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Introduction

We are pleased to present this book, Management of the Paediatric Kidney
Transplant Recipient. The aim of this book is to provide paediatric transplant
physicians and associated professional groups with practical recommendations
for their daily clinical work in a total of 40 chapters covering 13 thematic areas.
Where available, these recommendations are based on international guidelines
and clinical practice recommendations or have been compiled by experienced
clinicians from our community for our community. A total of 52 authors have
contributed to this book, and we would like to take this opportunity to thank
them very much for their contributions.

As transplant medicine is subject to rapid change due to advances in knowl-
edge, some of the recommendations will have changed in a few years’ time.
Please do not hesitate to inform us of any new developments, which we will
then incorporate into future editions.

We hope you enjoy reading this book and that it provides you with valu-
able insights.

Yours sincerely,
Burkhard Tonshoff and Lars Pape

Published in: Tonshoff & Pape (eds.), Management of the paediatric kidney transplant recipient.
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CHAPTER 1
Preparation for kidney transplantation

CHAPTER 1.1 Superiority of kidney transplantation vs.
chronic dialysis, indications and contraindications

Burkhard Tonshoff! & Lars Pape?

' Heidelberg University, Medical Faculty Heidelberg, Department of Paediatrics I, University
Children’s Hospital, Heidelberg, Germany
2 Department of Paediatrics Il, University Hospital of Essen, Essen, Germany

ORCIDs:
Burkhard Ténshoff: https://orcid.org/0000-0002-6598-6910
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1 Superiority of kidney transplantation
as renal replacement therapy

Chronic dialysis therapy in children and adolescents is associated with a number
of complications. In chronic home peritoneal dialysis, the patient is usually con-
fined to the cycler machine for 812 hours each night and cannot participate in
normal evening leisure activities during adolescence. Chronic in-centre haemo-
dialysis therapy requires the patient to travel to a paediatric dialysis centre, usu-
ally far away, for several hours at least 3 times a week, resulting in long periods
of absence from school and other activities. Dialysis therapy puts a lot of strain
on the circulatory system. Even a good dialysis therapy usually cannot guaran-
tee more than 15% of normal kidney function. As a result, the paediatric dialysis
patient has chronic uraemia with a variety of secondary complications, such as

«  Growth impairment,

o CKD mineral bone disease,

« Renal anaemia,

« Metabolic acidosis,

o Accelerated atherosclerosis leading to an increased rate of cardiovascular
complications from an early age,

« Impaired psychosocial development,
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1 Preparation for kidney transplantation

« Inferior quality of life,
« Impaired educational and employment outcomes in children and adoles-
cents.

The survival benefit of kidney transplantation compared to dialysis therapy is
demonstrated in a recent analysis of the ERA registry of adult outcomes of child-
hood kidney replacement therapy in Europe from 2008 to 2019 [1]. Dialysis
patients had a higher risk of death than kidney transplant recipients (adjusted
hazard ratio 5.44 (95% CI: 3.34-8.86) ). Compared with the general population,
life expectancy for eighteen-year-old kidney transplant and dialysis patients was
17 and 40 years shorter, respectively.

In addition, the quality of life after successful kidney transplantation is
significantly better than during chronic dialysis treatment: patients can lead an
almost normal life, with only a few restrictions in daily life apart from the neces-
sary medication intake and outpatient visits. Growth and physical development
are also almost normal if the transplant is successful.

2 Indications and contraindications for kidney
transplantation

In terms of the size required for a child to be considered for a kidney transplant,
most transplant centres require a body weight of at least 8—10 kg, otherwise
the graft cannot be safely placed for anatomical reasons. However, in rare cases,
recipients weighing 4-6 kg are accepted by specialised centres, for example if
chronic dialysis is associated with significant complications or is not technically
feasible. In these rare cases, a kidney from a deceased child donor can be trans-
planted.

In principle, ABO blood group incompatibility is no longer an immunologi-
cal contraindication (see Chapter 5.3); the long-term results are similar to those
after ABO blood group compatible transplantation. However, depending on the
level of ABOi antibody titres, the organ recipient may require conditioning treat-
ment by antigen-specific immunoadsorption prior to transplantation to remove
the blood group antibodies in the recipient. Inmunoadsorption is less problem-
atic in older children than in infants due to the device-related extracorporeal
volume. In addition, current protocols for ABO blood group incompatible living
kidney donation include more intensive immunosuppressive induction thera-
py with the B-cell depleting antibody rituximab, which may increase the risk of
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infection. These factors make ABO blood group transplantation less desirable
as first choice.

Absolute contraindications to kidney transplantation:

ongoing infectious diseases,

malignant diseases that have not been treated curatively,

serious comorbidities (e.g., cardiovascular, bronchial, pulmonary and liv-
er disease) that either pose a life-threatening risk during transplantation or
jeopardise the long-term success of the transplant.

In the case of children with a severe physical or mental handicap, an indica-
tion for transplantation should be considered after careful assessment of the
expected overall life expectancy.

References

Montez de Sousa IR, Bonthuis M, Kramer A, et al. Adult outcomes of
childhood kidney replacement therapy in Europe from 2008 to 2019: an
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Springer Berlin, 2024



1 Preparation for kidney transplantation

CHAPTER 1.2 Kidney transplantation after deceased
or living donation
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1 Pre-emptive kidney transplantation

In recent years, it has been shown that kidney transplantation performed
pre-emptively, i.e. without prior dialysis therapy, can result in

«  Better patient survival,

«  Superior short- and long-term graft survival compared to the results after
prior prolonged dialysis therapy.

« Complete avoidance of dialysis-associated medical and psychosocial com-
plications

However, in most developed countries, pre-emptive transplantation remains the
minority. In Germany, for example, only 15-20% of transplantations in children
and adolescents are currently performed before the need for dialysis is reached
with a residual kidney function (estimated glomerular filtration rate, eGFR) of
approximately S—10 mL/min/1.73 m”. Depending on the waiting time in the
different allocation systems, most pre-emptive transplantations are carried out
from living donors. The exact criteria for the timing of a pre-emptive transplan-
tation have not yet been clearly defined; the date should be determined on a
case-by-case basis, taking into account medical and psychosocial aspects.
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1.2 Kidney transplantation after deceased or living donation

2 Listing for deceased donation and organ allocation

If the patient is in a transplantable condition, he or she is registered on a waiting
list through the responsible transplant centre. A national list is maintained with
country-specific algorithms for allocation of available organs.

In the Eurotransplant sytem, transplant kidneys are allocated

1. on the basis of histocompatibility criteria, and
2. according to the patient’s immunisation status and waiting time.

This allocation procedure is widely accepted in Europe, as there is a large body
of data demonstrating the superior role of histocompatibility in early and late
graft survival. In Germany, children under the age of 18 years are given priority
in organ allocation due to the risk of physical and psychological developmen-
tal disorders during dialysis therapy. Today, the goal of early transplantation of
a deceased kidney cannot be achieved in many cases due to the high number of
dialysis patients, the decreasing willingness of the population to donate organs
and the resulting increase in the waiting time until transplantation.

HLA matching
It is important to ensure a good HLA match,

« relevant for the longest possible kidney graft survival,

. relevant to avoid HLA sensitisation for a second or third transplant that may
be required in the future,

« agood HLA match also allows for less intensive drug immunosuppression,
thus avoiding infectious and oncological complications such as post-trans-
plant lymphoproliferative disorder (PTLD),

« kidney transplants with 2 mismatches at the HLA-DR locus should only be
accepted in exceptional cases.

Donor age

Deceased donation: Long-term data show that transplantation of donor kidneys
from older deceased donors > S0 years is associated with poorer graft surviv-
al, so that, if possible, only a donor kidney from a deceased donor < 50 years
should be accepted for a paediatric recipient. However, this principle is not
always adhered to, as the average age of organ donors in Germany is steadily in-
creasing and the number of organ donors is decreasing.

— 23 —
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Living donation: The age limit of 50 years does not apply to living donors, and
after careful selection of kidney-healthy living donors, possibly also grandpar-
ents, quite good long-term results can be achieved.

Young paediatric donors: The extent to which donor organs from young chil-
dren < S years of age should be accepted for paediatric recipients is contro-
versial, as transplantation of these very small organs into young recipients is
associated with an increased rate of arterial and venous thrombosis due to diffi-
cult vascular anastomoses in anatomically small vessels, which may lead to early
organ loss. Ultimately, the success of such high-risk transplants depends on the
vascular surgical expertise of the transplant surgeon.

According to Eurotransplant guidelines, kidneys from paediatric donors aged
< 2 years must be removed en bloc, and en bloc removal is recommended for do-
nors aged between 2 and < S years. Some transplant surgeons recommend a re-
cipient with a body weight of 20-50kg for en bloc kidney transplantation, as
smaller or larger recipients may have less favourable outcomes. In experienced
centres, en bloc kidneys are often split into two kidneys that can be used for two
smaller recipients.

3 Listing for living donation

Currently, about 30% of kidney transplants in children and adolescents up to the
age of 18 years in Germany are performed with kidneys from living donors, usu-
ally the parents. Donations from other related and unrelated people who have a
close emotional relationship with the recipient are also possible. This law is cur-
rently under review in Germany with the intention of changing to less stringent
rules. Recently, the trend towards living donation has increased.

Transplantation of a kidney from a living donor has the following advantag-
es over transplantation from a deceased donor:

« the donor is usually young and healthy,

« the procedure can be well timed,

« the immunological tolerance is usually better than with a deceased kidney
because of the haploidenticity of parent and child, so the intensity of the
immunosuppressive drug regimen and consequently their side effects are
lower,

— 24 —



1.2 Kidney transplantation after deceased or living donation

« there is no need for prolonged preservation of the organ; so the structure
and function of the graft are better preserved.

These factors contribute to the fact that S-year graft survival after living kidney
donation is about 10% better than after deceased kidney donation. The aver-
age kidney graft survival (half-life) after deceased donation is currently about
19 years, which is about § years shorter than the graft survival after living do-
nation (currently about 24 years). In addition, living donor transplantation can
be more easily performed pre-emptively (before the need for dialysis therapy),
thus avoiding potential dialysis-related complications.

The advantages of living kidney donation are offset by the surgical risk for
the donor, although this is very low (see chapter 1.4). The perioperative mortal-
ity risk associated with living kidney donation is very low, at 0.03%. After kid-
ney donation, the donor’s kidney function is about 80% of baseline. Therefore,
annual follow-up of living donors is mandatory in order to detect renal dysfunc-
tion or arterial hypertension in time. Annual follow-up includes a 24-hour am-
bulatory blood pressure monitoring, kidney function testing, protein excretion,
sonography of the remaining autologous kidney, quality of life questionnaires or
counselling, and psychological support if needed.

References
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There are no guidelines for the selection of a deceased donor kidney. However,
the transplant team must make a quick decision to accept or reject the oftered or-
gan. The aim is to ensure the best chance of a successful transplant and long graft
survival, while minimising the waiting time spent on dialysis. Long-term graft
survival is particularly important for paediatric recipients due to their higher life
expectancy. Therefore, organ quality criteria are generally more stringent than
for older recipients. On the other hand, the burden and health consequences of
dialysis are particularly high in this age group, and complications or co-morbid-
ities increase with time on dialysis.

