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Kidney transplantation is the treatment of choice for children with end-stage renal disease, providing superior
survival and quality of life compared to dialysis. However, transplantation in children with low body weight
(< 20 kg) remains technically demanding and is associated with a higher risk of complications. These chal-
lenges are primarily related to donor—recipient size mismatch, limited anatomical space, and hemodynamic
constraints. A narrative review of the literature was performed, focusing on surgical techniques, anatomical
and hemodynamic factors, and early and late complications of kidney transplantation in low-weight pediatric
recipients. Particular attention was given to the impact of size mismatch, the choice of surgical approach, and
strategies for prevention and early detection of vascular complications.

Donor-recipient size mismatch was identified as a central pathophysiological factor influencing outcomes. It
contributes to a complex cascade involving impaired venous outflow, graft edema, increased intrarenal pressure,
and secondary reduction of arterial perfusion. Both intraperitoneal and extraperitoneal approaches are effective,
with no consistent differences observed in long-term graft survival. Outcomes are primarily determined by the
adequacy of graft positioning and perfusion. Vascular complications, particularly arterial and venous thrombosis,
remain the leading cause of early graft loss in this population. Renal allograft compartment syndrome is a specific
manifestation of mechanical and hemodynamic imbalance. Early diagnosis using Doppler ultrasonography and
prompt surgical intervention are critical for graft preservation.

Kidney transplantation in children with low body weight requires an integrated surgical and perioperative
strategy aimed at compensating for anatomical and hemodynamic mismatch. The success of transplantation
depends on the coordinated optimization of graft positioning, vascular geometry, space creation, and postopera-
tive monitoring, rather than on a single technical factor. A proactive, mechanism-based approach is essential to
reduce complications and improve outcomes in this high-risk population.
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Chronic kidney disease (CKD) in the pediatric
population presents a significant medical and social
challenge, associated with increased mortality, de-
layed physical development, neurocognitive disor-
ders, and reduced quality of life for affected patients
[52, 64, 67]. International registries report a preva-
lence of CKD in pediatric patients of 55—75 cases
per million, with end-stage renal disease (ESRD)
occurring in 9—15 cases per million, and an annual
incidence of approximately 5—10 new cases per mil-
lion [8, 12, 31, 37].

For pediatric patients with ESRD, kidney trans-
plantation is considered the preferred treatment, as
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supported by data from national registries, including
the United States Renal Data System (USRDS) [38].

Congenital anomalies of the kidneys and urinary
tract are the primary cause of childhood ESRD,
accounting for 28—31 % of cases overall and more
than 50 % in young pediatric patients. Glomerular
diseases represent approximately 21-22 % of cases
and are more prevalent in older pediatric age groups
[38]. Consequently, in children with low body
weight, particularly those weighing <20 kg who
require kidney transplantation, congenital and he-
reditary nephropathies predominate as the underly-
ing etiology.
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The first successful human kidney transplan-
tation was performed by Joseph Murray and col-
leagues in 1954 in Boston between identical twins,
marking a pivotal advancement in clinical trans-
plantation [64]. In 1959, the same group (Murray,
Goodwin, Hodges) achieved the first successful
pediatric kidney transplant in a 12-year-old child
between identical twins [64]. The subsequent de-
velopment of pediatric transplantation in the 1960s
was facilitated by the introduction of immunosup-
pressive therapy, which broadened the indications
for pediatric transplantation. In later decades, suc-
cessful transplantation in children with low body
weight, including those weighing <15 kg, was re-
ported as a result of advancements in surgical tech-
niques and intensive care.

Nevertheless, kidney transplantation in pedi-
atric patients, particularly those with low body
weight, remains relatively uncommon. In Europe,
the incidence is approximately 5.7 cases per mil-
lion children per year, while in the United States,
about 250—-300 pediatric transplants are performed
annually [15, 32]. Data on recipients with low body
weight (< 15-20 kg) are limited and primarily de-
rived from single-center series, highlighting the
complexity and rarity of these procedures [9, 13, 24,
65]. For example, E. Benetti et al. reported 96 trans-
plants in children weighing <15 kg over 35 years,
averaging only 2—3 operations per year at their cen-
ter [9]. Similarly, R. Gander et al. documented 44
transplants in children <15 kg, representing 26.8 %
of all pediatric transplants at their center during
a 7-year period [24]. Two leading centers in Bel-
gium reported 72 transplants in children <15 kg
over a multi-year period [13].

Kidney transplantation continues to be the pre-
ferred treatment for pediatric patients with ESRD,
offering superior survival, growth, and social adap-
tation compared to dialysis [54, 61, 66]. However,
in children with low body weight, the procedure
carries a higher risk of technical and postoperative
complications due to small vessel diameter, limited
abdominal capacity, and donor-recipient size mis-
match [16, 24, 42, 65].

