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ABSTRACT 

Background: congestive heart failure(CHF)is common among patients with 

Haemodialysis(HD).Patients with  chronic kidney disease(CKD),HD and CKD have a worse 

prognosis.As hemodynamic stability is a target for managing patients with  end stage renal 

disease(ESRD) as well as with CHF .Creation of AVFs was noted to be associated with an apparent 

increase in Cardiac Output(CO),AVF leads to shunting of blood from high resistance arterial system to 

low resistance venous system with subsequent increase in venous return and CO. Aim of the study: to 

evaluate the effect of AVFs site and flow on left ventricular functions and also on HD 

adequacy.Patients and Methods:80 patients with chronic renal failure (CRF) on regular HD via native 

AVF at dialysis unit of Al-Hussien University Hospital. They were divided into two groups: Group I 

with high flow AVF and Group II with normal flow fistula. Also Group I was subdivide into Groups 

IA and IB according to AVF sites. All patients were subjected to full history taking, clinical 

examination, complete blood count, blood urea, serum creatinine, serum calcium, serum phosphorus, 

fasting blood glucose, lipid profile, aspartate transaminase, alanine transaminase urea reduction 

ratio(URR),online kt\v, Duplex ultrasound of AVF and two dimensional M-mode echocardiography. 

Results: as regard echocardiographic parameters there were statistically significant increase in mean 

stroke volume (153.30 ± 27.87 vs 78.38 ± 8.2).Left ventricular mass (LVM) (255.65 ± 68.73 vs 206.97 

± 18.91), left ventricular mass index (LVMI): (174.87 ± 27.08 vs 137.53 ± 12.94) in group I than group 

II; but there were significant decrease in ejection fraction (EF) (50.21% ± 6.12% vs 56.87% ± 3.75%), 

fraction shortening (FS) (35.06 ± 11.68% vs 28.7 ± 11.9%) in Group I than Group II respectively.The 

comparison showed highly significant increase in LVM, LVMI, EF and FS in group IA than IB, the 

results revealed positive correlation between access blood flow and LVMI, also there was a positive 

correlation between access blood flow and stroke volume ,Regarding URR, there were no statistically 

significant differences between group 1(1A;61.5+ 15.2,1B;63.1+ 10.4) and group2(57.1 +11.6),finally 

there were significant differences between group 1(A,B) and group 2 regarding kt\v(1.2+ 15.2,1.22+ 

0.3,1.01+ 0.2) respectively. conclusion:High flow and upper arm AVFs (Proximal one) have greater 

risk for developing high CO failure inspite of increased dialysis adequacy with high flow fistula. 
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INTRODUCTION 

Previous studies investigated the effect of 

AVFs on Echocardiographic changes(Iwashima  

et al.,2002 and Ori et al.,1996),these studies 

showed an increase in left Ventricular end 

diastolic 

dimension(LVEDD),Contractility,stroke volume 

and CO with in 7-10 days after the surgical 

construction of AVF(Savage  et 

al.,2002).Diastolic filling parameters (E to A 

ratio) were also impaired indicative of 

worsening diastolic functions, the creation of an 

AVF increases CO by 15-20%, and diastolic 

pressure by 5-10%(London  et al.,2002 and De 

Lima  et al.,1999). 

Dialysis delivery should be adequate not 

only to improve quality of life but also to 

prolong survival. An ideal vascular access 

delivers blood flow rate that is suffient for 

dialysis prescribtion,has along life use, and low 

rate of complications such as (infections 

,stenosis ,and aneurysmal dilatation). Working 

AVF must have blood flow greater than 600 ml  

quality of life when adjusted for life expectancy 

has defined as kt\V of 1.3 as the optimal cost-

effective dialysis.Routine screening for early 

detection of dysfuctioning AVF using non 

invasive methods including clinical assessment, 

and device based surveillance relying on access 

flow (aa) venouse pressure ratio measurements 

and by duplex ultrasound(Tessitore N et 

al.,2014). 
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AIM OF THE STUDY 

To evaluate the effect of AVF creation (site and 

flow) on LV functions and also on dialysis 

adequacy  . 

