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Casus

60 jarige man
T2 DM
Myocardinfarct. 
eGFR 12

Welke toegang?
a. Radiocephale fistel
b. Brachiocephale fistel
c. PTFE loop 
d. Getunnelde CVC

Pols: 
• arterie 1,8 mm
• vene 1,8 mm
Elleboog: 
• arterie 3,0 mm
• vene 3,5 mm
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AV fistel: toename van de cardiac output
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AV fistel: acute aanpassing van het hart

Guyton C & Sagawa K. Am J Physiol 1961;200:1157-1163

COMPENSATION FOR A-V FISTULA I159 

RESULTS 

Immediate ej’ects on the cardiac output of opening an A-V 
jstula in open-chest dogs. In IO dogs with reflexes intact and 
ten dogs that had been rendered areflex, A-V fistulas 
with flows adjusted to equal the control cardiac output 
were suddenly opened. In both areflex and reflex animals, 
the cardiac output increased approximately 75 % im- 
mediately, thus compensating by this same percentage 
for the flow through the A-V fistulas. This increase in 
cardiac output occurred literally within the first two to 
three heartbeats after opening of the fistula, which effect 
is illustrated in Fig. I. Then, during the ensuing 15-30 
set, the cardiac output rose an additional average of 
7 % in the dogs with intact reflexes but failed in all 
areflex dogs to show this secondary rise. 

On closure of the fistula, exactly the reverse effects 
occurred ; here again, the cardiac output literally de- 
creased back to its control value within the next two to 
three beats of the heart in the areflex dogs, that is, as 
rapidly as the flowmeter could respond. In the reflex 
dogs, there was a further decrease of 7 % in cardiac out- 
put for the next 15-30 set; yet, aside from this 7 %, all of 
the change in cardiac output occurred in the few seconds 
before circulatory reflexes could possibly have taken 
place. 

Changes in cardiac output, systemic flow, and jistula J¶OW 
as the A-V Jistulas were gradually opened. Fig. 2 illustrates 
the effects of gradually opening large A-V fistulas in ten 
dogs with intact cardiovascular reflexes and ten areflex 
dogs. The fistula flow was gradually increased in each 
of these from zero up to a value equal to the original 
control cardiac output. Note in the figure that, as the 
fistulas were opened, the cardiac output increased 
greatly, and the systemic flow (total peripheral flow 

FIG. 2. Average effects on systemic flow, total flow through 
the circulation (cardiac output), and fistula flow caused by 
gradually opening large A-V fistulas in IO dogs with intact cardio- 
vascular reflexes (solid curves) and I o areflex dogs (dashed curves). 
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FIG. 3. Average effects in 6 dogs of opening large A-V fistulas 
and subsequent administration of 2 blood transfusions at 5 min 
intervals. 

minus that through the fistulas) fell slightly. The fistula 
flow in each instance was increased in ten equal steps, 
and the duration of each step was approximately 25 set, 
the total duration of the experiment lasting approxi- 
mately 4 min. Therefore, circulatory reflexes had ade- 
quate time to develop. Even so, flow through the systemic 
circulation was maintained only slightly better in the 
animals with intact reflexes than in the areflex animals, 
averaging 82 % compensation in the reflex dogs in com- 
parison with 75 % in the areflex dogs. 

Efect of increasing the blood volume in animals with open 
A-V cfistulas. In six areflex dogs, A-V fistulas were sud- 
denly opened with flows averaging 82 % of the original 
control cardiac output. The systemic flow fell to an 
average of go % of the original systemic flow. These 
effects are illustrated in Fig. 3 at the point labeled “open 
fistula.” Then two transfusions of blood, 125 ml each, 
were given at 5-min intervals. Fig. 3 shows the average 
effects of these transfusions on both systemic and fistula 
flow, illustrating that the increased blood volume ele- 
vated both of these flows to progressively higher values 
and, indeed, elevated the systemic flow to values actually 
higher than the original control flow through all the 
systemic vessels of the body. 

This experiment illustrates that an increase in blood 
volume, which has been well documented to occur in 
human beings with chronic A-V fistulas and which has 
been emphasized by Hilton et al. (15) and Warren et al. 
(14) as an important compensating mechanism in 
chronic A-V fistulas, is quite capable of increasing the 
blood flow through the tissues back to a normal value 
after a fistula is opened. Furthermore, since these ex- 
periments were conducted in areflex animals, the rise in 
cardiac output and systemic flow obviously could not 
have been a reflex phenomenon. 

Efects of opening an A-V jstula on the venous return curves 
of reflex and areflex dogs. Previous studies in this laboratory 
on the different peripheral factors that affect venous 
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Compensations of cardiac output and other 
circulatory functions in areflex 
dogs with large A-V fistulas’ 
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GUYTON, ARTHUR C., AND KIICHI SAGAWA. Compensations of 
cardiac output and other circulatory functions in arefrex dogs with 
large A-Vjstulas. Am. J. Physiol. 2oo(6): I 157-1163. rg6r.- 
In ten dogs made areflex by administration of total anesthesia, 
opening large A-V fistulas with flows equal to the control 
cardiac output caused an instantaneous average increase in 
cardiac output of 75a/o. Obviously, therefore, the circulation 
can compensate for most of the fistula flow in the complete 
absence of all circulatory reflexes. In the same number of 
animals with intact reflexes, the compensation was 82%. 
Most of the compensation in both the areflex and the reflex 
dogs occurred literally with the next few heartbeats after 
opening the A-V fistulas, though, in the animals with the 
intact reflexes, an additional small degree of compensation 
occurred during the ensuing 15-30 set; this additional effect 
was ascribed to reflexes. The nonreflex portion of the com- 
pensation can be explained by a) increased venous return 
caused by decreased peripheral resistances and b) cardiac 
adaptation in accordance with Starling’s principle. 

0 NE OF THE MOST CONVENIENT METHODS for instantane- 
ously increasing the total flow in the circulation is to 
open a large A-V fistula, or conversely the flow can be 
decreased by closure of the fistula. For this reason, the 
effects of opening and closing A-V fistulas have been 
recorded by innumerable investigators (I-I 5) studying 
such factors as the effects of A-V fistulas on cardiac out- 
put, heart rate, arterial pressure, right atria1 pressure, 
pressures in the immediate vicinities of the veins and 
arteries connecting with the fistula, work load of the 
heart, and renal function. 

