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INTRODUCTION

The radiocephalic arteriovenous fistula (AVF) is consid-
ered the best option for vascular access in hemodialy-
sis (HD) patients. Disease Outcomes Quality Initiative 
guidelines recommend a fistula-first strategy when ini-
tiating HD [1]. This has resulted in a dramatic increase 
in the incidence of AVF, but the use of permanent cath-
eters has increased and primary failure remains an issue 
[2-7]. Although preoperative vascular mapping was per-
formed in a previous study to identify an artery and vein 
of adequate size for AVF creation, the primary failure 
rate did not decrease [8]. This suggests that in addition 
to old age, diabetes mellitus (DM), and a small-diameter 
vessel, pre-existing arteriosclerotic changes at AVF anas-
tomosis sites may affect AVF maturation [8,9]. 

Cardiovascular disease is a major cause of morbidity 
and mortality in end-stage renal disease (ESRD) patients 
[10,11]. The cardiovascular mortality rate in ESRD patients 
adjusted for age, sex, and DM incidence is 10- to 20-fold 
higher than that in the general population [12]. Sarnak [13] 
explained the higher mortality rate in ESRD patients in 
terms of cardiac alterations in cardiac geometry, including 
left ventricular hypertrophy; atherosclerosis, including 
coronary artery disease; and arteriosclerosis. Arterioscle-
rosis occurs in large arteries such as the aorta and carotid 
arteries [13-15]. However, arteriosclerosis can develop in 
the radial artery, which is used for AVF. Therefore, pre-ex-
isting arteriosclerotic changes at AVF anastomosis sites 
could be related to cardiovascular mortality [16-20].

Two types of pathologic changes occur in arteries: ath-
erosclerosis and arteriosclerosis. Atherosclerosis involves 
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macrophage, lymphocyte, and lipid deposits in the cor-
onary and carotid arteries [21,22]. Clinically eccentric lu-
minal narrowing due to atherosclerosis causes cerebral 
and myocardial infarcts. Arteriosclerosis involves smooth 
muscle cell proliferation at the medial layer and movement 
into the intima (so-called intimal hyperplasia) [16,17,23]. 
Intimal hyperplasia is a common pathologic finding in 
venous stenosis, which is a common cause of vascular ac-
cess failure. It can also be found in the radial artery [23]. 
Clinically concentric wall thickening due to intima-media 
thickening causes arterial stiffening, which is involved in 
cardiovascular mortality [24-26]. Vascular calcification can 
be found in both, but in different locations (the intimal lay-
er in atherosclerosis and medial layer in intimal hyperpla-
sia) [27]. Arteriosclerosis, which occurs in the radial artery 
of ESRD patients undergoing AVF, is mainly composed of 
intimal hyperplasia, intima-media thickening, and medial 
calcification [9,16,17,19]. This study evaluated the effect of 
pathologic changes in the arteries on AVF patency and car-
diovascular mortality in ESRD patients.

PATHOPHYSIOLOGY OF EARLY AVF FAILURE 
AND THE ROLE OF THE INFLOW ARTERY

Thrombosis due to venous stenosis is the main cause 
of AVF failure. Venous stenosis is caused by neo-inti-
mal hyperplasia [28,29]. After AVF creation, high pres-
sure in the artery increases blood flow in the AVF, which 
induces venous wall thickening (arterialized vein). The 
increased venous diameter and blood flow reinforce 
arterial dilation, resulting in venous maturation. Wall 
shear stress is directly proportional to blood flow. In-
creased wall shear stress inhibits intimal hyperplasia, 
causing outward remodeling. In contrast, decreased 
wall shear stress due to decreased blood flow does not 
inhibit intimal hyperplasia or promote outward remod-
eling, resulting in luminal narrowing [30-32]. Therefore, 
pre-existing pathologic changes in the arteries before 
AVF creation cannot produce adequate blood flow for 
AVF maturation, resulting in early AVF failure [19,23]. 

