6.4 (3.2–11.2)y

Fistula resistivity index – 0.41 � 0.1

Data are presented as median (range) or number (%) or mean � (standard deviation).

Abbreviations: AVF, arteriovenous fistula; LA, left atrium; LV, left ventricle; LVEF, left ventricular ejection fraction; MPI-LV, myocardial performance index of the

left ventricle;MPI-RV,myocardial performance index of the right ventricle; PAP, pulmonary artery pressure; Qa, flow rate of the arteriovenous fistula; RVD1, right

ventricular diameter at basal level; RVD2, right ventricular diameter at the level of left ventricular papillarymuscles; RVD3, base-to-apexmeasurement of the right

ventricle; TDI, tissue Doppler imaging ; CDU, colour-flow Doppler ultrasound.
*p = 0.002.
yp = < 0.00001.

Atriovenous fistula and right ventricular function 887



Table 5 Sensitivity and Specificity of AVF-Related
Parameters for Predicting Worsening of RV Function.

Sensitivity Specificity

Qa � 950 ml/min 73% 67%

Feeding artery diameter

� 4 mm at baseline

73% 67%

Arm AVF 75% 70%

Abbreviations: [48_TD$DIFF]AVF, arteriovenous fistula; Qa, flow rate of the arteriove-

nous fistula; RV, right ventricle.
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patients with lower flow showed significant increase in MPI-

RV, basal RV diameter, LV end diastolic volume index, and

LA volume index and a trend toward increased base-to-apex

length of RV (Table 3).

Predictors of Worsening of RV
Among all predefined clinical, echocardiographic, and AVF-

related variables, univariate predictors of worsening of RV

function (defined as D MPI-RV > 0.015) were: higher Qa,

AVF in the upper arm versus forearm, and large feeding

artery at baseline (Table 4). Table 5 shows sensitivity and

specificity of each of these predictors for the prediction of

worsening RV function.

D RVMPI showed significant positive linear correlations

with feeding artery diameter at baseline (r = 0.46, p = 0.01),

and Qa (0.37, p = 0.04) (Figures 2 and 3). Alternatively, D
MPI-RV showed no significant correlation with mean or

systolic pulmonary artery pressures both at baseline or fol-

low-up. The group of patients with pulmonary hypertension

at follow-up showed similar MPI-RV (0.61 vs. 0. 64, p = 0.8)
[44_TD$DIFF]Table 3 Changes in Echocardiographic Measurements Based

Variable Qa > 950 ml/min.

D RVD1, cm 0.3 (�0.7–1.05)

D RVD2, cm 0.14 (�1.0–1.0)

D RVD3, cm 0.25 (�1.0–1.18)

D mean PAP, mmHg 2 (�4–3)

TDI of lateral tricuspid annulus

D s0 wave, cm/sec �0.3 (�6.8–3.3)

D e0 wave, cm/sec 0.1 (�7.5–4.4)

D a0 wave, cm/se �2.0 (�14–8.2)

D MPI-RV 0.12 (�0.2–0.26)

D LV end diastole volume index, ml/m2
[43_TD$DIFF] 9.9 (2–19)

D LA volume index, ml/m2 3 (0–4.1)

D LVEF, % 1.0 (�7.2–17.7)

D MPI-LV 0.08 (�0.3–0.35)

Data are presented as median (range).

Abbreviations: LA, left atrium; LV, left ventricle; LVEF, left ventricular ejection fra

myocardial performance index of the right ventricle; PAP, pulmonary artery pressur

at basal level; RVD2, right ventricular diameters at the level of LV papillary muscles

imaging.

Table 4 Univariate Predictors of Worsening of RV Function.

Variable D [46_TD$DIFF]MPI-RV >

Qa, ml/min 1079 (408–3208

Arm AVF 9 (60)

Feeding artery diameter at baseline, mm 4.1 (2.5–5.6)

Data are presented as median (range) or number (percent).

Abbreviations: [47_TD$DIFF]AVF, arteriovenous fistula; MPI-RV, myocardial performance index
andDMPI-RV (0.013 vs. 0.014, p = 0.9) compared to patients

without pulmonary hypertension.
Discussion
The current study supports the contribution of AVF to

RV remodelling and dysfunction in ESRD patients on
on Access Flow rate.