Despite these challenges, recent clinical series in-
dicate that transplantation in low-weight pediatric
patients is technically feasible and yields satisfac-
tory outcomes. One-year patient survival exceeds
90-95 %, and graft survival ranges from 75-90 %,
depending on recipient age and body weight [9, 20,
24, 33]. Nevertheless, children weighing < 10-15 kg
remain at elevated risk for early graft loss, primarily
due to vascular complications [24, 36, 39, 42].

In this context, transplantation from a living
donor, particularly an adult, is crucial, as it allows
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reduced cold ischemia time, improved surgical plan-
ning, and enhanced immunological compatibility
[18, 40, 54, 56, 63]. However, donor—recipient size
mismatch is most pronounced in these cases, con-
tributing significantly to technical difficulties and
complications [27, 56, 65].

The selection of surgical approach, whether in-
tra- or extraperitoneal, remains contentious, as
each method offers distinct advantages and limita-
tions within confined anatomical spaces [20, 24, 27,
33, 65]. The primary determinant of transplanta-
tion outcomes in this patient population is not only
the surgical approach, but also the incidence of ear-
ly vascular complications, particularly thrombosis,
which occurs in 5-10 % of cases and is the leading
cause of graft loss [39].

Beyond vascular considerations, compression
mechanisms resulting from restricted abdominal vol-
ume and elevated intra-abdominal pressure signifi-
cantly contribute to impaired graft perfusion [27, 56].
Despite their importance, these factors have not been
sufficiently systematized in the existing literature.

Therefore, kidney transplantation in pediatric
patients weighing up to 20 kg constitutes a com-
plex, multifactorial challenge that necessitates an
integrated approach. This approach should consider
anatomical, vascular, and hemodynamic character-
istics, as well as the optimization of surgical tech-
niques and perioperative management.

Anatomical variations

(«size mismatch» )

in kidney transplantation

in pediatric patients weighing <20 kg
Kidney transplantation in children with low body
weight has historically been challenged by a mis-
match between donor organ size and recipient
anatomical capacity. Early clinical series involving
children weighing <15 kg reported technical com-
plication rates of 20—30 %, with early graft loss fre-
quently attributed to vascular disorders and organ
compression [45, 47]. Advances in surgical tech-
niques have markedly improved outcomes, making
transplantation feasible in pediatric patients weigh-
ing 8—10 kg, with one-year graft survival rates now
exceeding 80-90 % [24, 42, 47].

Currently, size mismatch is recognized as a mul-
tifactorial issue involving not only organ and re-
cipient size differences but also the interplay of
spatial, vascular, and hemodynamic factors [3,
28, 44, 56]. The volume of an adult donor kidney
(120—180 cm?®) exceeds the retroperitoneal space
available in a child weighing 10—15 kg, predispos-
ing to mechanical conflict during implantation [3,
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28]. Clinical series indicate that in children weigh-
ing <15 kg, access modification or additional tissue
mobilization is required in 15-25 % of cases due to
limited anatomical space [27, 65].

Hemodynamic mismatch represents a critical
factor in pediatric kidney transplantation. An adult
donor kidney requires a blood flow of approximate-
ly 300—500 ml/min, whereas a young child has lim-
ited cardiac output and a circulating blood volume
of 70-80 mL/kg [28, 29]. Under these circumstanc-
es, even minor hemodynamic fluctuations may re-
sult in graft hypoperfusion and trigger thrombotic
mechanisms [29, 56].

Impaired venous outflow, often resulting from
mechanical factors, plays a key role in the pathogen-
esis of complications. Even minimal kinking or com-
pression of the renal vein can lead to venous stasis,
increased graft volume, and a subsequent reduction
in arterial perfusion [6, 17, 22]. In this context, the
venous component may serve as a primary trigger
for thrombosis development [6, 39].

The clinical impact of size mismatch is most evi-
dent in low-weight pediatric patients, where it di-
rectly correlates with increased vascular complica-
tion rates. Graft vessel thrombosis occurs in 5-10 %
of pediatric cases and rises to 10—12 % in patients
weighing <15 kg, significantly exceeding the inci-
dence in adults (1-3 %) [39, 56]. These complica-
tions account for 60—80 % of early graft losses and
are primarily attributed to technical and mechani-
cal factors [29, 39].

Renal allograft compartment syndrome (RACS)
is a distinct manifestation of anatomical variations
and may occur even in the absence of major technical
errors. The clinically significant incidence of RACS
is 2—5 %, although subclinical forms are likely more
prevalent [22]. An increase in graft bed pressure ex-
ceeding 10—15 mm Hg is associated with reduced
perfusion and impaired graft function [6, 17, 22].

Size mismatch also affects the selection of the
surgical access. Intraperitoneal access is typically
chosen for low-weight pediatric patients due to the
greater available volume, whereas extraperitoneal
transplantation necessitates more precise technical
adaptation [1, 27, 45, 65]. Nevertheless, current evi-
dence suggests that, with adequate graft bed prepa-
ration, the use of adult donor kidneys in low-weight
pediatric patients achieves one-year graft survival
rates of 85-95 %, comparable to outcomes in older
pediatric patients [3, 28, 56].

