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Abstract

Objective—Many vascular surgeons construct arteriovenous fistula (AVF) for hemodialysis
access as the primary choice access. However, a significant number of AVF fail to mature leading
to patient frustration and repeated operations. MMP activity, particularly MMP-2 and MMP-9
may be important for AVF maturation. We therefore sought to identify whether serum MMPs
could serve as a biomarker for predicting future successful AVF maturation.

Methods—~Patients with chronic renal insufficiency requiring long-term access had blood
collected at the time of surgery. Serum was separated from whole blood by the use of an
ultracentrifuge at 1000g for 10 minutes. Serum aliquots were then frozen at -80C until used for
analysis. MMP-2, MMP-9, TIMP-2, and TIMP-4 were assayed using the ELISA technique.
Patients were divided into failed and matured groups depending upon clinical endpoints.
Successful maturation was considered in patients who had specific duplex findings or one month
of successful two needle cannulation hemodialysis. MMP/TIMP ratios were calculated as an index
of the MMP axis activity since MMP activity parallel alterations in their TIMPs.

Results—Twenty patients were enrolled, 13 patients had successful maturation and 7 had failure
of AVF maturation. Significantly higher serum levels of MMP-2/TIMP-2 was found in patients
who had AVF that matured compared to those that failed (P=.003). Similarly, a trend towards
increased serum levels of MMP-9/TIMP-4 were found in patients with successful AVF (P=.06).

Conclusions—MMP-2 and TIMP-2 levels were different among patients who mature their
fistulae versus those who did not. Further follow-up studies to determine the predictability of AVF
maturation using relative patient serum levels of MMP-2 and TIMP-2 should be performed.

Introduction

A majority of patients with end stage renal failure require hemodialysis and the
arteriovenous fistula (AVF) is the preferred method for access. AVF are the most durable,
resistant to infection, and thrombosis and are preferred for lower mortality and cost
profiles.! Recognizing the superiority of this access, the National Kidney Foundation
recommends an aggressive approach to the creation of AVF.2 However, 20-60% of primary
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AVF fail to develop into a functioning dialysis access.3** Failure can be from impaired vein
remodeling, intimal hyperplasia, technical problems, unrecognized stenoses within the
outflow vein, inflow problems, or steal syndromes, all leading to failure of achieving a
mature AVF.

Vascular access failure is the most important cause for morbidity, repeat surgery, and
hospitalization.® Given the challenges of successful access surgery, the biochemical and
pathological changes associated with AVF maturation and intimal hyperplasia should be
sought. Recent studies have shown an important role of matrix metalloproteinases (MMP) in
the process of AVF maturation.57 MMPs belong to a group of zinc-dependent proteases
capable of degrading extracellular matrix (ECM) proteins.82 In particular, MMP-2 is
expressed by a variety of cell types and activated by membrane-bound membrane type-1
MMP (MT1-MMP) and is inhibited by tissue inhibitor metallopreoteinases type 2
(TIMP-2).10 MMP-9 is also expressed by a variety of cell types and is inhibited by tissue
inhibitor metalloproteinases type 4 (TIMP-4). Because MMP-2 and MMP-9 have been
found to have increased expression in the outflow vein tissue, after AVF construction.’- 11
MMP expression in human patient serum at the time of initial surgery may serve as an
important biomarker of AVF maturation. In this study, we sought to identify whether patient
serum MMP expression and inhibition are associated with successful AVF maturation.

Human Study Methods

A prospective evaluation of patients undergoing AVF construction for chronic renal
insufficiency was performed under institutional review board approval at the Northern
California Veterans Affairs Health Care System. All patients were enrolled and followed at
the Sacramento Veterans Affairs Medical Center.

After informed written consent was obtained, a patient history and physical examination was
performed and pertinent medical history documented. All patients underwent pre-operative
vein mapping (without a tourniquet) using duplex ultrasonography documenting vein
diameter, patency as well as arterial patency of both upper extremities. As per the 2006
Dialysis on Quality Initiative (DOQI) vascular access guidelines, the following was used as
a guide.12 A radial artery diameter of greater than 0.2 cm and a vein diameter of greater than
0.2 cm at the wrist or greater than 0.3 cm at the antecubital fossa was a requirement for
primary AVF. The minimum diameter was also a determinant in the location with which the
AVF would be constructed. Both upper extremities were mapped and the most distal vein
segment in the non-dominant extremity was used if all diameter criteria were met.

