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Morphological and functional features of different types
of arteriovenous anastomoses in rabbits
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The effectiveness of programmed haemodialysis in patients with chronic kidney disease depends on the for-
mation of permanent vascular access. The morphofunctional characteristics of arteriovenous anastomoses
were studied in rabbits, where in the first group the “end to the side” was between the common carotid
artery and the external jugular vein, and in the second group the “end to the side” was made using jugular
vein tributaries, where the “side” of the anastomosis was formed by the common carotid artery and the
“end” by the maxillary and glossofacial veins. Morphological and functional features of the vessels were
studied using ultrasound and histological methods. Ultrasound examination of vessels was performed afier
2 h and on the 30th day after anastomosis formation (“Philips Lumify”, USA, with a linear transducer of
4-12 MHz). Animals were withdrawn from the experiment on the 30th day of observation. It was found that
after one month, the diameter of the common carotid artery exceeded the value in intact animals (control
group) by 44% (only in rabbits of the 2nd group), the external jugular vein by 2.4 and 2.6 times in ani-
mals of the Ist and 2nd groups, respectively. Blood flow velocity in the external jugular vein in the early
postoperative period increased by 4.7 and 5.1 times, on the 30th day, by 7.2 and 7.9 times, in animals of
the 1st and 2nd groups, respectively. According to the results of light microscopy, in animals of 1st group,

the middle layer of the vascular wall is represented by disorganised bundles of smooth myocytes, and ar-
eas of their hyperplasia are noticeable. In the venous wall, stasis in the blood vessels of its middle layer,

lymphocytic infiltration, and islands of adipocyte accumulation are detected. In animals of the 2nd group,

the inner, middle, and outer membranes are identified in the anastomosis area, and endothelial cell nuclei
are visualised along the perimeter of the lumen. Smooth myocytes of the middle layer are surrounded by a
network of collagen and elastic fibres. In the vein wall, the middle membrane is thickened, smooth myocytes

and adipocytes of different calibres are visualised. Thus, the arteriovenous anastomosis end-to-side leads
to a significant increase in blood flow and vascular dilatation, and the use of venous tributaries in the for-
mation of vascular access contributes to more effective structural restructuring and fistula functionality.

Key words: arteriovenous fistula, configuration of vascular anastomoses, structural features, functional
changes, haemodynamics.

INTRODUCTION

Chronic kidney disease remains a priority
medical problem in Ukraine, as it affects the
quality of patient’s life. The updated KDIGO
2024 guidelines emphasise on the increasing
prevalence of the disease worldwide, which
ranges from 11 to 15% (over 843 million people)
[1]. The same trend is observed in Ukraine, which
requires strengthening of preventive measures,
improving access to treatment and improving its
quality. An important component of replacement
therapy in patients with stage 5 chronic kidney
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disease is programme haemodialysis [2]. The
choice of vascular access, in particular, the
type of arteriovenous fistula (AVF), plays a
significant role in the effective performance of
the procedure. The structure and functionality of
the formed anastomosis determine the stability
of blood flow, the duration of fistula work,
and the risk of complications, including its
stenosis or thrombosis [3]. Optimisation of the
anastomosis formation technique can help to
reduce complications and improve the long-term
prognosis for patients undergoing programme
haemodialysis.
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The advantages of AVF over other types of
access (arteriovenous prostheses, central venous
catheters) are long-term functioning, low risk
of infection, less probability of thrombosis [4].
Thanks to the use of the patient’s own vessels,
the fistula can function for many years with
proper care. This reduces the need for repeated
surgical interventions and minimises the risk
of complications associated with vascular
access replacement. AVF is less susceptible to
infectious complications compared to synthetic
prostheses or catheters, which can become a
source of infection. Rapid and constant blood
flow through the anastomosis reduces the risk of
blood clots formation, which provides reliable
access for haemodialysis and improves the
patient’s quality of life [5].