PATIENTS AND METHODS 

The present study was a cross-sectional 

study conducted on 80 patients with chronic 

kidney disease stage V maintained on regular 

haemodialysis 4 hours thrice weekly through 

AVF using Fresenius machines(4008B,4008S) 

with volumetric controlled ultrafiltration by 

polysulfone dialyzer1.3,1.4,1.6 , 1.8m surface 

area and dialysate solution is bicarbonate for all 

patients with 

Na+140mEq\L,K+2mEq\L,Ca++1.75mEq\L,Mg

++ 0.5mEq\L.CL 109.5 mEq\L,HCO3 35 

mEq\L,ch3cooH 3mEq\L , the blood pump was 

kept between250-400ml\min with dialysate flow 

between 500-800ml\min and the anticoagulation 

was 2500 IU as bolus followed by 500-1000 

IU\hr . 

They were all dialyzed through a native 

AVF at the dialysis unit of Al-Hussein 

University Hospital.Patients were dialyzed via 

temporarily or permanent catheters, patients 

dialyzed via graft, ischemic heart disease, 

rheumatic heart disease and core pulmanalewere 

excluded from the study and there diaysis 

prescription: , the study was started by dividing 

the patients into two groups: 

Group I: which included patients with 

AVF flow more than 1200 (ml/min) which 

considered high flow fistula. 

Group II: which included patients with 

AVF flow from 600 (ml/min) to 1200 (ml/min) 

which was considered normal flow fistula. 

Group I was subdivided into upper fistula 

(GIA) and lower fistula (GIB) according to 

AVF site. Each patient was subjected to the 

following: clinical history stressing on patient’s 

age, sex, underlying etiology of chronic kidney 

disease and haemodialysis duration. Venous 

blood was drawn to determine complete blood 

count (CBC), fasting blood sugar, S. creatinine, 

blood urea, lipid profile, serum calcium and 

phosphorous. 

Dialysis adequacy(URR and Kt\v):online 

measurement of ionic dialysance using a  

biosensor in the dialysate flow path produces a 

continuous measure  of Kt\V(based on the 

predicted V),Essentially ,the dialysate 

conductivity is measured at the inlet and outlet, 

which produces a measure on ion flux during 

diaysis,which correlates with urea clearance this 

monitor is present in the new dialysis machines. 

At the beginning of the study duplex 

ultrasound was done to all patient, screening the 

fistula from the bronchial artery in the mid arm 

via anastomosis and upward to the upper arm. 

The flow measurement of the feeding 

artery was taken (2) cm  above the fistula. For 

evaluating the access flow, the diameter and 

cross-sectional area of the feeding artery were 

determined by a B-mode sonography in a 

transverse plan from the inner edge to the inner 

edge and tracing the luminal outline. At the 

same site, Doppler spectra were obtained in a 

longitudinal plane with an angle maintained as 

far as possible at ≤ 60 (45-65) for calculation of 

time average velocity (TAV). 

Access flow wave determined by equipment 

software using the formula below: 

Flow volume (ml/min) = TAV (cm / sec) r
2
 

(cross-sectional area in cm
2
) x 60 (Pietura et al., 

2005). 

To reduce errors to an acceptable level, 

we carried out measurements twice ad used the 

mean results,if the second measurement varied 

by > 10%, a third measurement was performed 

and the mean of the two closest measurements 

were taken. 

The access blood flow was done to all 

patients by a single radiologist who was blinded 

to the patient’s data. To determine the effect of 

high flow of AVF on the heart conventional 

echocardiography (two-dimensional M-mode) 

was done to measure the following parameters: 

Ejection fraction (EF), fraction shortening (FS), 

left ventricular mass (LVM), left ventricular 

mass index (LVMI), stroke volume (SV), 

relative wall thickness (RWT), left ventricular 

end diastolic dimension (LVEDd), left 

ventricular end systolic dimension (LVEsd). 

Statistical analysis: 

The collected data were organized, 

tabulated and statistical analysis using statistical 

package for social science (SPSS) for Windows, 

version 16 [SPSS inc., USA]. Numerical data 

were expressed as relative frequency and 

percentage t test was used to compare 2 

independent groups of numerical data. Chi 

square test was used to compare categorical 

groups of data. A P. value was considered to be 

non-significant if > 0.05, significant if ≤ 0.05 

and highly significant if < 0.01. 
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RESULTS 

Clinical and biochemical parameters, as well as 

significant differences between studied groups 

were presented in table 1. 