The construction of the AVF was performed under local anesthesia with monitored
anesthesia care. The arterial and venous segments were dissected as per routine surgical
care. Intraoperatively, 20 ml of blood was obtained from the open artery at the time of
surgery via an 18-gauge angio-catheter. Blood samples were immediately placed in heparin
containing tubes (green top tubes) and kept at room temperature for immediate transport to
the laboratory. Immediate centrifugation and preparation was performed within 2 hours of
sample collection. Once a serum pellet was collected, the sample was then kept in -80°C
freezer for later ELISA analysis. After surgical construction, the patients were seen in the
vascular surgery clinic at 2 weeks and 6 weeks to assess for surgical healing and patency of
the AVF. Patients were followed longitudinally until a mature AVF was achieved. If the
AVF was abandoned, for another site and a new AVF constructed, the follow up ended for
the abandoned access site. Fistula with velocity findings consistent with stenosis was
recommended intervention. Patients with deep vein segments underwent secondary
superficialization either through a fistula elevation procedure or a basilic vein transposition.
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Determination of Fistula maturation

Patients were deemed to have a mature AVF when the first 2 of 3 criteria were met for
patients not yet on dialysis or at least the third criteria was met if the patient required
dialysis:

1. Vein diameter of greater than 0.6 mm.
2. Flow volumes of greater than 600 ml/min.

3. Complete two-needle cannulation for two-thirds or more of all dialysis runs for 1
month after initiating dialysis.

A duplex assessment of the AVF was performed 6 weeks after AVF creation, but no specific
time frame from AVF creation to initial dialysis access was established, because early
referral for AVF, may lead to the diagnosis of “failed AVF,” simply due to the non-use of
the dialysis access. If the hemodialysis access was unable to be accessed or the vein
segments were too small for hemodialysis access based on duplex ultrasonography, the
patients may undergo subsequent hemodialysis access procedure. If the AVF was found to
be thrombosed upon examination, the access procedure was then considered a failure. The
patients were divided into a successful AVF group and a failed AVF group for protein
analysis.

Serum Matrix metalloproteinase (MMP) methods

Statistics

Results

Patient serum levels of MMP-2, MMP-9, TIMP-2, and TIMP-4 were profiled using
commercially available enzyme-linked immunosorbent assay (ELISA) kits (R&D systems,
MN). Background activity in the negative control wells were subtracted from the
experimental wells in reporting the data. The positive controls were the recombinant protein
standards, the negative controls were the calibrator diluents. The sensitivity of the assay for
each protein was as follows: MMP-2: 0.0147 ng/mL, MMP-9: less than 0.156 ng/mL,
TIMP-2: 0.011 ng/mL, and TIMP-4: 4.91 pg/mL.

After peripheral blood was collected from the patient, serum was obtained by centrifugation.
Serum was centrifuged at 4009 for 30min and stored at -80°C until tested. Patient sera were
divided according the clinical outcome of failed versus matured. Upon testing, serum was
thawed and diluted with an appropriate concentration of dilution buffer. Sample and controls
were added to 96-well plates which were coated with an antibody specific to the protein of
interest. After 2 hours of incubation, plates were washed and then a secondary antibody to
the protein of interest which was conjugated to horseradish peroxidase were added. After 2
hours of incubation, plates were washed and incubated with substrate solution for 30min,
then an acid stop solution were added and the plate was read on a SpectraMax 190
microplate reader (Molecular Devices, CA) at 450nm with wavelength correction at 540nm.
A ratio of MMP/TIMP was used as an indicator of MMP activity: a higher ratio means
higher activity.13

Results are reported as mean + standard deviation. Microsoft Excel (Redmond, WA) was
utilized to perform a two-tailed t-test was used to compare groups with continuous variables
and a Chi-squared analysis for proportions. A difference was considered significant for a P-
value <0.05.

Twenty patients were enrolled, 13 patients had successful maturation (Age £ SD: 64.7 £
14.2) and 7 had failure (Age: 60.8 + 7 years) of AVF maturation (P=0.41). There were no
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differences in the pre-operative vein diameters in the matured group 0.37 mm =+ .014 versus
the failed group 0.36 + 0.14 (P=0.82). There were 15% wrist fistulae in the mature group
and 57% wrist fistula in the failed group (P=0.17). There were no significant differences in
the co-morbidities between groups (Table). The average follow up for the matured group
was 18 months, and the average time to abandonment for the failed group was 4 months.
Thirteen of twenty (65%) of patients required catheter placement during the follow up
period.