In general, it is well agreed that opening an A-V fistula 
is followed instantaneously by an increase in cardiac 
output that is almost equal to the extra flow through the 
A-V fistula (1-8). It is also agreed that the arterial pres- 
sure falls at least slightly on opening an A-V fistula and 
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can fall considerably if the fistula is very large (7, 9). 
Essentially all workers who have measured the right 
atria1 pressure using critical techniques capable of dis- 
tinguishing changes of fractions of a millimeter in pres- 
sure have found at least a very slight rise in right atria1 
pressure on opening a fistula of any significant size, 
though, on the other hand, investigators who have used 
gross techniques for measuring right atria1 pressure or 
have made only small fistulas have found no significant 
changes (4, 7-12). Finally, it is well known that opening 
an A-V fistula in an otherwise intact animal will cause 
considerable increase in heart rate, or sudden closure of 
the fistula will cause an immediate decrease in rate 
(I-5, 1% ‘3). 

Yet, despite these many areas of agreement, almost 
no agreement has been achieved regarding the actual 
mechanism by which opening an A-V fistula causes 
immediate and continued increase in cardiac output. 
Two major suggestions have been offered. One of these 
is very simply that cardiovascular reflexes cause the 
heart to beat with increased force and at an increased 
rate, thereby increasing the cardiac output. The second 
is that reduced resistance in the peripheral vascular tree 
increases the ease with which blood returns to the heart, 
thus filling the heart to an increased extent and causing 
the heart to increase its cardiac output in accord with 
Starling’s principle of cardiac adaptation. Rushmer’s 
extensive investigations into the effect of exercise on 
cardiac output have emphasized the importance of the 
cardiovascular reflexes in making adjustments to higher 
levels of cardiac output (16), while Sarnoff’s studies on 
the function of the isolated heart (17) plus our own 
studies on the relationship of peripheral circulatory 
factors to venous return (18-20) have emphasized the 
importance of the intrinsic compensating ability of the 
circulation to increase its cardiac output when the 
peripheral vascular resistance decreases, irrespective of 
reflexes. 

Yet, the purpose of this paper is not to prove or dis- 
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• Perifere weerstand daalt → 
toename veneuze return

• Via Starling mechanisme 
neemt cardiac output toe

AV fistel: onmiddellijke effecten

Iwashima et al. AJKD 2002;974-982

N=10 (7 RC fistel); Voor / na 14 dg N=16 RC fistel; voor, na 3, 7, 14 dg

Ori et al. NDT 1996;11:94-97

Cardiac index

Slagvolume

LV ejectie fractie

LVEDV

Perifere 
weerstand

increased days 3 to 14 after creation of the AV
fistula, and that of the A wave increased signifi-
cantly only day 7 (Table 2). A time-related in-
crease in E-A ratio was observed (!18% day
14), and DcT shortened time dependently ("12%
day 14).Adequate pulmonary venous flowDopp-
ler recordings were obtained in 13 of 16 subjects
(81%). Although peak velocity of the S, D, or
PVawave did not change during the study, pulmo-
nary venous S-D ratio decreased significantly
day 7 after fistula creation. Ad-PVad decreased
day 14.

Changes in Plasma ANP and BNP
Concentrations After the AV Fistula Operation
Changes in plasma concentrations of ANP and

BNP in response to the AV fistula operation are
listed in Table 3. ANP concentrations increased
significantly days 6 and 10, and BNP concentra-
tions increased days 6, 10, and 14. Thus, creation
of the AV fistula produced a significant elevation
in mean plasma levels of bothANP and BNP, and
their maximal elevations were observed day 10
after the operation. Because preoperative plasma
ANP and BNP concentrations varied widely,

elevations in these peptide levels also were ex-
pressed as percentages of change from control
values to evaluate the rate of increase in the two
natriuretic peptide levels. As a result, maximal
percentages of increase in plasma ANP and BNP
levels obtained day 10 were !48% and !68%,
respectively (Fig 1). In general, the time course
of changes in levels of the two peptides was
similar. However, no direct association was de-
tected between the elevation from control value
in plasma ANP and BNP concentrations days 6,
10, or 14 (data not shown). Therefore, it was
suggested that stimulation of ANP and BNP
release might be regulated differently by other
hemodynamic factors.

Association Between Changes in Cardiac
Function and Hormonal Response
To assess whether release of these two natri-

uretic peptides was related to change in cardiac
function, we examined the relationship between
changes in LV systolic and diastolic function and
ANP and BNP response after the AV fistula
operation. Increases in plasma ANP concentra-
tions days 10 and 14 correlated with increased

Table 3. Plasma ANP and BNP Concentrations Before and After the AV Fistula Operation

Before

Day

1 3 6 10 14

ANP (pg/mL) 75 # 13 77 # 13 86 # 16 90 # 14* 101 # 14zzzz 89 # 12
BNP (pg/mL) 182 # 48 213 # 61 222 # 57 238 # 56* 256 # 65zzzz 248 # 66zzzz

NOTE. Values expressed as mean # SE.
*P $ 0.05 compared with baseline (before) for each concentration.
zzzzP $ 0.01 compared with baseline (before) for each concentration.

Fig 1. Percentage of in-
crease in plasma concentra-
tions of (A) ANP and (B) BNP
after the AV fistula opera-
tion. Values given asmean!
SE. *P < 0.05. **P < 0.01
compared with control (pre)
for each peptide.
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• Bloeddruk daalt enigszins
• Hartfrequentie onveranderd
• Bloed volume stijgt enigszins 
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AVF: effecten op wat langere termijn 

Dundon et al.. Int J Nephrol Renovasc Dis 2014;7:337-345

N=24; shuntflow 1,2 l/min; voor / na 6 maanden

Cardiac output: +25% (+1,5 l) LV massa: + 13%

AVF: effecten op langere termijn 
Long-term cardiovascular changes following creation of 
arteriovenous fistula in patients with end stage renal disease
Reddy et al, Eur Heart J 2017

N = 137, AVF (88% upper arm), Follow-up 2,6 jaar

AV fistel is topsport voor het hart Echo onderzoek: 109 HD patiënten

Assa et al, CJASN 2012;7:1615-1623 
Assa et al. AJKD 2013;62:549-556
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Assa et al. Unpublished

Relatie tussen shuntflow en cardiac output 

Basile et al. NDT 2007;23:282-287

8.43! 1.46 l/min (range 5.7–10.0)] (Table 2 and
Figure 1). Seven of the 10 patients bore an upper
arm AVF. Thus, upper arm AVFs were associated with
an increased risk of high-output cardiac failure
(P< 0.04, !2 test). The ten patients with stage C (and
high-output) cardiac failure were significantly older
than the other patients (P< 0.01); in contrast, their
dialysis vintage and their AVF duration were non-
significantly different from that of patients without
cardiac failure (Table 2).