Quality of the donor and the organ

Donor organs can be classified according to the risk of subsequent graft failure.
The ideal donor after brain death (DBD) is a donor with isolated brain trauma
and no pre-existing conditions such as diabetes or hypertension.

» “Ideal” standard criteria donor (SCD): <3S years; terminal S-creatinine
< 1.5 mg/dl, no hypertension or diabetes, no cerebrovascular cause of death
» Expanded criteria donors (ECD): > 60 years or > S0 years with at least 2 of
the following: hypertension, diabetes, cerebrovascular cause of death or ter-
minal S-creatinine > 1.5 mg/dl. Paediatric recipients of these organs have an
increased risk of graft loss (adjusted hazard ratio (aHR) 1.6 compared with
matched non-ECD recipients) and also show no survival benefit over re-
maining on the waitinglist [ 1]. However, in special cases (high sensitisation,
long waiting time, dialysis problems) they may offer an advantage even in

children.
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Donor age: Paediatric donors show better long-term graft function and su-
perior growth and are therefore preferably allocated to children. However, in
donors under 5 years of age, the risk of early graft loss increases to up to 10%
while long-term graft survival remains comparable. In specialised paediatric
surgical centres, these kidneys can give excellent results. En bloc transplan-
tation may be appropriate for larger recipients and has been shown to pro-
vide a survival benefit over survival benefit over remaining on the waiting
list and waiting for an organ from an adult donor [2-4].
Cause of death, time without circulation (“down time”) and need for car-
diopulmonary resuscitation are other important factors in donor selec-
tion. In addition, diseases that affect renal prognosis such as hypertension
(left ventricular hypertrophy as an indicator), stroke, diabetes and diseases
that pose a risk to the recipient (malignancy, infection) should be identi-
fied and assessed. For the latter, European recommendations exist to guide
management (Council of Europe, Guide to the quality and safety of organs
for transplantation 8" edition; https://www.edqm.eu/en/guide-quality-
and-safety-of-organs-for-transplantation).
Kidney function and acute kidney injury in the donor: Although donor
terminal serum creatinine > 1.5 mg/dL is considered a risk factor for de-
layed graft function (DGF) and graft loss, the results are inconsistent. Re-
cent studies in both adult and paediatric recipients have failed to confirm
terminal serum creatinine > 2 mg/dL as an independent risk factor for DGF.
Therefore, the acceptance of particularly young donors with non-high-grade
acute kidney injury (AKI) (< stage 3) may be considered also for children in
individual cases [S, 6]. It is important to look for signs of pre-existing chron-
ickidney disease (proteinuria, high baseline serum creatinine and creatinine
trajectory) and to differentiate from reversible causes of AKI (resuscitation,
rhabdomyolysis).

Pre-transplant risk prediction tools: Several risk prediction tools have

been developed, but their limitations to adult recipients or substantial

differences between countries reduce their usefulness for European recip-
ients.

« Kidney Donor Profile Index (KDPI): Provided by the Organ Pro-
curement and Transplantation Network (OPTN) and is based on U.S.
data. It has replaced the SCD/ECD classification for organ allocation.
While it has been primarily validated in adult recipients, paediatric stud-
ies have shown that paediatric recipients of high (> 85) KDPI kidneys
have a survival advantage over remaining on the waiting list (aHR 0.41
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1 Preparation for kidney transplantation

for death) [1]. The usefulness for non-US recipients is reduced due to
country differences in the donor population.

« A Dutch pre-transplant risk prediction tool has shown good per-
formance in predicting monthly graft survival from pre-transplant
donor and recipient variables, including data on HLA matching and
living vs. deceased donation [7]. While it only performs well in the
Dutch population, country-specific variants for France and Germany
have recently been developed, which also show good performance
(AUC 0.73-0.77) [8]. These tools could in the future support clinical
decision making as well as shared decision making with patients and
families.

Human Leukocyte Antigen (HLA) Matching

» In current studies, poorer HLA matching is still associated with a higher risk
of graft loss (aHR 1.43 in 3—6 mismatches vs. 0~2 mismatches). It also in-
creases the risk of de novo HLA-DSA formation and leads a longer waiting
time for retransplantation. Good HLA matching is therefore particularly im-
portant for paediatric recipients [6].

» Each transplant centre can determine the criteria for HLA matching. A com-
mon minimum requirement is to require at least 2 matches in the systems
relevant to allocation (A-B-DR), with at least 1 match in the DR system
(= maximum of 4 mismatches, including a maximum of 1 DR mismatch).
HLA typing in C and DQ is performed but not used for allocation, and DP
typing of the donor is not routinely performed in the ET region.

» Inaddition, pre-formed HLA antibodies in the recipient may need to be reg-
istered as non-acceptable HLA antigens (NAHA) in the potential donor, as
they pose an increased risk for long-term graft survival, even with a negative
crossmatch [9]. The resulting virtual panel reactivity (vPRA) reduces the
number of potential donors and increases the waiting time, so that a criti-
cal selection and regular re-evaluation of these unacceptables are required
in collaboration with the local HLA laboratory is necessary, taking into ac-
count the urgency of the transplantation [10].

Other recipient factors: Criteria for the urgency of the transplantation, which

may lead to a potential benefit even if a non-ideal organ is accepted, are particu-
larly relevant here: Previous waiting time, expected waiting time (sensitisation,
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planned living donation) and clinical condition on dialysis (vascular situation,
peritonitis episodes).

Cold ischaemia time (CIT): The cold ischaemia time is the time between kid-
ney retrieval and initiation of cooling until transplantation. The shorter the CIT,
the rarer the occurrence of DGF and the better the graft survival. Current data
show that the risk of graft failure and patient death increases proportionally by
8% for each additional 6 hours of CIT beyond 6 hours [11]. Recipients of or-
gans with CIT > 18 hours vs. < 18 hours have a 21% higher risk of graft failure.
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1 Introduction

Living kidney donation is a complex medical and ethical procedure that requires
thorough evaluation, strict adherence to legal standards, and well-structured
post-donation care. The following recommendations for the evaluation and
management of living kidney donation are primarily based on the 2023 Man-
ual developed by the “Arbeitsgemeinschaft der Nierentransplantationszentren
Nordrhein-Westfalens”, a not-for-profit collaboration of transplant centres in
North Rhine-Westphalia and collaborating centres in Germany. This manual
(written in German) is freely available on the websites of both the German
Transplant Society and the German Society of Nephrology: https://d-t-g-on-
line.de/inhalte/gesetze-leit-richtlinien/manual-ag-nierentransplantation-nrw.

This chapter provides essential guidelines for transplant teams to evaluate,
counsel, and support both kidney donors and recipients before, during, and af-
ter transplantation or donation. It provides a standardised approach to ensure
rigorous medical assessment, ethical protocols, and comprehensive postoper-
ative care. Each section is designed for flexibility, allowing institutions to adapt
protocols as needed to meet specific local or regional regulations.

The following recommendations are based on current German legal regu-
lations as of October 2024. Changes, such as allowing crossover living kidney
donation or anonymous altruistic kidney donation or chain donation, are cur-
rently being planned but have not yet been finalised and are therefore not con-
sidered in this chapter.
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2 Donor evaluation for living kidney donation

Ensure that the donor meets medical, psychological, and regulatory criteria to
minimise health risks after donation. Key eligibility requirements include legal

adulthood, voluntary consent, and a personal relationship with the recipient, as
defined in the Transplantation Act.

2.1 Eligibility Criteria

Medical examination:

Comprehensive health evaluation: A complete medical examination assesses
cardiovascular health, surgical fitness, cancer risk, and any chronic infec-
tions. This evaluation ensures that the donor’s body can handle the proce-
dure and that there are no underlying conditions that could be aggravated
by the donation.

Psychological assessment: A psychological evaluation is mandatory to verify
the donor’s willingness, mental stability and health, and the absence of
coercion.

Laboratory tests:

Immunological testing: This includes blood group determination, HLA typ-
ing, and Cross-Match tests to assess compatibility and reduce the risk of re-
jection.

Infectious disease testing: Mandatory tests screen for hepatitis B and C, HIV,
and other transmissible infections. Additional serological tests may be per-
formed based on the individual’s medical and travel history.

Renal function tests: estimated glomerular filtration rate (eGFR), prefera-
bly calculated using the CKD-EPI formula, serum creatinine and cystatin c,
and kidney function tests (ideally more than one; could be imaging-based
[DTPA or MAG3 clearance], CT/MRT kidney volumetry, or creatinine
clearance) determine whether the donor has optimal renal health.

Imaging and diagnostic tests:

Ultrasound (sonography) of the abdomen: Assesses kidney anatomy and any
structural abnormalities.
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Advanced imaging: CT or MRI scans of the abdomen, possibly with contrast
media, provide detailed images of renal blood vessels and surrounding or-
gans, which are essential for planning surgery.

2.2 Contraindications to living kidney donation

The basis for certain donor contraindications according to the German Trans-

plantation Act and to expert opinion, is the medical assessment of whether the

donor is likely to be endangered beyond the risk of the operation or severely

impaired beyond the immediate consequences of the organ removal. Contra-

indications are divided into absolute and relative categories, with absolute

contraindications excluding donation and relative contraindications requiring
careful consideration or further testing.

Absolute contraindications

Age < 18 years

Pregnancy: It is recommended that women donate a kidney only after family
planning has been completed.

Renal function: estimated glomerular filtration rate (eGFR) or measured
GFR < 60 mL/min x 1.73 m?, function of one kidney less than 30%.
Haematuria: persistent glomerular haematuria

Proteinuria: persistent proteinuria > 300 mg/g creatinine

Nephrocalcinosis, bilateral kidney stones

Pathological kidney anatomy: Horseshoe kidney, significant arteriosclerosis,
fibromuscular dysplasia; evaluation for presence of cysts > Bosniak 2F is re-
quired.

Arterial hypertension: Blood pressure levels > 140/90 mmHg (on > 2 antihy-
pertensive medications), hypertension-related clinically relevant end-organ
damage

Diabetes mellitus

Active infections: Conditions such as HIV, active tuberculosis, or viral hepa-
titis prevent donation.

Cancer risk: Any current cancer (despite local tumours with no risk of
metastasis) is a contraindication due to the potential risk of transmission to
the recipient. If there is a history of cancer, an oncologist or tumour board
should be consulted to assess suitability.
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Hereditary kidney disease:

Polycystic kidney disease (PKD): Proven cases of ADPKD or ARPKD are an
absolute contraindication to donation. This also applies to related donors
under 30 years of age with a PKD mutation, even if no cysts are visible on
imaging.

Alport syndrome: In X-linked Alport syndrome, female donors (e.g. mothers
of affected males) should generally avoid donation because of the risk of re-
nal dysfunction in the donor. Heterozygous relatives of autosomal recessive
Alport have a lower risk and can donate if renal function and proteinuria
are normal. Severe renal disease should be excluded by biopsy and the use
of RAAS blockade after transplantation is recommended. Genetic testing is
recommended.