However, during the formation of AVF, it is
not always possible to ensure sufficient blood
flow in the vascular bed, and thus prevent or
reduce the risks of complications in the early
and late postoperative periods [6]. Despite
the gold standard, which is the end-to-side
anastomosis, the implementation of its various
modifications remains relevant [7]. One of these
anastomoses is the end-to-side with the use of
venous tributaries, which allows to provide the
long-term and high-quality functioning of the
vascular access. Therefore, it is relevant to study
the structural and functional differences of these
vascular accesses, which will allow predicting
the effectiveness of vascular wall maturation and
increase of blood flow velocity. Such results will
promote to ensure long-term functionality of the
vascular access in patients with chronic kidney
disease and improve treatment outcomes, and
the quality of haemodialysis.

The aim of the study: to study the structural
and functional features of different types of
arteriovenous anastomoses in the experiment.

METHODS

Investigation was performed on male Chinchilla
rabbits weighing 2.5-3.0 kg. The animals were
kept on a standard diet and drinking regime of
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the vivarium. Studies on animals were conducted
in accordance with the existing legal standards
(decision of the Ethics Committee of Ivano-
Frankivsk National Medical University, protocol
No. 130/22 from 22.11.2022). Animals under-
went end-to-side arteriovenous anastomoses
(1stresearch group, n = 6) and end-to-side anas-
tomoses using venous tributaries (2nd research
group, n = 6) between the common carotid artery
(CCA) and external jugular vein (EJV). Access
to the vessels was performed by a longitudinal
incision (4 cm) in their projection to the right,
and the CCA and EJV with its tributaries (maxil-
lary and linguofacial veins) were dissected. The
next stage was to form an anastomosis between
the CCA and the EJV of the end-to-side type,
where the end is the EJV, and the side — CCA
(Fig. 1A). When forming an end-to-side anasto-
mosis using venous tributaries the end is the EJV,
the side — the incision between the venous tribu-
taries of the EJV with pre-rounded edges of the
inlet (Fig. 1B). AVF formation was performed
under intramuscular anaesthesia with sodium
thiopental (20 mg/kg, “Arterium”, Ukraine) and
xylazine (sedazine, 10 mg/kg, “Biowet Pulawy
Sp. z 0.0”, Poland). Infiltration anaesthesia
(2% lidocaine solution, “Darnytsa”, Ukraine)
was performed in the incision area. Intraopera-
tively, animals were administered intravenous
heparin (1000 U). To prevent the development
of postoperative infectious complications, the
animals were administered cefazolin (50 mg/
kg, “Arterium”, Ukraine). In order to prevent
thrombosis, the animals received the platelet
P2Y 12 receptor inhibitor clopidogrel (Plavix,
“SANOFI”, France, 20 mg daily, per os).
Morphological and functional features of
the vessels were studied using ultrasound and
histological methods. Ultrasound examination
of the CCA and EJV was performed using a
portable Philips Lumify device (“Philips”,
USA) with a linear transducer (4-12 MHz) 2 h
after anastomosis formation and on the 30th
day after surgery. During the manipulation, the
animals were under thiopental anaesthesia in
the position on the back. Blood flow velocity
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Fig. 1. Technique of vascular access formation end-to-side (A) and end-to-side with the use of venous tributaries (B). 1 — com-
mon carotid artery, 2 — external jugular vein, 3 — maxillary vein, 4 — linguofacial vein

(B-Mode regime, Color Doppler), diameter of
the newly created vascular access and intact
contralateral vessels were measured to assess
possible compensatory changes. All studies
were performed under standard conditions using
appropriate device settings parameters according
to the size of rabbit vessels. For comparison,
similar studies were performed in intact animals
(control group, n = 6).

