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High-output heart failure 
from arteriovenous dialysis access:
A structured approach to diagnosis 
and management
ABSTRACT

High-output heart failure can be a complication of having 
an arteriovenous fi stula (or graft) for hemodialysis access. 
This review details the pathophysiology, diagnosis, 
and management of this serious but underdiagnosed 
condition.

KEY POINTS
The diagnosis of arteriovenous high-output heart failure 
relies on strong clinical suspicion and should incorporate 
noninvasive methods such as transthoracic echocardi-
ography and color duplex ultrasonography of the access 
site before proceeding with right heart catheterization to 
confi rm the diagnosis. 

In patients with this condition, right heart catheterization 
will demonstrate a decrease in intracardiac fi lling pres-
sures and cardiac indices when the fi stula is temporarily 
occluded.

Defi nitive treatment includes either ligating or banding 
the fi stula. The decision requires a multidisciplinary 
approach involving specialists in cardiology, vascular 
surgery, and nephrology—and the patient.
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Arteriovenous high-output heart failure,
 a consequence of blood shunting through 

an arteriovenous fi stula created for hemodialysis 
access, is serious and underrecognized.

Middle-aged adults with moderately or 
severely reduced kidney function are at high 
risk of developing heart failure.1 In 2022, 
131,194 Americans with chronic kidney disease 
progressed to end-stage kidney disease, of whom 
82% started hemodialysis,2 and the prevalence 
of heart failure in this population was 25%.3 

Some of these patients with heart failure will 
have heart failure secondary to a high-output 
fi stula. Although this condition was reported 
as early as the 1960s,4 its exact incidence and 
prevalence are hard to estimate, as it lacks a 
universal defi nition or criteria. 

Arteriovenous high-output heart failure is 
likely underdiagnosed, as most clinicians are 
unaware of when to evaluate for it and are unfa-
miliar with how to evaluate for it. Untreated, 
arteriovenous high-output heart failure has a 
high mortality. In a series of 120 patients at 
Mayo Clinic who had high-output heart failure, 
the 3-year mortality rate was 38%.5 Thus, it 
needs to be recognized and treated promptly. 

This narrative review details the pathophysiol-
ogy, epidemiology, diagnosis, and management of 
arteriovenous high-output heart failure. Although 
we mostly talk about patients who have an arte-
riovenous fi stula, the same information applies to 
those who have a prosthetic arteriovenous graft.
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 ■ DUE TO BLOOD SHUNTING

Heart failure is a clinical syndrome that results from 
any structural or functional impairment in ventricular 
fi lling or ejection of blood at rest or with exertion.6 It 
is called high-output heart failure if the cardiac index 
is higher than 3.9 L/min/m2 or the cardiac output is 
higher than 8.0 L/min.7 The classifi cation of heart fail-
ure by output is different from the classifi cation system 
by ejection fraction (reduced, mildly reduced, and pre-
served). Most patients with arteriovenous high-output 
heart failure have a preserved ejection fraction.

Common causes of high-output heart failure and 
their mechanisms are listed in Table 1.5,7,8–12 

In arteriovenous high-output heart failure 
(Figure 1), the fi stula that was created for dialysis 
access allows blood to shunt from the arterial system 
to the lower-pressure venous system, resulting in 
increased right ventricular preload with compensa-
tory right ventricular hypertrophy and dilation.7 This 
increased right ventricular preload also increases left 
ventricular preload and stroke volume, which, along 
with decreased total peripheral resistance, results in 
increased cardiac output.7

TABLE 1
Common causes of high-output heart failure

Cause Mechanism

Obesity Vasoactive adipokines released from visceral adipose tissue lead to peripheral 
vasodilation, decreased systemic vascular resistance, and increased cardiac output 

Paracrine release of fatty acids from ectopic adipose tissue can result in direct 
lipotoxicity-mediated alterations in myocardial metabolism, leading to negative 
cardiac remodeling5

End-stage liver disease (cirrhosis) Systemic circulation of vasodilators from increased portal pressures results in 
splanchnic vasodilation and overall decreased systemic vascular resistance and 
increased cardiac output8

Arteriovenous shunting Connection to the lower-resistance venous system decreases both afterload and 
systemic vascular resistance while increasing venous return to the right and left 
ventricle, leading to increased cardiac output7

Hypercapnic lung disease (chronic obstructive 
pulmonary disease, connective tissue disease, 
bronchiectasis)

Long-standing hypercapnia-induced peripheral vasodilation results in decreased 
systemic vascular resistance, leading to increased cardiac output7

Sepsis (acute and long-standing) Interleukin 1, interleukin 6, and tumor necrosis factor–induced endocapillary leak and 
peripheral vasodilation decrease systemic vascular resistance, leading to increased 
cardiac output9

Anemia (severe) Increased renal nitric oxide production leads to peripheral vasodilation, lower 
systemic vascular resistance, and increased cardiac output9

Hyperthyroidism Increased thyroid hormone production causes increased cardiac contractility, 
increased heart rate, and decreased systemic vascular resistance, leading to increased 
cardiac output10

Pregnancy Peripartum increased stroke volume, chronotropy, and increased endothelial synthesis 
of vasodilating prostaglandins result in decreased systemic vascular resistance and 
increased cardiac output11

Vitamin B1 defi ciency, beriberi Vitamin B1 is a necessary cofactor for aerobic metabolism; severe defi ciency results 
in a switch to anaerobic metabolism, leading to a buildup of pyruvate and lactic acid, 
causing systemic vasodilation, decreased systemic vascular resistance, and increased 
cardiac output9

