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Abstract

Introduction: A functioning and reliable arteriovenous fistula is a lifeline for individuals suffering from chronic kidney
disease. The success and failure to arteriovenous fistula maturation have been frequently related to patient and surgeon
factors.

Method: In total, 138 participants with stage IV and V chronic kidney disease were included in this prospective
observational study. Preoperative vascular mapping using ultrasound was performed to evaluate the condition and
size of the vessels to fulfil the inclusion criteria. Intraoperatively, the vessel size was measured prior to anastomosis
under magnified view. A specimen from the arterial wall of 5mm in diameter was obtained from the arterotomy for
histopathology assessment. Arteriovenous maturation was assessed at 6 weeks with the guidance of the ultrasound
criteria of rule of sixes.

Results: From the total of 138 participants, | 10 participants (79.7%) had matured arteriovenous fistula in 6 weeks. The
mean size of the artery measured intraoperatively was 3.82 + |.33 mm and the vein was 4.05 + .20 mm. Microcalcification
in the arterial media which was hypothesised to be the cause of the arteriovenous fistula failure was insignificant, with a
p value of 0.1 15. Despite having atherosclerosis in the artery, 83.3% of the arteriovenous fistula matured.

Conclusion: Microcalcification and atherosclerosis are frequently seen in the arteries of chronic kidney disease patients,
but they do not explain arteriovenous fistula non-maturation.
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Introduction

A functioning and reliable arteriovenous fistula is a lifeline
for every chronic kidney disease patient on regular haemo-
dialysis treatment. The factors that determine the success
or failure of the arteriovenous fistula maturation depend on
the patient and surgeon.

Based on previous studies, it was discovered that 20%—
50% of arteriovenous fistula had failed to mature.!-> This
failure rate is alarming. To overcome the obstacle of non-
maturation of arteriovenous fistula, research has shifted to
the haemodynamic, anatomic, molecular and functional
levels of the arteriovenous fistula creation.’* The artery is
important for providing sufficient blood flow through the
fistula circuit, while the vein is the ultimate determinant
used to assess the outcome of the arteriovenous fistula
based on its size and rate of blood flow within it.

It has been shown that vascular calcifications mainly
occur at the large elastic arteries and are commonly associ-
ated with ischaemic cardiac events and mortality.’ Vascular
calcification will either narrow the lumen of the artery
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Figure 1. Arterial wall sampling during arteriovenous fistula
creation.

leading to reduced blood flow which will cause ischaemia
and infarction, or lead to an increase in stiffness of the
artery causing poor dilatation and, thereby, inducing left
ventricular hypertrophy, coronary hypoperfusion and fail-
ure of arteriovenous fistula to mature.%’

We aim to evaluate the association between the pres-
ence of microcalcification in the intima—media of the arte-
rial wall and arteriovenous fistula maturation. By assessing
the vasculature histopathology, it has been postulated that
microcalcification in the tunica intima and tunica media of
the artery plays a role in arteriovenous fistula failure.

Method

An observational prospective cohort study was accom-
plished to evaluate the influence of histopathological find-
ings of the arterial wall on the maturation of the
arteriovenous fistula. This study was conducted under the
Reconstruction Sciences Unit, Universiti Sains Malaysia,
Kelantan from 1 March 2016 to 28 February 2017. In total,
138 participants with chronic kidney disease stages IV and
V were scheduled for an elective autogenous arteriovenous
fistula creation. Inclusion criteria for this study were vein
and artery with a diameter of more than 2 mm and arterio-
sclerosis occlusion less than three quarter of the arterial
lumen.

Preparation of participants

Preoperatively, participants who had consented to this
study were clinically examined by the same single operat-
ing surgeon by checking the peripheral arterial pulsation
noting strong or diminished character and the peripheral
venous assessment of its patency, linear segments and
engorged veins. Vascular mapping was performed using
Doppler ultrasound to measure the vein and artery diame-
ter which needs to be more than 2 mm to be included in this
study. Vessels which were occluded or arteries with very

dense arteriosclerotic plaque were omitted from this study.
Participants who had consented were admitted to the surgi-
cal ward a day prior to the surgery. Arteriovenous fistula
creations were done under local anaesthesia (by the sur-
geon) or regional block (by the anaesthetist) in the opera-
tion theatre.

