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Abstract
The pathophysiology of haemodialysis arteriovenous fistulae (AVF) stenoses is not
fully understood. The aim of this study was to perform histology assessment of stenoses in native AVF and compare and correlate the findings between ultrasound and
histology. Intimal medial thickness (IMT) was measured on ultrasound where there
was measurable neointimal hyperplasia at the site of stenosis and percentage intimal thickening calculated. Ultrasound findings were then compared with histology
analysis of AVF stenoses in nine patients. In this small sample, different sonographic
appearances and histology were demonstrated. Ultrasound demonstrated stenoses
with neointimal hyperplasia and those with no measurable neointimal hyperplasia.
Percentage intimal thickening was between 0% and 100%. The histology of the de
novo stenoses (where no previous radiological or surgical procedure was performed)
demonstrated stenoses with neointimal hyperplasia, no neointimal hyperplasia and
neointimal hyperplasia and fibrosis. The histology findings after percutaneous angioplasty (PTA) demonstrated stenoses with neointimal hyperplasia and fibrosis and a
stenosis with an acute inflammatory reaction. The findings in this small sample demonstrated that AVF stenoses are not a uniform group as demonstrated by different
sonographic and corresponding appearances at histology. Ultrasound appearances of
neointimal hyperplasia appear to correlate with neointimal hyperplasia on histology.
These findings warrant further investigation and may have implications for treatment
strategies.
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hyperplasia and adverse adventitial remodelling or a failure of ve-

I NTRO D U C TI O N

nous dilatation resulting in AVF stenosis. 2
Ultrasound is a non-invasive, readily available diagnostic tool

Failure of maturation of native autologous arteriovenous fistulae

used in the assessment of AVF dysfunction and failure of fistula

(AVFs), fistula thrombosis and dialysis access dysfunction are most

maturation. Doppler ultrasound has a high sensitivity and specific-

often caused by arteriovenous (AV) access stenosis.1 The patho-

ity in the diagnosis of vascular access stenosis. 3,4 The technique,

physiology of AVF stenosis and mechanisms of restenosis are not

in the hands of an experienced operator, has high accuracy and re-

yet fully understood.

producibility in detecting more than 90% of significant stenosis.4

Venous neointimal hyperplasia is a recognised cause of vascular

Ultrasound can also be used to assess neointimal hyperplasia by

access stenosis and fistula failure. 2 Failure of fistula maturation and

measuring intimal-medial thickness (IMT) at the site of a stenosis. 5

early fistula failure have been shown to be due to both neointimal

Carotid intima-media thickness (CIMT) measurements are made
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within the common carotid artery (CCA), bulb and internal carotid
artery using high-frequency ultrasound and may be used to predict cardiovascular risk. 6 B-mode measurements of intimal and
medial thickness of the CCA have been correlated with histology
analysis and found to be accurate.7 CIMT is defined as a low-level
echo-grey band which does not project into the vessel lumen. 8 We
have taken the same definition and measured IMT within native
AVF stenoses. The aim was to perform radiology–pathology correlation between the ultrasound and histology findings in a small
series to determine whether this warrants further investigation.
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M E TH O D S

F I G U R E 1 B-mode ultrasound image of a juxta-anastomotic
stenosis of a radiocephalic fistula. Measurements of IMT, outer to
outer vein diameter and luminal diameter are shown

Nine resection specimens obtained during surgical revision of

Histological examination of resected AVF stenotic lesions

AVF venous stenotic lesions at the Lister Hospital, East and North

is part of standard of care in our centre and samples were anal-

Hertfordshire NHS trust were collected and sent for histology analy-

ysed retrospectively. Consent was obtained for retention of the

sis which was performed by a single consultant histopathologist who

specimen excised for histology analysis and research purposes.

had no access to the ultrasound findings at the time of histology as-

The principles of the Declaration of Helsinki have been followed.

sessment. Specimens were collected over a 24-month period and

This small series has led to a larger prospective study; the AV

were obtained during surgery, which was performed for dialysis ac-

SONOPATH study which has Health Research Authority and local

cess dysfunction or AVF thrombosis. When surgery was performed

ethical approval (Integrated Research Application System Project

electively for dialysis access dysfunction, patients were discussed

ID: 254077). This study will overcome some of the drawbacks of

prior to treatment at a multidisciplinary team meeting attended by

this case series as it will be a prospective study and the protocol

nephrologists, vascular surgeons, interventional radiologists and a

will ensures there is no significant gap between ultrasound exam-

vascular access nurse specialist. To ensure that the specimen of ve-

ination and surgery.

nous stenosis sent for histology was the same segment from where
sonographic measurements were taken, pre-operative marking
on the skin using surgical skin markers was performed after verbal
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R E S U LT S

consent.
Specimens were collected and fixed in 10% formalin and cut at

The mean patent age was 61.5 ± 20 years (range 27–84 years).