Myeloproliferative disease Poorly understood; proposed mechanisms include myeloproliferative neoplasm 
causing increased metabolism by malignant cells, extramedullary hematopoiesis, or 
anemia12
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Over time, increased preload can lead to left ven-
tricular hypertrophy with impaired diastolic fi lling, and 
later progress to left ventricular dilation with impaired 
systolic function.7,13 These changes can begin as soon 
as 3 to 14 days after the fi stula is created.13,14 Factors 
specifi c to chronic kidney disease such as hypertension, 
upregulation of profi brotic cytokines, and impaired 
iron utilization can also contribute to negative cardiac 
remodeling.15 

Although systemic vascular resistance is decreased, 
renovascular resistance is paradoxically increased, 
resulting in reduced renal blood fl ow and subsequent 
activation of the renin-angiotensin-aldosterone system, 

thus promoting inappropriate volume retention.7,13,14 

Over time, this volume retention and cardiac remod-
eling create a state of volume overload with ineffective 
circulating volume leading to symptomatic heart fail-
ure. If left untreated, this ineffective circulating volume 
can result in end-organ damage.

 ■ THE HIGHER THE FLOW, THE HIGHER THE RISK

The higher the rate of blood fl ow through the fi stula, 
the higher the risk of high-output heart failure.7,16 
Several factors affect the blood fl ow rate and the risk 
of heart failure.

Figure 1. Pathophysiology of arteriovenous high-output heart failure. Creation of arteriovenous access, 
with mixing of arterial and venous blood, leads to increased shunting into the lower-resistance venous sys-
tem, resulting in decreased cardiac afterload and increased venous return. These changes impact the right 
and left ventricles, contributing to the development of high-output heart failure. 

LV = left ventricle; RV = right ventricle

Arteriovenous access creation

Increased shunting to
low-resistance venous system

Decreased cardiac afterload Increased venous return

Increased LV volume
and dysfunction

RV dilation and 
failure

High-output heart failure

End-organ dysfunction

Increased LV volume Increased RV volume

Increased cardiac output Venous congestion
and volume overload
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Location. Fistulas placed more proximally, where 
the artery is bigger—4 to 6 mm in diameter or more—
have higher fl ow and are associated with higher risk.3,7 
Begin et al17 reported that in a series of 45 patients, 
24 to 28 weeks after fi stula creation the mean fl ow 
through brachiocephalic (proximal) fi stulas was 
1,285 mL/min, which was nearly twice as much as 
that through distal radiocephalic (distal) fi stulas 
(647 mL/min). 

Time. Arteriovenous fi stulas may continue to dilate 
over time, resulting in signifi cantly increased venous 
return. 

Existing structural heart disease, which is common 
in patients with end-stage kidney disease before they 
get their fi stula, is associated with higher risks of heart 
failure and death after starting hemodialysis. These 
changes include a mildly reduced to reduced left ven-
tricular ejection fraction (< 45%) and right ventricular 
dysfunction, both of which increase the risk of heart 
failure exacerbations and are associated with a nearly 
2-fold higher risk of death following arteriovenous fi stula 
creation.18,19 These structural changes are believed to 
further accelerate the pathophysiology of high-output 
heart failure.5,19 Importantly though, most patients with 
arteriovenous high-output heart failure have a preserved 
left ventricular ejection fraction, ie, 50% or higher. 

End-stage kidney disease itself also increases the 
risk of high-output heart failure through the mech-
anisms of hypertension, arteriosclerosis, and chronic 
anemia.5 

Comorbidities. Additionally, patients who have 
any of the comorbidities listed in Table 1 before get-
ting their fi stula are at higher risk of multifactorial 
high-output heart failure.

 ■ DIAGNOSIS: A STRUCTURED APPROACH

Although there are no validated risk-stratifi cation tools 
or algorithms for diagnosing and managing arteriove-
nous high-output heart failure, we propose an algorithm 
(Figure 2) that starts with noninvasive assessments and 
progresses to invasive testing only when indicated.

Noninvasive assessments fi rst
History. Patients present with typical symptoms 

of heart failure such as dyspnea, orthopnea, paroxys-
mal nocturnal dyspnea, decreased exercise tolerance, 
peripheral edema, and fatigue.6

The sequence of events—fi stula creation fi rst, then 
heart failure onset or worsening—is critical. Arteriove-
nous high-output heart failure should be strongly sus-
pected if heart failure newly arises or if admissions for 
decompensated heart failure increase after the fi stula 

is created and no other precipitating factor is evident, 
especially if the patient’s fi stula is high up in the arm.20 

How long after fi stula creation do symptoms arise? 
Information is mostly limited to case reports, but the 
onset may be dramatic and immediately follow the pro-
cedure, or occur more insidiously months to years later 
as the fl ow through the fi stula increases, concurrent with 
cardiac remodeling.3 There is no system for categorizing 
the time of onset of symptoms, but we propose calling 
it early if symptoms arise less than 6 weeks after the 
fi stula was created, intermediate if they arise 6 weeks to 
12 months later, and late if more than 12 months have 
passed. 

An additional clue could be a paradoxical worsening 
in heart failure symptoms with the use of guideline-
directed medical therapy—specifi cally, therapy aimed 
at decreasing cardiac afterload and lowering blood 
pressure, as these patients already have signifi cantly 
low systemic vascular resistance.