Animals were withdrawn from the experiment
on the 30th day after surgery by an overdose of
sodium thiopental. After preparation of the AVF
area, the vessels were perfused with saline. The
extracted samples were fixed in 10% formalin
solution with subsequent paraffin embedding.
Transverse sections of paraffin blocks were
stained with haematoxylin and eosin. The
structural organisation of AVF was studied
by light microscopy method. Photographic
documentation of micropreparations was
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performed using a MICROS MC300 (XT)
microscope (Austria) with the use of ToupCam
5.1M UHCCD C-Mount Sony digital camera,
Adapter AMAO75 in ToupTek ToupView soft-
ware (V3.7.1398).

Statistical data processing was performed
using the Excel computer program of the Microsoft
Office 365 ProPlus package. Student’s t test was
used to assess the reliable difference of results
in the two compared samples. The difference at
P < 0.05 was considered statistically reliable.

RESULTS AND DISCUSSION

As a result of the study, the significant changes
of vessels diameter and blood flow velocity in
the EJV of experimental animals were observed
in the early postoperative period and on the 30th
day after surgery (Table). After 2 h after the for-
mation of anastomosis, a tendency to increase
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the diameters of the CCA and EJV was observed
and a reliable increase of blood flow velocity in
the EJV in animals of the 1st and 2nd research
groups by 4.7 and 5.1 times compared with the
baseline values was found. On the 30th day af-
ter AVF formation in animals of the 1st group,
the diameter of the EJV increased by 2.4 times
(P <0.05), and the blood flow velocity increased
by 7.2 times (P < 0.001) compared with the
control. In the 2nd group, where the venous
tributaries of the EJV were used to form the
anastomosis, the changes of the studied pa-
rameters were more significant. In particular,
the diameter of the EJV increased by 2.6 times
(P <0.05), and the blood flow velocity in it — by
7.9 times (P < 0.001). It can be argued that the
use of EJV tributaries in the formation of AVF
provides better adaptation of the vascular bed
to the altered haemodynamics.

In addition, in the 2nd group, a more signifi-
cant dilation of the CCA (by 43.8%, P < 0.05)
was also observed, whereas the diameter of the
vessel in rabbits of the 1st group did not reliable
differ from the control. It is likely that during
using venous tributaries, the fistula creates
more favourable conditions for the distribution
of blood flow, which reduces the load on the
arterial wall and promotes its remodelling. A
comparative analysis of the parameters revealed

a tendency to increase the diameter of the CCA
and blood flow velocity in the EJV in animals
of the 2nd group compared with the values in
rabbits of the 1st. In general, these results re-
flect the advantages of the modified method of
anastomosis formation with the involvement of
venous tributaries.

As aresult of morphological analysis on the
30th day of the experiment in animals of the
Ist group, the anastomosis site does not have a
clear wall stratification (Fig. 2). There are loci
of endothelial desquamation and fragmentation
of the internal elastic membrane. In some fields
of view, the middle membrane is represented by
disorganised bundles of smooth myocytes, and
in others, areas of their hyperplasia are visible.

In the venous wall, stasis in the blood vessels
of'its middle membrane, lymphocytic infiltration
and islands of adipocyte accumulation are
detected (Fig. 3).

In animals of the 2nd group, the inner,
middle and outer membranes are identified in
the anastomosis area (Fig. 4). Endothelial cell
nuclei are clearly visualised along the perimeter
of the lumen. Smooth myocytes of the middle
membrane are surrounded by a network of
collagen and elastic fibres. The adventitia is
represented by loose connective tissue.

In the vein wall, the middle membrane

Ultrasound parameters of intact vessels, arteriovenous anastomoses end-to-side and end-to-side using venous
tributaries after 2 h and on the 30th day after their formation (M = m, n = 6)

. Diameter CCA, Diameter EJV, Blood flow velocity
Groups of animals .
mm mm in EJV, cm/s

Control (intact animals) 1.28£0.14 3.08 £0.86 10.34 + 1.31
Animals underwent end-to-side type of
anastomoses formation between CCA and
EIV