Complement-mediated thrombotic microangiopathy/atypical haemolytic uremic
syndrome: Absolute contraindication for related living donors with a proven
complement mutation.

Psychosocial barriers: Active psychiatric conditions, substance abuse, or any
hint of coercion disqualify candidates to ensure that the donor’s decision is
fully informed, voluntary, and does not further harm mental health.

Relative contraindications

High body mass index (BMI): A BMI over 35 is discouraged but not always
prohibitive; weight loss may help some individuals meet eligibility require-
ments.

Cardiovascular risks: Higher cardiovascular risk, such as hypertension or
heart disease, requires further evaluation to prevent undue health risks to
the donor.

Renal function: Relative contraindication: eGFR 60-79 mL/min x 1.73 m?,
decide on a case-by-case basis

Proteinuria: Persistent albuminuria > 30 mg/ g creatinine

Pre-diabetes: impaired fasting glucose and pathological glucose tolerance
(OGTT-blood sugar BZ 140-199 mg/dL after 2 hours)

Smoking: Strongly recommended to stopped before living kidney donation.
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2.3 Surgical considerations

Kidney structure: Detailed imaging ensures that each kidney has sufficient
function and size. Donors with certain structural abnormalities may not be
suitable candidates.

3 Donor postoperative care
3.1 Follow-up protocols

Immediately after donation: Donors receive regular follow-up to monitor kid-
ney function, assess surgical recovery, and manage any complications.
Long-term monitoring: Annual medical check-ups monitor kidney function,
blood pressure, and overall physical and mental health. Routine tests such as
serum creatinine and eGFR help monitor renal health, while cardiovascular
evaluations help manage long-term risks.

Psychosocial support: Donors have access to psychosocial services, which can
be vital for some people after donation. Counselling or support groups can
help donors adjust, especially those with pre-existing psychological prob-
lems.

3.2 Medical examinations

Monitoring kidney function: Regular blood tests will assess serum creatinine
levels and eGFR as indicators of kidney function.

Urinalysis: Routine urine tests can help detect early signs of kidney disease.
Blood pressure monitoring: Hypertension management and cardiovascular
evaluation are essential, as kidney donors may be at higher long-term risk.
Health counselling: Donors receive lifestyle counselling to support their
long-term health, with advice on diet, exercise, self-monitoring of blood
pressure, and avoidance of nephrotoxic medications.
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4 ABO incompatible living kidney donation
4.1 Overview

ABO incompatible (ABOi) living kidney donation allows transplantation across
the blood type barrier by using pre-transplant plasma exchange or immuno-
adsorption to reduce blood type-specific antibodies, particularly isoagglutinins
(IgG, IgM), thereby minimizing the risk of rejection. Because of the higher im-
munological risk and the need for a more intensive immunosuppressive regi-
men, donors and recipients must provide specific consent for this option.

4.2 Selection and counselling

«  Donor-recipient counselling: Both parties are fully informed of the risks, ben-
efits, and procedures involved in ABOi transplantation. If other ABO-com-
patible donors are available, they are generally preferred.

«  Immunological evaluation: The recipient’s isoagglutinin titres are measured
to assess the likelihood of success. High titres may indicate the need for
more intensive treatment.

4.3 Immunological preparation

«  Rituximab and immunoadsorption: To reduce the immune response, recipi-
ents may receive rituximab and undergo immunoadsorption or plasmapher-
esis, depending on individual needs and titres.

«  Regulatory approval: The donor must meet with the regional transplant com-
mission, which verifies eligibility and ensures informed, voluntary consent.
5 Consent and mutual disclosure
5.1 Consent forms and documentation

Both donor and recipient must sign consent forms acknowledging the risks and

agreeing to the mutual disclosure of relevant medical information. This transpar-
ency is essential for informed decision making and trust. If there is a language
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barrier, a qualified interpreter must be present during the counselling sessions.
According to the German Transplantation Act, a neutral doctor must also ob-
serve the counselling session.

5.2 Counselling topics

Donors and recipients are informed about potential complications, long-term
health impacts, and the importance of compliance with post-operative care.

5.3 Documentation
Signed and witnessed consent forms are required to ensure compliance with
medical and legal standards. These forms outline potential risks, post-transplant
expectations, and voluntary participation.
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1 Special aspects and general assessments

Special aspects of paediatric kidney transplantation

+ In Germany, paediatric patients with an eGFR <20 mL/min/1.73 m? can
already be registered with Eurotransplant for pre-emptive kidney transplan-

tation [1].
« Kidney transplantation from a living related donor (e.g. one of the parents)

should be discussed and assessed in advance (note: better graft survival and

lower complication rate with pre-emptive living donor transplantation).

« A detailed donor profile often needs to be defined in terms of body height,

underlying disease, special anatomical characteristics, etc.

«  Where appropriate, the risk of disease recurrence in the transplanted kidney

(e.g. FSGS, IgA nephritis, aHUS) should be considered when choosing be-
tween living and deceased donation.

« In paediatric transplant recipients, histocompatibility and avoidance of sen-

sitisation are of particular interest in view of the expected need for repeated

kidney transplantations during their lifetime.

«  Modalities of fluid, nutrition and medication intake are of particular interest

in children, considering, for example, the inability to swallow tablets or the

need for tube feeding.

«  The cognitive maturity of the paediatric patient and the willingness and abil-
ity of the parents/caregivers to support their child have a significant impact

on adherence to treatment (note: assessment of need for support by care

services and/or youth services).
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An individual treatment concept for each recipient should be defined by an
interdisciplinary agreement with paediatric nephrology, transplant surgery,
urology, immunology, etc.

Prior to transplantation, a personalised immunosuppressive regimen should
be planned for each paediatric recipient, taking into account age, comorbid-
ities and individual risk of infection, rejection, disease recurrence, etc.
Detailed education of paediatric patients and their parents/caregivers (in-
cluding psychosocial counselling) is essential to improve adherence and
avoid complications after transplantation.

Timing for initiation of preparation for pediatric kidney transplantation

If possible before starting chronic dialysis therapy (e.g. with an eGFR of
around 20-25 mL/min/1.73 m?), in order to allow pre-emptive registration
on the Eurotransplant waiting list (with an eGFR < 20 mL/min/1.73 m?)
and/or to realize a pre-emptive living donor kidney transplantation.

General assessments

If not already done clarification of underlying renal disease (e.g. genetics)
Assessment of co-morbidities (e.g. portal hypertension due to chronic liver
disease, diabetes mellitus, heart disease, lung disease, neurological impair-
ment, additional malformations, etc.)

Documentation of co-medication (with regard to possible interactions with
the immunosuppressive drugs)

Documentation of pre-existing allergies

Documentation of previous blood transfusions

Documentation of immunisation status

Assessment of vaccination status (recommendation: complete pre-trans-
plant vaccination status, especially live vaccinations!)

Documentation of residual diuresis volume

Clarification of (medical) custody

Aspects for planning of the individual surgical procedure

Urological aspects: urogenital malformations, bladder dysfunction, uretero-
cutaneostomy;, etc.

Evaluation of the indication for nephrectomy of the native kidneys (e.g. in-
creased risk of Wilms tumour).

Assessment of the need for explantation of previous kidney transplants, if
applicable.
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Vascular malformations/thrombosis/stenosis:

+ Abdominal vascular malformations/thrombosis/stenosis related to the
vascular anastomosis of the transplant.

+  Cervical vascular malformations/thrombosis/stenosis related to a cen-
tral line for laboratory controls, fluid management, etc.

Dialysis access management: e.g. peritoneal catheter extirpation during or

after transplantation.

Where appropriate assessment of the possibility/need for combined liver

and kidney transplantation (e.g. autosomal recessive polycystic kidney dis-

ease [ARPKD]).

2 Diagnostics

Physical examination

Height, weight, head circumference (if appropriate)
Full physical examination including pubertal status (skeletal deformities?
reduced mobility?)

Laboratory diagnostics

Complete blood count (including leukocyte differential count and reticu-
locytes)

Blood gas analysis

Electrolytes (sodium, potassium, chloride, calcium, magnesium, phos-
phate), creatinine, urea, uric acid, cystatin C, creatine kinase (CK), GOT
(ASAT), GPT (ALAT), GLDH, alkaline phosphatase (AP), gamma GT, to-
tal bilirubin, direct bilirubin, LDH, amylase, lipase, glucose, total protein,
albumin, C-reactive protein (CRP), iron, ferritin, transferrin, transferrin sat-
uration, triglycerides, total cholesterol, LDL cholesterol, HDL cholesterol,
lipoprotein (a), homocysteine

Immunoglobulins (IgA, IgG, IgM, IgE)

Endocrinology: TSH, fT4, £T3, IGF-I, IGFBP-3, parathyroid hormone
(PTH), 25-OH vitamin D, HbAlc, LH, FSH, testosterone ¢ or estradiol 9
Coagulation: prothrombin time (Quick), aPTT, thrombin time, fibrinogen,
antithrombin IIT (ATIII), factor II, factor V, factor VIII

Thrombophilia diagnostics: protein C, protein S, MTHFR mutation, fac-
tor II mutation, factor V mutation, activated protein C resistance (APC
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resistance), lupus anticoagulants, anti-phospholipid antibodies (e.g. anti-
cardiolipin, anti-beta-2-glycoprotein I, anti-phosphatidylserine)

Blood group

HLA typing (note: Confirmation by HLA re-typing in another blood sam-
ple required!)

HLA antibody screening (note: Repeat every 3 months!)

Virology: HIV-1/2 screening, anti-HAV, HBs-Ag, anti-HBs, anti-HBc, anti-
HCV, anti-CMV, CMV-DNA, anti-EBV, EBV-DNA, anti-HSV, anti-VZV,
anti-measles, anti-mumps, anti-rubella

QuantiFERON test (interferon-gamma release assay; if > S years) or tuber-
culin skin test (if < S years)

As appropriate extended (auto-)immune diagnostics and complement diag-
nostics (e.g. in autoimmune diseases, haemolytic uraemic syndrome)
Urinalysis: urine status, urine culture, urine creatinine, urine protein, urine
albumin, urine alpha-1 microglobuline, urine calcium, urine glucose

Instrumental diagnostics

Abdominal ultrasound (including Doppler ultrasound of the aorta, vena
cava inferior and iliac vessels); (if necessary) abdominal MRI (especially in
case of very young children with small abdominal vessels)

Doppler ultrasound of the neck vessels (note: repeat after each central ve-
nous catheter!)

Ultrasound of the urinary tract (measurement of residual urine)

As required extended urological diagnostics: uroflowmetry, micturition cys-
tourethrogram (MCU), cystoscopy, cystomanometry

Chest x-ray

X-ray of the left hand (bone mineralisation, bone ageing)
Echocardiography (ECHO), electrocardiogram (ECG)

24-hour ambulatory blood pressure monitoring (ABPM)

Audiometry

Electroencephalogram (EEG)

Pulmonary function tests (PFTs) (if the child is cooperative)

Further diagnostics

Ophthalmologic examination including fundoscopy (hypertensive retino-
pathy? cataracts?)