Intraoperative

The chosen artery and vein were carefully dissected in a
magnified view. A segment of arterial wall was excised
under magnified view by cutting out Smm in diameter of
the arterial wall in a circular shape and full thickness to
facilitate an end-to-side anastomosis of the vein to artery
(Figure 1). Sizes of the chosen vessels and arterotomy
were measured intraoperatively in millimetres using a
ruler before anastomosis. End-to-side anastomosis with
interrupted 8/0 polypropylene was constructed under mag-
nified view. Success of the anastomosis was determined by
the presence of thrill on palpation of the vein at about
1-2 cm from the anastomosis site prior to the closure of the
skin with nylon 4/0 suture.

Laboratory

The arterial wall specimen was put into formalin and sent
to the histopathology laboratory to be processed and ana-
lysed. Histopathology of the arterial wall was analysed
using a light microscope (Olympus BX51 UL 10%/0.3000/-/
FN26.5) where the clinical data of the patient were not
revealed during the analysis to avoid bias.

The specimen was cut into 5-pum sections and stained
with haematoxylin and eosin, Verhoeff-van Gieson and
von Kossa staining. Verhoeff-van Gieson staining was
performed to delineate the intima by enhancing the elastic
lamina which outlines the border between the intima and
media layers. Although microcalcification can be observed
using haematoxylin and eosin staining, in this study, we
added von Kossa staining to optimise visualisation of the
microcalcifications as it is more specific for this mineral
(Figure 2). Microcalcification may be present in both
intima and media layers of the arterial wall.

Postoperative

Follow-ups of the patient at 2, 6 and 10 weeks were con-
ducted to check for arteriovenous fistula complications
and maturity of the fistula by feeling the intensity and
presence of the thrill and confirming by Doppler ultra-
sound. Maturation assessment of the fistula is according to
the National Kidney Foundation’s KDOQI Clinical
Practice Guidelines.® A matured arteriovenous fistula is
when 6 cm of the straight segment of vein for cannulation
is 6mm in diameter, located less than 6 mm from the skin
surface and with a 600 mL/min of blood flow. Outcomes of
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Figure 2. Calcification in the tunica media and tunica intima of
the arterial wall.

the fistula were measured by the operating surgeon who is
experienced in using a non-invasive ultrasound system
(SonoSite TITAN® high-resolution ultrasound system)
provided with an L38 transducer (10-5MHz linear ultra-
sound transducer). If the fistula is matured at 6 weeks, it is
classified as a matured fistula and the patient is allowed for
trial of haemodialysis. If the fistula is not matured after
6 weeks, it is classified as a failed fistula.

Statistical analysis

Data were compiled and recorded on a spreadsheet using
IBM SPSS version 22.0. To provide a statistical power of
80% to show a significant (» <0.05) difference, we needed
to enrol 132 participants. The collected demographic data
were presented in numbers and percentages, with age in
mean and standard deviation. Pearson’s chi-square and
multiple logistic regression were employed in this analy-
sis. The p values<0.05 were considered statistically sig-
nificant in this study.

Results

This study consisted of 138 participants with chronic kidney
disease stages IV and V undergoing placement of an arterio-
venous fistula. Mean age of participants was 57.09+11.71
(range 35-70years) with an almost equal number of males
(n=74) and females (n=64). In total, 69% of participants
had arteriovenous fistula created after haemodialysis initia-
tion, either through their previous functioning arteriovenous
fistula or central venous catheter. And 78% of participants
(with male dominating by 58%) have concomitant of two or
three medical illnesses such as diabetes mellitus, hyperten-
sion and coronary heart disease (Table 1).

Of the 138 participants, 110 (79.7%) had arteriovenous
fistula maturation within 6 weeks, while 28 (20.3%) had
failed arteriovenous fistula. There was a higher success
rate of maturation when arteriovenous fistula is created on
the upper arm (93%) as compared to the forearm (70.4%).