Coefficient of variation of Qa and CO between
subsequent measurements in 24 patients was 4.6
and 8.9%, respectively. A third-order polynomial

regression model best fitted the relationship between
Qa and CO (Figure 1). Also when splitting out the 96
patients between those with a lower arm AVF and
those with an upper arm AVF, a third-order poly-
nomial regression model best fitted the relationships
between Qa and CO (Figure 2). The ellipses in
Figures 1 and 2 encompass the 10 patients who were
classified as affected by stage C cardiac failure
(according to [10]) and by high-output cardiac failure
(according to [1]). The analysis of the regression
equation of Figure 1 identified 0.95 and 2.2 l/min as
Qa cut-off points. Actually, the regression curve
was graphically characterized by three slopes, the
latter being steeper than the first and the second,
which presented a plateau (Figure 1). The one-way

Table 2. Demographic, clinical and haemodynamic characteristics of
the 96 patients enrolled in the study according to the classification of
the American College of Cardiology/American Heart Association
task force [10]

Patients with stage A heart failure
[(no.(lower arm/upper arm)]

30 (28/2)

Patients with stage B heart failure
[(no.(lower arm/upper arm)]

56 (34/22)

Patients with stage C heart failure
[(no.(lower arm/upper arm)]

10 (3/7)"""

Patients with stage D heart failure
[(no.(lower arm/upper arm)]

0

Stage C
of heart
failure
(no. 10)

Stages A
and B of
heart
failure
(no. 86)

Mean age (years) 70.8! 8.3 62.0! 10.0"

Mean HD duration (months) 73.0! 43.0 56.5! 41.4""

Mean cardiac output (l/min) 8.4! 1.5 6.2! 1.1#

Mean Qa of AVFs (ml/min) 2.3! 0.3 1.0! 0.4#

Mean AVF duration (months) 39.0! 13.7 31.5! 21.4""

P< 0.01; ""P¼not significant; #P< 0.0001. Student’s t-test for
unpaired data was used.
P< 0.04. !2 test was used.
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Fig. 2. A third-order polynomial regression model best fitted the
relationships between vascular access flow and cardiac output,
respectively in lower arm AVFs (filled diamond, continuous line) and
upper arm AVFs (filled square, dotted line). The ellipse encompasses
10 patients who were classified as affected by stage C cardiac failure
(according to reference 10) and by high-output cardiac failure
(according to reference 1).

Table 1. Demographic, clinical and haemodynamic characteristics of
the 96 patients enrolled in the study subdivided by location of their
AVFs

Lower arm AVFs
(no. 65)

Upper arm AVFs
(no. 31)

Age (years) 59.6(9.4)/61 (37–72) 66.4 (11.0)/70
(44–82)

Gender (males) 53.1 55.3
Diabetes mellitus 13.5 16.1
Dialysis duration

(months)
56.4 (40.0)/42 (6–154) 60.0 (43.2)/50

(12–196)""

Qa of AVFs (l/min) 0.948 (0.428)/0.890
(0.280–2.0)

1.58 (0.553)/1.34
(0.760–2.8)"

Cardiopulmonary
output (CO, l/min)

5.6 (0.8)/5.8 (3.6–8.3) 6.9 (1.1)/6.8
(4–10)"

Cardiopulmonary
recirculation
(Qa/CO,%)

17 (5)/16 (4–27) 23(5)/23 (11–35)"

Continuous variables are expressed as mean (SD)/median (range)
while categorical data as percentages.
"P< 0.001; ""P¼ not significant (Student’s t-test for unpaired data).
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Fig. 1. A third-order polynomial regression model best fitted the
relationships between vascular access flow and cardiac output in the
96 patients. The ellipse encompasses 10 patients who were classified
as affected by stage C cardiac failure (according to reference 10) and
by high-output cardiac failure (according to reference 1).

284 C. Basile et al.

 at U
niversity of G

roningen on July 4, 2016
http://ndt.oxfordjournals.org/

D
ow

nloaded from
 



12-04-19

3

Relatie tussen shunt flow en             
cardiale belasting

Basile et al. Clin Kidney J 2016

Waarom leggen 
we nog AV fistels 
aan als deze zo’n 
belasting vormen 
voor het hart ?

Shunt is beter dan CVC

Dinghra et al. Kidney Int 2001;60:1443
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Associations between Hemodialysis Access Type
and Clinical Outcomes: A Systematic Review

Pietro Ravani,*†‡ Suetonia C. Palmer,§ Matthew J. Oliver,| Robert R. Quinn,*†‡

Jennifer M. MacRae,* Davina J. Tai,*¶ Neesh I. Pannu,** Chandra Thomas,*
Brenda R. Hemmelgarn,*†‡ Jonathan C. Craig,††‡‡§§ Braden Manns,*†‡ Marcello Tonelli,**
Giovanni F.M. Strippoli,‡‡§§||¶¶ and Matthew T. James*†‡

Departments of *Medicine and †Community Health Sciences and ‡Libin Cardiovascular Institute of Alberta, University
of Calgary, Calgary, Alberta, Canada; §Department of Medicine, University of Otago Christchurch, Christchurch, New
Zealand; |Department of Medicine, University of Toronto, Toronto, Ontario, Canada; ¶Department of Medicine,
University of Saskatchewan, Saskatoon, Saskatchewan, Canada; **Department of Medicine, University of Alberta,
Edmonton, Alberta, Canada; ††Clinical Research Centre for Kidney Research, The Children’s Hospital at Westmead,
Westmead, Australia; ‡‡National Health and Medical Research Council Centre for Clinical Research Excellence in
Renal Medicine, Cochrane Renal Group, Sydney, Australia; §§School of Public Health, University of Sydney, Sydney,
Australia; ||Laboratory of Clinical Epidemiology of Diabetes and Chronic Diseases, Mario Negri Sud Consortium,
S. Maria Imbaro (Chieti), Italy; and ¶¶Diaverum Medical Scientific Office, Lund, Sweden

