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Small donors for small recipients – excellent growth
and long-term function of single kidney grafts
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SUMMARY

Small-donor kidneys (≤20 kg donor weight, SDK) are preferably trans-
planted en bloc in adults. Concerns about thrombotic complications or
hyperfiltration hinder their use in children, particularly as single grafts.
Low centre experience and donor-to-recipient size are rated critical regard-
ing outcomes. We evaluated SDK transplantation (SDTx) in paediatric
recipients at a specialized transplant centre. Between 2008 and 2018, SDTx
was performed in 40 children (mean age 5.4 � 1.4 years, single grafts
n = 38, donor weight ≤10 kg: n = 10). Perioperative complications were
rare (n = 3), mainly thromboses despite immediate heparinization and
resulted in graft loss in one patient. Overall, early and long-term GFR were
excellent (76 � 21 and 100 � 11 ml/min/1.73 m2, first month and year 5,
respectively). Three patients presented with delayed graft function. Graft
volume increased significantly (69 � 38 vs. 111 � 33 ml within 5 years;
P < 0.0001). Patients showed catch-up growth to normal range (SDS for
height �2.06 � 1.6 to �1.60 � 1.5). Stratification by recipient age and
donor weight revealed superior results in young recipients (≤3 years) and
≤10 kg donors, respectively. Outcome of single SDK grafts was excellent.
Gain of GFR and graft volume was even higher in patients with very small
donor or recipient size, regardless of a reduced donor-to-recipient weight
ratio. Therefore, SDTx should be considered favouring small paediatric
recipients.
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Introduction

Renal transplantation (RTx) is the best treatment option

in patients with end-stage renal disease (ESRD). This

accounts in particular for paediatric patients as funda-

mental development processes are of high importance at

that stage of life. Therefore, early transplantation should

be pursued to minimize time on dialysis. Contrarily,

increasing prevalence of ESRD together with a decline

of living kidney donations led to expanding waiting lists

with deleterious effects on lifetime and quality [1–3].
Kidneys from donors <20 kg (SDK) are a still underuti-

lized organ source and to date preferably transplanted

en bloc in adults [4–6]. Recent studies demonstrated

favourable SDK outcome for this setting [4,5]. Superior

graft survival was associated with donor weight

ª 2021 The Authors. Transplant International published by John Wiley & Sons Ltd on behalf of Steunstichting ESOT 2735
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use,
distribution and reproduction in any medium, provided the original work is properly cited and is not used for commercial purposes.
doi:10.1111/tri.14129

mailto:
http://creativecommons.org/licenses/by-nc/4.0/


>10–15 kg, higher donor/recipient weight ratio (D/R),

en bloc versus single grafts, and a high level of experi-

ence at the transplant centre [4–8]. In contrast, lower

donor-to-recipient size was shown to result in higher

graft loss [9] possibly related to hyperfiltration-induced

kidney injury [10]. Moreover, recent registry data

reported the highest risk of graft failure for young

recipients of grafts from young donors (<5 years of age)

[11]. Together with reports about early complications as

graft thrombosis, these concerns currently discourage

the use of SDK as single grafts and in paediatric recipi-

ents [5–7,11,12]. However, their small size qualifies

them as ideal organs for children preventing difficulties

of size-mismatched RTx as renal allograft compartment

syndrome and/or hypoperfusion [13,14]. Their use as

single grafts could expand the donor pool-diminishing

waiting time. Therefore, detailed long-term data on

young recipients receiving single grafts are highly

requested [15,16].

We present encouraging experience of SDK trans-

plantation (SDTx) in young children performed at a

specialized organ-transplant centre. The retrospective

analysis included 40 paediatric recipients (mean age

5.4 � 1.4 years) receiving SDKs (95% single grafts) and

focused on perioperative complications, early and long-

term graft function, organ growth, and hyperfiltration

injury.

