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There is no consensus on whether to ligate or preserve uncomplicated vascular access
(VA) after kidney transplantation (KT), as International Guidelines do not address this issue.
Enhanced survival rates of kidney grafts may elevate the risk of cardiac morbidity and
mortality due to prolonged exposure to the hemodynamic effects of arterio-venous fistulas
(AVF). Although VA ligation reduces left ventricle (LV) mass, its impact on cardiovascular
(CV) morbidity or mortality is unclear. High-flow VAs can complicate KT patients, and
immunosuppressive medication may increase these complications. Despite preserving VA
for future hemodialysis (HD) use, central catheters are used in nearly two-thirds of patients.
Detecting transplant patients who can undergo AVF ligation and reconstruction when
returning to HD allows for flexible decision-making with a multidisciplinary approach,
personally tailored to patients at their discretion. Therefore, an algorithm involving Doppler
ultrasound and cardiac evaluation is advisable.
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INTRODUCTION

The management of vascular access (VA) after kidney transplantation (KT) is a complex and
unresolved issue, particularly in recipients with good allograft function and uncomplicated VA.
While preservation is appropriate in cases of poor graft function or need for plasma exchange, the
optimal strategy for managing a functioning VA in stable KT recipients is not yet clear. With
improved graft survival—averaging 11.7 years for deceased donors and 19.2 years for living donors
[1]—clinicians are increasingly confronted with the challenge of balancing future dialysis needs
against potential VA-related complications, including cardiovascular morbidity.
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Data from over 16,000 patients in the US Renal Data System
show that only 40% had an arteriovenous fistula (AVF) in place at
the time of hemodialysis (HD) re-initiation after graft failure, while
nearly two-thirds started HD with a central venous catheter (CVC),
despite efforts to preserve VA [2]. Meanwhile, cardiovascular
disease remains the leading cause of death in KT recipients with
a functioning graft, with a fivefold higher incidence compared to
the general population [3, 4]. AVFs may contribute to this risk
through their hemodynamic effects; evidence from randomized
and observational studies has shown reduced left ventricular (LV)
mass following AVF ligation [5, 6], but its effect on cardiovascular
outcomes remains uncertain.

Clinical decisions regarding VA management are influenced by
factors that are not yet fully defined, including the risk of future
complications and the feasibility of reconstructing ligated AVFs for
future HD access. This underscores the need for a multidisciplinary
approach, where patient involvement and informed decision-
making are crucial. Yet, surveillance and routine VA evaluations
after KT are underutilized, with only 29% of physicians performing
such assessments [7]. Moreover, no international guidelines
currently address VA management in KT recipients.

This position paper, developed by the Vascular Access Society
(VAS) and the European Kidney Transplant Association
(EKITA) Section of the European Society of Transplantation
(ESOT), reviews current evidence and provides a structured
algorithm to support VA monitoring and individualized
decision-making in KT patients.

CURRENT MANAGEMENT OF VASCULAR
ACCESS AFTER KIDNEY
TRANSPLANTATION

There is no consensus on managing VA in asymptomatic patients
after kidney transplant (KT). Generally, nephrologists monitor
VA and refer to specialists if complications arise. A multinational
survey revealed no consensus about ligation of AVF after KT, and
most centers do not have a defined protocol for management of
AVF after KT [7]. Data on the current practice of VA
management after KT and guideline recommendations are
scarce. Post-transplant VA ligation is rare, occurring in 4.6%
of patients according to the United States Data System [8]. The
rate varies among transplant centers: 11% of centers performed
ligation on over 10% of KT recipients within a year, while 43% did
not perform any ligations among 248 centers. Ligation is typically
for patients with steal syndrome or complications like infections
and aneurysms. A significant association exists between longer
durations on HD (up to 5 years) and AV access ligation after
adjusting for donor factors [8]. Longer patency times may
increase complications and the need for VA ligation. US data
also shows that KT AV access ligation does not affect kidney graft
outcomes or reduce all-cause mortality.

The type and placement of VA are also important. Synthetic
grafts typically thrombose spontaneously within the first year after
KT. Upper-arm AVFs are more likely to require ligation due to
local problems than forearm AVFs [9]. The brachiocephalic fistula
typically results in higher cardiac output than forearm AVF,
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leading to a greater incidence of steal syndrome and aneurysm
formation [10]. Cephalic arch stenosis can cause giant aneurysms
and perforation over time. The frequent stenosis site is a proximal
swing segment for patients with basilic vein transposition, which
can again cause aneurysmatic complications [11, 12]. Therefore,
patients with proximally located AVFs should be evaluated more
carefully for ligation or flow reduction.