In summary, anatomical variations are the pri-
mary pathophysiological mechanism causing com-
plications in kidney transplantation for pediatric
patients weighing <20 kg. The mismatch results
from a combination of factors, including limited
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intra-abdominal space, vascular disproportion, and
hemodynamic constraints. Consequently, targeted
optimization of surgical techniques is required to en-
sure proper graft placement and to prevent vascular
and compression-related complications [1, 29, 56].

Surgical access

in kidney transplantation for
low-weight pediatric patients:
intraperitoneal vs extraperitoneal

The selection of surgical access in kidney transplan-
tation for low-weight pediatric patients is a criti-
cal factor influencing the technical complexity of
the procedure, graft function, and the spectrum of
postoperative complications. In contrast to adults,
for whom extraperitoneal access is standard, the op-
timal surgical access in young children, particularly
those weighing <15-20 kg, remains debated. This
decision is primarily influenced by anatomical vari-
ations and the need to accommodate a relatively
large donor organ [45, 47, 65].

Intraperitoneal access

Intraperitoneal access has historically been widely
adopted in pediatric transplantation to address
the spatial limitations of the retroperitoneal space.
Early clinical series from the 1970s and 1980s es-
tablished its technical feasibility and facilitated
its broader application in low-weight pediatric pa-
tients [21, 35, 46]. The use of the intraperitoneal
space provides optimal conditions for adult donor
kidney placement and enables vascular anastomoses
on major vessels such as the aorta and inferior vena
cava, resulting in more predictable blood flow and
a reduced risk of direct graft compression [58].

The principal advantage of intraperitoneal ac-
cess is the increased available volume, which enables
greater flexibility in graft positioning and may de-
crease the risk of vascular kinking during the final
stages of surgery [4, 26, 29, 58]. This benefit is par-
ticularly relevant in cases of pronounced anatomical
variations, where even minor space constraints can
alter the geometry of the vascular bed. Nevertheless,
expanding the available volume does not fully elimi-
nate the risk of perfusion disorders, as intra-abdom-
inal pressure and graft positioning after abdominal
wall closure can also affect hemodynamics [26].

Despite these advantages, the intraperitoneal ac-
cess is associated with significant limitations, most
notably an elevated risk of intra-abdominal compli-
cations. A. Taher et al. reported an overall compli-
cation frequency of approximately 18—20 % in pe-
diatric recipients, with low body weight identified
as an independent risk factor [62]. A comparative
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study by Y. Aoki et al. found a substantially higher
rate of surgical complications with intraperitoneal
access (39 %) compared to extraperitoneal access
(6 %) [4]. E.A. Gerzina et al. observed prolonged
postoperative ileus in 28 % of patients, highlighting
the considerable impact of surgical access on gastro-
intestinal function [26].

In summary, while intraperitoneal access pro-
vides a larger space for graft implantation, it is also
associated with an increased risk of gastrointestinal
and intra-abdominal complications, as demonstrat-
ed by both comparative studies and clinical series
[4, 26]. The overall incidence of such complica-
tions in pediatric recipients remains approximately
18-20 % [62].

Extraperitoneal access

Extraperitoneal access has traditionally been the
standard in adult transplantation and has been re-
garded as less suitable for pediatric patients due to
the limited retroperitoneal space [27]. Neverthe-
less, clinical experience over recent decades dem-
onstrates that, with appropriate technical modifica-
tions, this approach can be effectively applied even
in patients weighing <15 kg [27, 63].

Clinical series, such as those by S. P. Vitola et al.
and E Ghidini et al., indicate that extraperitoneal
transplantation in low-weight pediatric patients
yields satisfactory graft survival rates, exceeding
80-90 % at one-year follow-up [27, 65].

Extraperitoneal access offers several important
advantages: it is rarely associated with gastrointes-
tinal complications, provides direct access to the
graft for biopsy, and preserves the peritoneum for
potential peritoneal dialysis [45].

The primary limitation of this approach is the re-
stricted space, which, in cases of anatomical varia-
tions, may result in graft compression, vascular kink-
ing, and increased local tissue pressure [1, 6, 17, 22,
27]. According to C. Lee et al., extraperitoneal ac-
cess offers improved kidney fixation and may reduce
the risk of graft rotation and vascular bundle kink-
ing compared to the intraperitoneal access, which is
typically used in low-weight pediatric patients when
the retroperitoneal space is insufficient [41].

Several studies have reported that in 20—30 % of
cases involving low-weight pediatric patients, ex-
pansion of the retroperitoneal space or additional
tissue mobilization is required to achieve adequate
graft placement [1, 27]. These technical factors,
rather than the choice of surgical access, primar-
ily determine the risk of vascular and compression
complications.