Patients and methods

Collection and processing of clinical data

We retrospectively analyzed clinical data of paediatric

patients (age 0–18 years) following RTx from a deceased

small donor (donor weight ≤20 kg). Conditions

regarded critical, such as donor weight ≤10 kg or young

recipient age, were subject of further subanalyses. RTx

was performed at the University Hospital of Essen

between 01/2008 and 12/2018. Procurements were con-

ducted by standards defined by Eurotransplant. All

donors were brain-dead heart-beating donors, and the

kidneys of donors ≤5 years were procured en bloc. If

organs were used as single grafts, the paired kidney was

not discarded but reallocated by eurotransplant. Trans-

plantations and postoperative treatment were conducted

by a transplant team with long-standing experience with

paediatric solid-organ transplantation, including a 24/7

paediatric ultrasound facility (Toshiba SSA-790A, PVT

375BT; Toshiba Medical Systems Europe B.V., Zoeter-

meer, Netherlands). Biopsies of the transplanted organs

were conducted ultrasound-guided with a small needle

(18 gauche) and under sedation with ketamine/midazo-

lam. After hospital discharge, patients were followed up

at the University Children’s Hospital, Department of

Paediatric Nephrology, in at least monthly intervals

until adulthood or change of transplant centre.

Glomerular filtration rate (GFR) was calculated accord-

ing to the Schwartz formula [17]. Anthropometric

parameters were converted into standard deviation score

(SDS) according to the data published by Kromeyer-

Hauschild et al. [18]. The local ethics committee

approved the study (21-9816-BO).

Clinical data

Donor characteristics

Age, weight, height, body mass index (BMI), gender,

cause of death, and GFR.

Recipient characteristics

Age, weight, height, BMI, gender, underlying kidney

disease, dialysis (preemptive transplantation, hemodialy-

sis, peritoneal dialysis), cold and warm ischemia time

(CIT, WIT), human leukocyte antigen (HLA) mismatch,

waiting time, D/R, and immunosuppression.

Outcome parameters

Graft and patient survival, GFR, delayed graft function

(DGF, dialysis within the first week after RTx), graft

volume (ml) in patients without dilation of the urinary

tract [19] and graft perfusion, perioperative complica-

tions (e.g., bleeding, urinary leakage, arterial/venous

thrombosis), donor-specific antibodies (DSA, Luminex

multiplex assay), graft histology (Banff classification)

[20], biopsy-proven rejection episodes, proteinuria, and

post-transplant lymphoproliferative disease (PTLD).

Data on graft survival, function, and growth were raised

for the following time points: 1 week, 1 month, 1-, 3-,

and 5-year(s) post-transplant.

Statistics

Data are given as mean value � standard deviation

(SD). Comparison of continuous variables was per-

formed with Students’ t-test and one-way ANOVA. The

level of statistical significance was predefined as

P < 0.05 (two-tailed). Correlations were performed by

linear regression analysis. Survival data were analyzed

by Kaplan-Meier test. Statistical analysis was performed
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using GraphPad Prism© (version 5.01 for Windows;

GraphPad Software, San Diego, CA, USA).

Results

Patients

During the study period (01/2008–12/2018), 122 paedi-

atric patients (0–18 years) received an RTx at the

University Hospital of Essen, and 40/122 (33%) from a

deceased donor with a body weight ≤20 kg (small

donor). In 10/40 (25%) of these patients, donor weight

was ≤10 kg. 2/40 patients underwent combined liver/

kidney transplantation, and another 3/40 patients had

received a liver transplant previously (0.3, 0.8, and

3.6 years before RTx). The mean observation time was

6.4 � 3.7 years.

Donor characteristics

Anthropometric donor data are provided in Table 1.

The cause of brain death was hypoxia in 13/40 patients

(33%), trauma in 11/40 (28%), and cerebral bleeding in

6/40 (15%). 2/40 (5%) donors died from brain tumors

and 1/40 (3%) from meningitis; 7/40 (18%) were classi-

fied as other causes of respiratory failure.

Recipient characteristics

The anthropometric data of recipients are given in

Table 1. Underlying renal diagnosis was congenital

anomalies of the urinary tract in 17/40 patients (43%),

nephrotic syndrome in 8/40 (20%), cystic kidney disease

in 6/40 (15%), metabolic disease, atypical hemolytic

uremic syndrome, or renal failure owing to periopera-

tive or postpartum complications in 3/40 (8%) patients,

each. Before RTx, 27/40 (68%) patients were treated

with peritoneal dialysis, 2/27 (7%) changed to

hemodialysis owing to recurrent peritonitis. 6/40 (15%)

received hemodialysis and another 2/40 (5%) combined

hemodialysis/peritoneal dialysis owing to hyperoxaluria.