<2 h 1.35+£0.23 4.54+1.14 48.36 £ 5.17%**

30th day 1.52 £0.35 7.53+1.31* 74.26 £ 9.46%**
Animals underwent anastomoses forma-
tion between CCA and EJV end-to-side
type using venous tributaries

<2 h 1.36 £ 0.26 5.64+1.24 52.44 + 8.32%*

30th day 1.84 £0.17* 8.12 £ 1.36* 81,18 + 6.42%**

*P<0.05, **P <0.01, ***P < 0.001, relative to the values in animals of control group.
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Fig. 2. Structure of the vascular wall (anastomosis site) in
animals undergoing end-to-side arteriovenous anastomosis on
30th day of the experiment. Staining: haematoxylin and eosin,
A400%,B200x.OnA: 1 —intima, 2 — media, 3 — lumen; on B:
1 — desquamated endothelium, 2 — fragmented internal elastic
membrane, 3 — media, 4 — adventitia

is thickened (Fig. 5). Smooth myocytes and
adipocytes of different calibres are clearly
visualised, which cause optical translucency
of the wall. Recanalization phenomena are
detected.

In general, the histological analysis of ar-
teriovenous anastomoses removed on the 30th
day of the postoperative period reflects the
changes in the structure of the vascular wall,
depending on the type of formed anastomosis.
Thus, in animals undergoing end-to-side AVF,
zones of endothelial dysfunction with focal ar-
eas of endothelial desquamation and moderate
infiltration of the vein wall with lymphocytes
were observed, which may indicate the devel-
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Fig. 3. Structure of the vascular wall (vein site) in animals
undergoing end-to-side arteriovenous anastomosis on 30th
day of the experiment. Staining: haematoxylin and eosin,
A 200x, B 100%. On A: 1 — endothelial cell nuclei, 2 — stasis
in the blood vessels of the media, 3 — arteriole in the media,
4 — adipocytes; on B: 1 — endothelial cell nuclei, 2 — intima,
3 —Dblood vessels of the media, 4 — lymphocytic infiltration of
the media, 5 — adipocytes, 6 — adventitia

opment of neointimal hyperplasia and initial
manifestations of vascular wall remodelling [8,
9]. In animals with an end-to-side anastomosis
using venous tributaries, the formation of all
vessel walls, thickening of the veins wall were
observed. The structure of the endothelium
remained more intact, which may be due to a
decrease of mechanical stress and a relatively
more even distribution of haemodynamic load
[10]. The peculiarities of the structural organisa-
tion of veins in animals of this group may reflect
better adaptation of vessels to changed blood
flow conditions.
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Attract attention numerous adipocytes on
micropreparations, which may be the result of

Fig. 4. Structure of the vascular wall (anastomosis site) in
animals undergoing end-to-side arteriovenous anastomosis
using jugular vein tributaries on 30th day of the experiment.
Staining: haematoxylin and eosin, A, B 200, C 400x. On A:
1 —endothelial cell nuclei, 2 — intima, 3 — media, 4 — adventitia;
on B, C: 1 —intima, 2 — media, 3 — adventitia
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haemodynamic stress, lipid metabolism disor-
ders, the effects of hypoxia and reoxygenation,
as well as an inflammatory reaction [11]. Natu-
rally, after the formation of anastomosis, the
nature of blood flow changes dramatically, as
a high-speed turbulent flow develops, affecting
both the arterial and venous walls. Such changes
can lead to the development of endothelial dys-
function and change the mechanical load on the
smooth muscle cells of the middle membrane,
stimulate their modification, and increase the
permeability of the vascular wall [12]. It is worth
noting that in case of endothelial dysfunction the