Physical examination. A knowledgeable and expe-
rienced health practitioner should regularly examine 
the access site to monitor for fl ow dysfunction, either 
high or low.20,21 On palpation, a thrill, pulsatility, and 
arteriovenous collapsibility are modestly sensitive signs 
(compared with ultrasonography as the gold standard) 
for detecting stenosis (ie, low fl ow) but not high fl ow 
through the fi stula.20,21 

Physical fi ndings that should raise suspicion for 
high-output heart failure include widened pulse pres-
sure, hyperdynamic precordium, a new systolic murmur 
(secondary to increased fl ow), and an abnormally large 
aneurysmal fi stula.20 However, no physical examination 
techniques have demonstrated reliable reproducibility 
for arteriovenous high-output heart failure surveillance. 

Molecular biomarkers are of uncertain utility
Many biomarkers have been studied for stratifying 
the risk of high-output heart failure in patients with 
arteriovenous fi stulas.

Brain natriuretic peptide (BNP) and N-terminal 
pro–brain natriuretic peptide (NT-proBNP) levels 
correlate with the risk of death in patients with end-
stage kidney disease,22 including those on hemodialy-
sis.23 Both increase after the fi stula is created, and they 
correlate with increased left ventricular diastolic dys-
function.13,24 NT-proBNP levels decrease after patients 
with end-stage kidney disease receive a kidney trans-
plant and subsequently have their fi stula ligated (see 
below).25,26 However, neither BNP nor NT-proBNP 
have consistently been found to correlate with cardiac 
output in patients with end-stage kidney disease, and 
therefore they have not been shown to predict the 
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onset of high-output heart failure.7,13 Additionally, both 
NT-proBNP and BNP are renally cleared, and their 
concentrations are directly affected by hemodialysis.23 

Atrial natriuretic peptide. Iwashima et al13 found 
atrial natriuretic peptide levels to be weakly associated 

with increased cardiac output following arteriovenous 
fi stula creation. However, no other studies have repro-
duced this fi nding. Further, the absolute values of both 
BNP and atrial natriuretic peptide and their percent 
increase after arteriovenous fi stula creation have not 

Figure 2. Algorithm for evaluating arteriovenous (AV) access–associated high-output heart failure (HOHF). 
The evaluation process begins with a high clinical suspicion. Initial assessment is with noninvasive modali-
ties, followed by invasive diagnostic techniques if noninvasive methods are inconclusive or to confi rm the 
diagnosis defi nitively.

Qa = vascular access blood fl ow; RSVP = right ventricular systolic pressure

Transthoracic echocardiogram

Findings consistent with AV HOHF:

•  RSVP ≥ 42 mm Hg
•  Cardiac index ≥ 3.54 L/min/m2

Diagnosis remains 
unclear or making 
defi nitive diagnosis

High clinical suspicion for AV access HOHF 

Treatment

Multidisciplinary meeting for intervention of AV access 
site, with consideration for

• AV access ligation 
•  AV access banding

Invasive evaluation

Noninvasive evaluation
Color Doppler ultrasonography
of AV access site

Findings consistent with AV HOHF:

•  Qa/m2 > 603 mL/min/m2.7

•  Qa/cardiac output ratio > 0.20
•  Qa > 2,000 mL/min

Evaluate for treatment
options in appropriate patient

Right heart catheterization

•  Obtain measurement with and without
  manual compression of AV access site

•  Demonstrate decreased cardiac fi lling pressures
  and cardiac indices with manual compression
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been consistently found to correlate with the blood fl ow 
rate through the fi stula, further limiting their role in 
high-output heart failure risk stratifi cation.7,27 

Cardiac troponins have demonstrated prognostic 
value in diagnosing myocardial steal syndrome after 
a fi stula is created, but not the onset of high-output 
heart failure.3,28

Newer biomarkers such as suppression of tumor-
igenicity 2, growth and differentiation factor 15, and 
galectin 3 have demonstrated associations with left ven-
tricular structural changes, heart failure exacerbations, 
and cardiovascular mortality in patients on hemodi-
alysis.5,7 However, testing for these biomarkers is not 
widely available, and they have not been assessed for 
correlation with the onset of high-output heart failure.

Transthoracic echocardiography for those 
with new, suspected, or worsening heart failure
Transthoracic echocardiography is recommended for 
all patients with new or suspected heart failure as well 
as those with established heart failure with worsening 
symptoms.6,29 

Patients with arteriovenous high-output heart fail-
ure can have nonspecifi c fi ndings corresponding to sys-
tolic dysfunction, including increased left ventricular 
end-diastolic diameter and volume, as well as reduced 
global longitudinal strain pattern.27,30 Transthoracic 
echocardiography can also show characteristics associ-
ated with diastolic dysfunction, including an elevated 
ratio of mitral infl ow velocity between diastole and 
atrial contraction.5 

Reddy et al,5 in a retrospective study of 120 patients 
with known high-output heart failure, found that a 
cardiac index 3.54 L/min/m2 or higher on transthoracic 
echocardiography had a sensitivity of 62% and spec-
ifi city of 96% for detecting high-output heart failure 
(area under the receiver operating curve [AUC] 0.85, 
P < .0001). They also found a Doppler-estimated right 
ventricular systolic pressure of 42 mm Hg or higher had 
a 92% sensitivity and 100% specifi city (AUC 0.97, 
P < .0001). However, these fi ndings can be present in 
heart failure of multiple etiologies, not just high-output 
heart failure, and should therefore only be used to fur-
ther support a suspicion of high-output heart failure 
in patients with a history and physical examination 
consistent with this diagnosis, but not by themselves 
to risk-stratify or diagnose this condition. 

Estimated systemic vascular resistance calculated 
from transthoracic echocardiography could serve as 
an independent predictive tool for identifying arte-
riovenous high-output heart failure.5 However, further 
studies are needed to validate its reproducibility.