At one month post- index AVF construction, no AVF was deemed mature. The average time
from AVF creation to actual dialysis access was 8.9 months. Eleven out of 13 patients who
had matured AVF required a secondary fistula elevation or transposition procedure to allow
for successful access of the index AVF.

Of the 7 patients that had failed AVF, 4 patients had a patent AVF but non-maturation. One
patient in the non-maturation group had a maximum vein diameter of the AVF of 0.38 mm
and flow volumes of 248 ml/min. This patient underwent fistulogram and balloon
angioplasty, with marginal success in the attempt to accelerate maturation.

Significantly higher serum levels of MMP-2/TIMP-2 were found in patients who had AVF
that matured (23.8 = 0.8) compared to those that failed (20.6 + 0.9) (P=.003). Similarly, a
trend towards increased serum levels of MMP-9/TIMP-4 were found in patients with
successful AVF (128.6 + 34.3) versus serum levels in patient with failed AVF (40.2 + 10.1)
(P=.06). See Figures 1 and 2.

Discussion

Since the National Kidney Foundation introduced the Dialysis Outcomes and Quality
Initiative, guidelines and access management criteria are being used to judge vascular access
programs.2 In a recent review of the natural history of autogenous fistulas for first-time
dialysis access, only 11% of primary AVF matured without intervention and a total of 48%
of the primary AVF were ultimately utilized for hemodialysis access. The mean time to
AVF maturation was 146 days and the mean time for AVF abandonment was 162 days.14
Given these results, many patients undergo repetitive unsuccessful procedures. To improve
upon this clinical problem, investigators have focused on vascular remodeling and vascular
pathology. In previous studies, the animal model has been used to evaluate MMPs which
would be an obvious choice as these proteins have played a well-established role in both
intimal hyperplasial® and vessel enlargement®-7 when it comes to AVF maturation. MMPs
are a family of multi-domain endopeptidases that regulate physiological and pathological
vascular remodeling under conditions such as atherosclerosis, arterial aneurysm, graft, and
wound healing. The major function of MMPs is degrading extracellular matrix components
thereby allowing circulating cells and smooth muscle cells to migrate into the vessel wall
that undergoes outward remodeling. MMPs also target non-matrix substrates such as
cytokines (TNFa, IL-1) and growth factors (VEGF, TGFb, bFGF).16 Both vascular cells
(endothelium) and inflammatory cells (monocytes) can produce MMPs. In many cases,
MMPs are secreted as pro-enzymes (latent) and then processed to active forms. Enzymatic
activation requires removal of a pro-domain secondary to conformational changes that
reveal the catalytic site, and hence the basis for detection of both latent and activated MMPs
by zymography. In terms of activity, the best recognized regulators are cell-associated
membrane-type MMPs (MT-MMPs) and tissue inhibitor of metalloproteinases (TIMPs).
Using MMP-2 as an example, activation occurs via formation of a tertiary complex
containing MT1-MMP (activator), TIMP-2 (inhibitor), and MMP-2 on endothelial cell
surface. Equilibrium is maintained by balanced activities of these enzymes. Thus, the ratio
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of MMP/TIMP is often used as an indicator of MMP activity: a higher ratio means higher
activity.13. 17

The endothelium is an important source of MMPs in the vascular wall.1® Endothelial injury
can cause impaired MMP production and activity required for expansive remodeling.19 In
particular, MMP-2 and MMP-9 activity has been established as a mechanistic step for the
venous outflow segment of an arteriovenous fistula to mature in animal models.6-7- 15 20
However, intimal hyperplasia has also been associated with increased MMP-221 and MMP-9
activity.1® The relative contribution of MMP activity to remodeling vs. intimal hyperplasia
is not clearly known.# 22 Given the critical role of expansive remodeling in preserving
vessel lumen and patency in fistula maturation, the MMP effect is considered more
beneficial than detrimental. Indeed, a recent study demonstrates that MMPs play a crucial
role in the expansive remodeling of AVF in rats.’