IMPACT OF ARTERIOVENOUS ACCESS ON
THE HEART AND CIRCULATION

The presence of AVFs and grafts significantly influences the CV
system. These effects can be categorized based on timing: early or
acute changes, which occur immediately after creation, and
chronic or delayed changes, which develop over weeks or
months (Table 1, adapted and modified from Basile and
Lemonte [13]).

ACUTE CARDIAC EFFECTS OF
AVF CREATION

Creating an AVF induces an immediate decrease in peripheral
vascular resistance, significantly increasing blood flow through
the newly created AVF (Figure 1 Basile et al. [15]). Increased
blood velocity raises the tangential pressure on the arterial wall,
known as wall shear stress (WSS). WSS stimulates endothelial cells to
produce vasodilatory substances like nitric oxide (NO), leading to an
expansion in the vessel diameter, a reduction in systemic pressure,
and the desired decrease of WSS [16]. This new hemodynamic
condition places greater demands on the heart; i.e., the heart should
increase its work to maintain the blood pressure and equalize the
inflow with the outflow to distant organs [17]. As heart rate and
stroke volume increase, so does cardiac output (CO) [the amount of
blood pumped by the heart in liters per minute]. The increased
stretching of cardiac myofibrils also results in elevated production of
natriuretic peptides [ANP and BNP] [18]. The diameter of the
feeding artery directly influences the newly created conditions of a
hyperdynamic circulation. According to Poiseuille’s law, a larger
artery diameter will cause a higher flow through the AVF [19].
Likewise, the amount of AVF flow [Qa] and the functional condition
of the myocardium influence the type and extent of changes that will
manifest over time. In addition to the artery’s diameter, the flow
through the AVF also depends on the size of the anastomosis. Flow
may decrease due to the presence and onset of stenosis, but it may
also gradually increase over months and years of presence.
Aneurysm formation in arteriovenous conduit is more common
among younger patients with native AVF due to arterial dilatation
and anastomotic remodeling [20, 21].

CHRONIC CARDIAC EFFECTS OF
ARTERIOVENOUS CONDUITS

Once created and matured, the AVF continuously affects the
heart and circulation. Although the adverse effect of the AVF
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TABLE 1 | Early and late effects of the AVF on the heart and circulation.

Acute effects [days] Chronic effects [weeks and months]

| Systemic vascular resistance
T Heart rate, Tstroke volume

T Cardiac output

T ANP and BNP

T Pulmonary flow and pressure

T Left ventricular end-diastolic volume
T Left ventricular mass and size

T Atrial chamber size

Diastolic and systolic dysfunction
Pulmonary hypertension

Adopted from Basile and Lomonte [13].

on the heart depends on the AVF flow (Qa), it also depends on
the heart itself, as the heart is often affected by several
structural and functional alterations in patients with chronic
kidney disease (CKD). Therefore, no universal definition of a
“safe” Qa exists, but values >1,500-2000 mL/min are usually
considered as high and potentially detrimental to the heart [16,
22]. The effects of high Qa act in concert with water overload
and include dilatation of all chambers, secondary valvular
regurgitation, left ventricular hypertrophy, diastolic
dysfunction, and pulmonary hypertension [23]. While water
overload and various metabolic and endocrine changes resolve
after a successful KT, the effects of fistula flow persist and may
contribute to increased patient morbidity and possibly
mortality. Nonetheless, direct evidence for this is still
lacking. However, some previous studies revealed an early
decline in left ventricular mass index (LVMI) and LV end-
diastolic diameter (LVEDD) following AVF ligation [23, 24].
Rao et al. conducted a randomized controlled trial (RCT)
involving two groups of patients 12 months post-kidney
transplantation [5]. Both groups had initial cardiac MRI
One group underwent arteriovenous fistula (AVF) ligation,
while the other was a control. A follow-up cardiac MRI
6 months later revealed a noteworthy reduction in left
ventricular mass of 22.1g (95% confidence interval:
15.0-29.1) in the AVF ligation group. In comparison, the
control group experienced a slight increase of 1.2 g (95%
Cl: -4.8-7.2) (P < 0.001). This result highlights the
potential benefits of AVF ligation in improving cardiac
health in kidney transplant recipients. Furthermore, another
prospective RCT conducted by Hetz et al. showed that
performing  prophylactic ligation of a  high-flow
arteriovenous fistula (AVF) with a flow rate greater than
1,500 mL/min in asymptomatic KT recipients with stable
renal function led to a reduction in both proBNP levels and
systolic pulmonary arterial pressure (PAP) values [14].
Notably, none of the patients in the group that underwent
AVF ligation developed high-output heart failure (HOHF). In
contrast, among the patients who did not receive AVF ligation,
5 out of 13 (38.5%) developed HOHF (p < 0.013), indicating
that de novo heart failure in KT recipients was more frequent in
patients with the presence of a functioning AVF (adjusted
hazard ratio 2.14). A recent 10-year observational cohort study
of 1,330 kidney transplant patients found that those with AVF
had a higher incidence of de novo heart failure (HF), at 58 cases
per 1,000 person-years (95% CI 50-67), compared to 33 cases
per 1,000 person-years (95% CI 27-41) in those without AVF,