Before performing transthoracic echocardiography, 
one should try to get the patient down to their dry 
weight (ie, their weight at the end of dialysis sessions) 
by removing fl uid using intermittent hemodialysis or 
diuretics. This is to minimize the impact of volume 
overload on cardiac output measurements, as patients 
with end-stage kidney disease with signifi cant volume 
overload may exhibit higher cardiac output attributable 
to the excess volume.31

Color duplex ultrasonography
to measure the fl ow through the fi stula
Measuring the rate of fl ow through the fi stula provides 
critical information about the site’s suitability for 
hemodialysis access as well as the risk of arteriovenous 
high-output heart failure. The blood fl ow rate should 
be greater than 500 or 600 mL/min for an arteriove-
nous access to be considered mature and adequate for 
hemodialysis.20,21 However, high fl ow rates have been 
consistently shown to increase the risk of high-output 
heart failure.3,16,30,32 

Color duplex ultrasonography is the most common 
and well-studied technique for measuring the fl ow.21,33 
It is widely available and relatively inexpensive.20,21 Its 
sensitivity is up to 91%, and its specifi city is up to 97% 
compared with fi stulography for detecting stenosis.34 On 
the negative side, scar tissue, calcifi cation, hematoma, 
and severe extremity edema can hinder its accuracy. It 
can also be limited by operator-dependence.20,21 

Arteriovenous fl ow can also be measured using 
magnetic resonance angiography, or indirectly during 
hemodialysis using ultrasonography dilution or ther-
modilution.21 The cost, limited availability, time 
required, and risk of adverse effects of each limits their 
practicality.

Unfortunately, after a fi stula has matured, there 
is no consensus on the role of routine surveillance of 
arteriovenous fl ow to prevent high-output heart failure. 

How much fl ow is too much? Multiple studies have 
tried to fi nd the threshold blood fl ow rate above which 
cardiac remodeling begins in patients without existing 
heart failure, or at which surveillance for high-output 
heart failure should begin. 

Saleh et al,30 in a study of 100 patients on dialysis 
without existing structural heart disease, found that a 
fl ow rate greater than 2,000 mL/min correlated with 
signifi cantly greater left ventricular dilation as mea-
sured by left ventricular end-diastolic diameter, left 
ventricular end-diastolic volume, and left ventricular 
mass. Higher fl ow has also been associated with right 
ventricular dilation and is an independent risk factor 
for impaired right ventricular function.14,35 
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The European Society for Vascular Surgery guide-
line says that a blood fl ow rate exceeding 1,500 mL/min 
warrants regular fl ow measurements and echocardiog-
raphy to monitor for signs of heart failure, but does 
not specify time intervals for each.21 The National 
Kidney Foundation’s guideline does not specify a fl ow 
rate warranting further surveillance.20

Similarly, there is no universally accepted blood fl ow 
rate threshold that results in high-output heart failure. 
Information about this possible threshold has previously 
been limited to case reports. Basile et al16 found a rate 
greater than 2,000 mL/min had a sensitivity of 89% 
and specifi city of 100% for predicting arteriovenous 
high-output heart failure (AUC 0.99). This fi nding 
was later supported by a study of patients without dia-
betes on hemodialysis that found signifi cantly greater 
prevalence of heart failure symptoms in patients with 
a vascular access fl ow rate greater than 2,000 mL/min 
(P < .05).36 

The ratio of arteriovenous access blood fl ow rate to 
cardiac output has also been used for risk stratifi cation 
of high-output heart failure.16,27,37 Historically, a ratio 
of 0.20 or 0.30 or greater has been used as a cutoff 
for high-output heart failure risk; however, this ratio 
was largely guided by case reports.19,38–40 Basile et al16 
found a ratio of 0.20 or greater had a 100% sensitivity 
and 74.7% specifi city for identifying high-output heart 
failure (AUC 0.92). 

More recently, the fl ow rate indexed to the patient’s 
height has been proposed as a better prognosticator for 
high-output heart failure than the fl ow rate alone. In a 
cohort of patients with end-stage kidney disease, all of 
whom had a vascular access blood fl ow rate greater than 
2,000 mL/min, only 60% of patients had heart failure 
symptoms.37 Within this subset, a fl ow rate indexed to 
height of 603 mL/min/m2.7 or greater demonstrated a 
sensitivity of 100%, specifi city 60%, positive predictive 
value 83%, and negative predictive value 100% for 
detecting high-output heart failure (AUC 0.75). 

Our recommendations. In view of the high mor-
tality rate associated with arteriovenous high-output 
heart failure, we believe invasive testing should be 
considered if the patient has any of the following:
• An arteriovenous access fl ow rate of 2,000 mL/min 

or greater, 
• A fl ow rate/cardiac output ratio of 0.20 or greater, 

or 
• A fl ow rate indexed to height of 603 mL/min/m2.7 

or greater.
Color duplex ultrasonography of the arteriovenous 

access should be done as soon as possible after trans-
thoracic echocardiography to prevent confounding 

interventions, such as volume removal, from affecting 
the patient’s hemodynamics in the interval.

 ■ INVASIVE ASSESSMENT:
RIGHT HEART CATHETERIZATION

Defi nitive diagnosis of arteriovenous high-output 
heart failure requires right heart catheterization, which 
should be considered only after all the noninvasive 
studies have been done and the fi ndings have suggested 
this diagnosis.

