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Abstract

Patients with chronic renal failure and vascular diseases require the vascular access for hemo-
dialysis procedure to be performed with the most possible comfort for the patient. Native vein
graft has a longer-lasting term in the patients’ limb, lower risk of graft infection and lower
price. Native vein graft is constructed from the great saphenous vein, if the diameter of the
vessel is smaller than the diameters of vessels (brachial artery, cephalic vein) it is connected to
the cubital fossa region due to the risk of graft folding, that might occur, if the graft diameter
is bigger than the diameter of one or both vessels, on which anastomosis is made. The most
important sizes, that were taken before graft placement, are the length of the forearm compart-
ment, the distance between the brachial artery and cephalic vein in the cubital fossa region, dis-
tance from an expected incision in the brachial artery to the middle of the forearm compart-
ment, the distance between incision in cephalic vein to the middle of the forearm compartment,
length of the great saphenous vein (the graft) and diameters of blood vessels, used in the proce-
dure. Finally, the right position of the graft should be determined for the successful outcome of
anastomosis creating procedure.

Keywords

Arteriovenous graft, hemodialysis, vascular access, anastomosis.

1. Introduction

The arteriovenous graft is a type of vascular access. For the graft insertion most,
preferred places are arm or forearm with the most often chosen blood vessels — the
brachial artery and cephalic or basilic vein, or lower limb, where the femoral artery
and femoral vein are chosen for arteriovenous connection [24]. Left or right extrem-
ity is chosen, depending on patient comfort (right-handed, left-handed), anamnesis
(vascular diseases, emboly, previous surgeries). The graft is recommended for neph-
rology department patients with chronic renal failure, which is one of the most prev-
alent worldwide public health problems in the field of nephrology, that affects func-
tions of the kidney. Some of the curing methods for chronic renal failure are kidney
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transplantation, hemodialysis or peritoneal dialysis [27]. While the patient is wait-
ing for the kidney donor, he/she needs to be undergoing a hemodialysis procedure.
The arteriovenous graft is a frequent procedure in the hemodialysis unit due to eas-
ier access to blood vessels, which lets the medical staff perform hemodialysis faster
and improve patient comfort. The procedure for inserting the graft into the patient’s
extremity, as well as the graft maintenance, requires the integrity of vascular surgery,
nephrology, infectiology, radiology professionals and dialysis department specialists
for successful treatment and care of the patient.

In Pauls Stradin$ Clinical University Hospital, the Latvian Transplant Centre in
Riga, Latvia, as well as in other hospitals in the world, prosthetic graft is a method
of vascular access for dialysis, however, many problems, associated with prosthetic
graft may occur [27]. The patient’s native vein is more preferred than prosthesis due
to the lower risk of infection and sepsis. Arteriovenous graft lasts 5-10 years longer
than synthetic graft, which is important for patients, who are waiting in queue for
the kidney donor [14, 19]. In some patients’ cases, native vein graft is a better option,
due to the lower expenditure. According to information from the transplantology and
hemodialysis center specialists in Pauls Stradins Clinical University Hospital, prices
of synthetic vascular grafts in Latvia vary from 600 Eur and more per vessel (the
price is provided as an information from “Baltijas Dializes Serviss” (“The Baltic Cen-
tre of Dialysis”), 7 March 2018), but native vein does not have any material costs for
the patients, except the surgery procedure, which is usually state paid, if the patient
has health insurance, however the diagnosis and surgery affect patient’s mental and
physical health.

The arteriovenous graft is used to provide the patient with initial vascular access
for hemodialysis. Saphenous vein graft is an approach for the arteriovenous anasto-
mosis when one end of a saphenous vein is inserted into the artery and another end
into the vein to make the connection between blood vessels. Saphenous vein graft is
often used in coronary bypass surgery [3]. To minimize the risk of complications, the
great saphenous vein was chosen for the procedure over the synthetic graft.

This study aims were to establish the length of the great saphenous vein for creat-
ing antebrachial anastomosis and to insert the saphenous vein into the anterior com-
partment of the forearm to make the graft between the brachial artery and cephalic
vein.

2. Materials and Methods
2.1. Preparation

Materials and corpse, that were used in the procedure, were provided by the Lab-
oratory of Anatomy of Department of Morphology at the Institute of Anatomy and
Anthropology, Riga Strading University. In the procedure, the right arm and left leg
of the corpse were used. The saphenous vein graft model for the hemodialysis pro-
cedure was made in the Complete Anatomy 2020 app for the better visualization and
imagination of an actual arteriovenous graft.