Table I. Demographic data.

Mean age 57.09+11.71
Gender
Male 74 (53.6)
Female 64 (46.4)
Ethnics
Malay 135 (97.8)
Chinese 3(22)
Medical illness
Diabetes mellitus 99 (71.7)
Hypertension 132 (95.7)
Coronary heart disease 29 (21)
Others 29 (21)
Chronic kidney disease
Stage 4 26 (18.8)
Stage 5 112 (81.2)

Age is shown as mean  standard deviation. Categorical variables are
shown as number (percentage).

In this study, 60.9% of participants had no microcalcifica-
tion in the tunica intima and media. On the contrary, 3.6%
of participants had microcalcification detected in both
tunica intima and media, while 8.7% had tunica media
microcalcification only. Despite having tunica media
microcalcification, 16 (94.5%) out of 17 arteriovenous fis-
tula creations matured (Table 2). In addition to it, 35
(83.3%) out of 42 arteriovenous fistula creations matured
despite having arteriosclerosis.

There was no significant difference in participants with
diabetes mellitus and non-diabetes mellitus to have micro-
calcification in the arterial wall (»p=0.147). Diabetes mel-
litus participants were observed to have developed
microcalcification in the arterial wall in only 14.1% and
the remaining 85.9% did not develop microcalcification in
the arterial wall (p=0.299; Table 3). Microcalcification in
the arterial wall was also insignificant in those with hyper-
tension (p=0.740; Table 3).

Table 4 presents the diameters of both artery and vein
that were measured intraoperatively. Arteriovenous fistula
is likely to mature (p=0.013) when the mean value of the
arterial internal diameter is 3.97+1.34mm (range 2.5—
5.5mm). Mean size of the brachial artery is larger than that
of the radial artery (Table 5). The mean value of the vein’s
internal diameter was insignificant between the matured
(3.47+1.06mm) and the failed arteriovenous fistulae
(3.16+1.06 mm; p=0.169, range 2—5.5mm). The created
upper arm arteriovenous fistula had a higher tendency of
up to 93% to mature compared to the forearm arterio-
venous fistula (70.4%; p=0.001).

Discussion

The success rate of arteriovenous fistula maturation of
79.9% in this study was in keeping with the reported suc-
cess rate in the recent literature of 50%-80%.7 Although
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Table 2. Pathologic features and maturation outcomes.

Arteriovenous fistula maturation

Matured AVF, N (%) Failed AVF, N (%) p value
Calcification
Present 16 (94.5) 1 (5.9) 0.115
Absent 94 (77.7) 27 (22.3)
Arteriosclerosis
Present 35 (83.3) 7 (16.7) 0.484
Absent 75 (78.1) 21 (21.9)
Diabetes mellitus
Present 82 (82.8) 17 (17.2) 0.147
Absent 28 (71.8) 11 (28.2)
Hypertension
Present 26 (19.7) 106 (80.3) 0417
Absent 2 (33.3) 4 (66.7)
Placement of arteriovenous fistula
Forearm 57 (70.4) 24 (29.6) 0.001
Upper arm 53 (93.0) 4 (7.0)

AVF: arteriovenous fistula.
Results are shown as number (percentage).

Table 3. Pathologic features and microcalcification.

Microcalcification

Present, N (%)  Absent, N (%) p value

Arteriosclerosis

Present 5(11.9) 37 (88.1) 0.922

Absent 12 (12.5) 84 (87.5)
Diabetes mellitus

Present 14 (14.1) 85 (85.9) 0.299

Absent 3(7.7) 36 (92.3)
Hypertension

Present 16 (12.1) 116 (87.9) 0.740

Absent I (16.7) 5(83.3)

Results are shown as number (percentage).

microcalcification in the tunica media or tunica intima was
postulated to be a factor causing failure of arteriovenous
fistula maturation, it was insignificant in this study. Despite
the detection of microcalcification in the arterial wall,
most of the arteriovenous fistula had matured according to
the guidelines by the National Kidney Foundation’s
Kidney Disease Outcomes Quality Initiative (KDOQI).
Arteriovenous fistula maturation was seen in 83.3% of
artery with tunica intima microcalcification and 94.5% of
artery with tunica media microcalcification.