Available data do not demonstrate a significant
difference in long-term graft survival between
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surgical access types. For example, Aoki et al.
(2021) reported 10-year graft survival rates of 87 %
for intraperitoneal and 97 % for extraperitoneal ac-
cess, with no statistically significant difference [4].
Similar results have been observed in other studies,
indicating that long-term outcomes are primarily
influenced by vascular and technical factors rather
than the surgical access itself [27, 56].

Therefore, intraperitoneal and extraperitoneal
approaches should not be regarded as mutually
exclusive alternatives. These are complementary
surgical strategies, with the choice determined by
the recipient’s anatomical and spatial characteris-
tics and the capacity to ensure adequate graft per-
fusion. In this context, the critical factor is not the
type of access but the surgical technique’s ability to
address anatomical variations and establish stable
graft hemodynamics.

Vascular complications of kidney
transplantation in low-weight
pediatric patients: clinical significance,
mechanisms, diagnostic approaches,
and early management strategies

Although surgical approaches and transplantation
techniques have advanced, vascular complications
continue to significantly influence early outcomes
of kidney transplantation in low-weight pediatric
patients. Their significance arises not only from
their frequency but also from the high risk of graft
loss if these complications are not promptly diag-
nosed and managed [55, 60].

As early as the late 1990s, North American Pe-
diatric Renal Trials and Collaborative Studies
(NAPRTCS) reportsidentified vascular thrombosis
as a leading cause of early graft loss in pediatric pa-
tients, with risk factors including age, body weight,
retransplantation, and donor type [60]. Subsequent
clinical and registry studies have supported these
findings. Current data indicate that vascular com-
plications occur in approximately 5—10 % of pedi-
atric recipients, yet their impact on early graft loss
is disproportionately high [39, 48, 55]. According to
a review by C.Ponticelli et al., allograft thrombosis
may account for up to 35 % of early kidney losses in
children, with most episodes occurring within the
first 48 hours after surgery [55].

This issue holds particular clinical significance
in low-weight pediatric patients. The combination
of small vessel diameter, reduced circulating blood
volume, increased sensitivity to hemodynamic fluc-
tuations, and pronounced donor—recipient size mis-
match creates conditions in which even minor techni-
cal or positional deviations may critically impair graft
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perfusion [28, 29, 55, 56, 60]. Under these circum-
stances, vascular complications should be regarded
not as isolated incidents but as manifestations of sys-
temic anatomical and hemodynamic imbalance.
Currently, the spectrum of vascular complica-
tions encompasses renal artery thrombosis, renal
vein thrombosis, arterial anastomotic stenosis, and
less common conditions such as pseudoaneurysms,
arteriovenous fistulas, and vascular hemorrhage
[23, 48]. However, arterial and venous thromboses
are of greatest clinical significance, as they most
frequently result in immediate or nearly inevitable

graft loss [48, 55].

Arterial and venous thrombosis:
clinical significance and mechanisms

Arterial thrombosis typically develops in the early
postoperative period, most often within 24 to 72
hours. Clinically, it presents as a sudden cessation
or marked decrease in diuresis, a rapid rise in cre-
atinine levels, and absence of graft perfusion on
Doppler imaging [48, 55]. In low-weight pediatric
patients, this complication is predominantly techni-
cal and is associated with arterial kinking or torsion,
suboptimal anastomotic angle, transplant compres-
sion, or systemic hypotension, which, combined
with limited cardiac output, results in a critical re-
duction in arterial inflow [48, 55].

Venous thrombosis, by contrast, involves a dis-
tinct pathophysiological mechanism and often
arises from primary impairment of venous outflow.
Thrombosis of the transplanted renal vein generally
occurs shortly after surgery, with a reported preva-
lence ranging from 0.1 % to 4.2 %. This complication
is highly detrimental and leads to graft loss in nearly
all cases [19]. Mechanical factors such as venous
compression, kinking, graft rotation, or elevated
local pressure within the renal bed frequently con-
tribute to its development [6, 17, 22, 55]. These fac-
tors promote venous stasis, rapid parenchymal ede-
ma, and secondary reduction in arterial inflow. The
venous component may therefore serve as a precipi-
tating factor for subsequent vascular compromise,
underscoring the importance of early detection.

Clinically, distinguishing between these two
complications is essential. Arterial thrombosis is
marked by abrupt loss of graft function and ab-
sence of Doppler flow, whereas venous thrombosis
or severe venous outflow obstruction is more com-
monly associated with graft enlargement and ten-
sion, increased resistive index, diminished or absent
venous signal, and occasionally diastolic flow rever-
sal [5, 23, 48]. This distinction is critical in clinical
practice, as it informs the underlying mechanism of
damage before definitive diagnosis.
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Diagnosis of vascular complications

Diagnosis of vascular complications requires close
clinical vigilance and prompt Doppler ultrasound.
Franke et al. emphasize that ultrasound serves as the
primary modality for postoperative management in
pediatric kidney transplantation and is generally suf-
ficient for bedside evaluation of vascular patency and
early complications [23]. This approach is particular-
ly critical in low-weight pediatric patients, for whom
transportation for computed tomography or angiog-
raphy may be undesirable or technically challenging.