Fig. 5. Structure of the vascular wall (vein site) in animals
undergoing end-to-side arteriovenous anastomosis using jugu-
lar vein tributaries on 30th day of the experiment. Staining:
haematoxylin and eosin, A 400%, B 40x. On A: 1 — nuclei of
endothelial cells, 2 — intima, 3 — media, 4 — stasis in the blood
vessels of media, 5 — adipocytes in the media, 6 — nuclei of
smooth myocytes in the media; on B: 1 — intima, 2 — media,
3 — adventitia, 4 — lumen, 5 — recanalization
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regulation of permeability to lipoproteins, espe-
cially low-density lipoprotein cholesterol (LDL)
is disrupted. Therefore, lipids can penetrate the
media and accumulate there. Smooth muscle
cells have the ability to active phagocytose of
these lipids, turning into foam cells, which forms
fatty inclusions [13]. It is worth emphasising
on the role of hypoxia and reoxygenation in
this process, especially in veins, due to atypical
change of pressure and oxygen tension, which
activates HIF-1a, stimulates angiogenesis and
tissue remodelling, and significantly affects lipid
metabolism [14]. There is no doubt about the de-
velopment of inflammatory process, despite the
parenteral perioperative antibiotic prophylaxis.
At the same time, macrophages infiltrating the
vessel wall can actively accumulate lipids, con-
tributing to the development of atherosclerotic
changes even in animals without proatherogenic
tendency. Eventually, excessive development
of adipocytes can cause stress due to surgical
trauma and haemodynamic disorders [15].

It is worth noting that the process of fistula
“maturation” usually takes about 4-6 weeks, dur-
ing which the vessels adapt to increased blood
flow and increased pressure [16]. Ultrasound
examination allows assessing the functional
suitability of vessels and identifying the pos-
sible risks and complications at early stages. A
thorough clinical examination allows timely de-
tection of anastomotic insufficiency and related
disorders, which makes it possible to perform
reconstructive interventions in a timely manner
to restore AVF functionality and improve the
patient’s quality of life [17].

Thus, the structural features of the vessels
justify the changes of haemodynamic parameters
in experimental animals, which reflects the po-
tential advantage of the end-to-end technique
using venous tributaries due to a reduced risk
of neointimal hyperplasia development, pres-
ervation of the morphological organisation of
the endothelium, and more favourable adapta-
tion of the vascular wall to altered blood flow
conditions.

24

CONCLUSIONS

The type of arteriovenous anastomoses affects
the structural changes of the vessels that form
them, as well as haemodynamic parameters.
Morphological and functional features of AVF
depend on the period of its maturation. The
formation of an arteriovenous anastomosis using
the end-to-side technique leads to a significant
increase of haemodynamics and vascular
dilatation, and the use of venous tributaries leads
to a more even distribution of blood flow, lower
risks of neointimal hyperplasia development,
and preserves the morphology of the vessel wall
to a greater extent, which reduces the risks of
thrombosis and stenosis.