ENT (ear, nose and throat) examination (looking for focus of infection)
Dental examination (looking for focus of infection)
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«  Gynaecological examination (if applicable)

« DPsychosocial assessment

«  Neuropsychological assessment (developmental diagnostics)

«  Neurological evaluation (if appropriate)

«  Hepatic and/or gastrointestinal evaluation including endoscopic examina-
tion (if appropriate)

All dynamic examination results (laboratory parameters, imaging after specific
events) should be repeated regularly.
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und S TPG): https://www.bundesaerztekammer.de/baek/ueber-uns/
richtlinien-leitlinien-empfehlungen-und-stellungnahmen/transplantations
medizin/wartelistenfuehrung-und-organvermittlung (Stand 27.06.2023)
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1 Introduction

The registration of a patient on the waiting list for a deceased donor kidney
transplantation requires certain immunological diagnostic tests. The immuno-
logical work-up requirements for transplant recipients of kidneys allocated by
Eurotransplant (ET) are described in the ET Manual. The recommendations
released by ET must be implemented after being approved and published in
guidelines by the respective national authorities (e.g. the German Medical Asso-
ciation “BAK” in Germany). As all European tissue typing laboratories providing
histocompatibility data in this framework must be accredited by the European
Federation for Inmunogenetics (EFI), EFI Standards also apply. This chapter
summarises the pre-transplant immunological work-up of a recipient for de-
ceased donor kidney transplantation, mainly based on the latest valid versions
of the ET Manual, Chapter Histocompatibilty [1], the BAK Guideline for Or-
gan Recipient Safety [2] and the EFI Standards, Section Renal and/or Pancreas
Transplantation [3]. Other relevant literature is also considered (see references).

Four key pre-transplant immunological tests are required for a recipient to
be placed on the waiting list:

« ABO blood group (section 2)

« Human leukocyte antigen (HLA) typing (section 3)
« HLA antibody screening (section 4)

« Autologous crossmatch (section S)

Other serological tests (e.g., detection of non-HLA antibodies such as anti-
endothelial cell antibodies [4], MICA antibodies [5] or the measurement of sol-
uble CD30 levels [6]) are not widely used in routine practice.

Based on the results of HLA antibody screening, unacceptable antigens
are defined and reported to ET (section 6). If a donor is available, potential
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1 Preparation for kidney transplantation

recipients are selected by virtual crossmatching (section 7). For recipients who
receive a kidney offer, an additional physical crossmatch is performed (sec-
tion 8).

2 ABO Blood Group Determination

Kidney transplants from deceased donors with ABO-incompatibility are not
permitted. The recipient’s blood group must be determined and verified in two
independent blood samples before being placed on the waiting list. Recipient
and donor blood groups must be confirmed immediately before transplantation.

3 Human Leukocyte Antigen (HLA) Typing

For the registration with ET, each recipient must be typed for at least HLA-A,
-B, -C, -DRB1 and -DQBI1 (in Germany, also HLA-DPB1) using DNA-based
typing techniques. Preferably, HLA-DRB3/4/5, -DQA1 and -DPA1 should
also be typed (a total of 11 HLA loci), as the potential donor is usually typed
at 11 HLA loci for allocation, and the commercially available antibody kits are
able to detect antibodies against all these loci. Typing resolution is usually one-
field, but for certain HLA subgroups or patients with allele-specific antibodies,
two-field unambiguous typing for the respective HLA locus should be obtained.
HLA-Bw4/Bw6 are reported on the basis of the HLA-B antigens. HLA typing
of the recipient should be performed on two different blood samples. The HLA
typing data are translated into matching determinants by ET algorithms for al-
location.

4 HLA Antibody Screening
4.1 Screening schedule

For wait-listing, the patient must be tested for HLA-specific antibodies. While
on the waiting list, the patient must be screened for HLA antibodies every
three months. The frequency of the repeated HLA antibody screening is nec-
essary to avoid the use of an outdated serum for crossmatching at the time
of organ offer. According to the ET Manual [1], a serum is outdated if it is
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older than 180 days from the date of blood drawing. In Germany, however,
the national guidelines [2] consider a serum to be outdated if it is more than
150 days old.

The responsible physicians (dialysis centres, transplant centres) must in-
form their HLA laboratories about previous immunising events (transfusions,
pregnancies, previous transplants) or graft removal. This information is import-
ant not only for the plausibility check of the test results, but also for the im-
munological risk stratification based on which detected HLA antibodies are
evaluated for reporting as unacceptable antigens (see section 6). HLA antibody
screening should be performed after each immunising event or graft explanta-
tion (in addition to regular screening). In these cases, ET recommends a repeat
antibody screening two and four weeks after the event.

4.2 Antibody testing methods

Regarding the method used for HLA antibody screening, ET requires different
applications depending on the time point and the sensitisation status of the pa-
tient. The degree of sensitisation is determined using virtual panel-reactive anti-
bodies (VPRA) (see section 6).

+ The complement-dependent cytotoxicity (CDC) test, also known as the
lymphocytotoxicity test (LCT), is used to detect complement-fixing anti-
bodies, which are known to correlate with hyperacute/acute rejection.
A CDC-PRA of > 5% is considered positive. HLA specificities to which
the patient has preformed CDC-positive IgG alloantibodies must there-
fore be reported as unacceptable antigens. The addition of dithiothreitol
(DTT), which disrupts the disulfide bonds of IgM, may help to recognise
an IgM-related positive test result. IgM antibodies may be transplant-irrele-
vant antibodies (e.g. IgM autoantibodies) or [gM HLA alloantibodies. The
impact of pre-transplant IgM HLA alloantibodies on graft rejection and fail-
ure is controversial [7, 8]. CDC antibody screening must be performed for
each new patient on the waiting list. If the patient is classified as immunised
(VPRA > 0%), CDC antibody screening must be repeated at least annually.
For non-immunised patients (VPRA = 0%), annual CDC screening is not re-
quired by ET. In Germany, CDC antibody screening is usually performed at
least once a year for all patients on the waiting list for a kidney and pancreas
transplantation.
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«  Solid phase assays (e.g. bead microarray assays on a Luminex platform) show
higher sensitivity and specificity than CDC tests [9]. The commercial test
formats offer methods for detection (screening for the presence or absence)
and identification (differentiation of the specificities) of HLA antibodies.
Currently, the Luminex Single Antigen Bead assays are the most sensitive
methods for the detection of HLA class I and class II antibodies. All sera
used for solid phase assays must be pre-treated by EDTA, heat inactivation,
DTT, or dilution to avoid complement interference/prozone effect. HLA
antibody screening with solid phase assays is required every three months.
In Germany, it is reccommended that at least all patients with positive screen-
ing results at the time of registration and at annual follow-up be tested with
the Single Antigen Beads assay. In case of changes in antibody profile/sig-
nal strength or implausibility of the results, additional tests should be per-
formed. New antibody testing is required in all patients after a sensitising
event (see section 4.1).

5 Autologous Crossmatch

Autoantibodies may cause false positive results in CDC antibody screening and/
or crossmatching. Therefore, the detection/exclusion of autoantibodies must be
performed for each patient by autologous CDC crossmatch (incubation of the
patient’s lymphocytes with his/her own serum) with and without DT T, usually
prior to wait-listing. Autologous cross-matching is also useful during the waiting
period for patients who show reactivity in CDC antibody screening tests (often
without accompanying specific HLA antibodies detected in the solid phase as-
says). In patients known to have IgM autoantibodies, the allogeneic CDC cross-
match (incubation of donor lymphocytes with patient serum) with and without
DTT must be performed at the time of a kidney offer.

6 Unacceptable HLA Antigens

If HLA antibodies are detected, they will be evaluated whether they should
be reported to ET as “unacceptable HLA antigens”. Unacceptable HLA anti-
gens are prohibited donor HLA mismatches (see section 7). The assignment
of an HLA antibody specificity as an unacceptable HLA antigen is centre- and
patient-dependent. Therefore, the criteria for defining unacceptable antigens
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must be discussed between the transplant centre and the affiliated HLA labo-
ratory.

After entering the unacceptable antigens in the ET software ENISNext, the
virtual PRA (VPRA) value is automatically calculated, indicating the frequency
of the unacceptable HLA antigens in the ET donor pool. A vPRA of > 0% indi-
cates that a patient is sensitised. In addition, based on the unacceptable antigens
and ABO blood group of a patient, the donor frequency calculator in ENISNext
can also calculate the likelihood of receiving an offer for an ABO identical or
compatible kidney transplant.

There are some general considerations published by ET [1] and the Ger-
man Society for Inmunogenetics [ 10] regarding the determination of unaccept-
able HLA antigens. All HLA antigens to which antibodies are found in the CDC
screen must be reported as unacceptable antigens. Often antibodies are found in
the solid phase assays, but not in the CDC test. Therefore, a careful plausibility
check of these antibody reactions in the solid phase assays (including non-spe-
cific response patterns due to antibodies against denatured antigens or “natural
antibodies”) and individually adapted stratification of immunological risks (tak-
ing into account the patient’s history of alloimmunisation) must be integrated
into the evaluation. The disadvantage of reporting antigens as “unacceptable”
and thus prolonging the waiting time for an organ offer must be weighed against
the risk of not reporting them and thus resulting in an HLA incompatible trans-
plant with subsequent short- and long-term post-transplant complications.

Highly sensitised patients (VPRA > 85% in two different sera) often have
a low chance of receiving a crossmatch negative kidney offer. Such patients may
be eligible for inclusion in the Acceptable Mismatch (AM) programme of ET.

7 Virtual Crossmatch

If a kidney donor is available and expresses HLA antigens that are indicated as
unacceptable antigens in a patient, ET will not make a kidney offer to that pa-
tient. This exclusion during the allocation process is called a positive virtual
crossmatch.

Recipients with a negative virtual crossmatch may be offered the kidney
and, if accepted, a physical crossmatch must be performed by the HLA laborato-
ry affiliated with the transplant centre. The virtual crossmatch is performed for
all kidney, pancreas and combined kidney-pancreas transplantations.
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8 Physical Crossmatch

A physical crossmatch is performed as a decisive crossmatch (also called trans-
plantation crossmatch) after the virtual crossmatch (see section 7) is negative. It
is usually performed with the CDC technique, using recipient serum and donor
lymphocytes (isolated from either the donor’s peripheral blood, lymph nodes or
spleen). To increase the sensitivity of the CDC crossmatch, B lymphocytes can
be used in addition to T lymphocytes or unseparated lymphocytes. It is import-
ant that the serum is representative of the current immunisation status of the re-
cipient: either the most recent serum in the quarterly screening scheme (while
avoiding outdated sera — see above) from a non-immunised patient, or a fresh
serum if the patient is immunised or has had a recent immunising event. In im-
munised patients, transplantation can only be performed if the prospective de-
cisive crossmatch is negative. In Germany, for first-transplant, non-immunised
recipients (with confirmed negative HLA antibody tests and with no immunis-
ing event since the last antibody screening), a decisive crossmatch may be per-
formed either prospectively or in parallel with the transplantation.