Initial measurements should be done without 
manipulating the arteriovenous fi stula. In a patient 
with arteriovenous high-output heart failure, they 
will show increased intracardiac pressures including 
pulmonary capillary wedge pressure, mean pulmonary 
artery pressure, and mean right atrial pressure; a low to 
normal systemic vascular resistance; and a high cardiac 
output and index.5,40 Then, the fi stula should be tem-
porarily occluded and the measurements repeated. 
Occlusion is commonly performed using an infl ated 
blood pressure cuff. 

The essential criterion for diagnosing high-output 
heart failure is reversibility of both the intracardiac 
pressures and cardiac indices with temporary occlu-
sion of the arteriovenous fi stula. This is particularly 
important when coexisting ischemia or valvopathy is 
present that can also be contributing to heart failure.39 
There are no established absolute values or percentage 
decreases from baseline of either the intracardiac fi lling 
pressures or cardiac output or index that establishes the 
diagnosis of high-output heart failure, however.

Compressing the fi stula can also elicit a decrease in 
heart rate and increase in blood pressure, commonly 
called the Nicoladoni-Israel-Branham sign. However, 
this phenomenon is neither sensitive nor specifi c for 
high-output heart failure.3 

A limitation of this procedure is that if the fi stula is 
really big it may be hard to occlude completely, leading to 
false-negative fi ndings. Another limitation is that some 
patients cannot tolerate lying fl at without shortness of 
breath or hypoxia. To overcome this, dialysis to remove 
volume may be necessary; however, this may lead to 
lower intracardiac fi lling pressures and cardiac indices, 
increasing the chance for false-negative diagnosis.

 ■ TREATMENT OPTIONS

Ligation
Defi nitive treatment of arteriovenous high-output 
heart failure involves removing the shunt pathway 
through ligation of the fi stula site. However, this leaves 
the patient without ready dialysis access and therefore 
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is only an acceptable option in those who have received 
a successful kidney transplant or are suitable candidates 
for peritoneal dialysis.

Retrospective studies and meta-analyses have shown 
improvements in cardiac remodeling, ejection fraction, 
and function after ligation.26 In a randomized controlled 
trial in patients with end-stage kidney disease who had 
received successful kidney transplants, those who had 
their fi stulas ligated had signifi cantly lower NT-proBNP 
levels and cardiac indices at follow-up compared with 
patients who did not, whose NT-proBNP levels went up 
and whose cardiac indices did not change (P < .001).32 

Improvements in heart-failure symptoms and qual-
ity of life following arteriovenous fi stula ligation have 
also been observed in case series and retrospective 
studies.25,40,41 In a retrospective cohort of 113 patients 
who successfully received kidney transplants, 29 (26%) 
had their fi stulas closed, mostly because of heart failure 
symptoms, and their symptoms and exercise capacity 
improved afterward.25 

Will prophylactic ligation prevent high-output heart 
failure? In a randomized controlled trial in 28 kidney 
transplant recipients with a fl ow rate greater than 
1,500 mL/min through their fi stulas, no patients in the 
ligation group developed high-output heart failure, 
while 5 of 13 (38.5%) of the nonligation group did.42 

Whether arteriovenous fi stula ligation in high-output 
heart failure decreases the mortality rate remains 
unclear.26,42 Studies have found lower 3-year all-cause 
mortality rates in patients who underwent fi stula ligation 
following kidney transplant than in their counterparts, 
but this difference was lost after adjustment for con-
founders.43 Additionally, the studies showing the benefi t 
of ligation included only patients who had undergone 
successful kidney transplantation or candidates for peri-
toneal dialysis. These restrictions limit the generaliz-
ability of ligation as a treatment for many patients with 
end-stage kidney disease who are not current candidates 
for either peritoneal dialysis or kidney transplantation. 

Also, an important consideration is that many 
transplant recipients experience fi stula failure and need 
to go back on dialysis: as many as 20% by 5 years after 
transplant, and 50% at 10 years—even as the number 
of patients on the renal transplant list also continues 
to grow.44,45 Many of these patients already have lim-
ited vascular access, so the decision to ligate must be 
multidisciplinary and shared between the cardiologist, 
nephrologist, vascular surgeon, and patient.

Banding
This procedure offers an alternative to ligation for 
managing arteriovenous high-output heart failure. It 

involves surgical dissection down to the fi stula and 
applying bands at various points along its length.28,46 

The bands reduce the radius of the fi stula, thereby 
increasing resistance and decreasing the fl ow. A 
study in 50 patients demonstrated more than a 
50% reduction in fl ow following banding, from 3,070 ± 
95 mL/min before to 1,490 ± 105 mL/min immediately 
after (P < .001).47 

Several banding techniques exist,28,47,48 including 
precision banding with ultrasonography guidance and 
the minimally invasive limited ligation endoluminal-
assisted revision (MILLER) procedure. In 12 patients 
with arteriovenous high-output heart failure and 
average arteriovenous fi stula fl ow of 2,280 mL/min, 
precision banding resulted in an average reduction of 
fl ow of 70% or more, with an improvement in heart 
failure symptoms in all patients of the cohort.28 Simi-
larly, in 183 patients with symptomatic heart failure and 
high arteriovenous fi stula fl ow, the MILLER procedure 
resulted in complete relief of heart failure symptoms 
and improved functional capacity in all patients at an 
average follow-up time of 11 months following band 
placement.48 

Despite these improvements, the overall long-term 
success rates of banding remain low, with high-fl ow 
recurrence rates as high as 52% within months of the 
procedure.46,47 Other complications reported with band-
ing include stenosis resulting in inadequate fl ow for 
hemodialysis access, thrombosis, limb ischemia, distal 
aneurysms, and infections.47,48 As with ligation, the 
decision to perform banding requires a multispecialty 
meeting with shared consensus between clinicians and 
patient.