There were no statistically significant 

differences between group I with high flow 

fistula and group II with normal flow fistula as 

regarding age, duration of HD, FBs,Hb, ALT, 

AST, B. urea, S. creatinine, T, cholesterol, S. 

calcium and S. phosphorus. 

Lt ventricular  parameters were shown in table 

2. 

There were highly statistically significant 

decrease of EF, stroke volume and FS in group I 

than group II (P < 0.01, P < 0.01, P < 0.01). 

LVM and LVMI were higher in group I than 

group II which were highly statistically 

significant (P < 0.01, P < 0.01) respectively. But 

there were no statistically significant differences 

between both groups as regarding LVEDd, 

LVEsd and RWT (P > 0.05, P > 0.05, P > 0.05) 

respectively. 

Echocardiographic parameters of booth group 

IA and group IB were shown in table 3. 

There was highly statistically significant 

increase of LVM and LVMI in group IA than 

group IB (P < 0.01, P < 0.01) respectively. 

There were also significant increase of EF and 

FS in group IA than IB which were statistically 

significant (P < 0.05, P < 0.05) respectively. 

But there were no statistically significant 

differences between group IA and IB as 

regarding stroke volume, LVESDd, LVEDd and 

RWT (P > 0.05, P > 0.05, P > 0.05, P > 0.05) 

respectively. 

There were significant decrease in ejection 

fraction (EF) (50.21% ± 6.12% versus 56.87% 

±3.75%), fraction shortening (FS) (35.06 ± 

11.68% versus 28.7 ±11.9%) in group I than 

group II respectively. 

Table (4) showed that there were no statistically 

significant differences between group (1, 2) 

regarding URR,also it showed that there was 

statistically significant differences between both 

groups regarding Kt/V. 

Our results showed  positive  correlation 

between AVF blood flow and LVM

I, also there was a positive correlation between AVF blood flow and SV as shown in figure 1and 2. 

Table(1): Clinical and laboratory data of group I and group II . 

Significance p-value T 
Mean± SD 

Parameter 
Group II Group I 

N.S >0.05 0.8 51.25±7.36 49.48±1.703 Age(years) 

N.S >0.05 1.9 6.41±2.68 7.91±2.610 Duration of dialysis(years) 

N.S >0.05 1.6 4.54±0.69 4.14±.75 S. phosphorus(mg/dl) 

N.S >0.05 1.5 8.83±0.93 9.44±1.76 S. calcium(mg/dl) 

N.S >0.05 1.8 157.91±45.96 135.30±43.07 S cholesterol(mg/dl) 

N.S >0.05 0.06 123.13±57.13 124±45.41 S.Triglyceride(mg/dl) 

N.S >0.05 0.19 9.27±3.42 9.43±2.31 S.creatinine(mg/dl) 

N.S >0.05 0.28 148.94±55.77 145.39±35.26 B.Urea(mg/dl) 

N.S >0.05 0.74 24.06±19.18 20.87±8.58 AST(iu/dl) 

N.S >0.05 0.02 21.78±23.83 21.91±11.47 ALT(iu/dl) 

N.S >0.05 1.4 7.67±2.62 8.8±1.753 Haemoglobin(g/dl) 

N.S >0.05 0.79 97.41±37.29 107.03±52.45 FBS( mg/dl) 

AST = aspartate transaminase, ALT – alanine transaminase, FBs = Fasting blood sugar, N.S = 

nonsignificant 
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Table(2):Left ventricular echocardiographic parameters of group I and group II . 