In Allon et al.’s3 series of 50 participants, it was demon-
strated that there was a trend for microcalcification in non-
maturing fistulas. Conversely, in this study with a larger
sample size of 138 participants, microcalcification did not
contribute to arteriovenous fistula non-maturation.
Diabetes mellitus, in addition to chronic kidney disease,

patients were frequently classified as poor candidates for
placement of arteriovenous fistulae but in our study and in
the study by Sedlacek et al.” evidence of successful arterio-
venous maturation up to 82% and 70%, respectively, was
reported. In total, 71% of arteriovenous fistula failure in
this study was observed in patients with more than two
comorbidities, in addition to chronic kidney disease, with
or without microcalcification in the arterial wall.

Chronic kidney disease patients who had undergone
long-term haemodialysis stand a higher chance of develop-
ing microcalcification in the arterial wall. Hyperuricaemia
in a chronic kidney disease patient and the content of the
dialysate during haemodialysis increase the precipitation of
calcium into the arterial wall.!° In addition, arterial wall
microcalcification is commonly associated with long-
standing diabetes mellitus and hypertension.!! Despite all
these, there was no significance seen in this study with only
14.1% of diabetes mellitus participants and 12.1% of
hypertensive participants developing microcalcifications in
the arterial wall of the small vessels of the upper limb.
There may be an argument stating the presence of a selec-
tion bias in this study as all the participants will undergo a
preoperative vascular mapping to decide on the best arteri-
ovenous fistula creation site and the presence or absence of
microcalcification is based on intraoperative and histopa-
thology findings.

Studies have shown that microcalcifications in the
artery were mainly in the large-calibre arteries which are
up to four times as compared to the medium- and small-
calibre arteries.!> Tunica media of the large arteries such as
the aorta and iliac arteries constitute predominantly of
elastic fibres, while tunica media of the medium and small
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Table 4. Vessel size and its influence on maturation of the fistula.

Maturation

Matured AVF Failed AVF p value
Artery internal diameter (mm) 397+1.34 325113 0.013
Arterotomy (mm) 4.17+£0.81 3.82+0.84 0.040
Vein internal diameter (mm) 3.47+1.06 3.16£1.06 0.169

AVF: arteriovenous fistula.
Results are shown as mean * standard deviation.

Table 5. Upper limb vessel sizes.

Location of vessel Mean size (mm)
Forearm artery 3.08+0.86
Forearm vein 3.10+0.95
Upper arm artery 489+1.15
Upper arm vein 3.84+1.09

Results are shown as mean * standard deviation.

arteries such as brachial, radial and digital arteries consti-
tute mainly smooth muscles.!? The differences of arterial
wall structure of the large, medium and small arteries con-
tribute to the functional changes in the vessel, thus predis-
posing the large-calibre arteries to be more prone to
microcalcification. Microcalcification may be solely pre-
sent in the tunica media or may be detected in both tunica
intima and media.’3 Tunica intima microcalcification is
mainly due to atherosclerotic plaques which may lead to
ischaemia-related occlusion.!® Tunica media microcalcifi-
cation (also known as Monckeberg’s sclerosis) is when the
tunica media wall of the artery is calcified independently
of atherosclerosis, and it was reported to be found in 14%—
23% of haemodialysis patients.'41¢ Arteries with tunica
media microcalcification will be stiffer, causing them to
poorly dilate and, thereby, affecting the maturation of the
fistula.!” In this study, 6% of the participants presented
with microcalcification in the tunica media wall of the
artery independently of atherosclerosis which is lower
than the number reported by Georgiadis et al.
Preoperative vessel mapping is important to measure
the diameter of the vessels and to ensure their patency. The
present guideline of the artery size of more than 2mm is
important and plays a main role in arteriovenous fistula
maturation.'® In one of the meta-analysis findings, it was
documented that the artery diameter of less than 2 mm has
a 40% chance of arteriovenous fistula maturation, while,
when the size is more than 2 mm, 59% of the arteriovenous
fistula will mature.!® Internal diameter of the artery is usu-
ally smaller than that of the vein. Therefore, the main
source of vascular resistance in a newly created fistula is
usually the artery. The mean value of the artery’s internal
diameter is 3.83+1.33 mm in this study, which was above
the recommended value. This may be one of the factors