External stenting
Stenting to reduce vascular access fl ow is a novel 
method for managing arteriovenous high-output heart 
failure. However, this technique has shown inconsis-
tent long-term success.49

 ■ PROMPT DIAGNOSIS NEEDED

High-output heart failure remains an underrecog-
nized but serious complication of arteriovenous 
access for hemodialysis. Its diagnosis requires a 
high clinical suspicion and should involve measur-
ing the blood fl ow through the arteriovenous fi stula 
followed by right heart catheterization to confi rm 
the diagnosis. The high mortality rate and para-
doxical worsening with conventional heart failure 
guideline-directed medical therapy mandate early 
and prompt diagnosis. ■

 on July 14, 2025. For personal use only. All other uses require permission.www.ccjm.orgDownloaded from 

http://www.ccjm.org/


370 CLEVELAND CLINIC JOURNAL OF MEDICINE  VOLUME 92  • NUMBER 6  JUNE 2025

HIGH-OUTPUT HEART FAILURE

 ■ DISCLOSURES
Dr. Ghobrial has disclosed consulting for Edwards Lifesciences, Medtronic, 
and W.L. Gore & Associates. Dr. Hanna has disclosed serving as an advisor 
or review panel participant for Akcea Therapeutics, Alexion, Alnylam, 
Eidos Therapeutics, and Pfi zer and consulting for Novo Nordisk. Dr. Finet 
has disclosed being an advisor or review panel participant for the Amer-
ican Board of Internal Medicine Advanced Heart Failure and Transplant 
Cardiology Board Examination and Wolters-Kluwer. The other authors 
report no relevant fi nancial relationships which, in the context of their 
contributions, could be perceived as a potential confl ict of interest.

 ■ REFERENCES
1. Kottgen A, Russell SD, Loehr LR, et al. Reduced kidney function as 

a risk factor for incident heart failure: the Atherosclerosis Risk in 
Communities (ARIC) study. J Am Soc Nephrol 2007; 18(4):1307–1315. 
doi:10.1681/ASN.2006101159 

2. United States Renal Data System. 2024 Annual Data Report. End stage 
renal disease: Chapter 1. Incidence, prevalence, patient characteris-
tics, and treatment modalities. https://usrds-adr.niddk.nih.gov/2024/
end-stage-renal-disease/1-incidence-prevalence-patient-characteris-
tics-and-treatment-modalities. Accessed May 16, 2025. 

3. Aala A, Sharif S, Parikh L, Gordon PC, Hu SL. High-output cardiac 
failure and coronary steal with an arteriovenous fi stula. Am J 
Kidney Dis 2018; 71(6):896–903. doi:10.1053/j.ajkd.2017.10.012

4. Brescia MJ, Cimino JE, Appel K, Hurwich BJ. Chronic hemodialysis us-
ing venipuncture and a surgically created arteriovenous fi stula. N Engl 
J Med 1966; 275(20):1089–1092. doi:10.1056/NEJM196611172752002

5. Reddy YNV, Melenovsky V, Redfi eld MM, Nishimura RA, Borlaug 
BA. High-output heart failure: a 15-year experience. J Am Coll 
Cardiol 2016; 68(5):473–482. doi:10.1016/j.jacc.2016.05.043

6. Heidenreich PA, Bozkurt B, Aguilar D, et al. 2022 AHA/ACC/HFSA 
guideline for the management of heart failure: a report of the 
American College of Cardiology/American Heart Association Joint 
Committee on Clinical Practice Guidelines [published correction 
appears in Circulation 2022; 145(18):e1033] [published correction 
appears in Circulation 2022; 146(13):e185] [published correction 
appears in Circulation 2023; 147(14):e674]. Circulation 2022; 
145(18):e895–e1032. doi:10.1161/CIR.0000000000001063

7. Zahra SA, Choudhury RY, Basharat K, et al. Translational sciences in 
cardiac failure secondary to arteriovenous fi stula in hemodialysis pa-
tients. Ann Vasc Surg 2021; 74:431–449. doi:10.1016/j.avsg.2021.01.071

8. Møller S, Henriksen JH. Cirrhotic cardiomyopathy. J Hepatol 2010; 
53(1):179–190. doi:10.1016/j.jhep.2010.02.023

9. Mehta PA, Dubrey SW. High output heart failure. QJM 2009; 
102(4):235–241. doi:10.1093/qjmed/hcn147

10. Osuna PM, Udovcic M, Sharma MD. Hyperthyroidism and the heart. 
Methodist Debakey Cardiovasc J 2017; 13(2):60–63.
doi:10.14797/mdcj-13-2-60

11. Rizi S, Wiens E, Hunt J, Ducas R. Cardiac physiology and pathophysi-
ology in pregnancy. Can J Physiol Pharmacol 2024; 102(10):552–571. 
doi:10.1139/cjpp-2024-0010

12. Leiva O, Hobbs G, Ravid K, Libby P. Cardiovascular disease in my-
eloproliferative neoplasms: JACC: CardioOncology state-of-the-art 
review. JACC CardioOncol 2022; 4(2):166–182. Published June 21, 
2022. doi:10.1016/j.jaccao.2022.04.002

13. Iwashima Y, Horio T, Takami Y, et al. Effects of the creation of 
arteriovenous fi stula for hemodialysis on cardiac function and na-
triuretic peptide levels in CRF. Am J Kidney Dis 2002; 40(5):974–982. 
doi:10.1053/ajkd.2002.36329