5/40 patients (13%) underwent preemptive RTx. Mean

waiting time since initiation of dialysis (or time on the

Eurotransplant waiting list in case of preemptive trans-

plantation) was 2.0 � 1.6 years (range 0–7).

Transplantation

38/40 (95%) patients received a single graft; 2/40 were

transplanted en bloc. Transplantations were carried out

after careful ex vivo backtable kidney preparation with

reconstruction of injured vessels, if applicable. Accessory

arteries were either ligated (small upper-pole vessels) or

implanted end-to-side in the main renal artery. An

extraperitoneal approach using a modified Gibson inci-

sion (single grafts and en bloc) was applied. After

preparation of pelvic vessels and ligature of lymphatic

vessels to prevent lymphoceles, renal artery was anasto-

mosed end-to-side to the common iliac artery in 70%

of cases (27% aorta/bifurcation, 3% external iliac

artery). Venous anastomoses were performed end-to-

side to either the common iliac vein or the V. cava,

preferably on the right side, avoiding any kinking or

contortion (Fig. 1). Site of anastomosis was chosen at

the discretion of the surgeon depending on vessel diam-

eter. Microsurgical technique using surgical loupes, 6/0

or 7/0 monofilament sutures, elongated incision after

using satinsky clamp, and single stich technique pre-

venting stich stenosis have been applied in all anasto-

moses. Ureteral drainage was established after

retrograde filling of the bladder with age adapted vol-

umes. 36/40 (90%) patients received an antireflux

ureteroneocystostomy according to Lich-Gregoir (an-

other 2/40 (5%) ureterocutaneostomy or

uretero�ureterostomy, each) with temporary insertion

of a ureter stent in 33/40 (83%) cases. In 7/40 patients,

no ureter stent was inserted due to technical or anatom-

ical reasons. However, none of these patients experi-

enced urine leakage or ureter obstruction. In 8/40

(20%) patients, simultaneous nephrectomy was per-

formed: owing to simultaneous liver transplantation (2/

40), enlarged kidneys in case of cystic kidney disease (1/

40), or high-grade vesicoureteral reflux (3/40) and bilat-

eral nephrectomy in patients with WT1 mutations and

increased risk of nephroblastoma (2/40). Data on CIT,

WIT, HLA mismatch, and D/R are given in Table 2.

Immunosuppression consisted of tacrolimus, pred-

nisone, and mycophenolate mofetil in 25/40 patients

(63%), tacrolimus with prednisone in 6/40 (15%), or

Table 1. Anthropometric data of recipients and donors.

Recipient Donor

Age (months) 65.4 � 52.1 23.4 � 17.2
Gender, male (n/%) 20/50% 28/70%
Weight (kg) 18.0 � 10.9 13.8 � 3.6
Weight (SDS) �1.3 � 1.6 0.3 � 1.0
Height (cm) 100.7 � 24.9 93.0 � 13.1
Height (SDS) �2.06 � 1.61 0.84 � 1.22
BMI (kg/m2) 16.7 � 2.2 15.8 � 2.0
BMI (SDS) 0.07 � 1.43 �0.3 � 1.5

BMI, body mass index; SDS, standard deviation score.
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cyclosporine A together with prednisone (9/40, 2/9 with

additional basiliximab, 6/9 with mycophenolatemofetil).

Anticoagulation included i.v.-unfractionated heparin

(200 IE/kg/day) for two weeks, starting four hours post-

transplant followed by oral acetylsalicylic acid. In case

of thrombophilia, i.v.-heparin was started already dur-

ing transplantation, and doses were adjusted to achieve

1.5-fold prolongation of partial thromboplastin time.

After two weeks, subcutaneous low-molecular-weight

heparin (enoxaparin) was administered for another

6 weeks (target anti-Xa activity 0.2–0.4) and thereafter

oral acetylsalicylic acid [21].

