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A
ccording to the National Institute of 
Diabetes and Digestive and Kidney 
Diseases, approximately 468,000 
persons in the United States are on 

dialysis—a number that continues to grow 
annually.1 The 1-year rate for hemorrhagic 
complications from arteriovenous fistulas 
(AVFs) is estimated to be 0.4%.2 One study 
by Ellingson et al3 reported 1,654 deaths 
secondary to fatal vascular access hemor-
rhage over a 6-year period, accounting for 
0.4% of all deaths of hemodialysis (HD) 
patients in that study.3 

Nonhemorrhagic vascular access-related 
complications also contribute to the mor-
bidity and mortality associated with AVFs 
and arteriovenous grafts (AVGs). Venous 
stenosis resulting in thrombosis has been 
estimated to occur in 24.7% of AVGs and 
9.0% of AVFs, both of which are common 
causes of access failure. 

Infection is reported to be the second 
leading cause of death in dialysis patients, 
and vascular access-related infection rates 

are reported to occur in 9.5% of AVGs 
vs 0.4% to 0.9% of AVFs.2,4 Pseudoaneu-
rysms and aneurysms range from 30% to 
60% for AVFs,2,5 and contribute to morbid-
ity by limiting available areas to cannulate 
for dialysis, occasionally requiring surgi-
cal revision to restore access function or 
prevent access rupture. 

Steal phenomena, including dialysis  
access-induced steal syndrome (DASS) 
and ischemic monomelic neuropathy, as 
well as heart failure secondary to high out-
put are additional contributors to morbid-
ity and mortality.

With the growing rate of end-stage renal 
disease (ESRD) in the United States and 
the contribution to morbidity and mortal-
ity by bleeding and other complications, it 
is essential to understand how to evaluate 
and treat these patients in the ED. This ar-
ticle reviews the evaluation and treatment 
of vascular access emergencies, as well as 
risk factors that contribute to complica-
tions in the ESRD patient population. 

The authors discuss evaluation and treatment of vascular 
access-related hemorrhage and nonhemorrhagic vascular 
access-related complications, along with the risk factors 
contributing to the increased bleeding in patients  
with end-stage renal disease.
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Hemorrhagic Complications  
of Vascular Access
Risk Factors 
Many patients with ESRD have multiple 
comorbidities such as coronary artery 
disease and atrial fibrillation that require 
anticoagulation, antiplatelet medications, 
or both. Studies have shown that ESRD 
patients taking warfarin have an increase 
in major bleeding episodes of 3.1% per 
person-year and 4.4% per person-year for 
those taking aspirin alone, while those tak-
ing both medications have an increased 
bleeding risk of 6.3% per person-year.6 A 
recent systematic review by Elliott et al7 
has suggested a 2-fold increase in bleeding 
rates in HD patients anticoagulated with 
warfarin as compared to HD patients not 
on warfarin. 

While uremia secondary to chronic kid-
ney disease (CKD) is a well-known facilita-
tor of bleeding complications, the underly-
ing pathophysiology is not yet completely 
delineated. However, there are some gen-
eral underlying principles that may help 
in understanding the best treatment mo-
dalities available at this time. As the kid-
neys fail, uremic toxins accumulate in the 
bloodstream. These toxins include urea, 
creatinine, and phenolic acids, which are 
believed to interfere with primary hemo-
stasis by effecting platelet adherence to en-
dothelium, platelet activation, and aggrega-
tion.8 Functional defects are created in the 
interactions between the glycoprotein Ib 
(GPIb) receptor and von Willebrand factor 
(vWF), which are essential to endothelial 
adhesion of platelets.9 Additionally, these 
toxins impair the up regulation of the GPI-
IbIIIa receptor which is integral to platelet 
aggregation.10 Platelet activation normally 
leads to platelet aggregation by increasing 
production of thromboxane A2 (TXA2) 
and serotonin that are released from stor-
age granules.10 Some toxins may increase 
nitric oxide (NO) synthesis, effectively re-
ducing aggregation by decreasing TXA2 

and adenosine diphosphate (ADP) levels.11 

In addition, elevated levels of fibrinogen 
fragments have also recently been shown to 
inhibit platelet function by competing with 
fibrinogen for the GPIIbIIIa receptor with 
decreasing levels demonstrated after HD.12

Finally, increased pressure in the venous 
outflow segment also increases persistent 
bleeding from puncture sites. These pres-
sures may be exaggerated secondary to 
venous thrombosis, venous stenosis, pseu-
doaneurysm, aneurysm, or infection.13 The 
following sections further describe the 
evaluation and treatment of these compli-
cations.