ABSTRACT
Clinical practice guidelines recommend an arteriovenous fistula as the preferred vascular access for he-
modialysis, but quantitative associations between vascular access type and various clinical outcomes re-
main controversial. We performed a systematic review of cohort studies to evaluate the associations
between type of vascular access (arteriovenous fistula, arteriovenous graft, and central venous catheter)
and risk for death, infection, and major cardiovascular events. We searched MEDLINE, EMBASE, and
article reference lists and extracted data describing study design, participants, vascular access type,
clinical outcomes, and risk for bias. We identified 3965 citations, of which 67 (62 cohort studies comprising
586,337 participants) met our inclusion criteria. In a random effects meta-analysis, compared with persons
with fistulas, those individuals using catheters had higher risks for all-cause mortality (risk ratio=1.53, 95%
CI=1.41–1.67), fatal infections (2.12, 1.79–2.52), and cardiovascular events (1.38, 1.24–1.54). Similarly,
compared with persons with grafts, those individuals using catheters had higher risks for mortality
(1.38, 1.25–1.52), fatal infections (1.49, 1.15–1.93), and cardiovascular events (1.26, 1.11–1.43). Compared
with persons with fistulas, those individuals with grafts had increased all-cause mortality (1.18, 1.09–1.27)
and fatal infection (1.36, 1.17–1.58), but we did not detect a difference in the risk for cardiovascular events
(1.07, 0.95–1.21). The risk for bias, especially selection bias, was high. In conclusion, persons using cath-
eters for hemodialysis seem to have the highest risks for death, infections, and cardiovascular events
compared with other vascular access types, and patients with usable fistulas have the lowest risk.

J Am Soc Nephrol 24: 465–473, 2013. doi: 10.1681/ASN.2012070643

Although life-sustaining, hemodialysis is marked
by persistently high mortality, morbidity, and
healthcare use. Worldwide, over 1.5 million per-
sons are treated with hemodialysis, and 10%–25%
of them die each year.1 Effective hemodialysis
requires repeated and reliable access to the blood-
stream through a central venous catheter or a sur-
gically created arteriovenous communication (an
autologous fistula or a synthetic graft).2 However,
vascular access thrombosis and infection occur
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venous catheters for hemodialysis experience
a much higher risk of death, infection, car-
diovascular events, and hospitalization
compared with persons who achieve an
arteriovenous fistula or a graft as hemodi-
alysis access. Graft use is associated with
increased risk of death, infection, and hos-
pitalization but has weaker and uncertain
associations with cardiovascular events. In
absolute terms, catheter use is associated
with 80–134 additional deaths per 1000
person-years compared with fistula use
and 60–125 additional deaths per 1000
person-years compared with graft use.
Graft use is associated with 18–54 addi-
tional deaths for every 1000 persons each
year compared with fistula use (Table 1).
The direction of the risk for mortality
(lower in fistula and graft users than cathe-
ter users and lower in fistula users than graft
users) is highly consistent across existing
observational studies.

Colonization of foreign material within
the vascular space by skinmicro-organisms
causing infection and bacteremia may di-
rectly lead to hospitalization, access failure,
and death, and it may explain, in part, the
mechanism by which catheter and graft use
may be associatedwith poorer survival.15 In
addition, chronically colonized surface bio-
film in synthetic access-related material
may increase the risk of cardiovascular dis-
ease in persons on hemodialysis by inflam-
mation.16 In support of this hypothesis, we
found that use of grafts and catheters was
associated with stronger risks of infection
and hospitalization compared with fistulas.
The proportion of access-related fatal infec-
tions in available studies was not reported,
and in one study, only 23% of all infection-
related hospitalizations were considered
directly caused by access infection,17

suggesting that catheter and graft coloniza-
tion does not entirely explain the increased

Figure 3. Primary outcome: risk of all-cause mortality for the use of central venous
catheters versus fistulas or grafts and the use of arteriovenous grafts versus fistulas in
people on hemodialysis; studies are ordered by weight. We pooled the estimates
reported by Polkinghorne et al.31 for the comparison of catheters versus fistulas (three

estimates) and catheters versus grafts (three
estimates) according to the time spent on
hemodialysis when patients were registered;
we also pooled the estimates reported by
Foley et al.32 for the comparison of catheters
versus fistulas and catheters versus grafts
(each with three estimates) according to
whether the patient has a catheter only,
a catheter with a maturing fistula, or a graft.

J Am Soc Nephrol 24: 465–473, 2013 Hemodialysis Access and Patient Outcomes 469
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Een ander geluid ….

Korsheed et al. Hemodial Int 2009;13:505-511

Higher arteriovenous fistulae blood flows
are associated with a lower level of

dialysis-induced cardiac injury

Shvan KORSHEED,1 James O. BURTON,1 Christopher W. McINTYRE1,2

1Department of Renal Medicine, Derby City General Hospital, Derby, UK; 2School of Graduate Entry
Medicine and Health, University of Nottingham, Nottingham, UK.

Abstract
Native arteriovenous fistulae (AVF) remain the vascular access of choice for hemodialysis (HD). De-

spite being associated with superior long-term outcomes (cf. catheter use), little is known about the

systemic hemodynamic consequences of AVFs. Repetitive myocardial injury (myocardial stunning) is

an under-recognized common consequence of HD. The aim of this study was to examine the impact

of AVF flow (Qa) on dialysis-induced cardiac injury. We studied 50 chronic HD patients. All patients

underwent echocardiography (and subsequent quantitative offline analysis) at baseline, during and

post dialysis, to assess left ventricular function and the development of regional wall motion ab-

normalities. Qa was measured using ionic dialysance. Patients were divided into Qa tertiles (o500,

mean 291 ! 101 mL/min, 500–1000, mean 739 ! 130 mL/min and 41000, mean 1265 ! 221 mL/

min). There were no significant differences between the groups in terms of age, sex, diabetes, or

resting ejection fraction. Patients with Qa41000 mL/min had a lower prevalence of left ventricular

hypertrophy (55% vs. 76%, P=0.01). Dialysis-induced myocardial stunning (seen in 65% of the pa-

tients studied) was significantly and sequentially reduced in those patients with higher Qas. This was

seen in a lower number of segments and ventricular regions developing regional wall motion abnor-

malities, as well as a significantly reduced mean and cumulative percentage reduction in fractional

shortening of those ventricular segments affected ("187 ! 37%, "161 ! 26%, and "101 ! 25%,

respectively, P=0.04). Relatively higher AVF flows appear to be associated with a lower level of ob-

served HD-induced cardiac injury.