(n = 15) Qa � 950 ml/min. (n = 15) P-value

�0.02 (�0.77–0.33) 0.014

�0.1 (�0.27–0.39) 0.29

�0.1 (�1.6–0.33) 0.089

3 (�1–5) 0.8

0.1 (�10–3.8) 0.7

�0.3 (�11–8) 0.6

�1.0 (�9.6–9.6) 0.6

�0.03 (�0.3–0.2) 0.04

0.00(�14–13) 0.004

1(0–3.6) 0.016

2.0 (�13.0–7.6) 0.39

0.1 (�0.34–0.33) 0.77

ction; MPI-LV, myocardial performance index of the left ventricle; MPI-RV,

e; Qa, flow rate of the arteriovenous fistula; RVD1, right ventricular diameters

; RVD3, base-to-apex measurement of the right ventricle; TDI, tissue Doppler

0.015 D MPI-RV � 0.015 P-value

) 691 (228–2224) 0.04

3 (20) 0.025

3.0 (2.2–3.9) 0.013

of the right ventricle; Qa, flow rate of the arteriovenous fistula.



Figure 2 Correlation between change in myocardial performance index of the right ventricle (DMPI-RV) and AVF flow rate
(Qa).
Abbreviations [41_TD$DIFF]: AVF, atriovenous fistula; D MPI-RV, change in myocardial performance index of [42_TD$DIFF]right ventricle.
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haemodialysis. Based on AVF flow, patients with higher

flow rates showed significant RV dilatation and worsen-

ing in RV function 6 months after AVF creation.

Available evidence is suggestive—but not conclusive—that

AVFflowcontributestothedevelopmentofRVdysfunction. Ina

recent study by Reddy et al., among 137 ESRD patients studied

before AVF creation, RV dilatation and dysfunction was

detectedin20%and12%ofpatients, respectively.Overamedian

follow-up duration of 2.6 years after AVF creation, worsening

RV dilation and dysfunction were observed in 37 and 34% of

patients respectively [8]. In another study by Paneni et al.,

patients on long-term haemodialysis had higher prevalence

of RVdysfunction (quantified asMPI > 0.53) compared to peri-

toneal dialysis patients (70%versus 34.6%p< 0.001) [7]. Impor-

tantly, presence of AVF was associated with RV dysfunction

independent of age, gender, heart rate, duration of dialysis,

dialysisadequacyandpulmonarypressure. Inanothermagnetic

resonance imaging study by Dundon et al., 6 months after

creationofAVFtherewassignificant increase inRVenddiastolic

volume (up to 18%) with no significant change in RV ejection

fraction [15]. In the aforementioned studies, data on AVF flow

was not available and therefore it could not be determined

whether high AVF flow rates contributed to the increased risk
of RV dilation and dysfunction. In the current study, the contri-

butionofAVFtoRVdysfunctionissupportedbythefindingthat

(1) increasing AVF flow rate showed significant positive corre-

lation with the magnitude of declining in RV function and (2)

compared to patients with lower AVF flow rates, patients with

higher flow rates showed significant RVdilatation andworsen-

ing in RV function after AVF creation.

Creating AVF is associated with chronic RV volume over-

load and excess RV wall stress. This is important since it has

been previously shown that RV is more vulnerable to abnor-

mal loading conditions and is more prone to developing

fibrosis compared to the LV [16,17]. Other potential patho-

physiological mechanisms include myocardial ischaemia

[18], neurohormonal activation [6], and endothelial dysfunc-

tion [15]. It is unclear whether AVF creation plays a causal

role in the development of RV dysfunction or is simply acting

as a precipitating factor that unmasks a preexisting subtle RV

dysfunction. This latter possibility is important since most

dialysis patients are affected by one or more comorbid con-

ditions that, by themselves, may induce or exacerbate RV

dysfunction (eg, pulmonary hypertension, LV hypertrophy,

and chronic obstructive airway disease). The current study

may suggest a causal role through the finding that



Figure 3 Correlation between change in myocardial performance index of the right ventricle (DMPI-RV) and feeding artery
diameter at baseline.
Abbreviation: D MPI-RV, change in myocardial performance index of [42_TD$DIFF]right ventricle.
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preexisting RV dysfunction before AVF creation was not

associated with increased risk of worsening of RV function.

A large study with adjustment for variables known to affect

RV function is required to explore the causal contribution of

AVF to the development of RV remodelling.

To the best of our knowledge, the present study is the first

to report the relation between specific AVF-related measure-

ments and cardiac changes after AVF creation. In a study by

Reddy et al., none of the studied clinical or echocardio-

graphic variables was able to predict the development of

RV dilatation or dysfunction after AVF creation [8] suggest-

ing that AVF creation itself may be responsible for changes in

RV size and function. In our study, among all tested varia-

bles, only three AVF-related variables that reflect excess

access flow showed significant association with worsening

of RV function. It is important to note that these variables are

interrelated since AVF with higher flow tend to have large

feeding arteries and to present in the upper arm.

In the current study AVF flow rate �950 ml/min showed

modest ability to predict RV dysfunction. Generally, there is

no definition of the ideal AVF flow rate; rates greater than 350

to 600 ml/min are recommended to avoid thrombosis and
failure of fistula maturation [19,20] and rates �2 L/min were

reported to be highly predictive for high-output cardiac

failure [21]. In practice, giving special attention to AVF flow

rate is particularly relevant in patients at higher risk for RV

dysfunction (e.g. patients with pre-existing RV dysfunction,

heart failure, or pulmonary hypertension); in these patients

attention should be given to the location and size of dialysis

access.