The cubital fossa and forearm region of the right arm of the corpse were chosen
for the anastomosis creating procedure due to the easier vascular access of the brachi-
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al artery and cephalic vein (Figure 1.). Regular forearm graft placement was chosen
with arteriovenous graft location from the cubital fossa to the middle of the forearm
compartment. The middle of the forearm compartment was established by measur-
ing the distance from the middle of the cubital fossa region to the flexor retinacu-
lum of the hand and dividing the distance by two. The great saphenous vein from
the anterior compartment of the left leg was chosen for the procedure (Figure 1. a).
During the study, several anatomy books, atlases (Sobotta, Complete Anatomy 2020 3D
anatomy platform), medical studies from PubMed.gov (National Center for Biotechnology
Information, U.S. National Library of Medicine), Medicina (1996-2020, MDPI (Basel, Swit-
zerland), ResearchGate (2008-2020 ResearchGate GmbH) databases, “Vascular Access: Prin-
ciples and Practice” book, “Journal of Vascular Surgery” were used. Publications, used in
our study, were observed and read from November, 2019 to August, 2020.

Key inclusion and exclusion criteria for publications included the following: stud-
ies describing the use of the great saphenous vein in arteriovenous anastomosis cre-
ation in the forearm compartment, as well as the risk of infection of the graft and
native vein use in other surgical manipulations, such as coronary bypass creation for
the purposes of surgical education and training were analyzed in this article. There
were included studies from 2000 to present day. Only publications in the English lan-
guage were used. In the present study publication data from 17 countries (Australia,
Belgium, Canada, France, Germany, Greece, India, Israel, Italy, Korea, Latvia, Leba-
non, Muscat, Singapore, Taiwan, United Kingdom, United States of America) was
included. There were excluded articles about people less than age 18, animal studies,
reviews, editorials and studies describing dissection techniques for anatomy teaching
without performing any procedure and clinical / functional outcome. Stenosis, vascu-
lar abnormalities and emboly on the body side, where procedure was planned to be
performed, were excluded.

2.2. Diameters and Thrombosis Risk Reduction

The brachial artery, cephalic vein and great saphenous vein diameters were
measured by using Vernier calliper to make sure, that the diameter of the great
saphenous vein is not bigger than the diameters of blood vessels the graft would be
connected to.

2.3.Tissue Dissection and Working Surface

After the blood vessel diameters were measured and the possibility of the saphe-
nous vein use in vascular anastomosis creation between the brachial artery and the
cephalic vein was established, skin and adipose tissue were dissected from the bra-
chial artery and cephalic vein in the cubital fossa region by using a surgical scalpel,
surgical and anatomical tweezers. Median and cutaneous nerves with branches were
moved aside to free the brachial artery and cephalic vein. Connective tissue was
removed from blood vessels. Skin and fat tissue were removed from the great saphe-
nous vein in the anterior compartment of the leg. Connective tissue was removed
from the great saphenous vein. Moving nerves, as well as closely lying to the work-
ing surface blood vessels allows lowering the risk of damaging closely located ana-
tomical structures of the body.
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Figure 1. Modeling of the saphenous vein graft in Complete Anatomy 2020 app. (a) Cubital fossa and fore-
arm compartment of the right arm: 1 — brachial artery, 2 — cephalic vein, 3 - great saphenous vein; (b) lower
part of the left leg: 4 — great saphenous vein. Adapted from Complete Anatomy 2020 app (Copyright © 2020
3D4Medical. All rights reserved.), modified by Bancevica et al., 2020.

2.4. Measurements

Locations for incisions in the brachial artery and cephalic vein were chosen and
marked. Incisions were marked as close to the middle of the cubital fossa region, as
possible for the ability to flex and extend the arm after the graft placement, so move-
ments of the forearm could be performed, as before graft insertion. The following
measurements were done for establishing sufficient length of the great saphenous
vein for the graft creation.

2.5. Distances

1 - the distance between incision location in the brachial artery to incision loca-
tion in the cephalic vein was measured; 2 - the distance between incision location in
the brachial artery to the middle of the forearm compartment was measured; 3 - the
distance between incision location in cephalic vein to the middle of the forearm com-
partment was measured and summed to establish the length of the saphenous vein
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graft. The standard error of the Vernier calliper of + 0.05 mm was used for reinsur-
ance of the measurement and size sufficiency in the anastomosis creating procedure.

2.6. Anastomosis Creation

The great saphenous vein was measured in the anterior compartment of the leg,
ligation and dissection of great saphenous vein branches were done. Ligation and
dissection of the great saphenous vein from the leg were done by using surgical for-
ceps and Surgipro 7-0 sutures [7]. Diameters of the great saphenous vein graft ends
were measured to establish incision sizes in the brachial artery and cephalic vein.
Saphenous vein graft ends sized incisions were made in the brachial artery and
cephalic vein. One saphenous vein graft end was connected to the brachial artery and
the second end was connected to the cephalic vein by using Surgipro 7-0 sutures and
straight stainless steel hemostat. The vascular anastomosis was done. The angle of the
graft folding was established.