A decisive crossmatch must be performed for all kidney, pancreas and
combined kidney-pancreas transplantations. Due to the limited tolerance to
ischaemia, crossmatching for a pancreas recipient is usually performed at the
donor centre and for a kidney recipient at the recipient centre by the affiliated
HLA laboratory.
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CHAPTER 2
Carrying out the transplant

CHAPTER 2.1 Anaesthesiological and perioperative
management
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Introduction

Anaesthesia care not only ensures insensitivity and unawareness during surgery,
but, even importantly, also involves the monitoring and support of vital organ
functions. Reduced physiological reserve has significant implications for anaes-
thetic management. As the systemic effects of end-stage renal disease impair the
function of multiple organs, a comprehensive preoperative assessment — focus-
ing on evaluation of metabolic changes and assessment of end-organ damage — is
crucial for determining perioperative risks.[1] A thorough preoperative work-
up, including the optimisation of fluid status, electrolyte balance, lung function
and cardiovascular status, can help reduce perioperative complications. Table 1
outlines the pathophysiological changes in each organ system and the recom-
mended preoperative tests and preparations.
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Anaesthesia during Kidney Transplantation

Kidney transplantation requires general anaesthesia with endotracheal intuba-
tion and controlled mechanical ventilation. It is important to recognise that chil-
dren with chronic kidney disease (CKD) often have impaired growth and may
have brittle bones and teeth. Tube and catheter sizes should be adjusted accord-
ingly. In patients with pre-existing pulmonary restrictions, mechanical ventila-
tion should be tailored according to lung-protective strategies.[2]

Monitoring and supporting circulation is essential to ensure optimal
(re)perfusion of the donor kidney and to minimise ischaemia-reperfusion inju-
ry. Significant haemodynamic changes are expected, especially in young children
receiving a relatively large (adult) donor kidney.[3] In cases of post-mortem do-
nation and prolonged cold ischaemia times, haemodynamic instability may be
pronounced due to the vasodilatory effects of cytokines released into the circu-
lation after reperfusion.[4]

A relatively high blood pressure is recommended after reperfusion, as the
ischaemic period may lead to cellular oedema and a compromised vasculature
in the donor kidney.[ 5] Due to the vasodilatory effects of anaesthetics and cyto-
kines, temporary use of vasopressors, such as norepinephrine, may be necessary.
However, it is important to ensure optimal fluid status when administering va-
sopressors. To avoid both fluid overload and hypovolemia, fluid administration
should be guided by a monitor capable of detecting changes in flow or stroke
volume following fluid loading. Isotonic, balanced crystalloid fluids are recom-
mended as the fluid of first choice.[4, 6]

In patients with systolic dysfunction, inotropes may be required to support
cardiac output. However, diastolic dysfunction is more common and requires
careful monitoring to prevent fluid overload.[ 7] Therefore, advanced haemody-
namic monitoring is recommended in children who are expected to experience
haemodynamic instability during transplantation. This monitoring should be
able to track changes in blood flow, as well as the effects of fluid administration,
vasopressors, and inotropes on flow or stroke volume.[1] Appendix 1 provides
an algorithm that summarises the above recommendations.

Table 2 summarises the potential organ impairments that may arise during
anaesthesia and provides recommendations for monitoring these complications.
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Postoperative care

Close monitoring of respiratory function, blood pressure, diuresis, electrolytes,
fluid balance, and pain management is essential in the postoperative period. The
postoperative care unit should be equipped with the appropriate facilities and
expertise for this level of care, often being an intensive care unit (ICU).

The decision to keep the child intubated and on mechanical ventilation de-
pends on the child’s age and the haemodynamic and metabolic changes that oc-
cur during anaesthesia and surgery. Young children receiving a relatively large
donor kidney often remain sedated and on ventilatory support in the ICU until
their haemodynamic and metabolic status has stabilised. If possible, the aim is to
withdraw sedation and ventilatory support within 24 hours. This approach mi-
nimises the risk of circulatory compromise due to positive pressure ventilation
and the vasodilatory effects of sedatives.

Continuous monitoring:

« Administration of fluids and vasopressors guided by an advanced haemody-
namic monitor, together with continuous assessment of diuresis.

« Frequent checks of blood gas analysis, glucose and electrolytes.

Additional monitoring may be required if diuresis decreases despite optimal
haemodynamic support. For example, Doppler ultrasound may be used to as-
sess vascular patency or to rule out post-renal obstruction.

Postoperative pain management:

Pain can be managed with paracetamol and opioids. Non-steroidal drugs are not
recommended as they compromise renal capillary blood flow. Opioids are usu-
ally given intravenously, either continuously or on demand, depending on the
child’s age and cooperation. In cases of delayed graft function, reduced opioid
clearance may increase the risk of apnoea. Therefore, careful monitoring of con-
sciousness and respiration is recommended in all children receiving intravenous
opioids. Epidural anaesthesia is less commonly used for postoperative pain man-
agement because of its potential effects on blood pressure and the increased risk
of bleeding in patients with kidney failure.
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Appendix 1: Hemodynamic monitoring and support

algorithm

Basic hemodynamic management
« administer crystalloid solution* acco

rding to body weight to cover basic fluid requirements

e give NaHCOs 1.4% solution: 5 mLkg™ in case of metabolic acidosis, especially in patients on
NaHCOs supplements before transplantation

e administer mannitol 10%: 500 mL 1.73 m2, 20 minutes before reperfusion of donor kidney

« transfuse erythrocytes to maintain hemoglobin > 8 gdL'

adequate LCO ]

low

adequy low

] fluids

| fluids |

-{ cot

)] [L_cot

yes
no

no

| dobutamine

‘ | norepinephrine )-----

Cardiac output strateqy
e target values
o before reperfusion: Cl > 3.0 Lmin"'m?
o after reperfusion : Cl>3.5Lmin""'m?
e administer boluses of 10 mLkg™"
crystalloid solution* when Cl is too low;
stop when patient is no fluid responder
o start dobutamine at 2 mcgkg ' min' if
target Cl is not met after fluid loading
* adjust dobutamine dosing if target Cl is
not achieved but reduce dose when
patient becomes tachycardic

Blood pressure strategy
» target values
o before reperfusion: MAP > 70% of base line value
o after reperfusion : MAP =65 - 100 mmHg
depending on donor blood pressure and visual
judgment of renal perfusion during surgery
e administer boluses of 10 mLkg™ crystalloid
solution* when MAP is too low; stop if patient is no
fluid responder
¢ start norepinephrine infusion at 0.05 mcgkg ' min™'
when MAP is too low and fluid loading is ineffective
o adjust norepinephrine dosing to reach target MAP
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Selection of graft type

The standard organ in paediatric kidney transplantation is a single kidney graft
from a living or deceased adult donor. Not only is there a shortage of age- and
size-matched paediatric donors in paediatric kidney transplantation. Data show
an increased risk of technical complications and early graft loss in children us-
ing organs from small (< 20 kg body weight) and especially very small (< 10 kg
body weight) paediatric donors. However, after surviving the critical initial peri-
od, paediatric kidney grafts transplanted into children show a very good growth
and superior long-term function compared to adult grafts. It is possible to trans-
plant both kidneys en-bloc from paediatric donors (especially in small donors
< 12-15 kg body weight). However, in contrast to adult recipients, there is no
clear advantage over single kidney transplantation because of the negative im-
pact on the risk of surgical complications and the small increase in nephron mass
in paediatric recipients.

Graft placement

Routinely, the kidney graft is placed heterotopically into the iliac fossa. This al-
lows good placement of the transplant, access to the large vessels and proximity
to the urinary bladder. The right side is preferred, especially in smaller children,
because of its proximity to the vena cava. In very small children and the resulting
size mismatch, intraabdominal placement of the kidney protects the graft from
increased pressure and reduced graft perfusion. Although there is no general age

Published in: Tonshoff & Pape (eds.), Management of the paediatric kidney transplant recipient.
Heidelberg: heiBOOKS 2026, pp. 60-65. DOI: https://doi.org/10.11588/heibooks.1732.c25440


https://doi.org/10.11588/heibooks.1732.c25440
https://orcid.org/0000-0003-2921-7943
https://orcid.org/0000-0001-8151-422X

2.2 Surgical-operative procedure in paediatric kidney transplantation

or weight limit for paediatric kidney transplantation, most centres prefer a min-
imum weight of 810 kg for the recipient child.

Native nephrectomy

Native kidneys can usually be left in place. Indications for native nephrectomy in
children are based on the underlying diagnosis, namely recurrent urinary tract
infection, malignant predisposition, resistant hypertension, persistent nephrotic
syndrome or polyuria. The decision regarding the timing of surgery (pre-trans-
plant vs. peri-transplant vs. post-transplant), the number of kidneys removed
(one vs. both) and the order of removal (same procedure vs. staged procedure)
should be discussed individually. The decision should take into account pres-
ervation of residual kidney function and residual pretransplant diuresis, avoid-
ing opening of the peritoneal cavity and preserving peritoneal dialysis capability,
avoiding unnecessary multiple operations and anaesthesia, creating space for the
kidney transplant and removing the focus of infection.

Surgical technique

Access is made in the right (left) lower to mid-abdomen through a J-shaped inci-
sion (“hockey stick”). The peritoneum is shifted medially and upwards, and the
transplant cavity is prepared extraperitoneally. The distal aorta and vena cava or
the iliac vascular axis are dissected, protecting the surrounding lymphatic vascu-
lar plexus. First, the venous anastomosis is made between the renal vein and the
vena cava as an end-to-side anastomosis. The arterial anastomosis is then made
between the renal artery and the aorta in small children or with the common il-
iac vessels in older recipients. In the case of multiple kidney arteries, each artery
must be anastomosed to avoid poor perfusion and function. In particular, the
polar arteries of the lower pole are important because they provide blood flow
to the ureter. These arteries can be reconstructed and reperfused sequentially
after reperfusion to avoid long warm ischaemic times. All vascular anastomoses
are made with fine (6-0 or 7-0), monofilament, absorbable sutures to allow for
growth. At least the transplant ureter is directly connected to the bladder by a
ureterocystostomy. Technique and pitfalls are described more in detail in chap-
ter 2.3 [1-7].
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Management of complications

The likelihood of complications after paediatric kidney transplantation depends
on patient and donor factors such as age and size, immunosuppression, and sur-
gical technique. In paediatric transplantation, the size and weight of the recipient
and donor have an important impact on surgical complications. Complications
rates are particularly high in small recipients [8]. Perioperative complications re-
quiring revision are reported to occur in 15% of patients at a large German trans-
plant centre [9]. Typical complications include:

Injury to other organs and structures

As with all surgery, nerves, blood vessels, or organs in the surgical area may be
injured. Because kidney transplantation is usually performed retroperitoneally,
injuries to the bowel or other viscera are rare. In small children, the kidney may
be placed intra-abdominally. This increases the risk of injury to abdominal or-
gans, adhesions or other intestinal problems. In rare cases, boys may have dam-
age to the spermatic cord. Typically, injury to the lymphatic vessels can occur
during dissection of the pelvic arteries. This can lead to lymphocele, some of
which may need to be drained. The rate of lymphocele requiring drainage has
been reported to be 4-10% in larger studies [10]. In small children, the vascular
anastomoses are usually sutured to the vena cava and aorta, so injury to the great
vessels is a major concern.