The authors of this study confirm that the research
and publication of the results were not associated
with any conflicts regarding commercial or
financial relations, relations with organizations
and/or individuals who may have been related to
the study, and interrelations of co-authors of the
article.
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EdexTuBHICTE MPOBEACHHS MPOrPaMHOTO TeMOializy ma-
Li€HTaM i3 XPOHIYHOIO XBOPOOOIO HUPOK 3aJICKUTh Bij
(hopMyBaHHS TOCTIHHOTO CyIMHHOTO AOCTymy. Ha kpomsix
JocIipKyBam Mopho(dyHKIIIOHATBEHI 0COOIMBOCTI apTepioBe-
HO3HHMX @HACTOMO3IB «KiHel[b Y 0iK» MiX 3arajJbHOI COHHOIO
apTepiecro 1 30BHIMIHBOIO SPEMHOI0 BeHOH (1-1ma rpyma) Ta
«KiHelp y OiK i3 3aCTOCYBaHHSM MPUTOKIB IPEMHOT BEHW», 1€
«0iKk» aHACTOMO3Y YTBOPCHHH 3arajbHOI0 COHHOIO apTepi€ero,
a KKIHEI[b» — BEPXHBOLIENCITHOIO 1 I3MKOBO-JIMLIEBOIO BEHAMH
(2-ra rpyna). MopdodyHKiioHaNbHI 0COOIUBOCTI CYAUH
BUBYAJIH 32 JIONIOMOTOIO YIBTPa3BYKOBOTO 1 TiCTOIOTIYHOTO
METOJIB. YABTPA3ByKOBE MOCIIKCHHS CYIHH MPOBOIMIN
yepe3 2-i rox i Ha 30-Ty 100y micist GopMyBaHHS aHACTOMO3Y
(“Philips Lumify,” CIIIA 3 niniliaum narankom 4—12 MIm).
TeapuH BuBOAMIM 3 ekcriepuMeHTy Ha 30-Ty 100y crioctepe-
*KeHHs. BcTaHoBIIGHO, 110 Yepe3 MicsIb AiaMeTp 3arajlbHoi
COHHOI apTepil NepeBUIMB 3HAYCHHS y IHTAaKTHUX TBAPUH
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(koHTpOJBbHA Tpyma) Ha 44% (TiUTBKH y KpodiB 2-i rpymn),
30BHIIIHBOT sipeMHOT BeHH — y 2,4 1 2,6 pasza y TBapun 1-i
i 2-1 rpyn BignoBigHo. IIIBUIKICTE KPOBOTOKY y 30BHIIIHIN
SIpEMHIl BeHI y paHHIi# micisionepaniiiHuid mepion 3pocna y
4,7 ta 5,1 pasa, na 30-ty no0y —y 7,2 i 7,9 pa3a BiamnoBigHo.
3a pesynbraramMy CBITJIOBOI MiKpocKomii y TBapuH 1-i rpynn
cepenHs 000J0HKA CYJMHHOI CTIHKHM MPEACTaBICHA J1e30p-
raHi30BaHHUMH ITyYKaMH TIAJKHX MIOLUTIB, TOMITHI TIISSHKA
X rinepruiasii. Y BEHO3Hil CTiHII BUSBISIETHCS CTa3 Y KPO-
BOHOCHHX CyAMHax ii cepeHboi 000JIIOHKH, JiM(onuTapHa
iH(IIBTpaLis Ta OCTPIBLI CKYITUYCHHS aJUIIONUTIB. Y TBapHH
2-1rpynu y AUISHII aHACTOMO3Y 11eHTU]IKY€EThCS BHY TPIIIHS,
CepeIHs Ta 30BHILIHST 0OO0JIOHKH, 10 IEPUMETPY HPOCBITY YiTKO
Bi3yaJTi3yIOThCsI si/ipa €HIOTETIOUUTIB. [J1aaKi MiOLUTH cepe-
HBOT 000JIOHKH OTOYEHI CITKOIO KOJIar€HOBHX Ta €IaCTHYHUX
BOJIOKOH. Y CTiHIII BEHHU cepeiHs 000I0HKA MOTOBIIICHA, 100pe
BI3yalTi3yI0ThCsI [V1a/IKi MIOLIMTH Ta Pi3HOKAIIOSpHI aIUIoLH-
TH. TakuM YMHOM, apTePiOBEHO3HUH aHACTOMO3 «KiHEIb y 01K
IPU3BOAUTH JI0 3HAYHOTO IMi/IBUILICHHS KPOBOTOKY Ta AWJIaTallil
CY/IMH, @ BAKOPUCTAHHS BEHO3HHX ITPUTOKIB P popMyBaHHI
CYMHHOTO JIOCTYITy CHpHsi€ OiIbI epeKTUBHIN CTPYKTYpHIN
nepelOynoBi i pyHKLIiOHATBHOCTI (icTynu.

KirouoBi ciioBa: aprepioBeHo3Ha (icTyna; KoH)Iiryparis
CYIMHHHX aHACTOMO3iB; CTPYKTYPHi 0COOIMBOCTI; PyHKIIIO-
HaJIbHI 3MIHU; TEMOAMHAMIKA.
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