Significance p-value T 
Mean±SD 

Parameter 
Group II Group I 

H.S <0.01 4.9 
56.87%± 

3.75% 
50.21%±6.12% Ejection fraction(EF%) 

H.S <0.01 4.1 28.7%± 11.9% 35.06%±11.68% 
Fractional 

shortening(FS%) 

H.S <0.01 14.4 78.38± 8.2 153.30±27.87 Stroke volume(ml) 

N.S >0.05 2.3 5.21± 0.93 4.69±0.61 LVEDd(cm) 

N.S >0.05 0.84 3.87± 15.9 1.04±0.22 LVSDd(cm) 

N.S >0.05 0.67 0.41± 0.12 0.39±0.06 RWT(cm) 

H.S <0.01 3.8 206.97± 18.91 255.65±68.73 LVM(gm) 

H.S <0.01 6.8 137.53± 12.94 174.87±27.08 LVMI(gm/m²) 

LVEDd = left ventricular end-diastolicdimension (cm), LVESDd = left ventricular end-systolic 

dimension(cm), RWT = relative wall thickness (cm), LVM = left ventricular mass (gm), LVMI = left 

ventricular mass index (gm/m
2
), S = significant, N.S = non-significant, HS = highly significant 

Table (3): Echocardiographic parameters of group IA and group IB . 

Significance p-value T 
Mean± SD 

Parameter 
Group1B Group1A 

S <0.05 3.4 54.3± 4.4 57.5± 5.3 Ejection fraction(EF%) 

S <0.05 3.01 27.2±12.21 31.2± 14.1 Fractional shortening(FS%) 

N.S >0.05 2.6 139.3± 23.2 167.9± 27.4 Stroke volume(ml) 

N.S >0.05 0.55 4.6± 0.60 4.7±0.61 LVEDd(cm) 

N.S >0.05 1.1 0.98± 0.06 1.08±0.26 LVSDd(cm) 

N.S >0.05 1.1 0.34± 0.13 0.4±0.07 RWT(cm) 

H.S <0.01 3.8 197± 48.0 304.6± 27.1 LVM(gm) 

H.S <0.01 6.8 149± 13.1 193.9± 20.4 LVMI(gm/m²) 

LVEDd = left ventricular end-diastolic dimension (cm), LVESDd = left ventricular end-systolic 

dimension (cm), RWT = relative wall thickness (cm), LVM = left ventricular mass/gm, LVMI = left 

ventricular mass index (gm/m
2
), S = significant, N.S = non-significant, HS = highly significant  

Table (4): Comparison between group IA, group IB and group II as regards to URR% and 

Kt/V. 

Significance 
p-

value 
ANOVA 

Mean± SD 

Parameter Group II 

(N=37) 

Group IB 

(N=20) 

Group IA 

(N=23) 

Ns 0.213 1.260 57.1±11.6 63.1±10.4 61.5±15.2 URR% 

S 0.002 3.190 1.01±0.2 1.22±0.3 1.2±0.3 Kt/V 

URR%= urea reduction ratio; Kt/V: dialysis adequacy 
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Figure (1): Correlation between AVF blood flow and LVMI.There was highly significant 

positive correlation between blood flow and LVMI. 

 

 

Figure (2):Correlationbetween AVF blood flow and stroke volume. Therewas highly significant 

positive correlation between the twoparameters. 

 

DISCUSSION 

 The presence of an AVF lowers systemic 

vascular resistance resulting in an increase in 

stroke volume (SV) and CO in order to maintain 

blood pressure (Girred et al., 1996). 

 This study was conducted to find the effect of 

the flow and site of  AVFs in our patients  on 

cardiac functions and dialysis adequacy. 

In our study we found that the high flow fistula 

cause increase in SV, LVMand LVMI with 

normal RWT (eccentric hypertrophy).  

Basile et al. (2008) reported that the creation of 

an AVF exerted on cardiac function. 

Furthermore it causes long-term volume 

overload characterized by increased SV, LVM 

and LVMI andThe resulting LVH is 

predominantly eccentric. 

AlsoMacRae et al., (2006)reported that patients 

with high-flow AVFs most likely have a greater 

risk of developing high-output cardiac failure 

and are also likely to have greater increases in 

left ventricular end-diastolic volume (LVEDV). 

 However the same author reported that, the 

only way to determine if AVF creation produces 

LVH in HD patients is with a prospective 

randomized study comparing a central venous 

catheterwith an AVF, and examining the serial 

changes in left ventricular dimensions and 

thickness. Due to the increased morbidity and 

mortality associated with catheters, this is 

unlikely to occur. 