3. Results
3.1. Diameters of Blood Vessels

The great saphenous vein diameter was 2.12 mm, diameter of the brachial
artery was 4.48 mm, diameter of the cephalic vein was 2.46 mm, which allowed
the procedure to be performed with insurance of graft not being folded and not
causing any pathologies and circulatory disorders with consecutive thrombosis
and graft abruption.

3.2. Sizes and Distances

The size of the anterior compartment of the forearm was 254.7 mm, the size of
the great saphenous vein in the anterior compartment of the leg was 322.75 mm.
The length of the great saphenous vein for antebrachial arteriovenous anastomosis
creation between the brachial artery and cephalic vein should be 304.81 mm, if the
distance between brachial artery and cephalic vein in the cubital fossa and forearm
region is 18.01 mm. The distance from the saphenous graft connection to the brachial
artery and cephalic vein region to the middle of the forearm compartment was 128.40
mm. The distance from an incision in the cephalic vein to the graft folding place was
107.3 mm and the distance from an incision in the brachial artery to the graft folding
place was 129.9 mm (Table 1.).

The angle of the graft folding was 80°.

4. Discussion
In this study, we observed the possibility of great saphenous vein use in arterio-

venous anastomosis in the forearm compartment between the brachial artery and
cephalic vein. Sizes of the anterior compartment of the forearm, distance from bra-
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Table 1. Sizes of the measured parts.

Length / diameter

Nr. Measured part | distance,
mm
1. Diameter of great saphenous vein 2.12 +0.05
2. Diameter of brachial artery 4.48 £ 0.05
3. Diameter of cephalic vein 2.46 +0.05
4. Length of anterior compartment of the forearm 254.70 + 0.05
5. Length of great saphenous vein 322.75 £ 0.05
6. Distance from brachial artery to cephalic vein 18.01 £ 0.05
7. Distance from incision in cephalic vein to the graft folding place 107.30 + 0.05
8. Distance from incision in brachial artery to the graft folding place 129.90 £ 0.05

chial artery to a cephalic vein in cubital fossa region, distance from an incision in the
brachial artery to the graft folding place, distance from an incision in cephalic vein
to the graft folding place, length of the great saphenous vein in the anterior com-
partment of the leg below the knee, diameter of the brachial artery, diameter of the
cephalic vein and diameter of the great saphenous vein are crucial for the successful
outcome of the procedure. We have detected sufficient sizes for the possible use of
the patient’s vein to make the anastomosis between the brachial artery and cephalic
vein in the cubital fossa region of the forearm and used the native patients’ graft as a
connective material, instead of prosthetic graft material, which is commonly used in
similar procedures in nephrology unit.

According to our study, it is possible to use the native vein of the patient, as a
graft in the hemodialysis unit in cases of chronic renal failure [16]. The research pro-
vides new insight into the use of native vein of the patient in nephrology, hemodialy-
sis and vascular surgery fields [15].

According to many epidemiological types of research [11, 25], in graft placement
methods synthetic material is used in vascular anastomosis creation in patients with
chronic kidney failure. The method of prosthetic vascular graft insertion has major
extracavitary infection outcomes due to claudication and tissue loss [2, 13]. The most
used material in prosthetic grafts is polytetrafluoroethylene (PTFE) vascular grafts,
known for the elasticity and greater compliance, than grafts, used before, and Dacron
grafts. The risk of infection in polyurethane graft use in graft placement surgery is
33-37.5%. The risk of Dacron graft infection is 29% [9, 23]. The infection in polyure-
thane grafts is more common than Dacron graft infection [4]. The great saphenous
vein is used as a graft in coronary bypass surgery [5], the use of prosthetic grafts is
less common in coronary bypass procedure [20]. The risk of saphenous vein graft
failure in a coronary bypass surgery is 20-25%, which shows, that native vein graft
material allows the procedure to be more successful, than in the case of prosthesis
use [21]. Arteriovenous fistulas have a lower incidence of infection of 0.2 to 0.4 per
1000 fistula days, compared to the grafts, which proves the lesser risk of infection of
the native body’s material use in vascular access [18].
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In the forearm compartment, graft diameter should be small due to the diameters
of the brachial artery and cephalic vein, which are relatively small to other blood ves-
sels in the human body and the blood flow rate in these vessels is relatively lower
[11]. The importance of diameter measurement of the graft is connected with the
possibility of graft folding, when it is being connected to other blood vessels, to the
brachial artery and cephalic vein. If the diameter of prosthetic or biological graft is
bigger than the blood vessel diameter, used in the vascular anastomosis, there is a
possibility of graft ends folding, which could lead to the abnormal blood flow with
a result of emboly [26]. To reduce the risk of thrombosis caused by neointimal hyper-
plasia and decreased blood flow, measurement of diameters is crucial before starting
the actual procedure [6]. It can be done, by using ultrasound and angiography as a
non-invasive method of diagnostics. If the diameter of the great saphenous vein is
bigger than the diameter of blood vessels, that are planned to be connected to form
arteriovenous anastomosis, it is recommended to use either a prosthetic graft or the
biological graft, that is taken from the own patient’s extremities, for example, the
radial artery.