14. Reddy YNV, Obokata M, Dean PG, Melenovsky V, Nath KA, Borlaug 
BA. Long-term cardiovascular changes following creation of arterio-
venous fi stula in patients with end stage renal disease. Eur Heart J 
2017; 38(24):1913–1923. doi:10.1093/eurheartj/ehx045

15. House AA, Wanner C, Sarnak MJ, et al. Heart failure in chronic 
kidney disease: conclusions from a kidney disease: improving global 
outcomes (KDIGO) controversies conference. Kidney Int 2019; 
95(6):1304–1317. doi:10.1016/j.kint.2019.02.022

16. Basile C, Lomonte C, Vernaglione L, Casucci F, Antonelli M, Losurdo 
N. The relationship between the fl ow of arteriovenous fi stula and 
cardiac output in haemodialysis patients. Nephrol Dial Transplant 
2008; 23(1):282–287. doi:10.1093/ndt/gfm549

17. Begin V, Ethier J, Dumont M, Leblanc M. Prospective evaluation 
of the intra-access fl ow of recently created native arteriovenous 
fi stulae. Am J Kidney Dis 2002; 40(6):1277–1282.
doi:10.1053/ajkd.2002.36898

18. Hickson LJ, Negrotto SM, Onuigbo M, et al. Echocardiography 
criteria for structural heart disease in patients with end-stage renal 
disease initiating hemodialysis. J Am Coll Cardiol 2016; 67(10):
1173–1182. doi:10.1016/j.jacc.2015.12.052

19. Alkhouli M, Sandhu P, Boobes K, Hatahet K, Raza F, Boobes Y. 
Cardiac complications of arteriovenous fi stulas in patients with end-
stage renal disease. Nefrologia 2015; 35(3):234–245.
doi:10.1016/j.nefro.2015.03.001

20. Lok CE, Huber TS, Lee T, et al. KDOQI clinical practice guideline for 
vascular access: 2019 update [published correction appears in Am J 
Kidney Dis 2021; 77(4):551]. Am J Kidney Dis 2020; 75(4 suppl 2):
S1–S164. doi:10.1053/j.ajkd.2019.12.001

21. Schmidli J, Widmer MK, Basile C, et al. Editor’s choice—vascular 
access: 2018 clinical practice guidelines of the European Society for 
Vascular Surgery (ESVS). Eur J Vasc Endovasc Surg 2018; 55(6):
757–818. doi:10.1016/j.ejvs.2018.02.001

22. Sharma R, Gaze DC, Pellerin D, et al. Raised plasma N-terminal 
pro-B-type natriuretic peptide concentrations predict mortality and 
cardiac disease in end-stage renal disease. Heart 2006; 92(10):
1518–1519. doi:10.1136/hrt.2005.082313

23. Madsen LH, Ladefoged S, Corell P, et al. N-terminal pro brain 
natriuretic peptide predicts mortality in patients with end-stage 
renal disease in hemodialysis. Kidney Int 2007; 71(6):548–554. 
doi:10.1038/sj.ki.5002087

24. Helal I, Belhadj R, Mohseni A, et al. Clinical signifi cance of N-terminal 
pro-B-type natriuretic peptide (NT-proBNP) in hemodialysis patients. 
Saudi J Kidney Dis Transpl 2010; 21(2):262–268. pmid:20228511

25. Schier T, Göbel G, Bösmüller C, Gruber I, Tiefenthaler M. Incidence 
of arteriovenous fi stula closure due to high-output cardiac failure 
in kidney-transplanted patients. Clin Transplant 2013; 27(6):
858–865. doi:10.1111/ctr.12248

26. Yasir MB, Man RK, Gogikar A, et al. A systematic review explor-
ing the impact of arteriovenous fi stula ligature on high-output 
heart failure in renal transplant recipients. Ann Vasc Surg 2024; 
100:67–80. doi:10.1016/j.avsg.2023.10.010

27. Blanchard V, Courtellemont C, Cariou E, et al. Cardiac impact of 
arteriovenous fi stulas: what tools to assess? Heart Vessels 2020; 
35(11):1583–1593. doi:10.1007/s00380-020-01630-z

28. Gkotsis G, Jennings WC, Malik J, Mallios A, Taubman K. Treatment 
of high fl ow arteriovenous fi stulas after successful renal transplant 
using a simple precision banding technique. Ann Vasc Surg 2016; 
31:85–90. doi:10.1016/j.avsg.2015.08.012

29. McDonagh TA, Metra M, Adamo M, et al. 2021 ESC guidelines for 
the diagnosis and treatment of acute and chronic heart failure 
[published correction appears in Eur Heart J 2021; 42(48):4901]. Eur 
Heart J 2021; 42(36):3599–3726. doi:10.1093/eurheartj/ehab368

30. Saleh MA, El Kilany WM, Keddis VW, El Said TW. Effect of high fl ow 
arteriovenous fi stula on cardiac function in hemodialysis patients. 
Egypt Heart J 2018; 70(4):337–341. doi:10.1016/j.ehj.2018.10.007

31. Malik J, Valerianova A, Pesickova SS, et al. Heart failure with 
preserved ejection fraction is the most frequent but commonly 
overlooked phenotype in patients on chronic hemodialysis. Front 
Cardiovasc Med 2023; 10:1130618. doi:10.3389/fcvm.2023.1130618

32. Rao NN, Stokes MB, Rajwani A, et al. Effects of arteriovenous fi s-
tula ligation on cardiac structure and function in kidney transplant 
recipients. Circulation 2019; 139(25):2809–2818.
doi:10.1161/CIRCULATIONAHA.118.038505