Clinical Presentation
Patients presenting with bleeding from 
the vascular access site may present with 
slow continuous oozing from the needle 
puncture-site itself or with life-threaten-
ing hemorrhage secondary to AVF or AVG 
rupture.14 The incidence of vascular ac-
cess rupture is unknown, but it appears 
the majority of ruptures occur in patients 
with AVG vs AVF.3 However, several case 
reports have also described hemorrhagic 
complications of AVF ruptures.15-17 The 
risk of rupture may be associated with the 
development of aneurysms or pseudoan-
euryms.18 Possible impending perforation 
may be signaled by skin thinning or a shiny 
appearance overlying the aneurysm, or 
evidence of infection overlying the access 
site.3 Many patients were shown to have 
complications such as stenosis, thrombo-
sis, or infection within 6 months prior to 
rupture.3 Education of patients is also im-
portant as most hemorrhages occur prior to 
hospital arrival.3,19 

Evaluation in the ED
As with any patient presenting to the ED, 
the initial evaluation of an unstable patient 
experiencing bleeding from a vascular ac-
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cess site includes assessing the airway, 
breathing, and circulation as a first prior-
ity—paying special attention to the area 
of bleeding while simultaneously prepar-
ing for possible intervention. It is also im-
portant to determine when the patient last 
underwent dialysis and if he or she was 
able to complete HD. This information 
will identify patients who are candidates 
for reversing the heparin load likely given 
during dialysis. 

It is also important to note that some pa-
tients undergoing HD who have already 
been identified as having an increased risk 
of bleeding may not receive heparin or 
may undergo local heparinization, mini-
mal heparinization, or regional citrate anti-
coagulation during dialysis, in which case 
protamine is not indicated.14 The emergen-
cy physician (EP) must also determine if 
the patient is on any antiplatelet or antico-
agulation agents. 

The vascular access site should be in-
spected for evidence of aneurysmal chang-
es, infection, and skin thinning as these 
factors increase the risk of bleeding and 
vascular rupture. Additionally ausculta-
tion and palpation of the vascular access 
site should be performed to evaluate for 
other potential complications such as ste-
nosis and thrombosis. Lastly, the EP should 
anticipate the patient’s need for HD in the 
setting of a potentially unavailable AVG or 
AVF to determine whether the patient may 
need an alternative access.

Treatment and Management 
The primary responsibility during the 
initial treatment of a bleeding access site 
is to stop further blood loss by utilizing 
methods that employ direct pressure or, 
in extreme cases, application of a tourni-
quet, followed by other interventions such 
as fluid and blood-product resuscitation; 
coagulopathy reversal; consideration of 
desmopressin, cryoprecipitate, tranexamic 
acid (TXA); HD; and vascular repair. 

Control of a bleeding dialysis access-site 
is a balancing act of adequately controlling 

the bleeding while maintaining the integ-
rity of the fistula. Overly aggressive man-
agement may cause thrombosis in the vas-
cular access site, which is associated with 
morbidity—eg, site revisions, potential for 
the need to create a new access site. On 
the opposite end of the spectrum, failing 
to adequately control bleeding can lead to 
significant anemia ranging from minimal 
symptoms to hemodynamic compromise 
and death. The Table provides a summary 
of the general approach to patient hemor-
rhaging from a vascular access.  

Table. Approach to Vascular Access Emergencies  
in the Dialysis Patient

1. Assess the patient for immediate need of hemorrhage source  
control as well as airway, breathing, and circulation.
•  Apply direct pressure in conjunction with topical hemostatic.
•  Consider tourniquet application if bleeding is severe.
•  Discern whether the patient was recently given heparin for 

hemodialysis (HD) or is on a reversible anticoagulation agent.

2. If the patient is hemodynamically unstable:
•  Begin with blood products resuscitation, and consider activating the 

massive transfusion protocol.
•  Apply tourniquets above and below vascular access if hemorrhage 

is not controlled. This should be followed by attempt to suture any 
defect with goal of tourniquet release.

•  Immediate consult with vascular surgery services. 