Vascular disorders

Vascular anastomoses can be challenging, especially in small children. As adult
kidneys are usually transplanted into children, the donor renal artery may be
larger in diameter than the child’s aorta. In addition, children often have low
blood pressure, which can present an anaesthetic and surgical challenge in per-
fusing the graft. Graft thrombosis is, therefore, the most feared complication.
Vascular complications are higher than in adult kidney transplantation and have
been reported in up to 10% of paediatric recipients [8, 10]. Vascular complica-
tions need to be rapidly identified by duplex sonography and clinic examination

if the graft is to be salvaged [11].
Bleeding

Large blood vessels are connected during kidney transplantation. In addition,
the kidney is an organ with a strong blood supply, which means that bleeding
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may occur during and after surgery, requiring replacement of blood loss with
blood transfusions/blood products.

The need for plasmapheresis or immunoadsorption, for example in the case
of ABO incompatible transplantation or high immunological risk, can also in-
crease the risk of bleeding [12]. Fortunately, these conditions are very rare in
children. Intra- and postoperative bleeding complications are reported in less
than 5% of paediatric patients [10].

Complications of the ureter-bladder anastomosis

Several children require transplantation because of congenital anomalies of the
kidney and urinary tract (CAKUT). In these patients, the ureter-bladder anas-
tomosis can be challenging [13] (see chapter 2.3). Although urethral leaks are
rare, they usually require surgical intervention. This is also true for early ureter-
al/anastomotic stenosis, such as those caused by torsion of the ureter.

The incidence of ureteral complications has been reported to be 5-9% in
adults in a review and was lower with the most common Lich-Gregoir extraves-
ical technique than with an intravesical technique, and lower with a double J
(DJ) stent than without [ 14, 15]. Data in children show comparable results [ 10],
but ureteral complications are significantly higher in recipients with pre-existing
bladder pathology [13]. If a DJ stent has been used, it should not be left behind
but removed by cystoscopy. Mono-J ureteral stents are more commonly used in
small children as they can be removed without this procedure.

Wound healing problems

In contrast to adult recipients, wound healing problems in children are very rare
(<2%) [10]. In small children, abdominal wall closure sometimes requires the
interposition of a resorbable (Vicryl-)mesh. However, hernias in children are
fortunately rare.

Risk of infection from blood products and the donor organ
As with blood transfusions, the risk of disease transmission from the donor or-
gan cannot be completely excluded. In individual cases, fatal diseases (e.g., ra-
bies, melanoma) have been transmitted through organ donation.

— 63 —



2 Carrying out the transplant

Summary

Vascular complications are more common in paediatric kidney transplantation
than in adults. Duplex sonography and careful clinical assessment (e.g., urine
output, pain, haematuria) are important to detect vascular problems as early as
possible. Children with CAKUT are at higher risk of urological complications
and require multidisciplinary management.
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1 Urological evaluation of kidney transplant recipients
and management of underlying urinary tract anomalies

Congenital kidney anomalies account for 42% of end-stage kidney disease in
paediatric patients, making them the leading cause [1]. Therefore, a careful pre-
operative workup of the anatomical and physiological conditions of the urinary
tract is essential. A detailed patient history, including a voiding diary if diuresis
is still present, physical examination, and ultrasound are basic investigations. If
necessary, these may be followed by urodynamics, voiding cystourethrogram, or
cystoscopy [2]. Successful kidney transplantation (KTx) has been reported in
cases of bladder dysfunction [3]. Secondary small-capacity bladders may regain
volume after transplantation and with increased urine output [4].

KTx in cases of neurogenic bladder can be successful with the use of anti-
cholinergics, and intermittent sterile catheterisation [2]. In cases of very small
bladder volume, bladder augmentation can be performed using native dilated
ureters or bowel segments. In addition, KTx may be considered in the presence
of an ileal conduit or Mitrofanoff stoma. Timing is critical: bladder augmenta-
tion should be performed at least 3 months before transplantation or after trans-
plantation (while the patient is on ongoing immunosuppression) [4].

2 Urological surgical technique

In some cases, it may be necessary to remove the native kidneys of paediatric
patients prior to KTx (massive proteinuria, polyuria, refractory hypertension,
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recurrent urinary tract infection (UTI), malignancy or space-limiting cystic kid-
ney disease [2]). Nephrectomy can be performed either simultaneously with
the kidney transplantation or in a staged approach, with the subsequent lack of
bladder filling potentially reducing bladder volume. For KTx itself, the organ
is usually placed intraperitoneally in children under 10 kg. Depending on the
source, kidney transplantation can be performed extraperitoneally in patients
weighing between 8 and 15 kg [2].

After graft placement, the ureteroneocystostomy (UCN) is performed. Sev-
eral points are important here: while the perfusion of the distal ureter should
not be compromised, unobstructed urine flow from the ureter to the bladder is
also crucial, as is the formation of an anti-reflux mechanism. The use of anti-re-
flux techniques in ureteroneocystostomy (UNC) was first described by V. Poli-
tano in the 1950s. Since then, this technique has been modified several times,
and other techniques have been developed. The Politano-Leadbetter (PL) tech-
nique involves the following steps: an anterior cystostomy is performed to create
an intravesical submucosal tunnel (2—3 cm). The new ureter is then introduced
through this tunnel and sutured in place [, 6]. In contrast, the Lich-Gregoir
(LG) technique uses an extravesical approach. A 4 cm incision is made in the
bladder wall, the ureter is sutured to the bladder mucosa, and the muscularis
layer is then closed over the ureter [6]. In contrast, the Woodruff technique also
involves an extravesical bladder incision, but unlike the Lich-Gregoir technique,
the muscularis is not closed after the spatulated ureter is implanted into the
bladder mucosa [7]. Several studies and meta-analyses have shown that the LG
technique results in significantly lower rates of urological complications such as
urinary leakage, uretero-vesical junction obstruction, and haematuria compared
to the PL technique in adult patients [6, 8].

For paediatric patients, the optimal technique remains unclear. Anti-reflux
techniques may increase the risk of UVJO, and Ranchin et al. demonstrated a
VUR incidence of up to 58% in paediatric patients despite the use of anti-reflux
techniques [9]. Furthermore, VUR remains asymptomatic in most organ recipi-
ents. The perioperative placement of a double-J ureteral stent is controversial in
paediatric KTx: while the risk of urological complications is reduced [10], the
risk of BK polyoma viremia and UTIs seems to be increased [11].
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3 Management of urological complications
in kidney transplant recipients

Ureteral stricture

Ureteral strictures occur in about 8% of children after KT. It usually manifests
within the first 100 days after KTx and may be caused by ureteral ischaemia
due to loss of distal perfusion from graft explantation, pre-existing anatomical
anomalies (i.e. posterior urethral valves [12]), haematoma, lymphocele, stones,
tumours, or scarring [ 13]. Initial treatment typically involves placement of a ure-
teral stent or nephrostomy, followed by further definitive operative treatment
(endoscopic or open/laparoscopic ureteral reimplantation, or Psoas- or Boari
hitch technique). Endoscopic options include laser or cold incision and/or bal-
loon dilation followed by double-J stent placement.

Christman et al. (2012) treated 17 paediatric patients with primary obstruc-
tive megaureter using retrograde balloon dilatation (for strictures < 2 cm) or la-
ser incision combined with balloon dilatation (for strictures > 2 cm), achieving
resolution of obstruction in all cases. These techniques can also be effective in
more proximal strictures [ 14-17]. If the retrograde approach is difficult, percu-
taneous access with dilatation can also be successful in such cases: Bachtel et al.
reported a 75% success rate using antegrade balloon or Amplatz sequential dil-
atation for early postoperative strictures (< 6 months post-transplant) in paedi-
atric patients. However, this technique was never successful in strictures older
than one year [12].

Vesicoureteral reflux

The incidence of vesicoureteral reflux (VUR) after kidney transplantation var-
ies from 10.5% to 86% depending on the implantation technique, with deceased
donor organs having a higher risk than living donor organs [18, 19]. However,
some studies suggest that VUR does not appear to adversely affect bacteriuria,
renal function, or graft survival [20]. Nevertheless, VUR can cause complica-
tions that may initially go unnoticed: dimercaptosuccinic acid (DMSA) scans of
paediatric KTx with VUR and recurrent UTI revealed that 69% had renal scar-
ring [21]. Active treatment may be required in such cases. Similar to VUR in the
native kidney, antibiotic prophylaxis may reduce the frequency of infections in
cases of recurrent UTIs [22]. Injecting a bulking agent such as dextranomer/
hyaluronic acid copolymer (Dx/HA) beneath the ureteral orifice or in the ure-
teral tunnel can effectively treat urinary reflux in certain cases. In paediatric pa-
tients, the injection has been well studied: a single injection is usually sufficient,
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with only 3% experiencing febrile urinary tract infections over time [23]. The
use of Dx/HA has also been studied in KTx patients with VUR. While Pichler
et al. [24] observed a significant reduction in UTI frequency in adult kidney
transplant recipients with VUR following Dx/HA injection, Wu et al. reported a
success rate of only 22% for Dx/HA in paediatric patients with VUR post-trans-
plant [22]. In cases of renal dysfunction, recurrent infection and failed endo-
scopic therapy, anti-reflux techniques such as ureteral reimplantation may be
required.

Urolithiasis

Following KTx, paediatric patients may develop urinary stones: according
to Khositseth et al., 5% of paediatric KTx patients developed urinary stones
within the first 19 + 22 months post-transplant [25]. The most common stone
compositions were calcium phosphate and calcium oxalate, mixed calcium
phosphate and oxalate, and struvite. Risk factors for stone formation in KTx
patients include certain suture techniques, recurrent UTIs, urinary obstruc-
tion [25], and comorbidities associated with chronic kidney disease, such as
hyperparathyroidism, hypercalciuria, hypocitraturia, or hypophosphatemia [26,
27]. Due to renal denervation during explantation, stone passage may some-
times be asymptomatic. For definitive stone management, endoscopic thera-
py with antegrade or retrograde flexible ureteroscopy appears to be a safe and
successful approach [28, 29]. Percutaneous nephrolithotomy (PCNL) or mini-
PCNL can be easily carried out for larger calculi due to the location of the kid-
ney in the iliac fossa In the paediatric cohort studied by Khositseth et al. [25],
spontaneous stone passage occurred in only 20% of the patients. The remaining
patients required surgical intervention, with 55% undergoing retrograde endo-
scopic procedures, and the remainder treated by open or laparoscopic surgery.
Boissier et al. (2023) reported in a meta-analysis that in adult KTx patients, the
stone-free rates (SFR) at 3 months were 96% with open surgery, 95% with ante-
grade ureteroscopy, 86% with percutaneous nephrolithotomy (PNL), 81% with
retrograde ureteroscopy, 75 % with shock wave lithotripsy (SWL), and 62% with
medical treatment.