ACQUISITION OF ARTERIAL SPECIMENS

In general, the opportunity to collect arterial specimens 

for the diagnosis of arterial disease is limited. So, studies 
of the pathologic findings of arterial disease are usually 
performed in coronary artery bypass graft (CABG) and 
organ transplant patients [16,17,19]. Obtaining an arterial 
specimen during AVF creation in ESRD patients is easy 
and safe, and it provides information on early patholog-
ic changes. We reported that an arterial biopsy during 
AVF creation did not affect AVF patency [33]. However, it 
is not technically possible to obtain a whole circumfer-
ential artery sample as the ends of veins are connected 
to the sides of arteries. 

EFFECT OF ARTERIAL PATHOLOGIC CHANGES 
ON EARLY AVF FAILURE

Intimal hyperplasia

Incidence of and risk factors for intimal hyperplasia of the  
radial artery in ESRD patients
Intimal hyperplasia is defined as the presence of cells 
and fibrous tissue between the endothelium and inter-
nal elastic lamina [17]. The radial and internal thoracic 
arteries are commonly used as conduits in CABG. How-
ever, because the radial artery has a higher incidence of 
intimal hyperplasia than the internal thoracic artery, 
the internal thoracic artery is now more commonly 
used [17]. The incidence of intimal hyperplasia of the 
radial artery varies. Allon et al. [34] reported that among 
50 ESRD patients, none of the arteries obtained at the 
time of AVF creation had intimal hyperplasia. However, 
others reported values of 56% to 100% [16,23,35,36]. It is 
unclear why the incidence of intimal hyperplasia varies 
among studies. The diagnostic criteria for intimal hy-
perplasia, degree of renal failure, age, race, and primary 
renal disease (e.g., DM) might play a role in the vari-
able incidence of intimal hyperplasia. Chitalia et al. [9] 
reported that the intima thickness was increased in 10 
brachial arteries and seven radial arteries of pre-dialysis 
and dialysis patients compared to controls. Johansson 
et al. [17,19] used high-resolution ultrasound to examine 
the intimal and medial thicknesses in ESRD and healthy 
subjects. The intima and media in ESRD patients were 
39% and 18%, respectively, thicker than those in healthy 
subjects. The incidence of intima hyperplasia was 76.3% 
to 94% in patients with mild-to-moderate renal insuffi-
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ciency and coronary artery disease. Other risk factors for 
intimal hyperplasia are old age, DM, hypertension, and 
cardiovascular disease [23,37]. Because most ESRD pa-
tients have these risk factors, they are expected to show 
frequent intimal hyperplasia of the radial artery. 

Effect of intimal hyperplasia of the radial artery on AVF patency
There are only two studies on the relationship between 
AVF patency and intimal hyperplasia of the radial artery 
[21,34]. We evaluated the degree of intimal hyperplasia of 
the radial artery by histologic examination in 59 ESRD 
patients undergoing radiocephalic AVF creation [21]. 
The patients were followed for up to 1 year for AVF pa-
tency. AVF failure was defined as complete obstruction 
of the AVF or blood flow insufficient to support a dial-
ysis blood flow rate of ≥ 200 mL/min. The AVF failure 
rate within 1 year in patients with intimal hyperplasia 
was higher than that in those without intimal hyperpla-
sia. The intima in the failed AVF group was thicker than 
that in the patent group (93.1 ± 37.5 mm vs. 45.6 ± 17.4 
mm, p < 0.001). In contrast, Allon et al. [34] reported that 
AVF patency was not related to radial artery intimal hy-
perplasia. None of 50 patients had intimal hyperplasia. 
Another study [36] reported that the mean intima thick-
ness of the radial artery was 12.5 mm in 73 ESRD patients 
undergoing an arteriovenous graft operation, which is 
thinner than in our work; the reason for this discrep-
ancy is unknown. We suggest that demographic differ-
ences such as ethnicity, age, sex, and underlying disease, 
and differences in radial artery size led to the discrepant 
results in terms of the severity and frequency of intimal 
hyperplasia. In the above study [36], most of the patients 
were African-American, and patients with a minimum 
radial artery diameter of 2 mm were included. Our 
study included only Koreans, and venous mapping was 
not performed before the operations. The selection of 
vascular access was determined based on the surgeon’s 
clinical experience. As a result, our study might have 
included smaller-diameter radial arteries. Chowdhury 
et al. [19] reported that the frequency of intimal hyper-
plasia was higher in small radial arteries. Therefore, the 
incidence and severity of intimal hyperplasia was high-
er and greater, respectively, in our work than in Allon's 
data [34,36]. Tripathi et al. [38] reported that the mean 
intima thickness of the radial artery was 49.9 mm in 32 
Indian ESRD patients, which is similar to our result. 

