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Background:   

The outcome of patients with end stage renal disease (ESRD) on hemodialysis depends 

on a functioning vascular access.  Although a variety of techniques have been developed for 

providing hemodialysis access, there have been no major advances for the past three decades.  

This contributes to the fact that hemodialysis access dysfunction is one of the most important 

causes of mortality in the hemodialysis population.  In addition, the expense of providing ESRD 

care in the US is a significant portion of the Medicare budget, totaling $23.9 billion in 2007, of 

which a significant portion is spent on placement and maintenance of vascular access [1].  Not 

only does fistula access provide the best outcomes, it also can be placed and managed with the 

least expense as compared to catheters and grafts.  Therefore, regional and national indicators 

promote the placement of arteriovenous fistulae (AVF).  For example, the national vascular 

access initiative ``Fistula First'' was developed to promote fistulae with an initial goal of placing 

40% of prevalent patients with fistula access.  This goal was achieved in 2005, and a goal of 66% 

was set for 2009.  Nationwide, however, there are only 54.4% of prevalent hemodialysis patients 

with fistula access as of November 2009, and the number of fistula access placements fell for the 

first time in 2007 [1].  It is imperative to determine how fistulae can be improved, both in terms 

of outcomes and cost.  Diabetics represent approximately 40% of those on dialysis, and it is 

projected that the number of people in the US diagnosed with diabetes will nearly double in the 

next 25 years, and the annual diabetes-related spending is expected to triple in the same time 

frame [2].   

Native AVF have the least number of complications and are recommended for vascular 

access [1,3,4]. The AVF with the best outcomes is the radiocephalic fistula (RCF); however, this 

access often fails to mature in elderly patients with underlying vascular disease, particularly in 

diabetics [5,6]. The second recommended access is the brachiocephalic fistula (BCF), which has 

a mean duration of function of only 3.6 years in contrast to RCF, which often exceed 5 years [6].  
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The proposed investigation will address the primary mode of failure for dialysis patients with 

BCF, thereby further improving its viability relative to other access options. 

Cephalic arch stenosis (CAS) commonly occurs in patients with BCF and contributes to 

loss of vascular access [7].  The leading cause of failure for BCF is due to stenosis in the 

cephalic arch, which is the final bend in the cephalic vein prior to entry into the axillary vein. In 

a retrospective study in our own facilities, CAS was found to occur in 77% of patients with BCF 

[8].  Once CAS occurs, it leads to head and neck swelling, high venous pressures and resultant 

thrombosis with complex and difficult treatment options [8,9,10]. The arch is elastic, resistant to 

repeated angioplasty, and often requires stent placement resulting in further stenosis.  A better 

understanding of the mechanisms leading to CAS is required in order to improve access 

procedures and maintenance. 

CAS is believed to arise from hemodynamic alterations resulting from fistula creation. 

The etiology of CAS is complex and not well understood.  However, there are several factors 

that suggest a strong hemodynamic role in development of CAS:  1) CAS occurs locally well 

downstream from the anastomosis, 2) the primary change in the cephalic arch after the fistula 

procedure is hemodynamic, and 3) there is a strong correlation between cephalic arch geometry 

and onset of stenosis.  When a BCF is created, the anastomosis is between the brachial artery and 

the cephalic vein in the mid forearm.  The creation of a fistula results in blood flow from an 

artery to a vein that is inherently non-physiologic in a number of ways.  The initial flow rate in 

the radial artery of 20-30 mL/min increases to 200-300 mL/min immediately after creation of an 

AVF, reaching flow rates of 600-1200 mL/min after maturation [11]. In addition, the blood flow 

in the cephalic vein is not pulsatile prior to fistula insertion, whereas it is after the procedure.  

High fistula blood flow, a prerequisite for venous dilation and a requirement for easy cannulation 

and adequate dialysis, is accompanied by the high arterial pressure being transmitted to the vein. 

This intense increase in flow rate and pressure obviously has a profound effect on the 

hemodynamics in the downstream vein. [12].  For example, the flow through the cephalic vein 

after BCF creation may be transitional, or even turbulent, and altered shear stress related to the 

curve of the cephalic arch could lead to intimal injury and subsequent stenosis. The details of the 

hemodynamics throughout the cephalic arch is largely unknown.  

Low wall shear stress (WSS) is thought to cause intimal hyperplasia (IH).  The WSS in a 

blood vessel is influenced by the vessel geometry, the blood flow rate, and properties of the 

blood.  In addition, hemodynamic forces play a critical role in the regulation of vessel diameter, 

which can change locally in order to maintain values of WSS within an acceptable range 

[10,13,14,15,16,17,18,19,20].  Although the dramatically increased blood flow at the time of 

fistula creation eventually leads to a corresponding increase in the overall shear stresses 

experienced by the cephalic vein [21], our computational model reveals that localized shear 

stresses in the cephalic arch can be lower than that experienced prior to fistula creation (see 

preliminary study).  This is due to localized reversed flow conditions that can arise in curved 

vessels at high flow rates.  As a result, regions of low shear stress may lead to the development 

of IH in order to adapt the vein such that the WSS returns to physiologically acceptable values 

[22].  We note, however, that the etiology of stenosis is primarily derived from arterial studies; 

therefore, it must be confirmed that the same hemodynamic factors apply in veins as well. 

