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Case history

The patient is 45 year-old African American female on maintenance
hemodialysis through an arterial-venous fistula (AVF) in the left
upper arm for the last 3 years. She came to Toledo Vascular Access
Center (TVAC) with infiltration and low urea reduction ratio (URR)
despite high blood flow through the fistula. On examination, she is
well nourished middle-aged female with blood pressure of 146/90
mm Hg, and a heart rate of 102 beats per minute. The ECG tracing
showed trigeminy but otherwise sinus rhythm. Doppler ultra-sound
of the shunt showed that she has left upper arm brachial-cephalic
AVF with fistula diameter of 2.5 cm near its origin and located at 2
mm depth from the skin surface. The Doppler ultra-sound showed that
the flow through the fistula is 3300 ml/min. The Nicoladoni-Branham
maneuver was positive (decrease in pulse rate from 104 to 77 BPM and
rise in the blood pressure to 157/100 mmHg) on exerting sustained
pressure on the arterial anastomosis of the AVF for 60 seconds. This
sign indicates that the AVF is producing cardiac volume overload [1].
Echocardiography revealed left ventricular dilation and hypertrophy
along with an estimated cardiac output of 7.3 L/min. She underwent
a fistulogram at the TVAC which showed a mega-fistula with relative
stenosis in the outflow vein at the cephalic arch levels and evidence of
pulmonary hypertension manifested by reflux of the contrast into the
internal jugular venous system on systole. She has cardiomegaly but
clear lung fields.

Discussion

We all know the ideal hemodialysis access is AVF which should
have just enough blood flow to maximize dialysis efficiency and at the
same time prevent thrombosis. The arbitrary guideline for blood flow
in a typical hemodialysis access is (600-1500 ml/min); a low blood flow
in the access is considered at (< 600ml/min) and a high flow in the
access if it exceeds (1500-400 ml/min) [2]. Arterial-venous fistula is
plagued with steal syndrome (SS), aneurysmal dilation with inherited
consequences of rupture and repeated episodes of high output heart
failure with enlargement of the heart chambers and eventually dilated
cardiomyopathy and pulmonary hypertensions [2-4].

High output cardiac failure is well known phenomenon of high
flow fistula (mega-fistula) in patients with end-stage renal disease on
hemodialysis (ESRD/HD) [5,6]. On the other hand, young dialysis
patients with upper arm AVF can tolerate high flow through the fistula
up to 4L/min without any ill effects even though these measurements
of access flow is usually performed at rest. We know that cardiac output
can double or triple during exercise and therefore the flow through the
access can reach as much as 12 L/min, this increase in cardiac output,
undoubtedly, causes ample exertion on the heart and eventually leads to
cardiac overload (1) with pulmonary hypertension which is a common
occurrence in patients with ESRD/HD [5,6].
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The proposed criteria for the definition of high-outflow AVF
(HOFAVF) are [7,8];

o Blood flow through the AVF >2.2 L/min

o Hypertrophied feeding artery with increased blood flow

e Cardiopulmonary recirculation >20%

o High output cardiac failure with cardiac output >4-8L/min

o Cardiac index >3 (ratio of cardiac output to body surface area)

Dilatation and enlargement of the draining vein of the fistula,
along with a flow of >2000 ml/min, and increased access pressure
are considered features of mega-fistula. For the development of large
aneurysmal dilation of the fistula, 2 factors are required; a) weakening
of the fistula wall by repeated cannulation during dialysis treatments.
B) Increased access pressure due to relative or absolute stenosis in the
outflow venous system and mismatching of inflow and outflow blood
through the fistula with inflow>outflow. This mismatch will eventually
lead to build up of the access pressure and together with weakened
access wall of the fistula will lead to aneurysmal dilatation and mega-fistula.

After creation of an AVF there is immediate decrease in the
peripheral vascular resistance which is compensated by an increased
cardiac output. Large AVF is associated with various deleterious
changes including subendocardial ischemia, diastolic dysfunction,
congestive heart failure, pulmonary hypertension, and finally dilated
cardiomyopathy. The hemodynamic effects of AVF can results in
activation of the sympathetic nervous system with increase heart rate,
stroke volume, and contractility of the heart. These changes lead to left
ventricular hypertrophy and eventually to dilation of the left ventricle.
Coronary perfusion on high-flow fistula cannot match the work of the
heart and results in subendocardial ischemia and fibrosis in the long
term [4,9-12].