Outcome

Patient and graft survival

3/40 (8%) patients died 2, 10, and 93 months after

transplantation, all with functioning grafts. All of them

had underlying syndromic disease with multiple comor-

bidities and severe developmental delay. Cause of death

was unrelated to RTx [aspiration (n = 2), septicemia

after orthopedic surgery (n = 1)]. Overall graft survival

was 98% (39/40), and one graft was lost because of

thrombosis of the renal vein two weeks after RTx. 3/40

A common iliac artery, V common iliac vein, * arterial anastomosis: renal artery to common iliac artery 
(end-side), ° venous anastomosis: renal vein to common iliac vein (end-side), # ureter of the transplant 
kidney before implantation in the bladder

Figure 1 Abdominal situs of a 2-year-old recipient (10.6 kg body weight, 74 cm longitudinal height). Kidney transplant from a small donor

(1 month, 4 kg body weight, 54 cm longitudinal height); anastomosis of renal artery end-site to the common iliac artery and renal vein end to

side to the common iliac vein.

Table 2. Transplant data.

D/R 0.95 � 0.45*
WIT (min) 26.0 � 7.7
CIT (h) 14.0 � 4.5
HLA A mismatch (n) 0.9 � 0.6
HLA B mismatch (n) 1.4 � 0.6
HLA DR mismatch (n) 1.0 � 0.6
Proteinuria (mg/g crea)
1 (5) year(s)

324 � 222 (241 � 148)

Height (SDS) at RTx (5 years) �2.06 � 1.61 (�1.60 � 1.45)

BMI, body mass index; CIT, cold ischemia time; crea, crea-
tinine; D/R, donor/recipient weight ratio; HLA, human leuco-
cyte antigen; RTx, renal transplantation; SDS, standard
deviation score; WIT, warm ischemia time.

*Recipients ≤3 years 1.24 � 0.42, recipients >3 years
0.74 � 0.33, donor ≤10 kg 0.73 � 0.3, donor >10 kg
1.03 � 0.46.
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patients (7%) presented with delayed graft function,

two of them after combined liver/kidney transplantation

(hemodialysis for 3 and 5 days, respectively) and

another patient because of undiscovered peritonitis at

RTx (peritoneal dialysis for 7 days). Comparison of

paediatric recipients receiving a graft from a donor

>20 kg body weight at our centre within the same time

interval (n = 82) revealed inferior graft survival in the

latter (10-year-graft survival 71/82 (87%) Fig. 2). 2/82

patients of this cohort died with functioning grafts after

0.5 and 5 years, respectively.

Graft function

Overall, mean GFR increased significantly over time from

80 � 23 ml/min/1.73 m2 at RTx to 100 � 11 ml/min/

1.73 m2 5 years later (P = 0.0003, Table 3a). After an

initial decline of D � 4.3 � 24.4 ml/min/1.73 m2 within

the first month, GFR rose continuously until year 3 and

remained within the same range until the end of the

observation period (D � 0.6 � 14.8 ml/min/1.73 m2).

Stratification according to recipient age revealed that

total gain of GFR was highest in adolescents

(D + 33.8 � 12.0 ml/min/1.73 m2 up to 3 years post

RTx); however, GFR declined during further follow-up

(�9.7 � 14.9 ml/min/1.73 m2 to year 5). In contrast,

young recipients (0–3 years) presented with a steady rise

of GFR over the whole observation period (Table 3a,

Fig. 3a). Analysis concerning donor weight (≤ and

>10 kg) demonstrated a significant gain of GFR in both

groups (≤10 kg: D + 24.3 � 26.7 ml/min/1.73 m2

(P = 0.03) and >10 kg: D + 18.8 � 10.5 ml/min/

1.73 m2 (P = 0.04), respectively, Table 3a). Donor

weight ≤10 kg was associated with a higher gain of GFR

compared with recipients of grafts of >10 kg donors and

a steady rise of GFR until the end of the observation

Figure 2 Graft survival of small-donor (≤20 kg body weight) kidney grafts (n = 40) and of grafts from donors with higher weight (n = 93)

transplanted at our transplant centre between 2008 and 2018. Graft survival of small-donor kidneys tends to be better compared with higher

donor weight.

Table 3. (a) Calculated GFR post-transplant (ml/min/1.73 m2) and (b) increase of graft volume (ml) in relation to the

graft volume at one week post RTx.