33. Saati A, Puffenberger D, Kirksey L, Fendrikova-Mahlay N. The role 
of hemodialysis access duplex ultrasound for evaluation of patency 
and access surveillance. Cardiovasc Diagn Ther 2023; 13(1):190–195. 
doi:10.21037/cdt-22-129

 on July 14, 2025. For personal use only. All other uses require permission.www.ccjm.orgDownloaded from 

http://www.ccjm.org/


CLEVELAND CLINIC JOURNAL OF MEDICINE  VOLUME 92  • NUMBER 6  JUNE 2025 371

VOLK AND COLLEAGUES

34. Doelman C, Duijm LE, Liem YS, et al. Stenosis detection in failing 
hemodialysis access fi stulas and grafts: comparison of color Doppler 
ultrasonography, contrast-enhanced magnetic resonance angi-
ography, and digital subtraction angiography. J Vasc Surg 2005; 
42(4):739–746. doi:10.1016/j.jvs.2005.06.006

35. Yilmaz S, Yetim M, Yilmaz BK, et al. High hemodialysis vascular 
access fl ow and impaired right ventricular function in chronic 
hemodialysis patients. Indian J Nephrol 2016; 26(5):352–356. 
doi:10.4103/0971-4065.164232

36. Ye WL, Fang LG, Ma J, Li XM. Long-term effects of arteriovenous fi s-
tula on cardiac structure and function in non-diabetic hemodialysis 
patients [in Chinese]. Zhongguo Yi Xue Ke Xue Yuan Xue Bao 2013; 
35(1):95–101. doi:10.3881/j.issn.1000-503X.2013.01.018

37. Zamboli P, Lucà S, Borrelli S, et al. High-fl ow arteriovenous fi stula and
heart failure: could the indexation of blood fl ow rate and echocardi-
ography have a role in the identifi cation of patients at higher risk? J 
Nephrol 2018; 31(6):975–983. doi:10.1007/s40620-018-0472-8

38. MacRae JM, Pandeya S, Humen DP, Krivitski N, Lindsay RM. Arte-
riovenous fi stula-associated high-output cardiac failure: a review of 
mechanisms. Am J Kidney Dis 2004; 43(5):e17–e22.
doi:10.1053/j.ajkd.2004.01.016

39. Sequeira A, Tan TW. Complications of a high-fl ow access and its 
management. Semin Dial 2015; 28(5):533–543. doi:10.1111/sdi.12366

40. Singh S, Elramah M, Allana SS, et al. A case series of real-time 
hemodynamic assessment of high output heart failure as a compli-
cation of arteriovenous access in dialysis patients. Semin Dial 2014; 
27(6):633–638. doi:10.1111/sdi.12241

41. Raza F, Alkhouli M, Rogers F, Vaidya A, Forfi a P. Case series of 5 
patients with end-stage renal disease with reversible dyspnea, heart 
failure, and pulmonary hypertension related to arteriovenous dialy-
sis access. Pulm Circ 2015; 5(2):398–406. doi:10.1086/681266

42. Hetz P, Pirklbauer M, Müller S, Posch L, Gummerer M, Tiefenthaler 
M. Prophylactic ligature of AV fi stula prevents high output heart 
failure after kidney transplantation. Am J Nephrol 2020; 51(7):
511–519. doi:10.1159/000508957

43. Hicks CW, Bae S, Pozo ME, et al. Practice patterns in arteriovenous 

fi stula ligation among kidney transplant recipients in the United 
States renal data systems. J Vasc Surg 2019; 70(3):842–852.e1. 
doi:10.1016/j.jvs.2018.11.048

44. Johansen KL, Chertow GM, Foley RN, et al. US renal data sys-

tem 2020 annual data report: epidemiology of kidney disease 
in the United States. Am J Kidney Dis 2021; 77(4 suppl 1):A7–A8. 
doi:10.1053/j.ajkd.2021.01.002

45. Slominska AM, Kinsella EA, El-Wazze S, et al. Losing much more 

than a transplant: a qualitative study of kidney transplant recipi-
ents’ experiences of graft failure. Kidney Int Rep 2024; 9(10):
2937–2945. doi:10.1016/j.ekir.2024.07.011

46. Soo Hoo AJ, Scully RE, Sharma G, et al. Contemporary outcomes of 
precision banding for high fl ow hemodialysis access. J Vasc Access 

2023; 24(6):1260–1267. doi:10.1177/11297298221076581
47. Vaes RH, Wouda R, van Loon M, van Hoek F, Tordoir JH, Scheltinga 

MR. Effectiveness of surgical banding for high fl ow in brachi-
al artery-based hemodialysis vascular access. J Vasc Surg 2015; 

61(3):762–766. doi:10.1016/j.jvs.2014.09.034
48. Miller GA, Goel N, Friedman A, et al. The MILLER banding proce-

dure is an effective method for treating dialysis-associated steal
syndrome. Kidney Int 2010; 77(4):359–366.

doi:10.1038/ki.2009.461
49. Matoussevitch V, Kalmykov E, Shahverdyan R. Novel external 

stenting for reconstruction of high fl ow arteriovenous fi stula. J Vasc 
Access 2022; 23(6):864–870.

doi:10.1177/11297298211015508

Address: Heba Wassif, MD, MPH, Department of Cardiovascular Medi-
cine, J3-4, Cleveland Clinic, 9500 Euclid Avenue, Cleveland, OH 44195; 
wassifh@ccf.org

 on July 14, 2025. For personal use only. All other uses require permission.www.ccjm.orgDownloaded from 

http://www.ccjm.org/