One wonder why patients with high-flow fistula sometimes
presented with decreased clearance and low urea reduction ratio
(URR). High-flow AVF can presented with reduction in URR as the
main complaints on hemodialysis. To understand this phenomenon,
one must understand the cardio-pulmonary recirculation [13]. During
dialysis treatment, fistula flow returns a high percentage of cleaned
blood to the right heart and pulmonary circulation. With the next
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contraction of the heart, a percentage of the freshly cleaned blood
will be returned immediately to the fistula. This cleaned blood will
be entering the fistula and cleaned again. The portion of blood that
entered the fistula goes without significant urea clearance (already
cleaned of urea). This portion of cleaned blood is called recirculating
blood and amount to 30% of the cardiac stroke volume in an upper
arm fistula with a blood flow of >2 L/min. Therefore, a high fistula flow
will result in low dialysis clearance and low URR [12-15]. The low URR
is a testament to the presence of high-flow fistula in dialysis patients.
A simple test can help determine if a high-flow fistula is a stressor to
the heart or not. The Nicoladoni-Branham test can be done at the bed
side with pressure at the arterial anastomosis for 30-60 seconds to
occlude the blood flow to the fistula. The response to this maneuver
is decrease in the pulse rate and increase in the blood pressure, which
is due to normalization of the circulating blood flow by occluding the
fistula. Release of the pressure at the arterial anastomosis will result in
increasing the heart rate within 15 seconds [1].

Weakening of the wall of the fistula from repeated cannulation
and high pressure inside the fistula will results in the development of
aneurysms which may rupture with a calamitous consequence [16].
Decreasing the flow through the high-flow fistula will diminish the
pressure inside the fistula and reduce the wall stress. This process can
be achieved by Minimally Invasive Limited Ligation Endoluminal-
assisted Revision (MILLER) banding. This simple surgical procedure
which can be done in an out-patient setting would decrease the pressure
and wall stress inside the fistula by 60-80% and arrests the growth of the
aneurysms [17]. Upper arm fistulas {brachial-cephalic AVF (BCAVF)
and brachial-basilic (BBAVF)} can develop cephalic arch stenosis
(CAS) and central venous stenosis (CVS) respectively, due to inflow-
outflow mismatch [18-20]. Cephalic arch stenosis accounts for 19.5%
to 77% of all BCAVF failures (21, 22). Brachial-cephalic AVF is 37 times
more likely to have CAS than radial-cephalic AVF (RCAVF) [22,23].

BBAVF is also associated with high incidence of CVS compared
to RCAVF [24]. These relative stenoses in the fistulas (CAS and CVS)
are due to inflow-outflow blood mismatching. The high flow in the
fistula may be presented with arm swelling, cyanosis, and collateral
vein formation on the upper arm and chest. Previous central venous
catheters and cardiac device wires can exacerbate CVS [25,26]. The
inflow-outflow mismatch with high inflow compared to outflow
through the fistula results in building up of the pressure inside the
fistula which can be manifested as high venous pressure or prolonged
bleeding after the dialysis session. Applying a tourniquet around the
inflow during dialysis will decrease the inflow through the mega fistula
and can improve the clearance while waiting for MILLER banding
procedure for permanent solution. Flow reduction within the fistula
using MILLER banding procedure or surgical Revision Using Distal
Inflow (RUDI) technique can mitigate the symptoms of mega-fistula
and avert the heart and lung complications caused by high-blood flow
through these conduits.

In conclusion, the case under discussion, showed the presence of
relative CAS, pulmonary hypertension, and cardiomegaly with features
of congestive heart failure. These changes demand MILLER banding or
RUDI procedure instead of angioplasty of the cephalic arch which can
exacerbate post-dialysis bleeding and reduced clearance.

High flow AVF with high venous pressure, stenosis of the outflow
tracts (CAS or CVS) and low dialysis clearance with low URR needs
flow reduction rather than angioplasty of the outflow tract to tip the
balance of inflow-outflow to the normal ratio.
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