This study is an attempt to evaluate biological serum markers to assess for the potential of
AVF maturation in trying to predict initial AVF maturation. Biomarkers have demonstrated
a great value in the diagnosis and treatment of many cardiovascular disease entities such as
troponin in the diagnosis of acute myocardial infarction?® and C-reactive protein in
predicting cardiac risk.2* More recently, circulating biomarkers of fibrinogen, D-dimer, and
IL-6 have been suggested as areas of interest in detecting the presence and progression of
abdominal aortic aneurysms2> and other types of vascular injury.28 Circulating biomarkers
offer diagnostic or prognostic value by reflecting the disease state and predilection based on
plasma measurements of molecules or proteins.24

The clinical impact of using preoperative markers resides with its use as a potential adjunct
to other known clinical parameters that best maximize AVF maturation, such as a thorough
physical examination, arterial inflow assessment as well as noninvasive vein mapping. The
findings in this study, with a limited number of patients, point to the potential use of known
enzymes and its inhibitors (MMP-2 and TIMP-2) that are necessary in vascular remodeling.
The ELISA technique is readily available in many basic laboratories and the potential
application to clinical practice is possible.

However, the data presented in this study demonstrates relative value differences between
patients who matured their fistulae versus those who did not. Patient sample size was small
and no significant differences were found in traditional clinical parameters in predicting
success. A follow-up study designed to determine predictability is in progress so that in a
prospective manner, an ELISA can be performed an estimate of successful maturation can
be made.

Since the Fistula First Initiative, AVF prevalence has increased from 24% to 57.5% in the
United States from 2004 to December, 2010.27 However, central vein catheter use for
implementation of dialysis has risen 1.5 to 3.0 fold from 1996-2007 in the international
community when evaluating trends of rising AVF prevalence and decreasing AV graft
use.28 Others dispute the application of these numbers to the United States. Spergel states
that despite the rise in AVF prevalence rate over the past several years since the Fistula First
Initiative in 2004, catheter use has remained flat at 27-28%.2° This has left many difficulties
in clinical care, such as the quandary of an AV graft versus an AVF and catheter in the face
of marginal or unusuable veins.! The use of MMPs in modulating practice patterns in
deciding which treatment option is best is potentially promising and worth further research
effort.

A severe limitation of this study has been the wide variation in the definition of AVF
maturation.* Previous surgical studies have defined adequate maturation as deemed by the
vascular surgeon and nephrologist on the basis of thrill characteristics and AVF diameter.30
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Other studies have defined a mature AVF as multiple successful cannulation attempts for
dialysis. Nephrologists have defined maturation in other ways. Lok and associates define
AVF maturation as the continuous use of the AVF for 1 month within 6 months of AVF
creation, regardless of secondary interventions required to mature the AVF.31 However, the
Dialysis Access Consortium had the strictest definition of AVF maturation where an AVF
needs to have an 8 of 12 successful dialysis sessions during a 30 day “suitability” period
within the first 150 days of AVF creation.2 The DOQI access group plans to publish
guidelines for AVF maturation in 2011.

Serum MMP levels are markers of inflammation and are known to be increased in renal
failure. Patients with renal failure, but not yet on dialysis have the highest levels of serum
MMP-2. When patients are placed on dialysis, the MMP levels decrease, but do not fall to
control levels.1” The data presented in this study utilized patients in various stages of kidney
failure and were either pre-dialysis or on hemodialysis. Clearly, the data are confounded by
patients in various stages of renal insufficiency to those patients on hemodialysis. Once a
patient is on hemodialysis, the MMP levels have been shown to decrease, but not quite to
levels seen in control patients without any renal insufficiency. Ironically, MMP levels could
be serially tested to identify a peak increase to when the timing of initial AVF should be
constructed. Further data should be collected and standardized in patients who have not yet
begun dialysis in assessing the likelihood for AVF maturation.

Conclusions

MMP-2 and TIMP-2 levels were different among patients who mature their fistulae versus
those who did not. Further follow-up studies to determine the predictability of AVF
maturation using relative patient serum levels of MMP-2 and TIMP-2 are ongoing.
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Figure 1.

Significantly higher levels of MMP-2 to TIMP-2 ratios are identified in serum of patients
who had successful maturation of their arteriovenous fistula when compared to the serum of
patients who had failure (P=.003).
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Figure 2.

Higher levels of MMP-9 to TIMP-4 ratios are identified in serum of patients who had
successful maturation of their arteriovenous fistula when compared to the serum of patients

who had failure (P=.06).
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