Chemla et al., (2007), monitored the effect of 

surgical access flow reduction on cardiac output 

in a group of high access flow patients. Only 

accesses with flow volume exceeding 1600 

ml/min were included. Cardiac output decreased 

significantly after the surgery together with the 

access flow. 

However Movelli et al., (2010), reported that on 

post transplantation period after AV fistula 

closure showed an increase in left ventricular 

ejection fraction, decrease in left ventricular mass, 

and mass index, and more favorable shift of 

cardiac geometry toward normal  

Our results can be explained as creation of AVF 

result in increased cardiac output, decreased 

peripheral resistance, increased sympathetic 

activity resulting in an increase in myocardial 

contractility, heart rate, stroke volume and 

increased in pulmonary flow. 

Also Unger et al., (2004),showed regression of 

LVH following AVF closure in renal transplant 

patients. 

AVF blood flow (ml/minute) 
 

AVF blood flow (ml/minute) 
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Some suggest that cardiac decompensation due to 

AVFs is likely to only occur in patients with 

underlying cardiac disease (London et al., 2002). 

Engelberts et al., (1995), documented that 

High-output heart failure is a rather uncommon 

complication which can easily be overseen. 

The other relevant finding of this study is that in 

patients with upper arm fistula there is highly 

statistically significant increase in LVM, LVMI 

and decrease in EF compared with lower arm 

fistula. 

this results can be explained as lower arm AVFs 

are usually positioned in a type of patient with a 

different phenotype from those who get an 

upper arm AVFs (among them, usually there are 

less diabetics, younger people with fewer 

vascular diseases and cardiac dysfunctions). 

In the present study we found a high statistically 

significant differences between G1(A,B) and G2 

regarding kt\v (p-value was 0.002),but there 

were no statistically differences between all 

groups in URR (p-value was0.213). 

Kt\v is a measurement of dialysis adequacy (k is 

dialyzerblood water urea clearance L\h,T is 

dialysis session length per hour ,v is distribution 

volume of urea per liter. 

KDOQI guide lines 2015 recommended asingle 

pool KT\V of 1.4 per HD session for patients 

treated thrice weekly with a minimum delivered 

spkt\v of 1.2,as noticed in this study  kt\v was 

higher in g1(A,B)with high flow fistula( mean 

kt\v was 1.2 0.3,1.22 o.3) for GA and GB 

respectively which was reached aminimum 

target for HD pts according to KDOQI 

2015.The explanation of these low normal 

results could be various aetilologiese.g stenosis 

of AVF,low blood pump,premature termination 

of the HD session,use low dialyzer surface area 

and finally some overweight pts. Low flow 

fistula(G2) did not reach the minimum target 

kt\v but if we correct these factors that affect 

kt\v we can get a better results (e.g increase 

duration of HD session , increase blood pump of 

the machine). 

Unfortunetly ,URR was not reach the target 

according to KDOQI 2015 and it could be 

explained by the previous factors affecting kt\v 

plus blood urea generated during HD session. 

 Our message taken  from that study is : 

the upper  AVFs should be placed as distal as 

possible and the lower arm fistula is safe  

regarding to Lt ventricular functions and 

cardiovascular outcomes inspite of being low in 

dialysis adequacy but it can be overcomed by 

improvement of other parameters that affect 

dialysis adequacy. 

CONCLUSION 

High flow AVFs >1200 ml\min and upper arm 

fistulas (proximal one) have greater risk for  

developing high  cardiac output failure more 

than lower arm AVFs, inspite of increased 

dialysis adequacy with high flow AVFs.  
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دراسة مكان ومعدل سرٌان انوصهة انورٌدٌة انشرٌاوٍة عهً وظائف انقهب وكفاءةاالستصفاء اندموي 

فً مرضً انفشم انكهوي انمزمه 

انسٍد محمد راشد
1

محمد أحمد شاذنى و
3

 

انقاْشج – خايعح األصْش – كهٛح انطة نهثٍُٛ ، يغرشفٗ انحغٍٛ اندايعٗ ، 2ٔاألشعح انرشخٛصٛح1قغًٙ انثاغُح انعايح

ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ 

 اَرشاس ايشاض انقهة تٍٛ يشظٗ انغغٛم انكهٕٖ ٚعرثش يٍ اْى انًشكالخ انرٗ ذٕاخّ ْؤالء انًشظٙ ْٔٗ ذعذ يٍ احذٖ اْى اعثاب 

انٕفاِ تٍٛ ْٕالء انًشظٗ ٔقذاخش٘ ْزا انثحث نذساعح ذاثٛش انٕصهّ انششٚاَّٛ انٕسٚذّٚ انرٗ ٚرى يٍ خالنٓا االعرصفاء انذيٕىعهٗ 

 .ٔظائف انقهة

 :تانٕصهّ انششٚاَّٛ انٕسٚذّٚ انٗ يدًٕعرٍٛ كاالذٗ  يشٚط ذى ذقغًٛٓى عهٗ حغة عشٚاٌ انذو 80اشرًهد ْزِ انذساعّ عهٗ 

انذقٛقّ /يم1200ذشرًم عهٗ يدًٕعح انًشظٗ أصحاب انٕصهّ راخ انرذفق االعهٗ يٍ : انمجموعه االونى

انذقٛقّ  /يم1200_600ذشرًم عهٗ يدًٕعح انًشظٗ اصحاب انٕصهّ راخ انرذفقى: انمجموعه انثاوٍه

. ثى تعذ رنك ذى ذقغٛى انًدًٕعّ االٔنٗ انٗ يدًٕعرٍٛ عهٗ حغة يكاٌ انٕصهّ

: وقد تم عمم االتً

 .اخز انراسٚخ انًشظٙ ٔ اخشاء فحص اكهُٛٛكٗ شايم نكم يشٚط-1

 .(كانغٕٛو ٔفغفٕس_دٌْٕ ثالثّٛ ٔكٕنغرٛشٔل_كشٚاذٍٛ ٕٔٚسٚا _عكش صاٚى –صٕسج دو كايهّ )عًم انرحانٛم االذّٛ نهًشظٗ-2

 .ذقٛٛى ٔظائف انقهة تاشعح االٚكٕ ٔقٛاط يعذل عشٚاٌ انذو فٙ انٕصهّ انٕسٚذّٚ انششٚاَّٛ تاشعح انذٔتهكظ-3

. قٛاط كفاءج االعرصفاء انذيٕ٘ ٔ يعذل َقص انثٕنُٛا اثُاء عًهٛح االعرصفاء انذيٕ٘- 4

يثم ٔقذ اظٓشخ َرائح انذساعّ اَضٚادج ذذفق انٕصهّ انٕسٚذّٚ انششٚاَّٛ عٍ انًعذل انطثٛعٗ ٚؤدٖ انٗ اظطشاب ٔظائف انقهة 

ٔاٚعا اظٓشخ انذساعّ اٌ صٚادجحدى خٓذ انقهة ٔيؤشش كرهح انثطٍٛ االٚغش ْٔزا ٚدعم انًشٚط اكثش عشظّ نفشم  انقهة عانٗ انُراج

 ٔٔخذاٌ يكاٌ انٕصهّ ٚؤثش عهٗ انقهة حٛث اٌ انٕصهّ فٗ اعهٗ انزساع كاَد اكثش ذاثٛشا عهٗ انقهة يٍ انٕصهّ فٗ اعفم انزساع

. كفاءج االعرصفاء انذيٕ٘ اعهٙ فٙ انًدًٕعّ االٔنٙ راخ انرذفق االعهٙ عُّ فٙ اندًٕعّ انثاَّٛ راخ انرذفق االقم

: ٔقذ أصد انذساعّ تاالذٙ

نٕصهّ انششٚاَّٛ انٕسٚذّٚ ْٗ افعم يكاٌ نالعرصفاء انذيٕٖ ُٔٚثغٗ اٌ ذكٌٕ ْٗ االخرٛاس االٔل نهًشٚعكزنك ُٚثغٗ اٌ ٚكٌٕ يكاٌ ا

 .انٕصهّ فٗ اعفم انزساع الٌ رنك اكثش حفاظا عهٗ عاليح انقهة 

 