Clinically, vascular complications should be
suspected in cases of sudden deterioration in graft
function, such as decreased urine output, elevated
creatinine levels, graft enlargement and tension, or
hemodynamic changes [23, 55]. In arterial throm-
bosis, the absence of colour and spectral signals
in the renal artery and its intra-organ branches is
characteristic. In contrast, venous obstruction typi-
cally presents with increased graft volume, altered
venous signals, an elevated resistive index, and, oc-
casionally, reversal or marked reduction of diastolic
blood flow [23, 55]. Notably, Doppler ultrasound
enables detection of both established thrombosis
and pre-thrombotic conditions, including impaired
venous outflow, increased vascular resistance, and
reduced diastolic blood flow. Therefore, serial ul-
trasound monitoring in the initial days following
transplantation should be considered an essential
tool for the early prevention of graft loss rather than
merely an auxiliary measure [23, 55].

In clinical practice, rapid decision-making is
paramount in the management of these patients.
Gander et al. highlight that vascular thrombosis in
pediatric transplantation is associated with nearly
100 % graft loss if timely intervention is not under-
taken [25]. Consequently, clinical and ultrasound
indicators of impaired perfusion should prompt im-
mediate surgical revision or, at a minimum, urgent
decision-making. Aschwanden et al. present a clini-
cal case in which serial duplex sonography facilitat-
ed the detection of progressive venous hemodynam-
ic changes and ultimately prevented graft loss [5].

Transplant compartment syndrome as

a specific vascular-mechanical complication
Renal allograft compartment syndrome in low-
weight pediatric patients is a distinct vascular-
mechanical complication characterized by external
pressure on the graft or its vessels, leading to venous
stasis, parenchymal edema, reduced arterial inflow,
and ultimately thrombosis [6, 17, 22]. Damiano et
al. defined RACS as a condition in which graft bed
pressure exceeds approximately 15-20 mm Hg,
leading to external compression of the kidney,
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impaired venous outflow, edema, and secondary
ischemia [17]. Fontana et al. described this condi-
tion as an «underappreciated complication» of pedi-
atric transplantation. Recent reports indicate that
RACS may develop not only within the first few
hours after surgery but also later if standard inter-
ventions fail to improve graft function [22, 51].

Clinically, RACS presents as decreased or absent
diuresis, elevated creatinine, increased graft size and
tension, elevated resistive index, decreased or re-
versed diastolic blood flow, and, in some cases, pro-
gressive venous stasis on Doppler imaging [17, 23,
51]. Importantly, RACS is potentially reversible if
identified promptly and managed with surgical de-
compression [17, 51]. Therefore, in low-weight pedi-
atric patients, early graft dysfunction should be as-
sessed not only for rejection or acute tubular damage
but also for possible mechanical conflict [17, 51].

Vascular complications in this population result
from the combined effects of anatomic-spatial, tech-
nical, and hemodynamic factors. Timely detection
and immediate intervention are essential for graft
preservation, as even brief diagnostic delays can
lead to irreversible graft loss. This rationale under-
scores the need to transition from passive observa-
tion to proactive management strategies in the early
postoperative period.

Prevention of vascular complications:
general principles

The prevention of vascular complications in pediat-
ric kidney transplantation extends beyond isolated
techniques and should be approached as a compre-
hensive, multilevel strategy encompassing the pre-
operative, intraoperative, and postoperative phases.
Compared to the limited effectiveness of treating
established complications, preventive measures are
essential for graft preservation [17, 55].

Key components of prevention include preopera-
tive risk stratification, which involves evaluating
body weight, age, vascular anatomy, prior trans-
plants, and potential donor—recipient size mis-
match. Additionally, surgical techniques should be
optimized based on these factors [7, 17, 55]. Main-
taining adequate systemic hemodynamics in the
early postoperative period is critical, as adult grafts
in small children are especially vulnerable to hypo-
volemia and hypotension [28, 29].

Early and serial ultrasound monitoring repre-
sents an additional preventive measure, enabling
the detection of prethrombotic states and perfu-
sion disorders at the preclinical stage [5, 23]. In this
context, ultrasound monitoring serves not only as
a diagnostic tool but also as a critical element in pre-
venting graft loss.
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The use of pharmacological thromboprophylaxis
remains a subject of debate. Current evidence sug-
gests that anticoagulant prophylaxis reduces the risk
of thrombosis in high-risk populations; however, its
application should be tailored to individual patients,
balancing thrombotic and bleeding risks [2].

Therefore, the prevention of vascular complica-
tions is multifaceted and relies on clinical risk strat-
ification, hemodynamic management, and early
monitoring. The subsequent section addresses the
detailed surgical considerations involved in imple-
mentation.