3. If the patient is hemodynamically stable and bleeding is moderate:
•  Consider placing a figure-8 suture; correct anemia to a goal  

hematocrit of 30%; and administering desmopressin. 
•  If all other interventions have failed, consider administering 

cryoprecipitate or tranexamic acid.
•  Consider arranging for dialysis when the patient is due for HD; HD 

may facilitate prolonged hemostasis. 

4. If the patient requires HD, or if the vascular access is deemed to be 
no longer functional, consider placing a temporary HD catheter.

5. Assess the need for immediate dialysis with blood chemistry and 
electrocardiogram

6. Assess the presence or absence of systemic infection with 
complete blood count and blood and site cultures. 

7. Depending on the suspected etiology, consider disposition in  
consultation with nephrology or vascular surgery services.
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Peripheral Venous Access 
While peripheral venous access is notori-
ously difficult in patients with ESRD, it is 
essential for the resuscitation of hemor-
rhaging patients. Ideally, two large bore 
peripheral intravenous (IV) lines should be 
placed in the proximal upper extremities. 
If peripheral venous access is not achieved, 
central venous access or interosseous ac-
cess placement is indicated (Figure). 

In the rare case of a dialysis patient re-
quiring immediate access, and there are 
no other options available, the functioning 
fistula or graft may be accessed. This tech-
nique is similar to placing a peripheral IV 
line, and a tourniquet should be applied 
to the axilla. Aseptic technique should be 
used prior to inserting a large bore needle 
(ie, 16 to 18 gauges) at an approximately 
20- to 35-degree angle for AVFs, and 45-de-
gree angle for AFGs. Once flash is obtained, 
the provider should advance the needle 
approximately one-eighth of an inch more 

before dropping the angle flush 
with the skin.20 The catheter 
should then be advanced to the 
hub and secured extremely and 
closely observed while in place 
given the high pressures in a 
vascular access. It is important 
to be mindful of the fact that all 
vascular access, both AVF and 
AVG, are high-flow sites; there-
fore, fluids and blood products 
may need to be pressurized to 
ensure adequate infusion. This 
should be performed as a tem-
porizing measure while obtain-
ing alternative access. 

Direct Pressure
With low-volume bleeding, the 
first attempt to control the bleed-
ing is simple direct pressure. 
Except in the instance of trauma 
or self-inflicted injury, bleeding 
usually occurs at the site of can-
nulation of the vascular access 
post-HD. Direct pressure should 

be light and limited to as small of an area 
as possible to prevent thrombosis; the force 
and area encompassed by direct pressure 
can be expanded as needed for bleeding 
that is more difficult to control. In cases of 
higher volume bleeding, pressure should 
be placed both proximally and distally to 
the shunt due to its bidirectional flow. An-
other possible temporizing measure is to 
place an upright gallipot or cup over the 
bleeding site on top of a folded piece of 
gauze and then securing it with tape.21

Topical Hemostatic Agents
Beyond simple direct pressure, topical he-
mostatic agents may be a good adjunct to 
help obtain hemostasis. There is a wide 
range of products available, from procoag-
ulants (eg, Combat Gauze, topical throm-
bin) to factor concentrators (eg, QuikClot). 
These can be used directly on the bleeding 
site and only in conjunction with direct 
pressure. 

Figure. Schematic of an arteriovenous fistula (AVF) and arteriovenous graft (AVG). The first image 
demonstrates one type of structure for an AVF while the last two illustrations demonstrate two varia-
tions of an AVG structure.
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In addition to topical hemostatic agents, 
another option is skin glue, which should 
be applied generously after bleeding has 
been temporized, with pressure both prox-
imally and distally to the site.

Anticoagulation Reversal
As previously mentioned, it is important to 
determine when the patient’s last HD was. 
Heparin is used during dialysis to prevent 
clotting within the circuit, and although 
clotting times are monitored during dialy-
sis to guide anticoagulation, it is possible 
that a patient bleeding after dialysis could 
still have therapeutic levels of heparin re-
quiring reversal with protamine. 

The recommended dose of protamine is 1 
mg for every 100 U of heparin given during 
dialysis; protamine should be administered 
over 10 minutes. Alternatively, a 10- to 20-mg 
dose of protamine can be given if the amount 
of heparin administered during HD is un-
known. Additionally, the patient’s medica-
tion list, as with any ED presentation, should 
be carefully reviewed as many dialysis pa-
tients have comorbidities requiring antico-
agulation with potentially reversible agents.