All Recipient age ≤3 years Recipient age >3 years Donor weight ≤10 kg Donor weight >10 kg

(a)
1 week 80 � 23 85 � 22 76 � 23 81 � 19 80 � 24
1 month 76 � 21 77 � 24 75 � 18 81 � 15 74 � 22
1 year 88 � 25 78 � 31 94 � 18 96 � 27 86 � 24
3 years 101 � 16 102 � 19 100 � 14 103 � 14 100 � 17
5 years 100 � 11 106 � 12 96 � 10 105 � 12 97 � 10
(b)
D to 1 month 12 � 17 11 � 13 14 � 20 12 � 12 12 � 19
D to 1 year 39 � 38 29 � 28 43 � 41 26 � 6 42 � 42
D to 3 years 42 � 62 30 � 15 47 � 73 40 � 2 43 � 74
D to 5 years 48 � 38 45 � 32 51 � 45 80 � 25 16 � 14

GFR, glomerular filtration rate; RTx, renal transplantation.
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period. Patients with higher donor weight (>10 kg)

reached their maximum of GFR after 3 years post-

transplantation and stagnated thereafter (Fig. 3b).

Graft volume

Graft volume increased significantly in all patients

(69 � 38 ml (week 1) to 111 � 33 ml (year 5),

P < 0.0001, Table 3b). In patients with a follow-up

>5 years (n = 12, mean 7.7 years), a further increase

(D + 28 ml) was noted. Graft volume one week post-

RTx significantly exceeded body weight-related normal

range of a single kidney of healthy children (i.e., 30–
40 ml; P < 0.01), which may be owing to procedure-

related swelling. With further organ growth, graft volume

reached the normal range of body weight-related total

kidney volume (Fig. 4b). Graft volume rose continuously

in younger patients aged 0–3 years (D + 45 � 32 ml

until year 5, P < 0.01). Older patients (3–16 years) had a

lesser total increase (D + 28 � 66 ml until year 5

(P < 0.05), Fig. 4a). Stratification according to donor

weight revealed a higher growth potential of kidneys of

smaller donors ≤10 kg (D + 80 � 25 within 5 years

compared with D + 16 � 14 ml in donors >10 kg,

P = 0.0005; Table 3b, Fig. 4b).

Graft perfusion assessed by Doppler ultrasound

revealed mean resistance indices between 0.69 � 0.08

and 0.76 � 0.08 and, therefore, within the normal range

at all time-points of the study.

Complications

The rate of perioperative surgical complications (within

30 days after transplantation) was low (n = 3, 7.5%)

and mainly caused by thromboses. Urinary leakage fol-

lowed by presumed renal vein thrombosis led to necro-

sis of the graft and removal three weeks after

transplantation in one patient. This patient received a

single graft from an 18- kg donor. Anticoagulation with

heparin was started early during transplantation antici-

pating 1.5-fold prolongation of partial thromboplastin

time because of a homozygous methyltetrahydrofolate-

reductase gene mutation. Two others, who received

grafts of donors with a body weight of 10 kg, experi-

enced thrombosis of the renal vein (within 3 h post-

transplant) and the external iliac artery (during trans-

plantation), respectively, with full recovery of graft

function after immediate surgical revision. Both patients

had thrombophilic conditions suffering from congenital

nephrotic syndrome. In addition, in the first case, the

Figure 3 Mean calculated GFR over time (a) in recipients ≤ and >3 years of age and (b) in donor age ≤ or >10 kg. Increase of GFR is more

pronounced in infant recipients (≤3 years, n = 17) and donor weight ≤10 kg (n = 10).
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renal vein of the donor organ was injured during organ

procurement (lateral incision reconstructed with a V.

cava patch); in the second case, the patient – receiving

an en bloc transplant – experienced a prolonged spasm

of the external iliac artery during transplantation with

subsequent recurrent thrombosis of this vessel. Finally,

a goretex patch was inserted, and the patient received

heparinization for 3 months. Thrombosis re-occurred at

the same site after 2 years despite ongoing aspirin ther-

apy and was excised without impairment of transplant

function.

Three patients developed an acute cellular rejection

within the first month after RTx [Banff 1b (n = 2) and

Banff 1a (n = 1)]. Graft function normalized after ster-

oid pulse therapy in all patients as well as histology in

control biopsies 1–5 months later. One patient pre-

sented with an acute humoral rejection within three

weeks after RTx. Graft function normalized after

therapy with steroids, intravenous immunoglobulins,

and rituximab as in another two patients with late

biopsy-proven humoral rejections, 60 and 103 months

post-transplantation. DSA without clinical and/or histo-

logical signs of rejection were detected in another five

patients 0.1, 2.3, 5.2, 6.8, and 7.6 years after transplan-

tation, respectively (mean fluorescence intensity max.