Vascular Access After Kidney Transplantation

MAP =co-TPVR

co

o
AR

CO-Qa

SVR

FIGURE 1 | As blood is pumped out of the left ventricle into the arteries,
pressure is generated. MAP is determined by CO, TPVR and CVP, according
to the following relationship, which is based upon the relationship between
flow, pressure and resistance [14]: MAP = (CO TPVR) + CVP. Because
CVP is usually at or near 0 mmHg, this relationship is often simplified to MAP =
CO TPVR. AR and SVR are connected in parallel Basile C, et al. [13].

meaning that de novo HF was associated with the presence of
an AVF [adjusted hazard ratio (aHR) 2.14 (95% CI 1.40-3.26),
Moreover, the presence of an AVF was also associated with the
composite CV outcome [aHR 1.91 (95% CI 1.31-2.78) [25].
Clinical presentation of the heart changes in CKD patients
includes heart failure [HF] of any phenotype [with reduced,
mildly reduced, or preserved ejection fraction or high-output
HF] and pulmonary hypertension [15]. The progression of HF
often leads to a gradual decrease in CO and to its so-called
normalization of the CO to a value without the presence of an
AVEF, which inevitably leads to reduced blood supply to
peripheral organs. This situation is called “systemic steal”
and results in hypoperfusion of various organs [26]. A
recent meta-analysis by Yasir et al, which included over
18,000 transplant patients, adds further evidence to previous
studies. It confirms that ligation of symptomatic AVFs in high-
output heart failure patients is safe and effective. Additionally,
the review identified an AVF flow to cardiac output ratio
greater than 0.3 as a predictive marker for the risk of acute
heart failure [27].
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IMMUNOSUPPRESSION AND VASCULAR
ACCESS-RELATED ANEURYSMAL
COMPLICATIONS

Studies suggest immunosuppressive medication may promote
arterial and venous remodeling. [28-30]. Viscardi et al. reported
larger AVF venous aneurysms with intense T-lymphocytic infiltrate
in patients on immunosuppressive therapy [30], which are prone to
thrombosis and significant thrombophlebitis requiring surgery [31].
Brachial artery aneurysm (dilatation of brachial artery >10 mm or
more than 50% increase in longitudinal diameter) can be frequent
and was detected in 21% of transplant patients [32]. Brachial artery
aneurysm can cause ischemia of the arm and frequently requires
major vascular surgery for arterial repair. AVF flow volume of more
than 1,500 mL/min is associated with a 4.5-fold risk of brachial artery
aneurysm formation [32]. The high flow causes upregulation of the
local production of vasodilator agents and matrix metalloproteinases
2 and 9, resulting in loss of vessel wall vasoconstriction. Increased
blood flow of AVF causes an increase in wall stress and a decrease in
wall thickness. Elastic fiber degeneration and increased calcium and
phosphate deposition can also affect the long-term [21, 33]. Ligation
or flow reduction of the VA augments or prevents the increase of the
brachial artery size [34]. Various case reports have shown that
aneurysmal degeneration of the inflow artery is a potential
serious  complication and s associated ~ with
immunosuppression [35-38]. These complications predisposed by
immunosuppression support a strategy to close AVFs in KT patients
with high blood flow, large aneurysms, and good kidney
allograft function.