Key words: Myocardial ischemia, arteriovenous fistula, vascular access, hemodialysis complica-

tions, myocardial stunning

INTRODUCTION

Hemodialysis (HD) patients who are started and main-
tained on definitive vascular access, rather than tunneled
central venous catheters, have an improved survival. This
survival benefit is maintained over at least 3 years.1 The

native arteriovenous fistula (AVF) remains the vascular
access form of choice. This difference in survival has pre-
viously been largely attributed to differences in access-
related sepsis.

Little is currently known concerning the systemic
structural and functional cardiovascular changes that oc-
cur as a consequence of AVF formation. Very high fistula
flows (Qa) are recognized as being capable of inducing a
high-output state and precipitating cardiac failure,2,3 and
the presence of an AVF may modulate sympathetic out-
flow4 and markers of volume status such as BNP.5 How-
ever, high Qa does not seem to predispose one to

Correspondence to: C. McIntyre, Department of Renal
Medicine, Derby City Hospital, Uttoxeter Road, Derby DE22
3NE, UK.
E-mail: chris.mcintyre@nottingham.ac.uk

Hemodialysis International 2009; 13:505–511

r 2009 The Authors. Journal compilation r 2009 International Society for Hemodialysis
DOI:10.1111/j.1542-4758.2009.00384.x 505

N=50 patiënten met flow <1500 ml/min 
Flow> 1000 ml/min: cardioprotectie !
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estimated glomerular filtration rate decline in late-stage chronic
kidney disease patients transitioning to end-stage renal disease
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ABSTRACT

Background. Prior studies have suggested that arteriovenous fis-
tula (AVF) or graft (AVG) creation may be associated with slow-
ing of estimated glomerular filtration rate (eGFR) decline. It is
unclear if this is attributable to the physiological benefits of ama-
ture access on systemic circulation versus confounding factors.
Methods.We examined a nationwide cohort of 3026 US veter-
ans with advanced chronic kidney disease (CKD) transitioning
to dialysis between 2007 and 2011 who had a pre-dialysis AVF/
AVG and had at least three outpatient eGFR measurements
both before and after AVF/AVG creation. Slopes of eGFR
were estimated using mixed-effects models adjusted for fixed
and time-dependent confounders, and compared separately
for the pre- and post-AVF/AVG period overall and in patients
stratified by AVF/AVGmaturation. In all, 3514 patients without
AVF/AVG who started dialysis with a catheter served as com-
parators, using an arbitrary 6-month index date before dialysis
initiation to assess change in eGFR slopes.
Results. Of the 3026 patients with AVF/AVG (mean age 67
years, 98% male, 75% diabetic), 71% had a mature AVF/AVG
at dialysis initiation. eGFR decline accelerated in the last
6 months prior to dialysis in patients with a catheter (median,
from −6.0 to −16.3 mL/min/1.73 m2/year, P < 0.001), while a
significant deceleration of eGFR decline was seen after vascular

access creation in those with AVF/AVG (median, from −5.6 to
−4.1 mL/min/1.73 m2/year, P < 0.001). Findings were indepen-
dent of AVF/AVG maturation status and were robust in ad-
justed models.
Conclusions. The creation of pre-dialysis AVF/AVGappears to be
associated with eGFR slope deceleration and, consequently, may
delay the onset of dialysis initiation in advanced CKD patients.

Keywords: arteriovenous access, chronic kidney disease, eGFR
decline, hemodialysis

INTRODUCTION

Each year, as many as 115 000 patients transition from ad-
vanced non-dialysis-dependent chronic kidney disease (NDD-
CKD) to end-stage renal disease (ESRD) in the USA [1], the
majority of whom are treated with in-center hemodialysis
and require a vascular access [2], such as an arteriovenous fis-
tula (AVF) or graft (AVG), or a tunneled central venous cathe-
ter. Existing guidelines have encouraged the timely creation of
an arteriovenous access as the preferred vascular access type
rather than a central venous catheter [2, 3], based on the evi-
dence that using an arteriovenous access can provide greater
blood flow rates [4] and is associated with lower infection
risk, fewer hospitalizations, prolonged survival and improved

Published byOxfordUniversity Press on behalf of ERA-EDTA 2016. This work is
written by (a) USGovernment employee(s) and is in the public domain in theUS.
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(P < 0.001) before and after AVF/AVG creation, respectively]
(Figure 2A). After adjustment for confounders, the estimated
median (IQR) eGFR slopes before and after the 6-month
index date in patients without an AVF/AVG were −20.6
(−23.5, −17.9) and −58.8 (−68.1, −51.6) mL/min/1.73 m2/
year (P < 0.001), respectively, whereas the estimated median

(IQR) eGFR slopes before and after AVF/AVG creation in
those with an AVF/AVG were −18.1 (−20.6, −15.9) and −8.3
(−8.8, −7.5) mL/min/1.73 m2/year (P < 0.001), respectively
(Figure 2B). These associations were similarly observed inde-
pendent of AVF/AVG maturation status (Figure 3) and access
type (Supplementary data, Figure S1) and in all examined

F IGURE 2 : eGFR slopes (median, IQR) before and after AVF/AVG creation in patients with AVF/AVG, in contrast to non-AVF/AVG patients.
Slopes were estimated from unadjusted (A) and multivariable-adjusted (B) mixed-effects models. Models were adjusted for fixed (age, sex, race,
diabetes mellitus and Charlson comorbidity index) and time-dependent confounders (systolic BP and ACEIs/ARBs use). *P < 0.001. eGFR, es-
timated glomerular filtration rate; IQR, interquartile range; AVF, arteriovenous fistula; AVG, arteriovenous graft; BP, blood pressure; ACEIs,
angiotensin-converting enzyme inhibitors; ARBs, angiotensin receptor blockers.