Urinoma

Urinomas occur in less than 10% of kidney transplant patients, usually within
the first 3 months after transplantation [30, 31]. All parts of the urinary tract
can be affected, and management with nephrostomy or antegrade stenting is the
treatment of choice for symptomatic urinomas, as the retrograde approach can
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be challenging. Larger fluid collections may also require percutaneous drainage
under CT or ultrasound guidance may also be necessary [32]. A transurethral
catheter may be placed to minimise reflux across the double-J stent [33, 34].
Surgical revision, such as ureteral reimplantation or lesion repair, is rarely re-
quired [35].

Lymphocele

Lymphocele formation after kidney transplantation is a common complication,
occurring in up to 22% of cases [11], due to dissection of donor or recipient
lymphatic vessels during surgery. It typically occurs within the first week after
KT. Risk factors include immunosuppression with sirolimus, older age, higher
BMI, number of transplantations and surgical technique [11, 36]. Most cases
are asymptomatic, but some patients require intervention due to pain or graft
dysfunction. Patients requiring treatment for lymphoceles are at higher risk of
graft rejection or delayed function [37]. Gander et al. showed that percutane-
ous drainage, with or without sclerotherapy (especially with povidone-iodine),
is a safe approach for symptomatic lymphoceles in paediatric patients [38]. If
minimally invasive therapy fails, open or laparoscopic lymphocele fenestration
is used [39].

Recurrent urinary tract infections

Urinary tract infections (UTIs) are the most common type of infection after
transplantation, occurring in up to 47% of cases. The risk of UTI is particularly
high in the first month post-transplant [40]. Risk factors for UTI post-KTx in-
clude female sex, race, immunosuppression (i.e. azathioprine or cyclosporin A)
[41], history of acute rejection, cytomegalovirus infection, UVJO [42], re-trans-
plantation [43], polycystic kidney disease [44], diabetes mellitus [45], VUR in
the native kidneys, male sex (2-5 years of age) and female sex (< 1 year of age)
[41]. Prophylactic antibiotics are recommended for acute cases and primary
recurrences, but it is also important to evaluate for potential allograft patholo-
gy. The risk of graft loss is significantly increased in all children after early UTI
(< 6 months post-transplant; P < 0.001), but not after late UTI (> 6 months
post-transplant; P = 0.27) [41].

The most common pathogens in paediatric organ recipients are E. coli,
Pseudomonas aeruginosa, Klebsiella, and Enterococci [46]. Candida infections
are also possible, and some centres recommend prophylactic antifungal treat-
ment during antibiotic therapy. Paediatric patients typically receive prophylactic
antibiotics for the first 3—6 months after KT, including prophylaxis for Pneumo-
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cystis jirovecii, although this practice is controversial, and some studies have
found that it only exacerbates resistance patterns in UTIs [46, 47].

Any underlying anatomical or functional problems should be addressed. Re-
sidual urine should be managed with intermittent sterile self-catheterisation. Be-
havioural measures include high oral fluid intake, hygienic practices — especially
for sexually active women — and management of constipation [46].

Additional measures, such as herbal therapies (e.g., Canephron® or Ango-
cin®, Utribro®), cranberry products, D-mannose, urinary acidification, and vac-
cination (e.g, Uro-Vaxom®, StroVac®), have not been specifically studied in
paediatric kidney transplant patients, but can be discussed.
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1 Perioperative volume and blood pressure management

The difference in size between an adult kidney and a child’s body must be taken
into account after surgery. This is particularly true in young children. After trans-
plantation of an adult donor kidney, the intravascular volume of a paediatric re-
cipient can increase by up to 20%, meaning that the circulating blood volume
must be replenished by administering infusion solutions. A paediatric haemo-
dialysis catheter, or a central venous line in older children, is usually placed pre-
operatively into the internal jugular vein and, less commonly, into the subclavian
vein. The purpose of this is to: monitor central venous pressure; ensure rapid
and safe fluid administration; enable the administration of catecholaminergic
drugs; and allow for renal replacement therapy in case of delayed graft function.
Young transplant recipients usually require an arterial line for invasive arterial
blood pressure measurement.

During surgical preparation, balanced isotonic crystalloid solutions and 5%
human albumin are used for fluid replacement. The initial target value for central
venous pressure is S—10 mmHg. During preparation of the renal vascular anas-
tomoses, however, higher values of 10— 14 mmHg are targeted by administering
balanced crystalloid solutions, 5% human albumin and red blood cell concen-
trate, if necessary (haematocrit target: 25-30%). Please note that patients with
pre-existing cardiomyopathy may require different values. To achieve a mean
arterial blood pressure of 70-80 mmHg during the preparation of vascular
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anastomoses, catecholaminergic drugs may be required. During reperfusion of
the transplanted kidney, particularly in young children, it is essential to closely
monitor and maintain stable arterial blood pressure and central venous pressure.
Furosemide is administered continuously in this phase of surgery. Following
reperfusion, the mean arterial pressure should be maintained above 80 mmHg,
The fluid requirement following reperfusion is 4—6 ml per kg of body weight per
hour, and this should be adapted according to diuresis. Depending on thrombo-
philic risk, unfractionated heparin can be administered either before abdominal
wall closure or six hours after reperfusion (see Chpater 3.2).

For recipients weighing less than 20 kg, a higher volume supply is mandato-
ry, and the risk of cardiovascular instability following reperfusion of an adult do-
nor kidney must be considered.

General recommendations for perioperative fluid management:

«  Fluid intake = excretion plus perspiratio insensibilis (400 mL/m” body sur-
face area per day).

« Incase of polyuria (> 2000 mL/m? per day): Replacement with two/thirds
balanced isotonic crystalloid solution (e.g, STEROFUNDIN ISO), one
third glucose 5%, or in case of hyperglycaemia, a pure balanced isotonic
solution; switch to a semi-isotonic solution after a few days.

« In case of oliguria (<1ml/ kg per hour): Replace with a solution of 2/3 so-
dium chloride 0.9% and 1/3 glucose 5%.

« Replace drainage fluid with a balanced isotonic solution and 5% albumin at
aratioof 1:1.

« Body weight should be 5-10% above the “dry weight” achieved during dial-
ysis. Note: many patients are overhydrated before transplantation.

«  Target central venous pressure: 5-7 mmHg. Target systolic blood pressure:
100-140 mmHg.

« Initially, check urine output hourly and replace accordingly.

«  Check body weight twice daily.

o Check serum chemistry twice daily.

« In case of primary graft dysfunction: Perform a Doppler ultrasound of the
renal allograft vessels within the first hour post-transplant to rule out vascu-
lar thrombosis.

« If primary graft dysfunction persists, repeat the Doppler ultrasound of the
renal allograft vessels daily.

« Maintain haemoglobin concentration above 8 g/dL. If necessary, transfuse
CMV-negative blood using a leukocyte filter.
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« Maintain plasma total protein concentration above 50 g/L and albumin
concentration above 30 g/L.

Specific recommendations for young children under 6 years of age who have

received a kidney from an adult donor (aged over 1S years):

«  Children weighing less than 20 kg require a particularly high volume of flu-
ids. During preparation, administer 10-20 ml/kg of balanced crystalloids
and 5% albumin (10-20 mL/kg) per hour. Aim for a central venous pres-
sure of 7-10 mmHg at this stage.

«  During placement of the vascular anastomoses (approx. 30 min) and before
opening the aortic clamp, administer crystalloid volume (see above) and,
if necessary, administration of erythrocyte concentrates to achieve a tar-
get central venous pressure of > 10—14 mmHg and a target haematocrit of
25-30% (caveat: patients with pre-existing cardiomyopathy).

« In consultation with the transplant surgeon, administer heparin 10 IU/kg
before clamping the aorta and anastomosing the renal artery.

«  Target mean arterial blood pressure of > 80 mmHg in this phase; catechol-
amines are usually required to achieve this goal (give Akrinor®; in case of
prolonged hypotension, give noradrenaline/suprarenin at a starting dose
0.1 pg/kg body weight per minute). Perfusors must be pre-run at the time
of declamping.

« Close communication with the surgeon is required for gradual opening of
the aortic clamp.

«  After opening the anastomosis, there is a risk of a sharp drop in blood pres-
sure and central venous pressure, particularly in young children, due to
the redistribution of the blood volume into the transplanted adult kidney.
Maintaining haemodynamics at the above levels is particularly critical in
this phase (note: avoid warm ischaemia; do not tolerate drops in blood pres-
sure). A drop in central venous pressure of up to 50% can be expected for up
to 2 hours after declamping.

« Initial fluid requirements: 4-6 ml/kg per hour Sterofundin ISO, then ad-
justed according to diuresis. In the case of primary graft function, there will
be a high fluid requirement of up to 70% of body weight.

« In the first 24 hours post-transplant, aim for a central venous pressure of
7-10 mmHg and a mean arterial blood pressure of > 80 mmHg.

« Continuation of catecholamine therapy and recording of circulatory pa-
rameters is also mandatory during transport from the operating theatre to
the intensive care unit.
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«  After 48 hours, polyuria decreases as the adult kidney adapts to the child’s

circulation.

Following surgery, the patient is monitored in the Paediatric Intensive Care Unit
(PICU) for at least 24 hours. Initially, there are hourly checks of central venous
and blood pressure, as well as precise fluid balance facilitated by urine drain-
age through a suprapubic bladder catheter. Postoperative ventilation may some-
times be necessary for a few hours due to the high fluid load during surgery,
particularly in young children. If the operation goes smoothly, the patient is ex-
tubated immediately afterwards.

If a child’s own kidneys still have good residual diuresis, total diuresis is not
a reliable indicator of successful kidney transplantation. Therefore, to better as-
sess and continuously monitor the diuresis of the kidney transplant, it is rec-
ommended that the transplanted kidney be selectively splinted with a single-J
catheter for about 1 week.

Following a kidney transplant from a deceased donor, cold ischaemic time
(during which the organ is transported without blood supply and kept on ice)
often leads to acute tubular damage. This can initially cause anuria, followed by
“forced polyuria” and considerable water and electrolyte losses. If the transplant-
ed kidney fails to function properly for an extended period, dialysis therapy may
be required. This can be performed as peritoneal dialysis using an intraperitone-
alindwelling catheter (Tenckhoff catheter), or as haemodialysis using a Shaldon
catheter. This complication occurs in around 10% of patients, particularly if the
ischaemia time is prolonged and the quality of the organ is poor.

2 Concomitant medications

In most centres, furosemide is administered postoperatively as a continuous in-
travenous infusion, depending on diuresis. Low-dose furosemide (1-3 mg/kg/
day) also has a tubuloprotective effect. The dose is tapered depending on the
clinical course after 1-3 days and switched to oral administration. Furosemide
is discontinued in the event of anuria for more than 24 hours or polyuria. Some
centres recommend the calcium channel blocker diltiazem (dose: 1 mg/kg/day
intravenously or orally for the first 10 days post-transplant) for tubuloprotec-
tion.