However, there was a limitation that the entire circum-
ferential arterial wall could not be acquired during AVF. 
Intimal hyperplasia was evenly distributed throughout 
the wall of the radial artery in a study involving CABG, 
in which circumferential artery samples were obtained 
[17,19]. In addition to arterial intimal hyperplasia, patho-
logic changes in veins are important as venous stenosis 
is related to AVF patency. In conclusion, AVF patency is 
determined by the incidence and severity of pre-existing 
intimal hyperplasia of the radial artery. 

Intima-media thickness
Intima-media thickness (IMT) is the sum of the thick-
nesses of the intimal and medial layers. Intimal hy-
perplasia starts with smooth cell proliferation in the 
medial layer and extends to the intimal layer, making 
it thicker [16,17,23]. The radial artery IMT of ESRD pa-
tients is thicker than that of healthy controls [20,39,40] 
and can be easily identified by ultrasound sonography. 
We evaluated the accuracy of measurements of radial 
artery IMT using ultrasonography in 43 ESRD patients 
[39]. The value of the radial arterial IMT measured by 
sonographic examination correlated significantly with 
that by histological examination in 43 ESRD patients 
(r = 0.786, p < 0.001). Johansson et al. [20] measured the 
intima, media, and IMT in ESRD patients and healthy 
controls by high-resolution ultrasonography; all were 
thicker in ESRD patients than in healthy controls, sug-
gesting that the increased IMT in ESRD patients plays a 
role in cardiovascular events and AVF failure. We eval-
uated the impact of radial IMT on AVF failure in 90 
ESRD patients for 1 year after the AVF operation [33]. The 
mean IMT was greater in the failed group (n = 31) than 
in the patent group (n = 59; 486 ± 130 µm vs. 398 ± 130 µm, 
p = 0.004). The AVF patency rate was lower in patients 
with an IMT ≥ 500 µm (n = 26) than in patients with an 
IMT < 500 µm (n = 64; p = 0.017) (Fig. 1). The mechanism 
underlying the effect of increased IMT on AVF failure is 
similar to that of intimal hyperplasia. We suggest that 
an increased IMT leads to insufficient arterial blood 
flow for AVF maturation. Other than ours, no study has 
evaluated the effect of radial artery IMT on AVF patency; 
thus, further work is required.
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Arterial micro-calcification

Pathogenesis and arterial micro-calcification type in ESRD 
patients
Several factors play a role in arterial micro-calcification 
(AMiC) in ESRD patients. Hypercalcemia, hyperphos-
phatemia, dyslipidemia, hypertension, DM, and uremic 
toxin induce vascular calcification [41,42]. This leads to 
osteoblastic conversion of vascular smooth muscle cells 
[43]. The process is facilitated by decreased levels of in-
hibitors of vascular calcification such as fetuin A, ma-
trix Gla protein, osteopontin, osteoprotegerin, and py-
rophosphate. Along with uremic toxin, oxidative stress 
and inflammation, which are commonly found in ESRD 
patients, are involved in vascular calcification [41,42]. 
Shroff et al. [44] demonstrated that dialysis accelerates 
AMiC by triggering smooth muscle cell apoptosis. AM-
iCs are found in different layers depending on the artery 
in question. Intimal calcification occurs in atheroscle-
rosis, which is associated with atherosclerotic plaques 
and lipid accumulation. Clinically, intimal calcification 
results in stenotic lesions such as ischemic heart disease 
and cerebrovascular accidents [41,42]. In contrast, medial 
calcification is commonly observed in arteriosclerosis. 
It increases arterial stiffening, leading to left ventricular 
hypertrophy and congestive heart failure [41,42]. AMiC 
in the radial artery of ESRD patients is usually found in 
the medial area and can be detected by von Kossa stain-

ing. The incidence of AMiC in the radial or brachial ar-
tery is 36% to 54.5% [45-49].