Dramatically altered hemodynamic conditions due to AVF can cause an abnormal 

response that may result in a pathological condition, such as CAS. There is likely a finite range 

of flow conditions for which the intimal adaptation process can accommodate and maintain 

stresses within their target ranges.  The high flow rates that exist in the cephalic arch after fistula 
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creation can cause IH to lead to CAS, which further disturbs the flow [19,23,24]. As shown in 

our preliminary studies, as the stenosis worsens, high local shear stresses occur that can cause 

denudation of the endothelial layer, expose endothelial cells to activated platelets, and ultimately 

lead to thrombosis, causing the fistula to fail as a consequence of CAS [25].  Both the adaptation, 

through IH, and thrombosis responses are controlled to a large extent by shear stress levels.  

Therefore, extremely low and high WSS can have undesirable consequences, and both of these 

conditions may be present in the cephalic arch for BCF  patients with CAS. 

CAS may result from IH or defective remodeling of the vein. In addition to IH, CAS may 

also be caused by defective remodeling, which is characterized by a remodeling index (RI) 

[26,27].  Decreased WSS can result in IH [16], and venous wall hypertropic remodeling 

(increased wall thickness) is caused by increased circumferential stress due to higher blood 

pressures [20].  In an environment of reduced WSS and increased venous pressures, as is the case 

in the cephalic arch after fistula insertion, both adaptation via IH and remodeling may be present 

simultaneously.  Therefore, in subjects with AVF, the resulting venous stenosis may be a 

combination of IH and wall hypertrophy induced remodeling. 

Histology of the cephalic vein and other biological markers are important to consider as 

they also contribute to the development of intimal hyperplasia. The proposed investigation will 

provide insight into factors that contribute to the development of CAS in BCF.  In addition to the 

hemodynamic factors highlighted above, other factors may also play a role.  These include 

underlying histology of the cephalic vein, activation of numerous cytokines and growth factors, 

and generation of asymmetric dimethylarginine (ADMA), all of which may hasten the 

development of stenosis [19,20,28].  ADMA, a known inhibitor of nitric oxide, is a biomarker 

that may accumulate to high levels in patients with ESRD [29].  ADMA is known to participate 

in regulation of vascular tone and predisposes to the development of IH in transplant 

vasculopathy and coronary atherosclerotic states [30,31].  Alteration in this biomarker may 

contribute to the IH observed in patients with CAS.  Studies on pre-bypass long saphenous veins 

suggest that the preexisting disease may contribute to the development of later stenosis [32].  In 

addition, little attention has been paid to the condition of the cephalic vein before creation of an 

AVF.   The current proposal offers a perfect platform with which to collect  data from biological 

markers and pathologic samples as outlined.  The samples collected in this investigation will aide 

in the understanding of the poorly understood mechanisms of intimal hyperplasia and excessive 

remodeling in venous environments in a future proposal. 

The angle of the cephalic arch, which tends to be wider in diabetics, strongly influences 

its hemodynamics.  From our previous investigation [33], we find that the cephalic arch has an 

angle, , that typically varies between 90 and 150 degrees, and this variability has important 

fluid dynamical and biological consequences. Our previous results have shown that diabetes is 

negatively correlated with CAS [8].  This is counterintuitive as diabetics are a subset of patients 

with worse overall access outcomes [34]. In order to determine if the cephalic arch geometry 

differs between diabetics and non-diabetics, we reviewed 57 venograms (12 had evidence of a 

stent and were eliminated from further analysis) of patients with BCF access and made the 

following measurements cephalic arch angle (), which is a global measurement of the overall 

shape of the arch, minimum radius of curvature (R), which is a local measurement of the shape 

of the arch in the region where the arch changes most rapidly, and the cephalic vein diameter (d).  

Both global and local measurements show evidence of two distinct arch types.  Patients having 

diabetes show a significant probability of having a larger R/d ratio and wider (more gradual) arch 

angle  than non-diabetics. 
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In addition, it has been observed in our preliminary study that the cephalic arch angle 

often changes, becoming more acute, over a period of months to years after creation of the 

fistula. This angle change is in addition to the increased radius of the vein immediately after the 

fistula is created.  Angle change and radius increase both act to influence HDP.  Therefore, not 

only does the cephalic arch geometry strongly influence the hemodynamics, the altered 

hemodynamics can lead to changes in the arch geometry. 