7900–14 000). One patient developed monoclonal EBV-

positive PTLD six months after RTx and 16 months

after prior liver transplantation with full recovery after

rituximab and change of baseline immunosuppression.

Proteinuria was of low to a moderate extent in all

patients and declined over time (mean 324 � 222,

288 � 167, 267 � 162, and 241 � 148 mg/g creatinine

1 month, 1, 3, and 5 years post-transplant, respectively,

Table 2). Incidence of proteinuria >200 mg/g creatinine

decreased likewise (74%, 57%, 46%, and 41% of patients

1 month, 1, 3, and 5 years after transplantation).
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___   donor weight ≤10 kg 
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Figure 4 Graft volume stratified according to (a) recipient age (≤ and >3 years) and (b) donor weight (≤ and >10 kg). Increase of graft volume

is superior in young recipients (0–3 years, n = 17) and rises continuously. (a) >3-year-old recipients (n = 23) show a maximum graft volume

after 3 years with a certain decline thereafter. (b) Donor weight ≤10 kg (n = 10) is associated with a steady and superior rise of graft volume

compared with >10 kg donors (n = 30). Graft volume is within the upper normal range of total body-weight-related kidney volume.
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Histology

Protocol biopsies were performed in 29 patients within

6–12 months after transplantation and revealed normal

histology in 87%. Biopsies were not associated with

major problems (bleeding, loss of transplant kidney, or

injury of adjacent organs). In two patients, interstitial

fibrosis of 10% and 25% was detected. No patient

showed Alport-like irregularities of the glomerular base-

ment membrane (GBM).

Height development

At RTx, mean longitudinal height of study patients was

�2.1 � 1.6 SDS (Table 2). Impaired growth was more

pronounced in adolescents (10–16 years) with

�2.5 � 1.8 SDS compared with �2.4 � 1.5 SDS in 3–
10 year-old children and �1.5 � 1.6 SDS in patients

≤3 years (P = 0.001). After RTx, longitudinal height

improved in all age groups (Table 2), especially in

young recipients (≤3 years) with D + 0.5 SDS (mean

height �1.0 � 0.8 SDS at 5 years). 3–16-year-old
patients (D + 0.4 SDS) showed enhanced growth rates;

however, longitudinal height did not reach the normal

range (�2.0 � 1.6 SDS at 5 years).

Other correlations

Linear regression analysis revealed a significant correla-

tion of CIT and GFR at 1 and 3 years post-RTx

(P < 0.01 and P < 0.01, respectively), but not early

post-transplant and at 5 years. No significant impact

was demonstrated for waiting time, mode of dialysis,

WIT, HLA mismatch, donor and recipient weight or

height, D/R (</>0.75, </>1, </>0.5), or recipient BMI,

respectively.

Discussion

In this study, we report an excellent outcome of SDTx

in children and adolescents. Overall graft survival was

even higher compared with grafts from donors >20 kg

body weight (98% vs. 87%) transplanted within the

same time interval. Moreover, conditions considered

particular critical within SDTx as single grafts as very

young recipients (0–3 years) or very low donor weight

(≤10 kg), achieved equal or even better results, support-

ing a call for a preferable use of SDK in paediatric

recipients.

Efforts to alleviate increasing organ shortage put SDK

into the focus. As these organs are primarily

transplanted en bloc in adults, data are mainly raised

for this setting, whereas experience in infants and single

grafts is scarce and controversial. Superior graft survival

was associated with donor weight >10–15 kg, adolescent

or adult recipients, and en bloc transplants [4-

8,11,13,22–27]. Likewise, a recent registry-based study

reported worse graft outcomes from young donors in

young recipients (<5 years), even suggesting prioritized

allocation of donors >5 years for infant recipients [11].

Our study focused on SDK paediatric recipients, ana-

lyzing graft function and growth over a 5-year observa-

tional period. The cohort consisted of predominantly

young recipients (mean age 5.4 years) receiving single

grafts in the majority of cases. The paired kidneys were

re-allocated (in five cases to another patient of this

study) and not discarded contributing to an expansion

of the donor pool. Mean donor age and weight was

2.2 years and 14 kg, in 25% donor weight was below

10 kg. Overall graft function was excellent with 98%

graft survival and a mean GFR of 100 � 11 ml/min/

1.73 m2 after 5 years. Other studies evaluating SDTx in

children differed significantly regarding study design.