Late vascular complications:
arterial anastomotic stenosis
and other blood flow disorders

Unlike early vascular complications, which typical-
ly present within the first days following transplan-
tation, late vascular disorders progress insidiously
and are often identified weeks or months postopera-
tively. Transplant renal artery stenosis (TRAS) is
the most clinically significant of these and is among
the most common late vascular complications in
both adult and pediatric recipients [10, 53].

Reported TRAS incidence ranges from 1% to
23 %, reflecting variability in diagnostic criteria
and screening methods [10, 30, 57, 59]. In pediat-
ric patients, incidence rates are generally lower but
may be underestimated due to frequent subclinical
presentations [53]. Stenosis most commonly oc-
curs at the anastomosis or proximal donor artery
segment and is associated with technical factors
such as vessel diameter mismatch, flow turbulence,
and intimal injury, as well as postoperative vascular
wall remodeling [10, 49, 53].

Clinically, TRAS typically presents as resistant or
new-onset arterial hypertension and deterioration
of graft function [10]. Doppler ultrasound serves
as the primary screening tool, enabling detection of
characteristic features such as elevated peak systol-
ic blood flow velocity (> 200—-250 cm/s), turbulent
flow at the stenosis site, and the «tardus—parvus»
phenomenon in intrarenal arteries [10, 30, 48].

Angiography remains the gold standard for con-
firming the diagnosis; however, its use in pediatric
patients is limited and primarily reserved for plan-
ning interventional treatment [10, 43].

Management of TRAS primarily involves en-
dovascular angioplasty, with stenting reserved for
complex cases and surgical reconstruction con-
sidered when endovascular approaches are unsuc-
cessful [10, 34, 53]. Most clinical series report that
angioplasty improves blood pressure control and
stabilizes graft function, although the risk of reste-
nosis persists [10].
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In addition to renal artery stenosis, late vascular
complications include renal vein stenosis or throm-
bosis (rare), arteriovenous fistulas, which most of-
ten occur after biopsy, and pseudoaneurysms [48,
53]. Most arteriovenous fistulas are asymptomatic
and regress spontaneously, but some cases may re-
quire endovascular intervention [48].

Late vascular complications, unlike early throm-
bosis, infrequently result in immediate graft loss but
can substantially impair long-term graft function and
blood pressure regulation. Among these, renal artery
stenosis of the graft is the most clinically significant
and typically responds to endovascular intervention
when identified in a timely manner [10, 53].

Surgical aspects of preventing vascular
and compression complications

of kidney transplantation

in low-weight pediatric patients

Recent studies suggest that outcomes of kidney
transplantation in low-weight pediatric patients
depend not only on the choice of surgical access
or anastomosis type, but primarily on the surgical
technique’s capacity to address anatomical and spa-
tial discrepancies between the donor organ and the
recipient. Donor—recipient size mismatch repre-
sents a central pathophysiological issue underlying
most early complications, including both vascular
and compression-related events [1, 7, 14, 28, 29].

Historically, technical challenges in this popula-
tion have been viewed mainly as matters of access
selection or anastomosis optimization. However, ac-
cumulated clinical experience has revealed the limi-
tations of this approach: even technically flawless
execution of individual steps does not ensure stable
functional outcomes. Contemporary understanding
frames transplantation in low-weight pediatric pa-
tients as a distinct surgical model, where the inte-
gration of spatial, hemodynamic, and technical fac-
tors is essential [6, 14, 17, 22, 29, 55].

A primary component of this model is the selection
of appropriate vessels and the creation of anastomoses
that maintain stable blood flow without tension, ste-
nosis, or turbulence. In low-weight pediatric patients,
major vessels such as the aorta and inferior vena cava
are often preferred, as their use reduces technical er-
rors and provides adequate blood flow even in cases of
significant size mismatch [47]. Nevertheless, it is in-
creasingly evident that vessel selection alone is insuf-
ficient; maintaining optimal anastomotic geometry
after final graft positioning is critical.

Vessels that are too short generate tension and
alter the entry angle into the major vessel, whereas
excessive length can result in loops, torsion, and
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kinking following graft placement. An acute angle
after kidney positioning may functionally mimic
stenosis, leading to flow turbulence, venous stasis,
and impaired perfusion [1]. Therefore, traditional
assessment of vessels during anastomosis should be
supplemented by evaluation of vessel behavior in
the graft’s final position [1].

A second critical factor is graft positioning,
which establishes the functional geometry of vessels
following reperfusion. Earlier assumptions held that
restoration of blood flow eliminated most technical
risks. However, recent evidence demonstrates that
significant hemodynamic disturbances frequently
arise after reperfusion and during wound closure [6,
7,17, 22, 55].

Even technically flawless anastomoses cannot
ensure adequate perfusion if the graft’s spatial posi-
tion changes. In such cases, a characteristic patho-
physiological cascade develops: impaired venous
outflow leads to graft edema, increased intratis-
sue pressure, and a secondary decrease in arterial
perfusion [6, 17, 22, 55]. This cascade encompasses
various clinical manifestations, including vascular
kinking, graft rotation, and compression, as compo-
nents of a unified process.