three locations; at the proximal end, distal end and middle of the

The majority of patients were men (6/9). The mean age of AVF

specimen. Five-micrometre-thickness sections were taken and

at the time of the surgical intervention was 16.9 months (range

stained with Haematoxylin and Eosin (H&E) and Elastic van gieson

1–33 months). There were a variety of causes of renal failure

(EVG). Neointimal hyperplasia, medial thickening, presence or ab-

and comorbidities. Two patients had diabetes mellitus, two

sence of fibrosis and significant inflammation were recorded.

hypertension, three ischaemic heart disease, one patient had

Ultrasound examinations were performed as per standard

lupus nephritis and one patient IgA nephropathy. Percentage

of care. Patients were referred for investigation of dialysis ac-

intimal thickness was between 0% and 100%. In two patients

cess dysfunction. Patients were scanned in a sitting position in

there was no measurable neointimal hyperplasia and therefore

a vascular ultrasound room using either a GE (General Electric

0% intimal thickness was recorded. One patient had complete

Healthcare, Little Chalfont, Buckinghamshire, UK) Logic E7 and

occlusion of the vein and 100% intimal thickness was recorded.

a 12 MHz probe or GE Logic E9 and a 15 MHz probe. All images

IMT measurements were between 0 and 2.6 mm. Six of the

were recorded on the radiology picture archiving and communica-

stenoses were de novo lesions with no previous intervention to

tion system (PACS). The ultrasound examinations were performed

the stenosis, three of the stenoses had been treated by percu-

by a consultant vascular radiologist and a vascular sonographer.

taneous transluminal angioplasty (PTA) prior to surgical resec-

IMT, outer to outer wall vessel diameter and luminal diameter

tion. The histology findings and DUS findings are summarised

were measured (Figure 1).

in Table 1.

Measurements of luminal diameter and vessel wall diameter

All six patients who had demonstrable neointimal hyperplasia

were used to calculate the percentage of the lumen occupied by IMT

on ultrasound had neointimal hyperplasia on histology as shown in

using the formula:

Figure 2.
For three of these patients, there were long time intervals of

(Outer to outer wall vessel wall diameter − Luminal diameter)
÷Outer to outer wall vessel diameter × 100 = %IMT

between 182 and 396 days between the ultrasound and surgical
resection.
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TA B L E 1 Summary of Doppler and histology findings of patients with AVF stenosis and their AVF characteristics such as location, type of
AVF and age of AVF
Interval
between
histology
and U/S
(days)

Interventions
to index lesion
between U/S
and Histology

Patient

Age of
AVF
(months)

Fistula
Type

Stenosis
Location

1

24

BCF

Cephalic venous
outflow

58

Neointimal hyperplasia

Low flow and
cannulation
segment
stenosis

2

16

RCF

Juxtaanastomotic

47

Neointimal hyperplasia
and fibrosis

Poor maturation
of AVF

3

18

RCF

Juxtaanastomotic

0

Modest medial
thickening,
no significant
neointimal
hyperplasia

Clotted AVF

87

4

27

BVT

Basilic venous
outflow

Neointimal hyperplasia
and fibrosis

Clotted AVF

396

5

1

BVT

Basilic vein
“swing” point

0

Normal venous anatomy,
no neointimal
hyperplasia

Poor maturation

6

33

BCF

Juxtaanastomotic

65

Neointimal hyperplasia
and aggressive
acute inflammatory
reaction

Clotted AVF

7

6

RCF

Juxtaanastomotic

57

Neointimal hyperplasia

Poor maturation

0

0

8

18

RCF

Juxtaanastomotic

100

Neointimal hyperplasia
and fibrosis resulting
in complete
occlusion

Clotted AVF

2

0

9

9

RCF

Juxtaanastomotic

39

Neointimal hyperplasia
and fibrosis almost
complete occlusion

Poor maturation

65

0

% IMT
on U/S

71

Histology findings

Indication for
surgical repair

51

306

11

182

0

1 PTA
0

1 PTA
0

1 PTA DCB

Patients 3 & 5 who did not have measurable IMT on ultrasound

is being treated when performing dialysis access interventions. In

did not have significant neointimal hyperplasia on histology as

a small sample, there were heterogeneous appearances of dialysis

shown in Figure 3.

access stenoses on histology and ultrasound. IMT can be measured

There were two de novo lesions with neointimal hyperplasia

during ultrasound assessment of AVF stenosis in the similar way to

and fibrosis (patients 8 and 9). One with complete occlusion of

how it is measured in the carotid arteries and where seen in this

the lumen secondary to neointimal hyperplasia and fibrosis with

small sample appeared to correlate with neointimal hyperplasia at

no thrombus.