Malignancies confined to AVFs are rare but have been described
in case series and reports. They present as angiosarcoma [39-41] and
post-transplant lymphoproliferative disorder [42], confined to AVFs
mostly in immunosuppressed patients. The most common
presenting symptom was pain, with or without a mass. A
comprehensive review revealed that of 22 unique patient cases,
19 were post-transplant, and 18 were on antirejection agents [43].

mainly

SURGICAL TECHNIQUES FOR THE
INTERVENTION OF ARTERIOVENOUS
FISTULAS AND GRAFTS

Revisions for reducing AVF blood flow post-KT include distal
inflow, plication, or banding. Short interpositions with small-
diameter prosthetic grafts show 58% primary and 71% secondary
patency over 3 years [44], while distal inflow revisions demonstrate
48% and 84% [45]. AVF aneurysmography is associated with
improved patency and decreased VA abandonment compared to
interposition grafting at 2-year follow-up [46]. Some techniques use
real-time flow measurements for precise adjustment during surgery
[47, 48]. Possible complications include reoperation to reduce blood
flow, early and late thrombosis, and infection. Long-term outcomes
for transplant patients remain unpredictable, especially with an
estimated graft survival of over 10 years.

Therefore, AVF ligation is almost certainly the most viable
surgical option. The main risk of ligation, particularly for large
AVFs, is that the massive reduction in blood flow in the draining
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AVF vein leads to thrombosis and the development of
thrombophlebitis, which may cause significant discomfort.
Therefore, in addition to disconnection of the AVF near the
original arteriovenous anastomosis, excising particularly large or
aneurysmal segments of the draining vein may be necessary. For
this reason, timely management can prevent the loss of venous
capital and prohibit the use of draining venous segments [forearm
cephalic or upper arm cephalic vein] for future AVF creation. The
complication rate of ligation of the VA is relatively limited, as
approximately 5% of patients experience post-operative
complications, including hematoma and wound infections [49].

LIGATION OF VA AND RECONSTRUCTION
IN THE FUTURE FOR HEMODIALYSIS:
SWITCH OFF AND ON

Considering the cardiac burden and the VA-related complications
after KT, the ideal option would be to pause the patency of VA and
reintroduce it at the time of switch to HD. Whether thrombosed
from a juxta-anastomotic occlusion or surgically ligated right at the
anastomosis, reconstructing an occluded AVF is possible for kidney
recipients returning to dialysis, even years after occlusion. Forearm
AVFs often have early anastomotic stenosis, but matured venous
conduits enable successful reconstruction in most cases. Weyde et al.
reported that 85 out of 112 forearm AVFs were successfully
reconstructed with a one-year primary patency rate of 57.6%
[50]. Another series presented the creation of a new VA after
kidney failure for patients with an occluded AVF at the distal
part of the dominant [87%] or non-dominant [29%] extremity
[31]. Other series also present the reconstruction and immediate
cannulation of the ligated/thrombosed AV fistulas at the time of
switch to HD [51, 52]. The perioperative complication of ligating an
uncomplicated forearm AV appeared very low [53, 54].
Reconstructing brachiocephalic AVFs at HD initiation post-KT is
possible but uncommon.

Reconstructing ligated or thrombosed AVFs at HD resumption
would reduce the need for CVC placement, as the venous conduit
can often be cannulated immediately. Forearm AVFs can thrombose
up to the antecubital fossa, but if 10-15 cm of venous conduit
remains, reconstruction of inflow and outflow is feasible with
thrombectomy even years later. Notably, many transplant
patients with lower arm AVFs have opportunities for ligation and
reconstruction. VA specialists should evaluate this option to enable
more informed decision-making involving patients.

PATIENT PERSPECTIVE

Individualized care for CKD patients and access to predialysis
information are crucial in nephrology. Current CKD guidelines
underline the patient-centered care, with the proper access, at the
right time, for the right patient and reason [55]. The European Renal
Best Practice remarks that patients prioritized adverse effects of AV
accesses and involvement in care, while clinicians focused on options
and technical aspects like maturation and patency [56]. Living with a
buzzing AVF can cause discomforting psychological and aesthetic
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influence on KT patients. Among KT recipients, 23% considered
ligation (2/3 for esthetics, 1/3 for heart health), 39% opposed it, and
39% had no opinion [57]. In this regard, the information from the
vascular access specialist about the possibility of ligating AVF and
reconstructing in the future at the time of switch to HD can have an
important impact on the patient’s decision for VA ligation. Some
studies highlight the importance of an individualized approach to the
VA after a successful kidney transplant [58].