These mechanisms illustrate that vascular and
compression complications develop as a sequential
pathophysiological continuum with specific points
for surgical intervention (Figure). This model under-
scores that most complications arise as interconnect-
ed stages within a single process, which can be stra-
tegically addressed during different phases of surgery.

Key stages of intervention include optimizing
graft positioning, optimizing vascular anastomosis
geometry, forming an adequate bed, and achieving
hemodynamic control.

Venous outflow is particularly important, as it is
more susceptible to compression and deformation
than arterial inflow. While arterial anastomosis was
traditionally considered the primary determinant of
success, recent evidence suggests that venous out-
flow disorders are often the initial cause of hemody-
namic destabilization [5, 6, 17, 22]. In contrast, arte-
rial complications are typically linked to geometric
factors, such as outflow angle or vessel length, and
are exacerbated in pediatric patients with limited
hemodynamic reserve [7, 50, 55].

The formation of an adequate graft bed repre-
sents a third critical element. Previously regarded
as secondary to anastomosis technique, this issue
is now recognized as central. A limited retroperito-
neal space directly increases the risk of compression-
related complications. Following reperfusion, the
kidney expands in volume, and in the context of re-
stricted space, this results in elevated local pressure,
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Figure. Pathophysiological model of vascular and compression complications of kidney transplantation in
low-weight pediatric patients with integrated surgical control points

impaired venous outflow, and the onset of compres-
sion-ischemic changes [17]. Pressures exceeding
15-20 mm Hg are associated with the development
of renal allograft compartment syndrome [17].

Consequently, contemporary strategies focus not
only on adapting the graft to the available space but
also on actively creating sufficient space. These strat-
egies include extended mobilization of retroperito-
neal structures and techniques designed to establish
a more physiological graft bed, such as en bloc mobili-
zation of the liver and native kidney [1]. This reflects
a paradigm shift from passive accommodation to de-
liberate reconfiguration of the surgical field.

The fourth component involves preventing com-
pression during wound closure. While fascial clo-
sure was once viewed as merely the final technical
step, it is now recognized as a critical phase that can
significantly influence graft outcomes. Alterations
in tissue configuration during closure may cause
abrupt hemodynamic deterioration, even when ini-
tial blood flow is adequate [22, 17].

The principle of tension-free closure is particularly
crucial in pediatric patients with significant donor—
recipient size mismatch. In these situations, fascial ex-
pansion techniques or fascia lata grafts are employed
to prevent compression without increasing complica-
tion rates [7]. It is essential that final wound closure
does not compromise graft perfusion.

General Surgery 3azansnaxipypein * 2026 « Ne2 (17)

A fifth element of contemporary surgical strat-
egy is the multi-stage intraoperative assessment of
graft function. Whereas previous assessments were
confined to the reperfusion phase, current practice
involves evaluation after reperfusion, after graft
positioning, and following wound closure. This ap-
proach is necessary because vessel geometry chang-
es at each of these stages [6, 17, 22, 29].

Intraoperative Doppler ultrasonography en-
ables the detection of hemodynamic disturbances
at a preclinical stage, allowing for timely interven-
tion to prevent thrombosis or ischemia [23, 29, 50].
As a result, Doppler monitoring has evolved from
a purely diagnostic tool to a key element of preven-
tive surgical strategy.

The contemporary surgical approach to kidney
transplantation in low-weight pediatric patients
integrates several interrelated principles. The first
is ensuring spatial adequacy by creating sufficient
volume for graft placement without compression.
The second is maintaining hemodynamic stability
by optimizing vessel geometry and preventing de-
formation. The third is dynamic control, involving
multi-stage intraoperative assessment of blood flow.

Collectively, these principles represent a para-
digm shift in pediatric transplantation, moving from
isolated technical solutions to a systemic strategy
focused on preventing complications before clinical
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manifestation. Within this framework, the choice
between intra- and extraperitoneal access is viewed
as one of several tools for implementing the overall
surgical strategy, rather than as an independent de-
terminant.

Therefore, successful kidney transplantation in
low-weight pediatric patients depends on the com-
prehensive application of surgical techniques that
address donor—recipient size mismatch and ensure
stable graft perfusion. This integrated approach un-
derpins ongoing optimization of surgical tactics and
the development of individualized treatment algo-
rithms for this challenging patient population.
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Cy4aCHHUM CTAH TPAHCIUIAHTAL HUPKU
Yy AiT€N i3 MaJIOI0 MACOIO Tia. Oy