Several studies have evaluated the risk of such complication occurrence as bacte-
rial and viral infection and graft abruption after and during prosthetic graft insertion
and connection procedure [8, 17]. A disadvantage of the prosthetic graft connection
method is the lack of autologous material (graft) for the bypass creation, which leads
to overstimulated blood flow or opposite the insufficient blood flow due to throm-
bus formation on the prosthesis wall and increased risk of emboly. The main reason
of bypass failure, that occurs due to the non-autologous graft use in connection pro-
cedure, is horizontal or vertical graft folding. Graft folding elevates the risk of graft
infection and emboly [11, 22, 28]. Our results demonstrate that native vein can be
used in arteriovenous anastomosis creating procedure and lower risks of occurrence
of infectious disease in future rehabilitation of the patient, who outwent the graft
placement surgery and is outgoing the hemodialysis.

The risk of blood clot formation in the lower extremity after great saphenous vein
extraction is minimal due to the leg blood circulation system. Veins, that could con-
tinue to function are short saphenous vein, which is anastomosing with great saphen-
ous vein, posterior tibial veins, fibular veins, anterior tibial veins. The oxygen-defi-
cient blood would flow up the large circle of blood to the right atrium of the heart
starting from medial and lateral plantar veins, anastomosing with posterior tibial
veins, from a lateral marginal vein, anastomosing with small saphenous vein and
dorsal and plantar metatarsal and digital veins, anastomosing with marginal veins of
the foot.

The great saphenous vein graft allows to elongate of the graft lasting in the
patient’s limb, which is important for patients, who require kidney transplantation
and are waiting for the donor. Our study provides information for future research-
es and clinical use of native patients vein in transplantology and vascular surgery
departments of hospitals.

4.1. Limitations of the Study

This study has several limitations. First, we cannot exclude, that in some patients’
body the native vein graft will be rejected or vasodilation will occur faster, than using
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the prosthetic graft, which will depend on individual reaction to the new structure
in the forearm compartment, hypoxia, nutrition, different growth factor (platelet-
derived growth factor, vascular endothelial growth factor) activity, the presence
or lack of everyday physical activity, changes in body temperature, hypotension et
cetera [9, 10, 12]. A second limitation, we had no possibility to perform the proce-
dure clinically on the patient due to the limited access to the hospital and lack of the
researches, in which the great saphenous vein was used as arteriovenous anastomo-
sis connective structure, except cardiovascular surgery researches with the saphenous
vein in coronary bypass surgery [1].

4.2. Strengths of the Study

To our knowledge, this is the first study, that investigates the use of great saphen-
ous vein as a graft in forearm arteriovenous anastomosis. The novelty of the study
allows transplantology and vascular surgery units to start using native patients’ vein
instead of synthetic material, prosthesis and provide patient the longer-lasting effect
of the graft with a much lesser risk of graft failure due to the vascular muscle cell
proliferation and inflammation, which depends on such factors, as a platelet-derived
growth factor, vasoconstrictive substances, angiotensin, proinflammatory molecules
and thromboxane, in vein-to-artery and vein-to-vein anastomosis, taking into account
both vein connection ends [10]. The study extends the possibility of native vessel
use in transplantology, vascular surgery departments and lowers the risk of differ-
ent complications, that usually occur in procedures of prosthetic graft integration as a
foreign structure in patients’ bodies.

4.3 Future Research

Further research is needed to establish the saphenous vein graft function in alive
patients’ bodies. Future studies will include the simulation of blood flow in the fore-
arm compartment of the corpse by using sodium chloride physiological solution and
saphenous graft placement in patients’ forearm compartment for establishing the
graft function with the real blood flow.

5. Conclusions

To sum up, our results provide evidence, that the great saphenous vein can be
used as a vascular graft in the anastomosis creation in the anterior compartment of
the forearm. There is a risk of graft folding with following graft rejection by native
patients’ tissues, if the graft is placed too high due to the flexion and extension of the
forearm and due to the larger diameter, than diameters of blood vessels, which are
being connected in the graft placement procedure. The right position and size of the
graft have to be chosen for the successful outcome of the procedure.
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Supplementary Materials

Supplementary Materials can be found at AppStore, Microsoft, GooglePlay “Com-
plete Anatomy 2020”, the information about graft costs can be found in the protocol
of procurement commission Nr. PSKUS 2018/1.
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