In our study the lack of correlation between MPI-RV and

mean pulmonary artery pressure as well as the absence of

significant difference in MPI-RV between patients with and

without pulmonary hypertension argue against a major role

for pulmonary hypertension in the development of RV

dysfunction in patients with AVF. Likewise, in a study

by Paneni et al., RV dysfunction in patients with AVF

occurred independently of PASP [7]. In the study by Reddy

et al., there was no significant difference in pulmonary

artery pressure in patients with or without worsening of

RV function (p = 0.4) and in patients with or without RV

dilatation (p = 0.9) after AVF creation [8].

Inourstudy, therewasnoassociationbetweenAVFflowrate

and pulmonary artery pressure. Prior studies reported
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controversial findings;while some studies confirmed the pres-

ence of association between AVF flow rate and pulmonary

artery pressure [22–24] other studies failed to show such asso-

ciation [25,26]. Before formulating a conclusion on the relation

betweenpulmonaryarterypressureandeitherRVdysfunction

or AVF flow the following should be considered. First,

although elevation of pulmonary artery pressure due to

increase pulmonary flow resulting from AVF has been pro-

posed as a mechanism of pulmonary hypertension in dialysis

patients, the increased pulmonary flow alonewould be physi-

ologically incapable of increasing pulmonary artery pressure

due to the compliant nature of thenormal pulmonary vascular

circulation [27]. Second, echocardiographic measurements of

pulmonary artery pressure were reported to be inaccurate in

patientswith pulmonaryhypertension [28,29] and are affected

by several technical and haemodynamic factors. For example,

many factors were reported to affect RV acceleration time

including heart rate, cardiac output, and RV function [30].

Importantly, it has been shown that RV function can affect

RV acceleration time with RV systolic dysfunction tending to

lengthen theRVaccelerationtime[31].Accordingly, rightheart

catheterisation remains the gold standard for the diagnosis of

pulmonary hypertension. Third, the timing of the measure-

ment of pulmonary artery pressure is important in patients

receiving haemodialysis. A pre-dialysismeasurement is likely

to overestimate pulmonary pressure due to the fluid overload,

whilst an immediate post-dialysis measurement may under-

estimate pulmonary pressure due to redistribution of fluid for

several hours post-dialysis [27]. Consequently, large prospec-

tive studies using cardiac catheterisation for haemodynamic

measurement with adjustment of volume status are needed to

assess the relationbetweenpulmonaryarteryhaemodynamics

and RV function as well as AVF flow.

The study is predominantly limited by the small number of

patients recruited; this is attributed to the many exclusion

criteria used to rule out many confounding variables that

may affect RV function. In this study, AVF flow rate was

quantified by CDU and not by the invasive dilution method

which is known to be the best accurate method to measure

the blood flow of a vascular access. Prior studies showed that

the access flow rate measured by CDU correlates well with

the flow ratemeasured by a dilutionmethod [32].Myocardial

performance index was reported to be load dependent [33].

However, it was shown that MPI measured by pulsed-wave

TDI, rather than conventional pulsed-wave Doppler, is not or

only minimally affected by preload reduction in haemodial-

ysis patients [34–36]. Pulsed TDI velocities were used in this

study rather than the newer TDI derivatives of strain and

strain rate. However, strain and strain rate indices may be

less representative of global RV function. There was no data

on volume removed in dialysis. The degree of systemic

shunting and its influence on the RV may be modified by

the degree of chronic blood volume control. However,

patients in this study had completed three times per week

dialysis sessions throughout the period of the study.

In conclusion, findings of this study suggest that higher

AVF flow rates adversely affect RV function and predictors of
worsening of RV function include: higher AVF flow rate;

AVF in the arm; and large feeding artery. Given the potential

impact of AVF on RV function, greater attention should be

given to the location and size of dialysis access especially in

patients at higher risk for RV dysfunction. Atriovenous fis-

tula should be placed as distal as possible and vascular

surgeons should be prudent in the selection of the size of

AVF and feeding artery to control the degree of systemic

shunting. Calculation of AVF flow by CDU may be consid-

ered in high risk patients as those with heart failure, pulmo-

nary hypertension, or preexisting RV dysfunction. Patients

with a high flow rates should be followed with serial echo-

cardiography to watch for changes in the RV size and func-

tion. Future research that focusses on the underlying

mechanisms and clinical consequences of AVF-related RV

remodelling may give us insights into more favourable tech-

niques of vascular access, methods of dialysis, or adjunctive

therapy, that can help reduce the risk of heart failure and

mortality seen in this patient population.
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