IMPACT OF ARTERIOVENOUS ACCESS ON
THE KIDNEY ALLOGRAFT

In CKD patients, creating an AVF has been linked to a slower decline
in GFR. Golper et al. found that GFR decline dropped
from -59 to -05 mL/min/year after AVF creation in
123 patients (P < 0.001), though without a control group [9]. A
larger nationwide cohort of 3026 US patients in 2017 revealed GFR
decline slowing from —5.6 to —4.1 mL/min/year post-AVF surgery
(P < 0.001) [59]. Hahn Lundstrom compared GFR decline between
435 patients with VA and 309 patients with peritoneal catheter,
finding both groups benefited similarly, revealing the benefit of
multidisciplinary follow-up [60]. Recently, a Canadian study
including a propensity-score matched cohort of future peritoneal
dialysis patients without access surgery concluded that the VA
placement increased the patients’ awareness of their CKD
condition [61]. The last two studies suggest that the key is
multidisciplinary follow-up rather than hemodynamic changes.

Theories behind reduced GFR decline include ischemic
preconditioning, arterial blood pressure control, and increased
venous return to the lungs [62]. Ischemic preconditioning
releases erythropoietin, nitric oxide, and adenosine into
circulation, protecting organs from ischemic injuries [62-64].
AVF creation significantly lowers central systolic [-8%] and
diastolic [-9%] blood pressure [65]. Increased venous return to
the lungs boosts oxygen delivery to peripheral organs, including
the kidney parenchyma [62, 66]. Considering the adverse long-
term effects of hypertension on renal function, AVF ligation and
the resulting rise in systemic blood pressure might negatively
impact renal allograft function in KT recipients [67, 68].

The first study at KT was published in 2010 by Vajdi¢ and
coworkers, who compared kidney graft function and survival
between patients with a functioning AVF 1 year after
transplantation with patients with a non-functional AVF [69].
The total population included 311 patients, with a mean age of
47 + 11 years. In a crude analysis, patients with a functioning AVF
had worse renal function at 1 year [69 + 21 mL/min/1.73 m?] than
those with non-functional AVF [74 + 19 mL/min mL/min/
1.73 m% P < 0.05]. Also, the 5-year graft survival was higher
in patients with a non-functioning AVF [75%] than in those with
a functioning one [60%]. In a more recent paper published in
2017, Weekers et al analyzed the impact of AVF ligation in a
retrospective cohort of 285 kidney transplant recipients with a
mean age of 50.2 + 14.3 years divided into three groups: (no AVF,
closed AVF, and left-open AVF). The lowest GFR slope was
evident in patients who had their AVF closed [-0.081 mL/min/
month] in comparison with the other two groups [-0.183 mL/
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min/month for patients without AVF and -0.164 with patients
with left-open AVF] [70]. In line with this observation, no
significant effect of access ligation on GFR was observed in the
randomized clinical trial on the impact of access ligation on left
ventricular hypertrophy [5].

The conflicting data from these studies do not provide clear-
cut information replicating the findings observed in the general
population with CKD. Ideally, a large multinational clinical trial
in which patients are randomized for closure or left-open AVF
after transplantation would provide the best option to prevent
renal function deterioration. However, considering the potential
benefit of AVF ligation on CV structure [6], this putative trial
should also focus on CV events and patient survival.

PROBABILITY OF STILL HAVING A
FUNCTIONAL AVF AT THE TIME OF
ALLOGRAFT FAILURE

The natural progression of VA following KT was described in a
retrospective cohort study of 626 patients. The study reported AVF
patency rates of 82%, 70%, and 61% at 1, 3, and 5 years, respectively
[31]. Their conservative approach included AVF examination at
each clinical visit and ligation only in severely problematic cases.
AVF ligation was performed in 24% of patients. Of 127 patients, 53
(40.1%) restarted HD with their original pre-transplant AVF, 12
(9.1%) with a newly constructed AVF, and 7 (9.4%) had the original
AVF ligated and reconstructed. The rate of having a functioning
AVF at the time of allograft failure in KT patients was 66%, 55% and
14.8% in presented cohorts from Scotland, Italy, and Canada
[71-73], illustrating that local preferences and practices have a
significant impact on VA management and outcomes. The
Canadian study revealed that the 12-month predialysis and 24-
month postdialysis VA creation rate was 16% and 47%, respectively
[73]. Reports from the US show that nearly two-thirds of patients
restart HD with catheters [2]. Therefore, transplantation
nephrologists may be so focused on saving the kidney graft that
they can postpone management to create AVF when switching to
HD (74, 75].