Hemodialysis to Improve Platelet Dysfunction 
It is thought that long-term exposure of 
platelets to the dialysis membrane can lead 
to chronic platelet activation leading to 
platelet dysfunction. There is conflicting 
data regarding the effects of HD on improv-
ing bleeding in renal patients.9,22,23 Hemo-
dialysis is thought to be beneficial, at least 
partially, through reversing uremia, thus 
improving platelet function.24 Therefore, 
in the stable bleeding patient who missed a 
scheduled dialysis, initiating HD in the ED 
setting could be beneficial. If the vascular 
access site is deemed unsafe for HD, anoth-
er access site must be obtained, for exam-
ple, by placing a temporary central venous 
catheter that will allow for successful HD.

Desmopressin
Desmopressin acetate has been shown to 
reduce bleeding time in uremic patients by 

releasing vWF and factor VIII into plasma, 
taking effect within 1 hour and lasting 4 
to 8 hours.25-27 Desmopressin has also been 
shown to reduce blood loss and bleeding 
times in patients with platelet dysfunc-
tion undergoing cardiac surgery.28 While 
the underlying mechanism is unclear, des-
mopressin acetate is thought to help with 
platelet adhesion to the endothelial wall. 

Alternatively, one study by Soslau et al29 
has suggested that desmopressin may in-
crease serotonin uptake by platelets and 
increase adenosine triphosphate release, 
thereby facilitating platelet aggregation. 
The dosing of desmopressin is 0.2 to 0.3 
mcg/kg IV.30 Adverse effects include facial 
flushing, mild headache, and transient 
small decrease in blood pressure (BP) with 
increase in heart rate. Historically, it was 
thought that desmopressin could lead to 
water retention, volume overload, conges-
tive heart failure, and hyponatremia; how-
ever, these adverse effects have not been 
seen in uremic patients.30 Tachyphylaxis 
may occur after just a few doses of desmo-
pressin are given.31 Additionally, hypona-
tremia and seizures have been seen after 
repeated administration in children.31 

Anemia and Low Hematocrit 
As mentioned earlier, anemia and low he-
matocrit (HCT) may actually exacerbate 
bleeding tendencies by decreasing the 
number of platelets exposed to the vessel 
wall. Red blood cells (RBCs) also produce 
TXA2 and ADP, both of which play vital 
roles in normal platelet aggregation. Sec-
ondly, RBCs have been shown to increase 
NO uptake. Nitric oxide is a potent vasodi-
lator and inhibitor of platelet aggregation. 
The degree of uptake appears to be aug-
mented by increasing HCT levels.32 A goal 
HCT of greater than 30% has been suggest-
ed and demonstrated benefit.33

Cryoprecipitate
Cryoprecipitate is rich in fibrinogen and 
vWF. Its mechanism is thought to be sec-
ondary to increasing functional vWF levels 
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and possibly fibrinogen levels. While the 
overall effects appear to be variable, stud-
ies suggest 10 U of cryoprecipitate is ad-
equate to reverse significant bleeding with 
resolution of effect at 24 hours.34,35 Given 
the risks of adverse reactions, variable re-
sponses, and risks of hepatitis C and HIV 
transmission, this therapy must be used 
cautiously with risk-benefit analysis.  

Tranexamic Acid
Tranexamic acid is an antifibrinolytic agent 
that binds to fibrinogen as a competitive in-
hibitor of plasmin, inhibiting plasminogen 
activation. The trauma literature has shown 
TXA to significantly reduce all-cause mor-
tality.36 It has also been shown to be benefi-
cial in the bleeding uremic patient.37-39 

However, it is important to keep in mind 
that the clearance of TXA in patients with 
renal disease is unclear. One study by An-
dersson et al40 demonstrated that TXA has 
increased plasma concentrations in pa-
tients with renal impairment, and a gener-
ally accepted practice is to renal-dose this 
medication. This study recommended a 
dose of 10 mg/kg IV at varying intervals, 
such as once daily, twice daily, or every 48 
hours depending on the creatinine value, 
compared to patients with no renal im-
pairment.40 Another study by Sabovic et 
al39 that evaluated the effects of TXA on 
gastrointestinal bleeding in patients with 
renal impairment used a 20-mg IV loading 
dose of TXA followed by 10 mg/kg orally 
every 48 hours. Though no adverse events 
occurred in this study, the study group was 
small. Other studies have not shown an in-
crease in thromboembolic risk in patients 
who have no renal disease.36,41 

At this time, there is no consensus on the 
exact dosing of TXA in this patient popu-
lation. Therefore, this therapy should only 
be considered if others have failed and 
the patient continues to have significant  
blood loss. 