F IGURE 3 : eGFR slopes (median, IQR) before and after AVF/AVG creation in patients categorized by AVF/AVGmaturation status. Slopes were
estimated from unadjusted (A) and multivariable-adjusted (B) mixed-effects models. Models were adjusted for fixed (age, sex, race, diabetes
mellitus and Charlson comorbidity index) and time-dependent confounders (systolic BP and ACEIs/ARBs use). *P < 0.001. eGFR, estimated
glomerular filtration rate; IQR, interquartile range; AVF, arteriovenous fistula; AVG, arteriovenous graft; BP, blood pressure; ACEIs,
angiotensin-converting enzyme inhibitors; ARBs, angiotensin receptor blockers.
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Relatie tussen shuntflow en overleving

Al-Ghonaim et al. CJASN 2008;3:387-391

Relation between Access Blood Flow and Mortality in
Chronic Hemodialysis Patients

Mohammed Al-Ghonaim,* Braden J. Manns,†‡ David J. Hirsch,§ Zhiwei Gao,*
Marcello Tonelli,*!¶ for the Alberta Kidney Disease Network
*Department of Medicine, University of Alberta, Edmonton, Canada, †Department of Medicine, University of Calgary,
Calgary, Canada, ‡Department of Community Health Sciences, University of Calgary, Calgary, Canada, §Department of
Medicine, Dalhousie University, Halifax, Canada, !Division of Critical Care Medicine, University of Alberta,
Edmonton, Canada, and ¶Institute of Health Economics, Edmonton, Alberta, Canada

Background: Access blood flow (Qa) measurement is a potentially important determinant of systemic hemodynamics in
hemodialysis patients. High Qa may contribute to left ventricular dilation and high output heart failure. On the other hand,
low Qa might lead to underdialysis, which is associated with adverse outcomes.

Methods: In this retrospective study of incident chronic hemodialysis patients treated in three Canadian cities (Edmonton,
Calgary, and Halifax), the hypothesis that extremes of Qa(low or high) would be associated with increased mortality was
tested. The distribution of Qa was not Gaussian, and therefore Qa was log-transformed in analyses that treated it as a
continuous variable. Qa was classified into categories defined by cutpoints of 500, 1000, 1500, and 2000 ml/min. Univariate and
multivariate Cox proportional hazard models were performed to examine the relation between Qa and all-cause mortality.
Patients were followed from the date of Qa measurement until death; follow-up was discontinued at loss to follow-up, kidney
transplantation, or end of study.

Results: Of 820 participants, those with lower levels of Qa tended to be older and to have more comorbidities. During the
median follow-up period of 28 mo, 206 (25.1%) participants died and 101 (12.3%) patients received a kidney transplant. When
only baseline measures of Qa were considered, there was significant association between Qa and mortality [hazard ratio (HR)
per unit increase in logQa 0.81, 95% confidence interval (CI) 0.67, 0.97; adjusted HR per unit increase in logQa 0.90, 95% CI
0.72, 1.11]. The adjusted risk of mortality was similar between the different categories of baseline Qa before and after
adjustment for demographic characteristics, comorbidity, and access type. In analyses that included all Qa measurements per
patient as a time-varying covariate, the adjusted association between Qa and death remained nonsignificant, with no evidence
of increased mortality at higher Qa (HR per unit increase in logQa 0.82, 95% CI 0.67, 1.01, P ! 0.066).

Conclusion: The findings of this study do not suggest an increased risk of death at higher levels of Qa, Further studies
would be needed to confirm an increased risk of death at lower Qa.

Clin J Am Soc Nephrol 3: 387-391, 2008. doi: 10.2215/CJN.03000707

M easurement of access blood flow (Qa) as a means to
detect access dysfunction has become common over
the past decade. Many dialysis programs now

screen arteriovenous fistula and synthetic grafts on a repetitive
basis, because observational studies have shown that low or
declining Qa predict subsequent access failure (1–4). Qa is
potentially affected by many factors, including systemic hemo-
dynamics (i.e. BP and cardiac output), the size and endothelial
function of the vessels supplying and draining the access, and
the presence of significant vascular stenosis. Therefore Qa
might theoretically serve as a marker of cardiovascular health
in dialysis patients (5–8) If true, this suggests that Qa could be
used to predict clinical outcomes in dialysis patients.

However, any association between Qa and survival might
not be straightforward. For instance, although low Qa might be
linked to adverse outcomes through poor cardiac status or (in
extreme cases) underdialysis (9), high Qa could also be prob-
lematic because it may contribute to left ventricular dilation
and high output heart failure (10–17) This is supported by the
observation that banding of high-flow arteriovenous fistulae ap-
parently reverses heart failure and its associated hemodynamic
changes (18–22). Because extremely high levels of Qa might there-
fore contribute to cardiovascular decompensation, regular echo-
cardiography has been recommended for such patients (15).

Thus, although both low and high Qa might lead to adverse
outcomes, no data exist to confirm this. We hypothesized that
extremes of Qa (low or high) would be associated with in-
creased mortality in hemodialysis patients.

Concise Methods
Participants

This was a retrospective cohort study of incident adult patients who
underwent chronic hemodialysis treatment in three Canadian cities
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Casus

• 3 jaar hemodialyse 
• Kortademig bij inspanning
• Gewichtstoename tussen dialyses: 4 kg
• Hb 5,6 mmol/l
• Shuntflow 2,5 l/min

Ja NeeVerwijst u deze patiënt voor een 
flow-reducerende ingreep? 
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Wat zou er aan de hand kunnen zijn?

1500 ml/min2000 ml/min

Voor de 
overige 

organen: 
3,5 l/min

5 l/min5+2 = 7 l/min

Hoe vaak komt high output hartfalen voor?

Chemla et al. Sem Dial 2007;20:68-72

Inflow reductie nodig bij 17/460 
patiënten (= 3,7% ) i.v.m. shuntflow 
>1,6 l/min; CO >5 liter en klachten 
passend bij hartfalen

75 patiënten met brachiocephale
fistel: bij 2,6% banding verricht 
i.v.m. hoge flow

Dixon et al. AJKD 2002;39:92-101

Risicofactoren voor high-output hartfalen 

• Reeds aanwezige hartziekte

• Hoge shuntflow: >25-30% van CO

• Brachiocephale fistel

• Man, anemie, overvulling

Effect van flow-reductie AV fistel

N=17 waarvan 15 brachiocephale
fistel; PTFE interpositie

Chemla et al. Sem Dial 2007;20:68-72

Shuntflow Cardiac output

voor na voor na

Casus

Niertransplantatie 
Kreatinine klaring 40 ml/min
Niet kortademig meer

Vraag: Shunt onderbinden? Ja Nee

Shuntflow 2 l/min
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Effect van onderbinden AV fistel na nier-Tx