Therefore, comparability is limited. Sui et al. [13]

included primarily school-aged recipients (mean age

10 years), providing a considerable increase in vessel

diameter; however, 10% lost their grafts early because of

vascular thrombosis. Pape et al. [23] described the supe-

riority of paediatric compared with adult donors in

infant recipients, but most donors were significantly

older than in our cohort. Zhao et al. [24] reported a

case series of four patients receiving grafts from donors

of 2.5–5 kg with a high rate of complications (3 of 4

patients), leading to graft loss in 25%. Other studies

were restricted to en bloc transplants with adolescent

recipients and provided only a short observation time

[27]. Compared with all the above-mentioned studies,

general outcome in our cohort concerning graft survival

and GFR was at least comparable but most often better.

Besides donor/recipient characteristics, centre experi-

ence was rated as one major parameter regarding SDTx

outcome, with low centre volume being critical, espe-

cially in low donor weight [7]. Our data were raised at

a transplant centre with a long-standing experience in

paediatric solid-organ transplantation. Recently, Hoyer

et al. [28] published the outcome of paediatric donor

RTx with superior long-term graft function of <13 kg

compared with juvenile (13–0 kg) and standard criteria

donors (5-year GFR 98.9 � 5.5 vs. 74.1 � 6.2 and

81.6 � 6.9 ml/min/1.73 m2, respectively). Earlier Galli-

nat et al. [29] demonstrated favourable outcome and

noninferiority of single grafts compared with en bloc
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transplants of donors ≤5 years. Surgical experience may

also be indicated by the short warm ischemia time of

26 min, which was considerably shorter than in other

studies with similar donor and recipients’ characteristics

[13,24], as well as the low percentage of DGF. Of note,

the high number of simultaneous unilateral or bilateral

nephrectomies (20% of patients) or simultaneous liver

transplantations in our study did not increase the com-

plication rate.

Perioperative complications are regarded as responsi-

ble for impaired early graft function in SDTx. Despite the

small size of grafts and recipients’ situs, our study’s peri-

operative complication rate was low (7.5%). The main

cause was thrombosis, which was presumed to have let to

graft loss in one child after a previous revision of a uri-

nary leakage. In two other patients, immediate thrombec-

tomy was successful. All thrombotic events occurred

despite prophylactic heparin therapy; however, all

patients had thrombophilic conditions. Occurrence of

thrombotic events was neither correlated with very low

donor weight nor with single grafts. Vascular thrombosis

was the leading cause for graft loss in most studies except

for the study of Pape et al. [23], which may be related to

the larger dimension of vessels owing to higher donor age

and weight. Urological complications, such as ureteral

stenosis or leakage, were of minor importance in our

study as well in recently published larger cohorts [30,31].

Donor�recipient size mismatch is controversially dis-

cussed regarding its predictive value for graft function

in children and adults. Cardiovascular complications,

abdominal compartment [14], or downregulation of fil-

tration without the ability to adapt function later in

case of large-for-size organs contrast concerns regarding

hyperfiltration injury or graft thrombosis reported for

small donor-size [6,10,24]. Although a significant pro-

portion of patients in our study had a mismatch of D/R

(<0.75/>1.25), multivariate analysis revealed no signifi-

cant impact of this parameter on graft survival. Excel-

lent outcome was demonstrated for young recipients

(D/R > 1.25) but also for very small donors (D/

R < 0.75). Likewise, analysis of SDTx in adults revealed

no differences concerning BMI or body weight [32].

Studies not focusing on SDK indicate inferiority of

lower donor weight in case of pronounced weight dif-

ference (>30 kg). However, mortality was lower in case

of a donor to recipient weight ratio <75% [9,33]. In

adolescent recipients, Dick et al. [34] concluded a sig-

nificant association of graft loss and low donor/recipient

body surface ratio.

Hyperfiltration-induced kidney injury is one major

concern in small donor-to-recipient size and, therefore,

in SDTx. Jiang et al. [10] reported adult SDK-recipients

presenting with proteinuria and Alport-like splitting

and lamination of the glomerular basement membrane

(GBM). Histological findings were detected within 4–
18 months after transplantation. In our study size mis-

match was present in 40% of patients (D/R < 0.75).