THE PROS AND CONS OF LIGATING A
FUNCTIONAL VASCULAR ACCESS AFTER
TRANSPLANTATION

As mentioned previously, solid data regarding the long-term
clinical effects of a functional VA after KT are scarce, and no
international guidelines on the management of kidney transplant
recipients provide guidance on post-transplant VA management
[55, 56, 67, 76-78]. A multicenter survey showed that
disagreement among experts among respondents was
considerable regarding the decision to ligate AVF after KT, as
in four out of eight cases, less than 70% of respondents agreed on
the arteriovenous fistula management strategy [7]. Having a
functional VA may facilitate rapid access to HD treatment in
patients experiencing post-transplant complications, such as
delayed graft function or allograft failure, avoiding the need
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Factors for Ligation of VA

I. Impaired or deteriorating cardiac function
II. High or increasing blood flow (1500 m|/min) .
Ill. Aneurysm formation

¢ Increasing brachial artery dilatation .

e Increasing venous aneurysmal dilatation
IV. VA related complications

e Extremity edema

o Distal Hypoperfusion

¢ Thrombosis

e Pain

o Cosmetic/Psychologic concern

I. Requirement to use
rejection

disease
Poor graft function

Poor patient compliance

e o o o

requirement
I.VA related reasons

Factors for Preservation of VA
High risk for antibody mediated

High risk for recurrence of primary

Uncertain estimation of graft survival

IV treatment and venipuncture

* No possibility for AVF in future

LIGATION OF VA

Patient Decision . Chance for ligation and
reconstruction in future

Impéired orc?eleriorating . Aneurysm formation

cardiac function
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flow complications
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Poor Graft Function ‘
Requirement to use VA .

Initial Evaluation
Referance DUS
(First 2 Months)
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Uncertain Graft
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FIGURE 2 | Graphic illustration of the proposed follow-up and management of arteriovenous vascular access after KT.

’ w}! Revaluation DUS
'i (Every 2 Years)

u Comparison DUS
E (12 Months)

for placing a CVC, which causes an increased risk of infection [79,
80]. Moreover, having an AVF may permit a straightforward
initiation of pharmacological or apheresis treatments in patients
with poor quality peripheral veins or VA problems developing
immune-mediated post-transplant complications, such as
episodes of antibody-mediated rejection and recurrence of
glomerulonephritis [81]. Belatecept maintenance treatment
through AVFs is a good example of IV treatment use of AVFs
after KT, which prevents the risk of complications introduced by
a port catheter.

In kidney transplant recipients with stable allograft
function, ligation of the AVF may reverse maladaptive
heart alterations such as right ventricular [RV] dilatation
[82], AVF-associated volume overload leads to LV
hypertrophy and cardiac remodeling [83], and diastolic
dysfunction with structural heart disease [82-84].
Although unproven, this may mitigate the adverse CV
clinical effects associated with a long-lasting AVF, such as
LV hypertrophy [85], contributing to the increased risk of CV
mortality observed among KT patients [86, 87].

Ligation may also reduce the risk of high-output cardiac
failure secondary to high-flow AVF [23]. Unger et al. reported
that AVF surgical ligation reduced LV end-diastolic diameter and
mass indexes 2 months after surgery in stable KT patients.
However, diastolic and mean arterial BP were marginally

augmented in these patients after AVF ligation [88]. One
randomized clinical trial on the cardiac effects of VA ligations
has been published [5]. This Australian study included 63 adult
patients who underwent successful KT at least 12 months prior to
the intervention. MRI assessed cardiac dimensions at baseline
and 6 months later. The primary outcome was LV mass reduction
at 6 months, which decreased by 22.1 g in the group with AVF
ligation and increased by 1.2 g in the control group [p < 0.001].
The cardiac output decreased from 6.8 L/min at baseline to 4.8 L/
min at 6 months [p < 0.05] upon AVF ligation. The closure group
also observed significant decreases in LV end-diastolic volumes,
LV end-systolic volumes, atrial volumes, and NT pro-BNP.
Subsequent follow-ups of the patients who underwent AVF
ligation revealed a further reduction in LV mass 5 years after
AVF ligation [6]. This trial confirms that ligation of AVF in stable
post-transplant patients improves LV remodeling.