Life-threatening Hemorrhage
If a patient is experiencing life-threatening 

blood loss, more aggressive measures must 
be employed regardless of risk of damage 
to the access. In such cases, a consultation 
with vascular surgery services should be 
obtained as early as possible. If none of the 
previously discussed measures are ineffec-
tive, the EP may be required to place su-
tures in the vascular access itself or apply a 
tourniquet. Again, these interventions may 
cause permanent damage to the access; 
however, in the setting of life-threatening 
hemorrhage such interventions clearly 
outweigh the risks associated with contin-
ued blood loss.  

As blood can flow bidirectionally within 
a fistula, a tourniquet should be placed 
both proximally and distally to the fistula 
to obtain adequate hemostasis. Once the 
tourniquets are in place, if there is no im-
mediate surgical consultation available, 
the EP may need to temporarily repair the 
defect to allow minimal tourniquet time. 
There are a few considerations when plac-
ing sutures. Ideally, a noncutting needle 
should be used to minimize damage. An 
adequate-sized suture, such as a 3-0 nylon 
suture, should be used to maintain strength 
in the high-pressure system. A figure-8 su-
ture or purse-string suture may be placed 
around the defect. Adequate repair should 
allow for tourniquet removal.

Hemodynamic Status
The EP must remain aware of the patient’s 
hemodynamic status. Massive transfu-
sion protocols may need to be initiated. 
Best current evidence dictates that this 
should be done in a 1:1:1 ratio of packed 
red blood cells, platelets, and fresh frozen 
plasma respectively.42 In our experience, 
the EP should consider permissive hypo-
tension as aggressive resuscitation and in-
creasing BP can compromise the vascular 
repair.  

Lastly, transfer for definitive management 
should be arranged if not available at the 
EP’s institution. The patient should travel 
with tourniquets in place (although not 
tightened) in the event of further bleeding.

If a patient is 
experiencing 

life-threatening 
blood 

loss, more 
aggressive 

measures must 
be employed 
regardless of 

risk of damage 
to the access.
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Nonhemorrhagic Complications  
of AVF or AVG

Stenosis/Thrombosis
Prolonged bleeding from the cannulation 
site may suggest outflow stenosis.43 Steno-
sis with or without subsequent thrombo-
sis is a common cause of vascular access 
failure. Access failure has also been im-
plicated secondary to poor vascular map-
ping, resulting in undetected pre-existing 
stenosis of the inflow artery, outflow vein, 
or juxta-anastomosis. However, develop-
ment of stenosis may occur at any time 
throughout the life of the vascular access. 
One study by Schild et al4 reported throm-
bosis rates of 24.7% for grafts and 9.0% for 
fistula. Additionally, AVGs have a higher 
reported stenosis rate than AVFs, which is 
a risk factor for thrombosis.44,45 

There has been much debate regard-
ing routine surveillance to prevent clini-
cally significant stenosis with subsequent 
thrombosis. Surveillance includes a clini-
cal examination, Doppler imaging studies, 
and flow measurements during dialysis. A 
recent systematic review from 2016 by Ra-
vani et al,46 demonstrated no difference in 
risk of access loss in preemptive stenosis 
correction in AVF or AVG without evidence 
of access dysfunction. However, on sub-
group analysis this review did demonstrate 
a small benefit regarding risk of thrombosis 
and access loss in the AVF group.46 

The physical examination may indicate 
evidence of vascular access stenosis or 
thrombosis. Evidence of stenosis may be 
indicated by failure of the outflow vein to 
collapse on arm raise test (distal stenosis), 
hyperpulsatility or hypopulsatility, loss of 
the diastolic component of the normal con-
tinuous thrill and bruit with only systolic 
components appreciated, and arm edema 
(central vein stenosis).43,47 Thrombosis of 
the vein may be evidenced by complete 
loss of the thrill and pulsatility on palpa-
tion. Sensitivity and specificity of the phys-

ical examination for inflow or outflow ste-
nosis has been reported to be between 70% 
to 92% and 71% to 100%, respectively.48-50  