Surgical construction of the anastomosis in a fistula and underlying systology and 

anatomy influences the hemodynamics in the cephalic arch. When creating a BCF, ideally the 

cephalic vein is anastomosed to the artery just distal to the antecubital crease.  The proximal 

radial or brachial artery may be used as inflow with the anastomosis to the cephalic vein being 4-

-5 mm.  The commonly constructed anastomosis is either end-to-side or side-to-side depending 

on the distance the vein is from the artery and the amount of mobilization required.  An end-to-

side anastomosis would be expected to lead to an initially higher flow rate in the cephalic vein 

and potentially worse endothelial damage as compared to a side-to-side anastomosis.   The 

influence of the anastomotic length, distance from the cephalic arch, and type of construction 

have not been critically evaluated.  A determination as to which of these factors contributes to 

CAS would aid in the construction of an anastomosis that would minimize the likelihood of 

CAS.   Veins generally have valves for the purpose of preventing blood reflux.  There are on 

average two valves in the cephalic arch in most individuals. Although in rare instances these 

venous valves have been implicated as potentially causing hypertrophy and lumen narrowing 

[35], it is our experience at the University of Chicago that as the cephalic vein dilates after 

creation of a BCF, the valves leading up to and in the arch become non-functioning and no 

longer influence the blood flow through the cephalic arch and therefore are not likely to be 

clinically significant. 

Additional influences include the dynamic distensibility of the vein during the cardiac 

cycle and the occasional presence of aneurisms in the cephalic vein.  The general consensus is 

that distensibility only has a secondary effect on HDP [16].  Therefore, it is not believed to be 

necessary to include for correlating HDP and the onset of CAS.  Aneurisms proximal to the 

anastomosis and distal to the cephalic arch can influence the blood flow prior to reaching the 

arch.  This will be accounted for by performing the Doppler measurements immediately distal to 

the cephalic arch. 

Routine surveillance protocols to prevent fistula access complications are not available, 

but they would be expected to improve fistula outcomes if developed.  While fistula access is 

recommended for all patients with ESRD on hemodialysis, complications, such as thrombosis, 

lead to access failure and poor outcomes.  Therefore, surveillance of hemodialysis access is 

mandated by regulatory agencies [36].  Prior research attempts to substantiate a surveillance 

protocol for AV grafts has failed, showing no improvement in the outcome of thrombosis, and 

there is a paucity of data on the benefit of surveillance for fistulas [37].  The clinical advantage 

of early detection of venous stenosis including CAS is uncertain as there is not an acceptable 

surveillance method nor  proven treatment options that prevent thrombosis and subsequent loss 

of access.  Once the factors that cause CAS are known, however, early detection provides the 

necessary framework to develop protocols to mitigate the onset of CAS.  Treatment trials in 

future studies could then be initiated that change Hct with dose adjustment of EPO, thereby 

altering the blood viscosity.  In addition, one could change the anatomic location and/or type of 

anastomosis, decrease blood flow during dialysis, etc.  The current proposal could serve as a 

platform to develop such surveillance protocols. 
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In summary, improved patency of the increasingly common AVF is necessary to provide 

better outcomes for hemodialysis patients.  The primary failure mode of BCF is CAS, which may 

lead to thrombosis; therefore, the etiology of CAS is sought for BCF patients. The current 

treatment protocol for hemodialysis patients involves performing venograms only when 

clinically indicated because of head and neck swelling, high venous pressures and resultant 

thrombosis.  When such venograms are obtained, CAS of 50% is considered clinically relevant, 

which when exceeded requires angioplasty, stent insertion, etc. in order to maintain access.  This 

50% stenosis threshold is a general criteria and does not take into account the non-physiologic 

hemodynamics within the curved cephalic arch with BCF. 

This study represents a combined clinical and computational investigation in which 

computational fluid dynamics (CFD) is utilized to non-invasively determine the HDP.  

Development of this technical capability will ultimately revolutionize clinical practice by 1) 

determining whether a patient is a good candidate for a BCF, 2) improving BCF patency through 

revised clinical surveillance and treatment protocols, for example by determining patients who 

are more susceptible to CAS for whom additional surveillance would be required, 3) establish 

guidelines for changes in HDP that may portend CAS, 4) provide revised guidelines for what 

levels of CAS are clinically significant for a specific patient, 5) reduce the need for surgical 

interventions, and 6) decrease the overall cost of access.   

The most important direct outcome of the investigation will be whether there is a 

correlation between HDP and CAS, and if so, what it is.  If there is no such correlation, this will 

signal a complete reevaluation of the role of HDP in stenosis of veins as compared to arteries.  

More generally, the investigation will demonstrate how CFD can be incorporated into a clinical 

environment in which HDP are required for diagnosis, making treatment decisions, and/or 

predictive capability. 

 

Purpose of the Study: 

The long-term objective of the proposed investigation is to develop methods and 

procedures that will improve dialysis treatment by extending the long-term patency of 

brachiocephalic fistulae (BCF) and reducing the number of post-fistula procedures required to 

maintain such access.  Not only will this lead to better patient outcomes, it is also likely to 

decrease the overall cost of maintaining access.  This will be accomplished through an 

innovative combination of clinical and computational approaches seeking to test the hypotheses 

concerning the factors that lead to the development of local cephalic arch stenosis (CAS) and 

associated overall changes to the cephalic arch geometry in end stage renal disease (ESRD) 

patients with BCF. 