The impact of AMiC on AVF patency
Three studies have evaluated the effect of AMiC on AVF 
patency. We performed von Kossa staining to detect 
pre-existing AMiC in ESRD patients undergoing AVF, 
and followed up AVF failure for 1 year [47]. Preoperative 
vascular mapping was not performed. Of the patients, 
65.8% had DM and 80.7% (n = 75) had a radiocephalic 
AVF (n = 92). Of 114 patients, AMiC was found in 37.7%. 
Patients with AMiC (n = 43) showed a higher AVF fail-
ure rate than patients without AMiC (n = 71). Allon et al. 
[34] reported that the incidence of AMiC (n = 47) was not 
related to maturation failure in 50 ESRD patients (79% 
vs. 68%, p = 0.6). However, a higher maturation failure 
rate was related to a high AMiC score, which represents 
calcification severity (1.3 ± 0.8 vs. 0.9 ± 0.8, p = 0.08). In 
another study, Allon et al. [48] assessed the relationship 
between AMiC and AVF patency in 127 ESRD patients. 
They performed preoperative vascular mapping, and 
the study population comprised 46.6% (n = 59) patients 
with DM and 34.6% (n = 44) with a radiocephalic AVF, 
which are lower proportions than in our study. The in-
cidence of AMiC was 40%, which is similar to our result. 
In contrast to our findings, AMiC was not correlated 
with non-maturation and unassisted primary failure. 
Allon et al. [36] data showed the opposite results from 
our findings, possibly for the same reason as the intimal 
hyperplasia results. Besides the difference in ethnicity, 
our study included more DM patients and more pa-
tients with a radiocephalic AVF, and we did not perform 
preoperative vascular mapping, relying instead on the 
surgeon’s clinical experience to select the vascular ac-
cess operation site. Consequently, more calcified radial 
arteries would be included in our study. Georgiadis et al. 
[50] assessed the effect of radial artery gross calcification 
on primary and secondary AVF patency rates by plain 
X-ray in DM patients before radiocephalic AVF. Patients 
with gross calcification (n = 39) showed lower primary 
and secondary AVF patency rates than those without 
gross calcification (n = 33). This suggests that the severity 
of pre-existing gross calcification affects radiocephalic 
AVF patency. Further study is expected in the future.
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Figure 1. Arteriovenous fistula (AVF) patency rate in patients 
with an intima-media thickness (IMT) ≥ 500 µm (n = 26) or < 
500 µm (n = 64). Five patients who died with a patent AVF be-
fore the study end point were included as censored data. p = 
0.017 vs. the patent group by the Kaplan-Meier method and 
log-rank test. Adapted from Kim et al. [33].
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EFFECT OF ARTERIAL PATHOLOGIC CHANG-
ES ON CARDIOVASCULAR MORBIDITY AND 
MORTALITY 