Late AVF complications in patients following KT are quite
common [31, 32]. Preventing the increase in the size and the
result of increasing blood flow from the brachial artery is
important. Surgical intervention can cease or decrease the
diameter of the brachial artery [34]. Therefore, increased
blood flow through the AVF, brachial artery aneurysm, and
following complications, including venous aneurysm formation,
can be prevented by timely ligation or flow-reducing surgery
of the VA.
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PROPOSED PROTOCOL FOR
MANAGEMENT OF VASCULAR ACCESS
AFTER TRANSPLANTATION

Effective VA management after KT involves a surveillance
protocol. Our proposed protocol is depicted in Figure 2.
Initially, the complete VA-related medical history should be
documented. Use Doppler ultrasonography to screen VA in
the first 2 months post-KT, assessing blood flow, brachial
artery dilatation, venous conduit dilatation, and aneurysms. If
the duplex ultrasonography reveals a blood flow >1 L/min,
cardiac evaluation is required to estimate VA-related cardiac
morbidity, also considering other comorbidities such as
diabetes mellitus and hypertension. Echocardiography
should establish baseline cardiac parameters for comparison
with follow-up measurements at the end of the first year post-
KT. Follow AVG conservatively unless there are cardiac
complications, as they usually thrombose spontaneously.
Monitor atypical VA conduits and upper arm VAs more
carefully due to their risk of aneurysms. Refer VAs with
cardiac or access-related complications to specialists
immediately. Consider ligation of non-complicated VAs by
the end of the first year post-KT.

Evaluating the ligation of VA 1 year post-KT is crucial for several
reasons. First, it allows assessment of kidney graft survival, ensuring
preservation of VA in recipients with poor outcomes. A banding
operation can reduce VA blood flow to preserve it for recipients
requiring VA after KT. Second, most of the spontaneous thrombosis
of the VA occurs during the first year after KT. Finally, a one-year
follow-up helps monitor changes in VA blood flow, aneurysm
progression, and their impact on cardiac health.

The evaluation of VA in the initial year after KT should include
Doppler ultrasound and examination by a VA specialist. The VA
specialist should identify the VA likely to cause future
complications. The VA with increasing blood flow, causing
increasing brachial artery dilatation, and aneurysm size of
venous conduit compared to the initial duplex Ultrasound
evaluation should be referred for ligation if the estimated graft
survival is over 10 years. Determining if the VA can be
reconstructed after ligation is crucial for transplant failure cases,
particularly with non-complicated forearm AVFs. A
multidisciplinary team, including a nephrologist, cardiologist,
and VA specialist, should decide on preservation and ligation in
consultation with the patient. In case of preserving the VA, the
evaluation should be repeated every 2 years or earlier in case of
cardiac complications or VA-related problems, especially when the
blood flow of the VA is higher than 1.5 L/min.

CONCLUSION

The VA of KT transplant recipients is a modifiable factor that
could significantly impact their burden of cardiac disease. Recent
studies have demonstrated that ligation of VA results in a
substantial and permanent reduction of cardiac hypertrophy.
Prospective studies are necessary to evaluate whether AVF
closure in asymptomatic patients offers benefits for CV mortality.

Vascular Access After Kidney Transplantation

High-flow VAs can also cause arterial and venous aneurysmal
complications in KT patients, which can be enhanced using
immunosuppressive medication. Therefore, implementing a VA
surveillance program is essential for improving VA management
post-KT. Detecting the subset of transplant patients who may benefit
from technical interventions such as ligation and reconstruction of
AVFs, particularly when switching back to HD, allows for more
informed and patient-involved decision-making regarding
VA ligation.

Although the proposed algorithm is not entirely evidence-
based, it represents the best management strategy for
detecting cardiac and VA morbidity after KT. This
approach can contribute valuable data that is currently
missing from the literature. Given the favorable prognosis
of allografts today, the decision to ligate VA can be considered
more liberally, even without VA-related complications, for
patients with well-functioning grafts. The decision to
maintain or ligate the VA should be made by a
multidisciplinary team, with active participation from the
patient in the decision-making process.
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