If our hypotheses prove correct, the project outcomes will lead to 1) guidance for clinical 

management to minimize the risk of hemodynamic parameters (HDP) that cause CAS, 2) 

establishing a surveillance protocol to detect early signs of CAS or changes in HDP that would 

foster CAS, 3) suggesting alternative anastomosis designs for BCF that minimize risk of CAS, 

and 4) identification of patients for whom BCF would not be ideal.  If our first hypothesis is 

incorrect, this will suggest that the HDP that lead to intimal hyperplasia and stenosis in arteries 

does not apply to veins, which have received very little attention.  Therefore, a positive result 

will lead to significant improvements in clinical management of hemodialysis access, and in the 

unlikely event that HDP do not correlate with CAS, this will signal that the etiology of stenosis 

in veins will need to be investigated separately from that of arteries.  As a result, all possible 

outcomes of the proposed investigation are clinically and/or scientifically important. 
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Methods:   

Subject Population: Subjects for consideration in the study will be those referred from the out-

patient nephrology clinic at the University of Chicago or a dialysis unit affiliated with DaVita 

Dialysis for a primary AVF. Eligible patients are those who are evaluated at the University of 

Chicago by a transplant or vascular surgeon.  If the treating surgeon determines that the patient 

will have an attempted BCF, these patients will be eligible to participate in this study.  The 

research team will be notified of a potential subject.   

 

Clinical Protocol: After the patient is enrolled, pre-operative labs and work-up will be at the 

discretion of the surgeon.  At the time of the OR, if a BCF is placed, labs will be drawn for 

viscosity, hematocrit, and ADMA.  If it is determined at any time by the treating surgeon that a 

subject is not a suitable surgical candidate for a fistula due to underlying medical conditions, the 

subject will be withdrawn from the study. A venogram and Doppler of the cephalic arch will be 

obtained prior to anastomosis creation.  A segment of the cephalic vein will be excised and sent 

to the Human Tissue Research Center to be preserved for future assay for histology, cytokines, 

and growth factors as discussed below.  The serum specimens for viscosity, Hct, and ADMA will 

be transported on ice to IIT for assay.  The patient will then have follow up Doppler, venogram, 

and associated tests according to the same procedure following the schedule provided in table 

\ref{protocol} for the large-scale prospective study.  The clinically obtained measurements of 

geometry, flow rate, and whole blood viscosity will be used as input to the CFD model that will 

be used to compute the WSS and other HDP throughout the arch. Patients who develop 

symptoms of stenosis between protocol measurements will have a venogram performed at the 

time of diagnosis.  These venograms will be considered standard of care, although data may be 

used for study analysis.  In addition, excised tissue samples of the cephalic vein will be obtained 

when the access is placed and at each surgical revision and banked for future studies. 

 

A subset of ten subjects from the large-scale study will be invited  for a sub study that will 

involve: 1) more detailed three-dimensional imaging of the cephalic arch using IVUS, and 2) 

blood flow monitoring via Doppler during dialysis.  Subjects who have not undergone previous 

dialysis treatment will be invited to participate in this optional sub-study.  Participation in this 

sub-study will not affect participation in the main study.  The IVUS imaging will provide a 

three-dimensional image of the vessel geometry and remodeling characteristics of the vein upon 

which the remodeling index (RI) will be computed [26,27].  Detailed CFD modeling will be 

carried out on these cephalic arch reconstructions, which will be performed at 0 and 24 months 

after fistula insertion.  This will allow for a detailed prospective study of the evolution of IH, 

remodeling, and stenosis in the cephalic arch. 

 

For the same ten subjects in the small-scale study, actual venous blood flow will be measured 

during hemodialysis treatment using a hand held Doppler device in the upper arm cephalic vein 

as close to the cephalic arch inlet as possible. The Doppler readings will be obtained at dialyzer 

blood flows of 300, 350, 400 and 450 mL/minute.  Three measurements will be obtained at each 
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of four blood flows, and the average at each blood flow calculated.  These readings will be taken 

at 0, 6, 12, 18, and 24 months after fistula insertion.  The Doppler data obtained during 

hemodialysis will be used along with recent clinical venograms and laboratory data outlined 

above to perform CFD modeling.  This data during dialysis treatment will be used to 1) quantify 

the differences in the HDP for subjects pre-dialysis and while on dialysis, and 2) seek a 

correlation between the Doppler readings at the various dialyzer flow rates and the onset of CAS.  

It is expected that formation of stenosis would alter the resistance to blood flow through the arch, 

thereby altering the flow rate in such a way that a unique signature will be apparent in the 

Doppler data during the controlled dialysis process.  If this is the case, then additional 

surveillance techniques could be developed for identifying the onset of CAS. 

 

History and Physical: The history and physical will be focused on the dialysis access.  The 

history will include type and problems with cannulation, pain score with cannulation, needle size 

used, and bleeding complications.  The physical exam will include an extensive examination of 

the access including pulse, description of anastomosis, any evidence of aneurisms, hematoma, 

inflammation, edema, or swelling of the head and neck. 