The majority of patients (70%) received a protocol

biopsy within 6–12 months after transplantation, and

another 15% were biopsied on indication later. How-

ever, none of our patients showed similar GBM irregu-

larities. Furthermore, proteinuria was only of low to a

medium extent with a maximum of 324 � 222 mg/g

creatinine one month after RTx and 57% of patients

being above the normal range at that timepoint. Preva-

lence and extent of proteinuria decreased over time and

did not exceed data from other studies evaluating pro-

teinuria in paediatric RTx not restricted to small donors

[35].

Kidney volume is regarded as the most precise indi-

cator of kidney size, especially in growing individuals.

However, most studies rely on kidney length as volume

measurement is more laborious. We observed a signifi-

cant increase in graft volume in all patients of our

study. As graft volume exceeded single kidney volume

normalized for donor weight at the time of RTx, an ini-

tial swelling of the graft and, therefore, even greater

growth has to be assumed. This inherent growth poten-

tial of paediatric grafts, which allows adaptation to the

growing organism, was already described by Pape et al.

[23] and others and is one of the major advantages of

paediatric donor organs. M€uller-Deile et al. [36]

demonstrated upregulation of podocyte proliferation

markers leading to adaptation of kidney grafts to recipi-

ent size in case low D/R. Interestingly, in our cohort,

increase in GFR and graft diameter was more pro-

nounced in young recipients compared with juvenile

patients or adolescents. Strikingly, though comparable

donor age, both parameters improved in all patients up

to 3 years post-transplant, but then stabilized in adoles-

cent recipients while continued to rise in small infants.

Furthermore, grafts with a donor weight of less than

10kg revealed better results compared with a higher

donor weight. Graft volume showed an association with

recipients’ weight and even reached the weight-related

normal range of total kidney volume.

Growth retardation is a major problem in ESRD and

even post-transplant despite nutritional improvements

and growth hormone therapy [37]. In our study,

patients’ longitudinal height was severely impaired with

�2.1SD at the time of transplantation. In part, this is

explained by a high proportion of patients with
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syndromic diseases, including the clinical symptom of

short stature additional to uremia-related growth retar-

dation. However, all patients showed significant catch-

up growth with 80% being within the normal range at

the end of the study (mean �1.6SD). This is even a

higher proportion than recently reported by the ESPN/

ERA-EDTA registry analyzing 3492 paediatric transplant

recipients’ data irrespective of donor size [37]. In our

study, catch-up growth started delayed after the first-

year post-transplant despite normalization of kidney

function in 98% of patients within one month. In con-

trast, Liu et al. [38] � also analyzing children after

SDTx � reported a pronounced growth rate during the

first year. However, in this study, patients with syn-

dromic diseases affecting growth were excluded and

children received a corticosteroid-free immunosuppres-

sive regimen (withdrawal after 1 week). Overall, in our

study, SDTx was associated with excellent growth even

flattening potential adverse effects of steroid mainte-

nance or short stature-associated diseases.

This study is subject to several limitations as retrospec-

tive data collection and small patient cohort resulting in

limited statistical power. However, the single-centre

design allowed careful and accurate collection and analy-

sis of clinical data, which is a major advantage compared

with multi-centre studies or registry data. Furthermore,

the long-standing expertise of the transplant team

ensured tight clinical identification of complications as

well as precise comparability and value of raised data.

In light of increasing organ shortage, the usability of

SDK is of high interest. However, most studies concen-

trate on SDK in adults, whereas data regarding paedi-

atric recipients are scarce. Our study revealed excellent

outcome of SDTx in children and did not support gen-

eralized concerns regarding high perioperative complica-

tion rates, a consecutive decrease of early graft function,

or single grafts. Of note, very young recipient age (0–
3 years) and low donor weight (≤10 kg) were associated

with a continuous rise of GFR and graft volume until

the end of the observation period, whereas gain of func-

tion and growth stagnated in adolescents and higher

donor weight after 3 years post-transplantation. There-

fore, although experience has to be extended in further

studies, our data support the notion that SDTx should

be pursued in specialized transplant centres and prefer-

ably allocated as single grafts to small pediatric recipi-

ents.
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