Cardiac output daalt
Perifere weerstand stijgt
Bloeddruk stijgt enigszins

functioning AVF. Although the dilemma to keep or not to keep
a functioning AVF in KTRs after a successful KTx is ongoing,
very few studies have questioned the impact of AVF closure on
hard clinical outcomes, e.g. blood pressure (BP) control, heart
function or CKD progression [2]. In a prospective study includ-
ing 16 KTRs, the mean 24-h diastolic BP significantly increased
at 1 month after surgical AVF ligation, without systolic changes
[5]. Such an increase in diastolic BP correlated with the reduc-
tion of left ventricle (LV) mass. Similarly, an improvement in
LV hypertrophy after AVF ligation was reported in two pro-
spective studies including 20 and 17 KTRs with stable allograft
function [4, 6]. Conversely, the preservation of functional AVF
has been independently associated with an increased aortic
augmentation index [16]. Aortic augmentation and peripheral

pulse waveforms were noninvasively assessed using pulse wave
analysis. Therefore, on the basis of these observations, AVF
closure has been advised in KTRs with a well-functioning allo-
graft and persistent LV dilatation [6]. However, such a protect-
ive impact of AVF ligation on long-term cardiac function was
not confirmed in other prospective and retrospective trials in-
cluding 30 and 61 patients [9, 17]. Residual concentric LV re-
modelling, as well as increased diastolic BP, may indeed blunt
the putative cardioprotection. In addition, AVF blood flowmay
vary among patients, which in turn may lead to dissimilar im-
pacts on cardiac output and peripheral vascular resistance fol-
lowing AVF closure. Of note, the Vascular Access Society has

Table 1. Clinical characteristics

Whole
cohort

No AVF
(Group 0)

Closed AVF
(Group 1)

Left-open AVF
(Group 2)

P-values

ANOVA or χ² (1) versus (2)

n 285 90 114 81
Recipient
Age (years) 50.2 ± 14.3 48.5 ± 16.0 48.8 ± 13.0 54.2 ± 13.7 0.01 0.01
Gender (F/M) 118/167 50/40 40/74 28/53 0.36 0.88
BMI at KTx (kg/m2) 24.9 ± 4.7 24.4 ± 5.3 24.5 ± 4.8 25.9 ± 4.0 0.06 0.04

Donor
Age (years) 44.3 ± 14.5 42.5 ± 14.6 42.5 ± 14.8 48.1 ± 14.0 0.01 0.01
Gender (F/M) 125/160 40/50 49/65 36/45 0.97 0.89
BMI (kg/m2) 25.2 ± 6.9 24.6 ± 4.1 26.1 ± 12.9 25.0 ± 3.6 0.44 0.39
DBD/DCD/LD (%) 65/26/9 72/14/14 68/23/10 56/41/4 0.0004 0.01
ECD (%) 22 17 23 28 0.03 0.02

Transplant
CIT (min) 700 ± 333 653 ± 332 705 ± 340 743 ± 325 0.22 0.43
DGF (%) 18 13 16 26 0.07 0.08

eGFR at 3 months post-KTx (mL/min, MDRD) 56 ± 21 62 ± 29 57 ± 17 48 ± 18 0.001 0.01
eGFR slope (mL/min/month, MDRD) −0.143 ± 0.034 −0.183 ± 0.035 −0.081 ± 0.031 −0.164 ± 0.037 <0.05 0.09

Data are expressed as mean ± standard deviation. eGFR slopes are expressed as mean ± standard error.
BMI, body mass index; LD, living donor; DCD, donor after circulatory death; DBD, donor after brain death; ECD, expanded criteria donor; CIT, cold ischaemic time; DGF, delayed graft
function; eGFR, estimated glomerular filtration rate according to the Modification of Diet in Renal Disease (MDRD) formula; KTx, kidney transplantation.

F IGURE 1 : eGFR slopes of kidney transplant recipients based on the
status of their arteriovenous fistula (AVF). Groups 0, 1 and 2 include
kidney transplant recipients with no AVF (n = 90, black line), closed
AVF (n = 114, grey line) and left-open AVF (n = 81, dotted line), re-
spectively. The means of the MDRD eGFR per time point in each
group were exported and plotted against months after kidney trans-
plantation (KTx). The straight line corresponds to the linear mixed
model: MDRD eGFR = Slope ×Months post-KTx + Intercept.

F IGURE 2 : eGFR slopes of kidney transplant recipients before versus
after closure of the arteriovenous fistula (AVF). The means of the
MDRD eGFR per time point between −20 and +20 months with re-
spect to the time of AVF closure were exported and plotted against
time. The straight line that fits the data before AVF closure corresponds
to the formula: MDRD eGFR = 57.18 + 0.03853 ×Months, with
Months varying from −20 to 0. The straight line that fits the data after
AVF closure corresponds to the formula: MDRD eGFR = 57.57–
0.1595 ×Months, with Months varying from 0 to +20. The slopes are
significantly different from each other (P = 0.0299).

O
R
IG

IN
A
L
A
R
T
IC

L
E

AV F c l o s u r e n e g a t i v e l y i m p a c t s e G F R s l o p e 3

 at Rijksuniversiteit G
roningen on O

ctober 20, 2016
http://ndt.oxfordjournals.org/

D
ow

nloaded from
 

Nephrol Dial Transplant (2016) 0: 1–5
doi: 10.1093/ndt/gfw351

Original Article

The closure of arteriovenous fistula in kidney transplant recipients
is associated with an acceleration of kidney function decline
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ABSTRACT

Background. The creation of arteriovenous fistula (AVF) may
retard chronic kidney disease progression in the general popu-
lation. Conversely, the impact of AVF closure on renal function
in kidney transplant recipients (KTRs) remains unknown.
Methods. From 2007 to 2013, we retrospectively categorized
285 KTRs into three groups: no AVF (Group 0, n = 90), closed
AVF (Group 1, n = 114) and left-open AVF (Group 2, n = 81).
AVF closure occurred at 653 ± 441 days after kidney trans-
plantation (KTx), with a thrombosis:ligation ratio of 19:95.
Estimated glomerular filtration rate (eGFR) was determined
using the Modification of Diet in Renal Disease equation. Lin-
ear mixed models calculated the slope and intercept of eGFR
decline versus time, starting at 3 months post-KTx, with a
median follow-up of 1807 days (95% confidence interval
1665–2028).
Results. The eGFR slope was less in Group 1 (−0.081 mL/min/
month) compared with Group 0 (−0.183 mL/min/month; P =
0.03) or Group 2 (−0.164 mL/min/month; P = 0.09). Still, the
eGFR slope significantly deteriorated after (−0.159 mL/min/
month) versus before (0.038 mL/min/month) AVF closure (P
= 0.03). Study periods before versus after AVF closure were ba-
lanced to a mean of 13.5 and 12.5 months, respectively, with at
least 10 observations per patient (n = 99).