 

Venogram: The venogram is performed as follows with simultaneous blood flow measurements. 

The patient will have their fistula punctured with a 21-gauge needle near the arterial anastomosis 

directed toward the stenosis (either venous or arterial).  The needle will be exchanged for a 5 

French dilator, and a digital subtraction venogram encompassing the outflow from puncture site 

to the right heart will be performed.  Any stenosis will be measured using electronic calipers and 

defined.  Any significant hemodynamic stenosis, defined as greater than 50% narrowing of the 

expected luminal diameter, will be treated with balloon angioplasty according to DOQI 

consensus from the International Society of Interventional Radiology [36]. In  addition to the 

baseline venogram at the time of BCF placement, the venogram will include an image of the 

anastomosis and a measurement of the length from the anastomosis to the inlet of the cephalic 

arch. 

  

Intravenous Ultrasound (IVUS): The subset of patients for the small-scale study will have a 

venogram performed as above and IVUS imaging in the Cardiac Catheterization Laboratory at 

the University of Chicago.  The IVUS catheter will be inserted after the venogram, and images 

will be taken during pullback of the catheter at a set rate in order to provide cross-sectional 

images of the intimal and lumen layers of the vein at preset intervals along the cephalic arch 

[26,40]. 

 

Doppler: Doppler spectral analysis will be performed by an interventional radiologist at the time 

of each venogram or IVUS to measure velocity in the cephalic vein prior to entering the cephalic 

arch. The peak systolic velocity (PSV) at a 60-degree angle of insonation will be measured in the 

straight portion of the cephalic vein between the anastomosis and the arch as close to the arch as 

possible.  The velocities in this location will be measured over several heart cycles and the 

average calculated.   

 

Whole Blood Viscosity (WBV), Hematocrit, and ADMA:  WBV, Hematocrit, and ADMA will 

be measured from serum samples obtained from patients pre-op or pre-dialysis.  Blood samples 

will be anti-coagulated with 3.2% buffered sodium citrate and transported on ice to IIT.  At IIT, 
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WBV will be measured using a Brookfield Programmable DV-II+ cone plate viscometer.  

ADMA will be measured using an ADMA ELISA kit from EUROIMU US or by HPLC.  The 

samples will be collected every 6 months on all subjects and frozen to be run in aliquots of 50 at 

IIT. 

 

 

Cephalic Vein Tissue Samples: 

During placement of BCF vein tissue is excised during anastomosis to create the fistula.  After 

the tissue is removed a small portion will be removed and collected for research from this 

discarded material. The cephalic vein samples will be collected and preserved in a tissue bank for 

later review by light and electron microscopy in a subsequent study. The sections will be 

reviewed by the pathologist for: generalized wall thickness, fibrous tissue infiltration, intimal 

hyperplasia, loss of endothelial cell layer, disruption of internal elastic lamina, mural 

calcification, and inflammatory reaction in the wall with infiltration by erythrocytes and/or 

histiocycyte.  The changes that are present will be correlated with the development of intimal 

hyperplasia as evident by CAS.  Our hypothesis is that histiopathic changes of intimal 

hyperplasia at baseline will correlate with the development of an accelerated course to develop 

CAS and subsequent thrombosis. 

 

End-Point:  The end-point of a subject's enrollment in the study will occur if they develop CAS 

of greater than 50%, transfer out of the DaVita dialysis program, transplantation, or death. 

 

Special precautions to be taken by the researchers  

The potential risks associated with the study include: venipuncture at the time of venogram, 

blood sample for labs (WBV, Hct and ADMA), intravenous contrast, venogram risks and IVUS 

risks.  

The risk of venipuncture includes discomfort at the site of puncture; possible bruising and 

swelling around the puncture site; and rarely an infection.   All anti-coagulants including: aspirin, 

NSAID, Plavix and Coumadin will be held for 3-7 days prior to the procedure to avoid bleeding 

complications. 

 

The blood samples to be drawn (Hgb, ADMA and WBV) will require approximately 14 mL of 

blood.  This is a minimal amount (less than 1 tablespoon) and should not affect the blood count. 

 

The risk of contrast includes allergic reaction and renal failure in those patients who are not yet 

on hemodialysis. A minimal amount (50-100 cc) of non-ionic contrast media will be used. A 

careful history will be taken to determine past history of contrast allergy. If a contrast allergy 

history is obtained, the patient will be given pre-procedure steroids and Benadryl and non-ionic 

contrast will be used.  If respiratory distress occurs as a result of contrast despite pre-medication 

with steroid and Benadryl, the subject will be withdrawn from the study.  If the patient is not yet 

on hemodialysis, but has evidence of advanced renal failure, carbon dioxide gas will be used as a 

contrast agent, as there is no significant risk of renal failure. Physical risks include bleeding and 

infection.  