B.II. 3akopaonenp, O. 0. Iopdpe

Hamionanpuuit meguunmii yaiBepcureT iMeni O. O. Boromoubirs, Kuis

TpaHCIuIaHTAllis HUPKU € METOIOM BUOOPY IPU TEPMiHAIBbHIH CTa/1ii HUPKOBOI HEJOCTATHOCTI B IiTEM, IO 326€3-
Ie4ye Kpalli IOKa3HHUKH BIDKUBAHOCTI T4 SIKOCTI JKUTTS IIOPIBHAHO 3 Aiati3oM. OJHAK TPAHCIUVIAHTALIiS B IiTEH i3
MaJIOIO MACOIO Tina (< 20 KI) € TEXHIYHO CKIAJHOIO T4 CYIIPOBOUKYETHCS ITIIBUILICHUM PHU3UKOM YCKJIAIHEHD.
OCHOBHMMHU NPUYUHAMHU 1ILOT'O € HEBIAIOBIHICTb PO3MIPIB JIOHOPA ¥ PELUITIEHTA, OOMEKEHNA aHATOMIYHUIA
NPOCTip i reMOAMHAMIYHI OCOGIMBOCTI. [TPOBEAEHO HAPATUBHUIA OITIAJL JIITEPATYPH, IIPUCBAYEHUH XipypPridHUM
aCIeKTaM, aHATOMO-TEMO/JIMHAMIYHMM YMHHUKAM, 4 TAKOX PAHHIM i Ii3HIM YyCKIaZHEHHAM TPAHCIUIAHTALLI
HMPKM B JiTEHN i3 MAJIOIO MACOIO Ti1a. OCOGMMBY yBAry IIPUIUIEHO POJIi HEBIAIIOBIHOCTI pO3MipiB, BUOOPY Xipyp-
I{9HOI'O JOCTYITY T4 CTPATETiAM IIPOMIMAKTUKN i PAHHBOI IIATHOCTUKH CYJUHHUX YCKIAHEHD.

IToKa3aHO, IO HEBiANOBIAHICTL PO3MIPIiB JOHOPA 1 PELMITIEHTA € KIIOYOBUM MATOQi3i0/I0T{YHUM YHMHHHUKOM,
AKUN BU3HAYAE PE3YIBIATU TPAHCIUIAHTALL BiH popMye CrIagHmnil KacKa/l, IO OXOIUIIOE ITIOPYIIEHHA BEHO3-
HOTO BiITOKY, HAOPAK TPAHCIUIAHTATA, IIiJBUINEHHA BHYTPIIIHPOTKAHUHHOIO THUCKY ¥ BTOPHMHHE 3HIDKEHHS
aprepianpHOL nIepdysii. IHTPANIEPUTOHECAIBHUNA TAd EKCTPANIEPUTOHCAIbHUN JOCTYIIM IIPOJAEMOHCTPYBAINA
MHOPIBHAHHY €(EKTUBHICTD IIO/IO0 JAOBIOCTPOKOBOI BIJKUBAHOCTI TPAHCIUIAHTATA. BUPIIaIbHUM YMHHUKOM
€ 326€3MEUEHHS /ICKBATHOT'O MO3UIIOHYBAHHA Ta Nepdysii TpaHcanTata. CyquHHI yCKIaAHEHHs], HACAMIIE-
pen apTepiayIbHUI i BEHO3HUE TPOMOO3, € OCHOBHOIO IPUYMHOIO PAHHBOI BTPATH TPAHCIUIAHTAaTa. KoMnaprt-
MEHT-CUHZPOM TPAHCIUIAHTATA PO3IIAAAIOTE K OCOOMNUBY (POPMY CYJUHHO-MEXAHIYHOI JUCYHKI]. PaHHA
JiarHOCTUKA 34 JJOITOMOI'OIO JOIIIIeporpadii Ta CBOEYACHE XipypriyHe BTPy4aHHA MAIOTh KDUTUYHE 3HAYCHHA
UL 30€peXeHHs (DYHKIIIT TPAHCIUTAHTATA.

TpaHCIUTAHTALliST HUPKU B JiTEH i3 MaJIOI0 MACOIO Tia NOTPE6Gye iIHTETPOBAHOTIO MiAXOY, CIIPAMOBAHOIO HA
KOMIIEHCAI{IO0 aHATOMO-TEMOANHAMIYHOIO JUCOAIAHCY. YCIiX BTPYYaHHS BHU3HAYAETBCS HE OKPEMHUM TEX-
HIYHMM YMHHHUKOM, 4 KOMIUIEKCHOIO OIITUMI3AL€I0 ITO3ULIIOHYBAHHA TPAHCIUIAHTATA, I€OMETPIl CYAMHHUX
4AHACTOMO3iB, (DOPMYBAHHSA A[JEKBATHOI'O JIOXKA T4 IMICIAONEPALIHHOIO MOHITOPUHTY. [IPOAKTUBHA MEXAHI3M-
OPIEHTOBAHA CTPATETsA € KIIOYOBOIO JJIsl 3HMPKCHHS YACTOTU YCKJIAZHEHD i ITOMNIIICHH PE3YBIATIB JIIKYBAHHI
y L€l CKIaIHOI KATETropii Iari€HTiB.
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