While evidence may or may not support 
preemptive correction of stenosis, inter-
ventions are usually required when the 
stenosis is more than 50% and interferes 
with dialysis, decreased flow, abnormal 
physical examination, or elevated venous 
pressures.51 If stenosis is associated with 
interference of effective dialysis or throm-
bosis is suspected, ultrasound imaging 
and consultation with a vascular surgeon 
or interventional radiologist are indicated. 
Treatment of AVF or AVG stenosis and 
thrombosis includes percutaneous and sur-
gical interventions.52

A systematic review by Tanner and da 
Silva53 evaluating adjuvant medical treat-
ments for increasing patency rates of AVF 
and AVG found no therapy had any im-
provement in patency rates at 1 month. 
Another review from 2015 by Palmer et al54 
suggested antiplatelet therapy may be pro-
tective for stenosis and thrombosis in AVF, 
but not AVG. 

Infection
Infection in patients with ESRD is a major 
cause of morbidity and mortality, and 24% 
of these infections may be attributed to the 
vascular access itself, including central 
venous catheters (CVC).55 Central venous 
catheters are associated with the highest 
rate of infection, followed by AVGs, then 
AVFs.4,54 Studies have reported 9.5% vs 
0.4% to 0.9% infection rates for AVG and 
AVF, respectively.2,4 These infections are 
usually due to gram-positive organisms, 
with the Staphylococcus species being 
the most common organism involved.55-57 

However, infections caused by gram- 
negative organisms are possible, and 
broad-spectrum antibiotics should be initi-
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ated in the ED if infection is suspected. Pa-
tients may present with localized infection 
with increased risk of rupture of access to 
profound sepsis. Definitive treatment of an 
infected graft or fistula usually requires re-
moval of the infected access or at least par-
tial excision with possible interposition of 
additional graft material.58

Pseudoaneurysm/Aneurysm
Pseudoaneuryms are usually caused by 
hematoma development after needle punc-
ture or in juxta-anastomic segments post-
operatively. Pseudoaneurysms do not have 
a true wall and may secondarily become in-
fected.59 Pseudoaneurysms occur more fre-
quently in AVG, and are usually reported 
along with true aneurysms. One study by 
Al-Thani et al60 detected pseudoaneurysms 
in 15% of clinically significant aneurysms. 

Approximately 30% to 60% of patients 
with AVFs will develop an aneurysm.2,5 
One study by Al-Thani et al60 reported the 
need for surgical intervention in 31% of 
patients with an AVF in whom an aneu-
rysm was detected. The risk for developing 
an aneurysm is highest for those patients 
on high flux membrane type HD and poly-
cystic kidney disease.5 As discussed ear-
lier in this article, cannulation sites and 
techniques may also influence aneurysmal 
changes in the fistula. Aneurysm forma-
tion at the site of previous cannulation site 
should not be re-cannulated.18 Aneurysmal 
changes can contribute to other complica-
tions including high-output heart failure, 
thrombosis with fistula or graft failure, 
increased risk of bleeding, ineffective HD 
when associated with thrombosis or steno-
sis, pain and peripheral neuropathies sec-
ondary to compression of nearby nerves, 
and interference with functional HD. 

Many asymptomatic aneurysmal changes 
to vascular access may not compromise ac-
cess function. If a patient is identified with 
a vascular access pseudoaneurysm or an-
eurysmal changes with high-risk features, 
early referral to vascular surgeon for surgi-
cal interventions is imperative. High-risk 

features include any of the complications 
previously discussed—infection, threat-
ened overlying skin, or shiny appearance. 
The EP should consider duplex imaging to 
assist with evaluation. Treatment may in-
clude ligation of the AVF, partial resection, 
stenting, or grafting of the aneurysm with 
hopes of salvaging the vascular access.61,62