 

The IVUS carries the rare possibility of: dissection of the wall of the vein, thrombosis, distal 

embolization with potential for limb loss, hematoma with potential nerve compression. We must 
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also include loss of the fistula as a potential complication. Of course, we don't expect any of 

these, but do mention these whenever we do invasive interventions in peripheral vasculature. 

 

There are no physical risks involved with performing a venous Doppler. 

 

The removal of a portion of the cephalic vein occurs when an anastomosis is created during a 

fistula creation.  This excess tissue is usually discarded.  However, from the subjects enrolled in 

the study a portion of the excess vein tissue will be collected after removal from the body and 

sent to the pathology lab for tissue banking for future studies.  This will not add any additional 

time to the operative procedure and  adds no significant risk to the operative procedure of fistula 

placement as it is standard practice to remove vein tissue which is discarded after the procedure.  

 

Female subjects who are child bearing age will have a pregnancy test preformed prior to initial 

venograms, this is considered standard of care.  

 

Description of experimental controls and use of placebos: 

The following reviews the two aims with comparison, and statistical methods used in the current 

protocol.   There will be no placebo used in this study. 

 

Aim 1: Observe a cohort of BCF subjects over time with protocol venograms and Dopplers and 

calculate WSS,  along with other HDP, using CFD in order to perform a life table analysis to 

estimate the effect of WSS on time to CAS. Because diabetes may affect this outcome, diabetic 

and non-diabetic patients will be studied. The large-scale prospective study will be augmented by 

a small-scale sub study involving a subset of the larger cohort. These patients will be subject to 

more detailed imaging and CFD in order to elucidate the mechanisms leading to IH and venous 

remodeling in the cephalic arch. The prospective design of the trial with arteriovenous fistulae 

(AVF) placement will allow cephalic vein tissue samples to be saved for pathologic review of 

histology and assay for cytokines and growth factors in a subsequent study. 

Analysis 1: Primary Comparison 1: Risk of CAS in relation to minimum WSS magnitude. 

Statistical Method: Analysis of time to CAS onset with Cox model that includes age, sex, 

diabetes status, end-to-side vs. side-to-side, WSS and other HDP. Power Analysis: We will fit a 

Cox regression model for time to event (CAS) using WSS at three months as covariate. For a 

change in WSS of one standard deviation (0.06 Pa according to our preliminary data), a sample 

size of 100 will allow us to detect a hazard ratio of 1.42 with 80% power at 5% two-sided 

significance level allowing for an R square of 0.10 (corresponding to a correlation of 0.32). An 

event rate of 72% is anticipated assuming a recruitment of 33 patients per year for three years, 

minimum follow up of 2 years, an exponential rate of occurrence of stenosis of 0.5 per year 

(based on our preliminary data) and an exponential loss rate (drop out and individuals dying 

prior to developing stenosis) of 1/10 per year. The sample size calculation is based on the 

estimated number of events. Other covariates such as diabetes, age, sex, type of anastomosis 

(side-to-side or end-to-side), and other HDP for potential effect on time to CAS. As a 

secondary analysis, we will use WSS as a time dependent variable. 

Interpretation and Rationale 1: 1) WSS, or other HDP, predicts CAS. This supports our 

hypothesis. The hypothesis may hold for diabetics, non-diabetics, or both. Given this outcome, 

one could attempt alternative designs for BCF, or perhaps establish clinical management 
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protocols to minimize the effects of HDP that are shown to predict CAS. In addition, the results 

could be used to monitor patients in order to detect early signs of CAS or HDP that are changing 

in a manner that would foster CAS. Ultimately, we seek to identify the HDP that correlate with, 

and presumably cause, CAS. With this correlation, we can calculate the range of flow rates 

that will reduce the risk of CAS given a particular geometry as revealed by pre-operative 

venograms. 2) WSS, or other HDP, does not predict CAS. This rejects our first hypothesis and 

would contradict the etiology of stenosis as determined primarily from arterial studies. This 

would also be an important scientific discovery that would alter present thinking about 

mechanisms for stenosis formation in veins. 

 

Aim 2: In the same subjects as Aim 1, measure venous radius and cephalic arch angle over time 

and derive predictive functions of time, inlet pressure, anastomosis type, and initial arch angle. 

Analysis 2: Primary Comparison 2: Correlation of maximum change in average venous radius 

and change in arch angle with type of fistula, initial arch angle, and inlet pressure at the time of 

fistula formation.  

Statistical Method: Predictive models of venous radius and arch angle (outcome variables) 

using inlet pressure, initial angle, initial radius, time, and type of anastomosis as predictors will 

be developed. Linear and quadratic terms of time and other variables may be used. Splines basis 

may be used judiciously to improve model fit without over-fitting the data. The longitudinal 

nature of the data will be taken into account using an AR(1) correlation structure. We will assess 

the need to account for other covariates such as age, diabetes, and sex. Model selection will be 

performed using the approach described in Harrell (2001) [39]. Power Analysis: Assuming 

a simple linear regression model (only for power estimation) a sample size of 100 will allow us 

to identify the covariates as significant (α = 0.05) with 80% power if indeed they jointly explain 

at least 12% of the radius’ variability. 