histology. One of the limitations of this series is that in three of the

Patients 2, 4 & 6 had had a percutaneous transluminal angio-

samples there were long time intervals between the ultrasound and

plasty (PTA) to the stenosis before resection. In two patients, neoin-

surgical resection of between 182 and 396 days and PTA was per-

timal hyperplasia and fibrosis were seen on histology (Figure 4).

formed between the initial ultrasound and surgical resection. This

The histology specimen for patient 6 was acquired 182 days after

will be addressed by the AV SONOPATH Study.

a PTA procedure using a drug-coated balloon (DCB) which demon-

We are not the first group to describe different appearances of

strated neointimal hyperplasia and an aggressive acute inflammatory

AVF stenosis on ultrasound. Yamamoto et al in 2012 described three

reaction.

different types of AVF stenosis of arteriovenous grafts based on ultrasound appearances; a neointimal proliferation type, a vascular

4
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DISCUSSION

constriction type and a mixed type.5 This group demonstrated higher
primary patency rates at 6, 12, 18 and 24 months where bare metal
stent placement was used to treat the vascular constriction type of

Radiology–pathology correlation is essential to understanding pa-

stenosis (100, 92.3, 84.6 and 75% respectively) compared with bare

thology seen on imaging and understanding the pathology which

metal stent placement used to treat the neointimal proliferation type
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(A)

(B)

F I G U R E 2 Patient 1 B-mode ultrasound image and Histology
specimen demonstrating venous neointimal hyperplasia. (A)
B-mode ultrasound image of a cephalic venous outflow stenosis;
IMT and vein diameter have been measured. (B) H&E stain of the
same lesion demonstrating neointimal hyperplasia (white arrow)

(A)

(B)

F I G U R E 3 Patient 3 B-mode ultrasound image and
histology specimen of a juxta-anastomotic stenosis with no
neointimal hyperplasia. (A) B-mode U/S image demonstrating
a juxta-anastomotic stenosis with no measurable IMT, vessel
diameter has been measured. (B) H&E stain demonstrating
no significant neointimal hyperplasia, there is modest medial
thickening (I = intima, M = media)

(66.7, 33.3, 33.3 and 25.0%) or the mixed type (90.5, 52.4, 38.1 and
27.2%). Suemitsu et al in 2017 described three types of stenosis based
on ultrasound appearances; an intimal hyperplasia type, a shrinking

Increased cell proliferation in re-stenotic lesions after PTA has pre-

type and a valve type. They reported that a shrinking lumen morphol-

viously been described.10 The heterogenous histopathological findings

ogy had a negative impact on primary patency at 6 months following

might be due to a difference in underlying pathophysiology which

percutaneous angioplasty (HR 2.05, 95% CI 1.25–3.36, p = 0.005) and

needs further investigation at a molecular and genetic level and cor-

a venous valve type stenosis had a positive impact on primary patency

relation with clinical and demographic factors. Unravelling the patho-

(HR 0.19, 95% CI 0.04–0.79, p = 0.023).9 Both these studies suggest

physiology may also lead to development of novel interventions and

that the type of AVF stenosis assessed on ultrasound may affect pa-

targeted use of available interventions for different types of stenosis.

tency rates after treatment.

The majority of the specimens are juxta-anastomotic vein. A

We have demonstrated different types of AVF stenosis on ul-

larger prospective study is needed to draw any firm conclusions. The

trasound and histology. Within the de novo lesions – stenosis with

AV SONOPATH study is currently recruiting at our institution which

neointimal hyperplasia; stenosis with no intimal hyperplasia and ste-

aims to confirm ultrasound findings of intimal medial thickening that

nosis/occlusion with intimal hyperplasia and fibrosis.

correlate with venous neointimal hyperplasia on histology and de-

Fibrosis was seen in addition to neointimal hyperplasia in two

fine the different types of AVF stenosis based on ultrasound and his-

specimens post-PTA and an acute inflammatory reaction was seen

tology assessment. The findings from this study may provide data to

after PTA using a drug-coated balloon (DCB).

inform future studies where interventions could be targeted based
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heterogeneous group. In particular, de novo lesions with neointimal

(A)

hyperplasia and with no neointimal hyperplasia have been demonstrated. This is a small series, the results are not generalisable.
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been measured. (B) Recurrent stenosis post-PTA; EVG stain
demonstrating marked neointimal proliferation with fibrosis. The
region of fibrosis is stained blue (white arrow)
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rospective, represents the first attempt to confirm the correlation
between sonographic findings and histological findings among
native AVF stenotic lesions.
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CO N C LU S I O N

The histology findings in this small number of specimens have demonstrated that AVF stenoses within autologous native AVFs are a

arteriovenous fistula stenoses – A retrospective case series.
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