Intimal hyperplasia and IMT
The high cardiovascular mortality rate in ESRD patients 
is due to the high incidence of left ventricular hyper-
trophy, atherosclerosis, and arteriosclerosis [13,51]. In-
timal hyperplasia, an increased IMT, and AMiC, which 
are common pathologic changes, lead to arteriosclerosis 
of the radial artery [23,33,42]. These pathologic chang-
es occur more frequently in ESRD patients than in the 
general population and exhibit a clustered distribu-
tion [18,19,39]. In contrast to atherosclerosis, which is 
related to luminal narrowing and obstruction, arterio-
sclerotic changes cause arterial stiffening, endothelial 
dysfunction (leading to hypertension), left ventricular 
hypertrophy, and congestive heart failure, which are the 
main causes of cardiovascular mortality [24-26]. Rueng-
sakulrach et al. [17] reported that among patients with 
severe coronary artery disease awaiting CABG in whom 
the radial artery was used as the conduit artery, 94% had 
intimal hyperplasia. This suggests that intimal hyper-
plasia of the radial artery is closely related to coronary 
artery disease. Di Vito et al. [52] studied the association 
between thin cap-fibro atheroma of the coronary arter-
ies, which is at high risk of rupture, and the intima-me-
dia ratio of the radial artery (maximal intima thickness/
medial thickness, which is used as the intima hyperpla-
sia index) in patients with symptomatic coronary artery 

disease undergoing coronary procedures via the tran-
sradial route by frequency optical coherence tomogra-
phy. The intima-media ratio of the radial artery was an 
independent risk factor for thin cap-fibroatheroma of 
the coronary arteries. MacKay et al. [18] examined the 
radial artery IMT in 25 patients with coronary artery 
disease and 20 healthy controls by Doppler ultrasound. 
Patients with coronary artery disease showed a signifi-
cantly thickened IMT compared to healthy controls. 
Moreover, coronary artery disease was an independent 
risk factor for an increased IMT in the radial artery, ir-
respective of hypertension. 

The effect of radial artery intimal hyperplasia or IMT 
on cardiovascular morbidity or mortality in ESRD pa-
tients has been reported. We studied the relationship 
between radial artery intimal hyperplasia and coronary 
artery disease in 56 ESRD patients undergoing their first 
AVF creation [23]. ESRD patients with radial artery in-
timal hyperplasia (n = 45) showed a higher incidence of 
coronary artery disease than those without radial artery 
intimal hyperplasia (n = 14; 48.5% vs. 14.2%, p = 0.035). 
That study did not report cardiovascular mortality. 
Therefore, further research is required. 

AMiC
Gross calcification of major arteries such as the aortic 
arch and coronary arteries is an independent risk fac-
tor for cardiovascular morbidity or mortality in ESRD 
patients as well as the general population [53]. However, 
only two studies have assessed the relationship of AMiC 
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of the radial artery, confirmed histologically earlier than 
gross calcification by radiologic imaging, with cardiovas-
cular mortality and morbidity. We evaluated the correla-
tion of AMiC and aortic arch calcification by chest X-ray, 
arterial stiffness by pulse-wave velocity, and endothelial 
dysfunction by flow-mediated dilation in 65 ESRD pa-
tients undergoing AVF operations [45]. From the 65 cas-
es, we obtained 53 radial artery specimens. AMiC had a 
proportional relationship with aortic calcification and 
arterial stiffness. However, endothelial dysfunction was 
positive in most of the patients, irrespective of AMiC. 
We investigated the effect of AMiC of the radial and bra-
chial arteries on cardiovascular and all-cause mortality 
in 149 ESRD patients undergoing vascular access oper-
ations [46]; 125 radial artery specimens were obtained. 
AMiC was associated with cardiovascular mortality, but 
not all-cause mortality (Fig. 2). Janda et al. [54] report-
ed that carotid artery IMT was predictive of radial ar-
tery AMiC in ESRD patients. The carotid artery IMT, 
which is considered a risk marker for atherosclerosis, is 
an independent risk factor for cardiovascular mortality 
in ESRD patients as well as in the general population. 
Therefore, AMiC increases cardiovascular mortality by 
inducing arteriosclerotic and atherosclerotic changes, 
including coronary artery disease, in ESRD patients.

CONCLUSIONS

Because radiocephalic AVF has a lower complication rate 
and longer patency, the radial artery is frequently used 
for vascular access. However, arteriosclerotic changes 
such as intimal hyperplasia, an increased IMT, and me-
dial AMiC are often found in the radial artery of ESRD 
patients. This pathologic change can contribute to AVF 
failure and cardiovascular mortality.
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