Interpretation and Rationale 2: 1) Radius/angle correlates with pressure, anastomosis type, 

and/or initial angle. We will use the mean change and SD in our predictive model. Geometry 

(radius and angle) is crucial for our computational model. A larger radius allows for a lower 

inflow velocity for any given flow rate produced by the anastomosis. The venograms give us the 

starting radius, but that radius will not be present during the life of the BCF. The starting radius 

is augmented by the predicted increment due to arterialization. We will derive a predictive 

formula for this increment in radius from the observations in this aim and incorporate 

it into our computational model. More acute angulation reduces WSS locally. We have evidence 

that the angle changes over time from that present at surgery. Therefore, if we can predict the 

change in angle with time from this aim, we can refine our estimates of WSS and other HDP 

over the life of the BCF. 2) Radius/angle does not correlate with pressure, or angle, or type. 

This effect will not be incorporated into the predictive model 

 

Exact location where research is to be conducted: 

Patients will be recruited primarily at the out-patient clinic located at the DCAM, University of 

Chicago as they present to have an evaluation for a permanent access.  If is determined that a 

BCF is the optimal access, they will be referred for screening to an intake coordinator who is 

IRB approved for the study. 
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Patients will also be recruited from Davita dialysis units affiliated with the University of Chicago 

and others units of Davita dialysis as needed.   Patients will be identified as needing permanent 

access and be referred for screening to an intake coordinator who is IRB approved for the study. 

 

Pre-procedure labs include a PT/INR and Platelet will be collected within one month of  the 

radiology procedure. 

 

All labs (Hct, ADMA and WBV) will be collected pre-procedure for the venograms and 

transported to IIT for analysis. 

 

Duration of protocol: 5 years 

Number of experimental subjects, inclusion and exclusion criteria: 

The expected number of subjects for enrollment is 100. 33 to 34 patients per year will be 

recruited for a total of 100. Patients will be recruited for the first three years of the study and 

followed up through the end of the study (at least 2 years).  

 

Subjects:  

Inclusion Criteria:  

1. Subjects enrolled in the study will include patients with irreversible chronic renal failure; 

either those receiving chronic hemodialysis or anticipation that hemodialysis will be 

required. 

2. Subjects for consideration in the study will be referred from the out-patient nephrology 

clinic at the University of Chicago or a dialysis unit affiliated with DaVita Dialysis for a 

primary AVF. The patient will be referred for AVF placement and evaluated at the 

University of Chicago by a transplant or vascular surgeon.    If it is determined that the 

patient is a candidate for fistula placement, the surgeon will decide based on physical 

exam, the best location for the access.  If the optimal location is a proposed BCF, a 

research coordinator will be notified and the patient will be enrolled by written consent 

approved by the IRB from the University of Chicago.  

3. Subjects who can provide consent or consent of a surrogate through proxy 

 

There will be no exclusion based on sex, race or ethnic group. However, because of the 

geographic location of the University of Chicago, we anticipate that a large proportion of 

patients enrolled in the study will be of African American origin. 

 

Exclusion Criteria:  

1. Patients will be excluded if they are less than 21 years of age  

2. Pregnant females will be excluded. A careful history will be taken and women who are 

pregnant or have a clinical indication will have a serum pregnancy test with a positive 

result will be excluded. 

3. Those with a known history of anaphylaxis from contrast 

4. Those who are found to be ineligible to have a surgical placement of a BCF as 

determined by the surgeon 

 

The research topic to be studied is not relevant to children. 
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Sub-study  
We plan to enroll 10 subjects in this addition observation.  Enrollment in this sub-study will 

begin in the second year of the study life. Subjects will have the option to participate in this 

study which will not affect their participate in the main study if they meet the following criteria: 

 

Inclusion Criteria:  

1. No history of hemodialysis prior to BCF access placement 

 

Exclusion Criteria:   
1. History of hemodialysis prior to BCF access placement 

 

Potential risks and benefits to subjects: 

 

Potential Risks: 

The potential risks associated with the study include: venipuncture at the time of venogram and 

instrumentation at the fistula includes rare possibility of: dissection of the wall of the graft, 

thrombosis, distal embolization with potential for limb loss, bleeding, hematoma with potential 

nerve compression. We must also include loss of the fistula as a potential complication. Of 

course, we don't expect any of these, but do mention these whenever we do invasive 

interventions in peripheral vasculature, and intravenous contrast. The risk of venipuncture 

includes discomfort at the site of puncture; possible bruising and swelling around the puncture 

site; and rarely an infection.  