contributing to arteriovenous fistula maturation despite
having microcalcification in the arterial wall. As for the
vein, the mean value of the vein’s internal diameter in this
study is 3.41+1.07mm which is also above the recom-
mended value. Meta-analysis findings of the vein diameter
to attain fistula maturation are less than 2mm (29%) and
more than 2 mm (71%).!8

In addition, there is a higher chance of maturation in the
upper arm arteriovenous fistula creation of up to 93% as
compared to the distal forearm, that is, 70.4%. This could
be explained based on Poiseuille’s law Q==Pr*® where
the flow is related to the pressure gradient across the vessel
and its diameter.'® In the upper arm, the pressure gradient is
higher and the internal diameter of the artery is larger than
that in the distal forearm. Due to larger artery internal diam-
eter and higher pressure gradient in the upper arm, the vein
could adequately dilate to allow the increase of blood flow
required for maturation of the fistula. In order to not exhaust
all possible locations for an arteriovenous fistula creation,
distal forearm arteriovenous fistula creation proposed by
Brescia® in 1966 still remains the gold standard.

In the presence of microcalcification, the flow could be
affected as the artery will be either stiffer or partially
occluded. However, if the internal diameter of the artery is
more than 2.5 mm, the predicted blood flow would be ade-
quate without the need for further expansion as reported by
Kheda et al.?® They addressed the issue by observing the
relationship between vessel diameters, blood flow and cir-
cuit pressure. Artery diameter in the range of 2.5-5.0mm
is predicted to have a flow of 400-500 mL/min where the
dilatation of artery is not required in attaining arterio-
venous fistula maturation.?0 In keeping with the study by
Kheda et al., the internal diameter of the artery in this
study ranges from 2.5 to 5.5mm (3.83+1.33) which
explained the reason for the maturation of the arterio-
venous fistula despite the presence of microcalcification.

We had a few possible explanations contributing to the
high success rate of arteriovenous fistula maturation
despite microcalcifications in the arterial wall. First, care-
ful selection of participants and preoperative evaluation of
the vasculature quality and mapping played an important
role. Second, vascular samples obtained may be too small
to represent the entire artery. Third, population is heteroge-
neous with different anastomosis sites and comorbidities.
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Fourth, the surgeon’s skilful techniques may increase the
success rate of arteriovenous fistula maturation.

Microcalcification, in this study, was difficult to be
scored semi-quantitatively on a scale, as reported by
Allon et al.,? and was therefore documented as present or
absent. Microcalcification of the artery was seen as
either scattered or concentrated in an area. Artery that is
very calcified or stiff is excluded from arteriovenous fis-
tula creation, as the failure rate is known to be high and
it will compromise the chances of having a functional
and matured arteriovenous fistula at the earliest possible
time. In addition to it, arterotomy which was done may
not have included the actual amount of microcalcifica-
tion of the entire artery and placement will be at the arte-
rial wall where there is no or very little arteriosclerotic
plaque. Therefore, a whole circular artery should be
taken to be analysed to give a more accurate finding
which is not feasible in this study where the arterio-
venous fistula creation was performed at end of the vein
to the side of the artery. These are the bias and difficul-
ties that were faced in this study.

In summary, microcalcification in the tunica intima and
media of the artery does not affect the maturation of the
arteriovenous fistula. Careful patient selection, excellent
surgical skill and preoperative evaluation of vascular anat-
omy greatly contribute to the success rate of an arterio-
venous fistula creation.
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