Conclusions. In conclusion, a significant acceleration of eGFR
decline is observed over the 12 months following the closure of
a functioning AVF in KTRs.

Keywords: arteriovenous fistula, GFR, graft function, kidney
transplantation, MDRD

INTRODUCTION

Arteriovenous fistula (AVF) is considered the best vascular ac-
cess for chronic haemodialysis in patients with end-stage renal
disease (ESRD) [1]. After kidney transplantation (KTx), the
AVF remains functional in most patients. There is limited lit-
erature regarding management of a functioning AVF, i.e. surgi-
cal ligation versus watchful preservation, in kidney transplant
recipients (KTRs) [2]. Vajdic et al. [3] retrospectively showed
that the persistence of a functional AVF at 1 year post-KTx
was associated with a lower estimated glomerular filtration
rate (eGFR) and an increased risk for graft loss. Additionally,
a cardioprotective impact of AVF closure has been reported
in a few prospective studies including a limited number of pa-
tients [4–6]. In contrast, others concluded that AVF persistence
for prolonged periods of time post-KTx had minor conse-
quences on cardiac morphology and function [7–9]. Hence,
on the basis of these controversial findings, AVF closure is

© The Author 2016. Published by Oxford University Press
on behalf of ERA-EDTA. All rights reserved.
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8.43! 1.46 l/min (range 5.7–10.0)] (Table 2 and
Figure 1). Seven of the 10 patients bore an upper
arm AVF. Thus, upper arm AVFs were associated with
an increased risk of high-output cardiac failure
(P< 0.04, !2 test). The ten patients with stage C (and
high-output) cardiac failure were significantly older
than the other patients (P< 0.01); in contrast, their
dialysis vintage and their AVF duration were non-
significantly different from that of patients without
cardiac failure (Table 2).

Coefficient of variation of Qa and CO between
subsequent measurements in 24 patients was 4.6
and 8.9%, respectively. A third-order polynomial

regression model best fitted the relationship between
Qa and CO (Figure 1). Also when splitting out the 96
patients between those with a lower arm AVF and
those with an upper arm AVF, a third-order poly-
nomial regression model best fitted the relationships
between Qa and CO (Figure 2). The ellipses in
Figures 1 and 2 encompass the 10 patients who were
classified as affected by stage C cardiac failure
(according to [10]) and by high-output cardiac failure
(according to [1]). The analysis of the regression
equation of Figure 1 identified 0.95 and 2.2 l/min as
Qa cut-off points. Actually, the regression curve
was graphically characterized by three slopes, the
latter being steeper than the first and the second,
which presented a plateau (Figure 1). The one-way

Table 2. Demographic, clinical and haemodynamic characteristics of
the 96 patients enrolled in the study according to the classification of
the American College of Cardiology/American Heart Association
task force [10]

Patients with stage A heart failure
[(no.(lower arm/upper arm)]

30 (28/2)

Patients with stage B heart failure
[(no.(lower arm/upper arm)]

56 (34/22)

Patients with stage C heart failure
[(no.(lower arm/upper arm)]

10 (3/7)"""

Patients with stage D heart failure
[(no.(lower arm/upper arm)]

0

Stage C
of heart
failure
(no. 10)

Stages A
and B of
heart
failure
(no. 86)

Mean age (years) 70.8! 8.3 62.0! 10.0"

Mean HD duration (months) 73.0! 43.0 56.5! 41.4""

Mean cardiac output (l/min) 8.4! 1.5 6.2! 1.1#

Mean Qa of AVFs (ml/min) 2.3! 0.3 1.0! 0.4#

Mean AVF duration (months) 39.0! 13.7 31.5! 21.4""

P< 0.01; ""P¼not significant; #P< 0.0001. Student’s t-test for
unpaired data was used.
P< 0.04. !2 test was used.
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Fig. 2. A third-order polynomial regression model best fitted the
relationships between vascular access flow and cardiac output,
respectively in lower arm AVFs (filled diamond, continuous line) and
upper arm AVFs (filled square, dotted line). The ellipse encompasses
10 patients who were classified as affected by stage C cardiac failure
(according to reference 10) and by high-output cardiac failure
(according to reference 1).

Table 1. Demographic, clinical and haemodynamic characteristics of
the 96 patients enrolled in the study subdivided by location of their
AVFs

Lower arm AVFs
(no. 65)

Upper arm AVFs
(no. 31)

Age (years) 59.6(9.4)/61 (37–72) 66.4 (11.0)/70
(44–82)

Gender (males) 53.1 55.3
Diabetes mellitus 13.5 16.1
Dialysis duration

(months)
56.4 (40.0)/42 (6–154) 60.0 (43.2)/50

(12–196)""

Qa of AVFs (l/min) 0.948 (0.428)/0.890
(0.280–2.0)

1.58 (0.553)/1.34
(0.760–2.8)"

Cardiopulmonary
output (CO, l/min)

5.6 (0.8)/5.8 (3.6–8.3) 6.9 (1.1)/6.8
(4–10)"

Cardiopulmonary
recirculation
(Qa/CO,%)

17 (5)/16 (4–27) 23(5)/23 (11–35)"

Continuous variables are expressed as mean (SD)/median (range)
while categorical data as percentages.
"P< 0.001; ""P¼ not significant (Student’s t-test for unpaired data).
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Fig. 1. A third-order polynomial regression model best fitted the
relationships between vascular access flow and cardiac output in the
96 patients. The ellipse encompasses 10 patients who were classified
as affected by stage C cardiac failure (according to reference 10) and
by high-output cardiac failure (according to reference 1).
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Gedachten ordening …

Conclusies

1. Een AV-fistel is te prefereren boven een CVC

2. Een AV fistel gaat gepaard met een hogere 
cardiac output en is een belasting voor het hart 

3. Een AV fistel heeft mogelijk ook gunstige effecten

4. High-output hartfalen bij hoge shuntflow komt 
voor maar is niet frequent; meestal spelen ook 
andere factoren een rol

5. Bij hoge shuntflow en tekenen van hartfalen: flow-
reducerende ingreep of opheffen shunt (na Tx)

6. Individualiseren !!!

Vragen?