All anti-coagulants including: aspirin, NSAID, Plavix and Coumadin will be held for 3-7 days 

prior to the procedure to avoid bleeding complications. The risk of contrast includes allergic 

reaction and renal failure in those patients who are not yet on hemodialysis. A minimal amount 

(50-100 cc) of non-ionic contrast media will be used. A careful history will be taken to determine 

past history of contrast allergy. If a contrast allergy history is obtained, the patient will be given 

pre-procedure steroids and Benadryl and non-ionic contrast will be used.  Pre-medication with 

Benadryl and steroids is standard of care pre-procedure for patients who have a known allergy to 

contrast.  If a patient receives contrast and develops respiratory compromise from an allergic 

reaction despite pre-medication with steroids and Benadryl, the patient will be withdrawn from 

the study. If the patient is not yet on hemodialysis, but has evidence of advanced renal failure, 

carbon dioxide gas will be used as a contrast agent, as there is no significant risk of renal failure.   

The risk of blood loss with the blood draw is minimal as 14 mL is less than one tablespoon and 

there is no significant risk to this amount of blood loss.  There are no physical risks involved 

with performing a venous Doppler.  

Removal of the cephalic vein tissues at time of fistula placement adds no significant risk to the 

operative procedure of fistula placement and will not increase the length of the surgical 

procedure.  Only leftover vein tissue which is discarded after the procedure will be used for 

research purposes. 

  

There is a direct benefit as the patients enrolled will have a detailed work-up and follow through 

of their vascular access that will prevent complications. Standardized pre-op work-up and 

surveillance of access is currently not uniformly performed. This study will also lead to an 
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improved understanding of the effects of hemodynamics on vascular access and the development 

of stenosis. 

 

The indirect benefits are an increased understanding of the pathogenesis of the mechanism of 

venous stenosis. This knowledge will improve our understanding of access failure, improving 

outcomes for patients with ESRD on hemodialysis and decrease morbidity and mortality in this 

patient population. 

 

Payment to subjects:   
 

There will be no direct payment to the subject although if enrolled the venograms/Doppler exams 

will be covered by the study unless they are required for standard of care. 

 

Recruitment Methods:  

 

 University of Chicago access surgeons, research nurse coordinator and surgical nurse 

practitioner, from the University of Chicago will be informed of the study and asked to screen 

patients for participation.  

 

 

Informed consent:  

 Informed consent will be obtained at the time of enrollment in the out-patient clinic or the 

dialysis unit.   The out-patient clinic is located in the DCAM at the University of Chicago.   The 

out-patient dialysis units include any affiliated DaVita unit.  Informed consent will be obtained 

by the primary investigator or a co-investigator. Patients will be asked to read the specific terms 

detailed in this form and initial appropriate sections. They will be asked to sign the form 

including their agreement to participate. A copy of the form will be provided to the subject for 

their record.  

 

Confidentiality: 

In order to avoid this risk, each subject will be assigned a unique ID number so that anonymity is 

preserved according to HIPPA regulation. Only principle or co-investigators approved on the 

IRB will be involved in patient recruitment and providing clinical information needed for the 

analysis of the patients. Only they will have access to the file that links the patient’s history to 

the study ID number. Any documents containing patient identifiers will be kept in locked files in 

the PI’s office. Computer documents with patient data will be protected by passwords only 

known by the PI or the research team. 

 

 

Data Monitoring Plan:  

 

A template for data collection using excel will be developed for each patient. The research nurse 

for the study or the PI will be physically present during the consent, operative procedure and 

when venograms are preformed to ensure that the data is collected accurately.  The operative 
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data will be reviewed with the surgeon of record. All data will be entered in the excel template 

within 24 hours and reviewed with the PI for accuracy at a weekly meeting with the PI. 

 

Description of how the subject’s primary physician will be notified of and, as appropriate, 

involved in the proposed research:   

 

If a subject is identified as a candidate for the study, the primary care physician will be notified 

and informed of risks and benefits of the study. 

 

Description of anticipated coordination between appropriate interdepartmental faculty, 

and where necessary, inclusion of those faculty as participants:  

The study will have a full-time research nurse designated to assist with coordination between 

appropriate interdepartmental faculty at the University of Chicago and between IIT and U of C.  

There will be a weekly meetings between personnel form U of C and IIT to ensure the data is 

collected and analyzed accurately.  A meeting will be a monthly meeting or more often as 

needed with IIT and U of C (PI, research nurse and interventional radiology) to ensure data is 

performed and collected accurately. 
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B – Study schema  

 

  Month after Fistula Insertion   

  Baseline 1 3 6 12 18 24 30 36 42 48 54 60 
Access 
Failure 

History X X X X X X X X X X X X X   

Physical X X X X X X X X X X X X X   

Venogram X   X   X   X   X         X 

Doppler X   X   X   X   X           

Viscosity X   X   X   X   X           

Hct X   X   X   X   X           

ADMA X   X  X  X   X           

Collection of 
excised vein 
tissue  

X                         
X

4
 

PT/INR
2
     X   X   X   X           

Sub-Study
1
                             

IVUS 
3
           X          X           

Handheld 
Doppler during 
dialysis   X   X X X X               

               

1 Applies select sub-set of 10 subjects  

2 If not drawn within a month of venogram as standard of care  

3 IVUS will replace venogram and doppler at these time points for sub-set 10 subjects 

4 At the time of surgical resection if clinically necessary for CAS a sample will be collected and stored   

 

 