Ischemic Monomelic Neuropathy
Ischemic monomelic neuropathy may 
result secondary to a type of steal phe-
nomenon, thereby inducing ischemia to 
supplied nerves. Ischemic monomelic neu-
ropathy has been described in many case 
reports and narrative reviews.63-67 It has 
been described as ischemia or infarction of 
the blood supply to the nerves (vasa ner-
vosa) in the lower arm.68 Ischemic mono-
melic neuropathy typically occurs imme-
diately after the vascular access creation 
in the postoperative period. Therefore, it 
is unlikely to be seen in the ED but as pa-
tients may have sequelae of this complica-
tion, EPs should be aware of its existence. 
Patients with ischemic monomelic neu-
ropathy will have severe pain, paresthesia, 
and weakness immediately after placement 
of a vascular access. Patients also typically 
have sensorimotor deficits in the radial, ul-
nar, and median nerves. Pulses should be 
preserved. Severe neuropathic pain will 
develop and may limit the examination. 
Clinical diagnosis may be difficult imme-
diately after surgery because patients will 
often have minor deficits secondary to the 
surgical procedure itself or secondary to 
the regional block provided by anesthesia, 
but nerve-conduction studies usually re-
veal the diagnosis. The treatment is ligation 
of the access immediately and prognosis is 
variable, depending on the severity and du-
ration of ischemia, and may result in com-
plete loss of function of  the hand.

Steal Syndrome
Dialysis access-associated steal syndrome is 
a type of distal ischemia secondary to the vas-
cular access site with a reported incidence of 
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6.2%, and appears to occur more frequently 
in AVF than AVGs.69,70 Diabetes appears to be 
a strong risk factor for developing DASS.71 
Patients with DASS can present with clas-
sic ischemic symptoms such as pain, pares-
thesia, claudication, pallor, and diminished 
or absent arterial pulse. Pain may be present 
only while undergoing dialysis or exercising, 
or symptoms may be persistent.68,72 There are 
several possible causes of DASS, including 
arterial occlusion or insufficiency proximal 
or distal to the anastomosis, increased flow 
through the conduit (true steal), or increased 
flow diverted through collateral vessels.73,74 
One clue to the diagnosis is a diminished or 
absent radial pulse that should improve with 
compression of the access site. 

Once DASS is suspected, diagnosis 
should be confirmed using venous duplex 
scanning with finger pressure waveform 
analysis or arteriogram. Definitive manage-
ment is surgical intervention with ligation 
of the access or banding.

High-Output Heart Failure
Changes in cardiac output (CO) are a well-
documented effect of AVF placement, with 
one small study by Korsheed et al75 demon-
strating an average increase in CO of 17% 

only 2 weeks after AVF placement. The 
increase in CO is thought to be secondary 
to alterations in systemic vascular resis-
tance and sympathetic activity. While an 
increase in CO can ultimately lead to high-
output heart failure, this is typically only 
seen in patients with pre-existing cardiac 
dysfunction.76 Patients are at an increased 
risk of high-output heart failure when flow 
through the AVF exceeds 2 L/min; flows 
below this rate are typically not associat-
ed with adverse cardiac effects.77 Another 
objective measurement for identifying pa-
tients at risk of high-output heart failure is 
the ratio of flow in the fistula (Qa) to car-
diac output ratio. Patients with a Qa:CO ra-
tio greater than 0.3 have a significantly in-
creased risk of high-output heart failure.78 

There is thought to be no difference in risk 
of heart failure between AVF and AVG.79 

Once overt heart failure has developed, 
it should be treated in the usual fashion, 
with IV fluid management and standard 
pharmacological therapies. If standard 
conservative heart failure treatment is in-
effective, several surgical options are avail-
able, including banding, changing the lo-
cation of the anastomosis, and ultimately 
closing the fistula.80

Conclusion
While life-threatening bleeding and vascu-
lar access rupture are uncommon complica-
tions of AVFs and AVGs, it is essential for 
the EP to rapidly treat the potentially cata-
strophic hemorrhagic vascular access com-
plications. Depending on the severity and 
stability of the patient, it is reasonable to 
begin in a stepwise fashion as presented in 
this article for patients with minor bleeding, 
while more severe or persistent bleeding 
may require several interventions simulta-
neously to gain control of the bleeding. 

Patients with hemodynamic instability re-
quiring transfusion will need a vascular sur-
gery consult and admission. Disposition for 

stable patients, without evidence of impend-
ing aneurysmal related rupture and concern 
for overlying infection or other complication 
requiring immediate intervention, will de-
pend on clinical judgment, patient-specific 
factors and family support, follow-up, and 
proximity of the patient to medical care. 
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