After the anastomosis is opened, acidic valences are often released from
the transplanted kidney. The resulting metabolic acidosis inhibits the kidney’s
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immediate functional uptake. Buffering with 8.4% sodium bicarbonate is then
required. Perioperative antibiotic prophylaxis with a broad-spectrum antibiotic,
such as ceftriaxone, is also administered. Antifungal prophylaxis with oral ny-
statin is recommended for the duration of the antibiotic prophylaxis. Specific
prophylaxis against cytomegalovirus (CMV) and Pneumocystis jirovecii is de-
scribed in chapters 7.1 and 7.4. The recommended anticoagulation is described
in chapter 3.2.

Ulcer prophylaxis is also recommended, for example in younger children
with esomeprazole, at the following dosages: patients aged 1-11 years with a
body weight of 10-20 kg: 10 mg/day; with a body weight of > 20 kg: 20 mg/
day; patients aged 1218 years: 20-40 mg/day or in older children with panto-
prazol (20-40 mg/day). If there are no gastrointestinal symptoms, esomepra-
zole should be stopped two weeks post-transplant.
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Background

With a reported incidence of 0-13%, arterial or venous thrombosis of kidney al-
lografts is a major cause of allograft loss, mostly within the first week after paedi-
atric kidney transplantation (KTx) [1-3].

Body of evidence

Antithrombotic prophylaxis with heparin (anticoagulation) or acetylsalicylic
acid (ASA) (platelet aggregation inhibition) appears to be beneficial in prevent-
ing arterial and venous kidney graft thrombosis (Figure 1) [4].

The following evidence-based and pathophysiological considerations may
be helpful in the decision-making process:

«  The risk of thrombosis is higher in paediatric than in adult KTx [S].

« Antithrombotic prophylaxis should be considered in patients with a positive
history of thromboembolic events [6, 7].

«  Congenital and acquired prothrombotic risk factors due to chronic kidney
disease should be considered [3, 6, 7].

« The risk of kidney transplant thrombosis is highest in the first week after
KTx [8]. Therefore, it seems reasonable to initiate antithrombotic prophy-
laxis pre- or intraoperatively and to discontinue it within a few weeks (< 4~
6 weeks) after KTx [9, 10].

« Dlatelet aggregation plays a crucial role in the early phase of coagulation ac-
tivation [11, 12]. The administration of ASA immediately before or during
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Figure 1 Results of a systematic review and meta-analysis of antithrombotic
strategies to prevent allograft thrombosis in paediatric and adult kidney trans-
plantation: heparin monoprophylaxis unless otherwise stated (*acetylsalicylic
acid [ASA] monoprophylaxis, #ASA/heparin dual prophylaxis). However, the
poor quality of the available data and inconsistent management protocols do
not allow an unrestricted recommendation of antithrombotic prophylaxis for
paediatric KTx. In addition, the uncertain evidence does not allow reliable con-
clusions to be drawn on several clinical issues: Choice of drug class or agent,
mono- or combination therapy, dosage, timing and duration of prophylaxis,
route of administration, dosing according to thrombosis risk, drug monitoring
and adverse effects.

Pediatric
Experimental Control

Study Events Total Events Total Risk Ratio RR 95%-Cl Weight
Al Midani, 2019 2 202 14 126 0.09 [0.02;0.39] 22.0%
Broyer, 1991 1 67 9 73 — 0.12 [0.02;0.93] 15.7%
Dubow, 2016 0 75 3 15 ————— 0.03 [0.00;0.54] 9.7%
Esfandiar, 2012# 0 24 5 63 —_— 0.24 [0.01;4.10] 10.0%
Kim, 2019 1 46 1 10 —_— 0.22 [0.01;3.19] 11.0%
Nagra, 2004 9 128 14 126 O 0.63 [0.28; 1.41] 31.5%
Random effects model 542 413 - 0.19 [0.07; 0.54] 100.0%
Heterogeneity: /2 = 48%, 12 = 0.7487, p = 0.09

0.01 0.1 1 10 100
<—- favors prophylaxis favors controls ——>

KTxis avoided due to the lack of antidotes and the limited therapeutic drug
monitoring compared to heparin. Nevertheless, the perioperative bleeding
risk of ASA can be classified as low to moderate [12—15].

+  The most commonly used drugs are (in decreasing order):
+ Unfractionated heparin (UFH) intravenously + low molecular weight

heparin (LMWH) subcutaneously

+ LMWH subcutaneously + ASA per os
+ UFH intravenously
+ LMWH subcutaneously
+ ASAperos
+ UFH intravenously + ASA per os
(if 2 drugs are specified: sequential use) [16].

« In the presence of impaired graft function, altered pharmacokinetics with
an increased risk of accumulation (LMWH) and risk of bleeding should be
considered [17, 18].
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The data on antithrombotic agents and doses in paediatric kidney transplanta-
tion from a systematic review and an international survey are summarised in the

following table [4, 16]:

Results of the systematic review

Active ingredient (group) Dose Timing Duration Study
+ mode of application
ASAp.o. 1 mg/kg, max. do > 4 weeks [19]
75 mg OD
LMWH s.c. Start: 0.5 mg/kg d-1 [20]
initial dose d+1 21d
Continuation:
0.4 mg/kg BD
UFH i.v. continuously 10IU/kg/h do 5-7d [21]
UFH i.v. bolus 10 I1U/kg do
(in case of concerns for in- (intraopera-
creased risk of thrombosis) tively)
UFH s.c. <15kg: 1000IU TD d0 Until  [22]
15-20kg: mobilisa-
1500 IU TD tion
20-40 kg:
250010 TD
Low thrombosis risk: [23]*
UFH i.v. continuously 101U/kg/h Postoperatively 7d
ASAp.o. 3-Smg/kg/d Subsequently 1 year
3 x/week
High thrombosis risk:
UFH i.v. continuously 101U/kg/h Postoperatively 7 d
LMWH (Enoxaparin) s.c. 1mg/kg OD Subsequently 8 weeks
ASAp.o. 3-5mg/kg OD Subsequently 1 year
3 x/week

* Study publication after completion of the systematic review, therefore not included in
the latter and presented separately. Abbreviations: ASA, acetylsalicylic acid; BD, twice
a day; d, day; h, hour; IU, international units; i.v., intravenously; kg, kilograms (body
weight); LMWH, low molecular weight heparin; mg, milligrams; OD, once a day; p.o.,,
per os; s.c., subcutaneously; TD, thrice a day; UFH, unfractionated heparin; 0 = day of

transplantation
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International survey results compared with general dosing
recommendations [16, 24]

Active ingredient (group) Dosage
+ mode of application

Survey results Dosing recommendations
from a paediatric formulary

ASA p.o. 1-5 mg/kg OD 1 month-18 years: 3-5 mg/kg
OD, max. 80 mg/d [11, 25]

UFH i.v. bolus 5000 IU once -

intraoperatively 20-40IU/kg once

UFH i.v. continuously 100-400IU/kg/d (perioperative thrombosis
prophylaxis)
1 month-18 years: 10 IU/
kg/h [24]

LMWH s.c. 0.5-1 mg/kg OD or (Indication: prophylaxis)

(Enoxaparin) divided in BD 2 months-18 years: 0.5 mg/kg

BD (= 100 TU/kg/d) [26]

Abbreviations: ASA, acetylsalicylic acid; BD, twice a day; d, day; h, hour; IU, interna-
tional units; i.v,, intravenously; kg, kilograms (body weight); LMWH, low molecular
weight heparin; mg, milligrams; OD, once a day; p.o., per os; s.c., subcutaneously; UFH,
unfractionated heparin; 0 = day of transplantation
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1 Basiliximab

The humanised anti-interleukin-2 receptor antibody basiliximab (Simulect®)
is available for the prophylaxis of acute rejection episodes as part of induction
therapy and is routinely administered in some countries (e.g., the United King-
dom [UK]) for prevention of acute rejection. Binding of IL-2 to the IL-2 recep-
tor initiates a cascade of intracellular signals leading to functional differentiation
of T cells and cell proliferation. The association of the constitutively expressed
alpha-chain of the receptor and beta-chain is required for the formation of the
IL-2 binding site, but this is only expressed on activated T cells and a subpopula-
tion of B cells and antigen-presenting cells. Therapy with anti-IL-2 receptor an-
tibodies therefore only blocks the antigen-activated T cells.

Studies of cyclosporine- and steroid-based maintenance immunosuppres-
sive regimens without MMF or everolimus have shown that basiliximab reduces
acute rejection compared with no induction (Cransberg et al. 2008; the Net-
work meta-analysis of RCTs in adults). However, no prospective studies have
shown that basiliximab has the same effect on reducing the incidence of acute
rejection, when the maintenance regimen is based on tacrolimus and/or MMF.
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In fact, two prospective randomised trials in paediatric kidney transplant recip-
ients at low or moderate immunological risk failed to demonstrate an addition-
al benefit of basiliximab in preventing acute rejection compared with a regimen
of tacrolimus, azathioprine and steroids or a regimen of cyclosporine A, myco-
phenolate mofetil (MMF) and steroids (Grenda et al 2006, Offner et al 2008).
In Europe, basiliximab is particularly indicated when other immunosuppressive
drugs, e.g., glucocorticoids, are to be stopped early, i.e,, from day S post-trans-
plant (see Chapter 5.1). Some centres give basiliximab induction therapy with
early use of low-dose CNI in combination with everolimus.

Recommended dose: in children > 35 kg is 20 mg, in children < 35kg 10 mg
basiliximab as a short infusion over 30 min given intravenously 1 hour preoper-
atively; the second dose is given on day 4 after transplantation.

Half-life of basiliximab in children and adolescents receiving MMF is approx-
imately 10 weeks, without MMF approximately S weeks (Hocker et al 2008).

Side effects: Rare. Severe acute (within less than 24 hours) hypersensitivity re-
actions were observed both on initial application of basiliximab and on re-appli-
cation during a further treatment cycle. These included anaphylactoid reactions
such as rash, urticaria, pruritus, sneezing, wheezing, hypotension, tachycardia,
dyspnoea, bronchospasm, pulmonary oedema, heart failure, respiratory insuffi-
ciency and capillary leak syndrome. If a severe hypersensitivity reaction occurs,
treatment with basiliximab must be discontinued permanently and no further
application must be carried out. There is a small risk of hypersensitivity reac-
tions in a subgroup of patients who receive further doses of basiliximab for sub-
sequent transplants.

2 Lymphocyte-depleting antibodies

The two polyclonal anti-thymocyte globulin (ATG) preparations Thymoglobu-
lin® and Grafalon® (formerly ATG-Fresenius®) and the monoclonal anti-B-cell
antibody rituximab are currently available as lymphocyte-depleting antibodies
in transplantation medicine in Europe. Thymoglobulin® is produced from rab-
bits immunised with human thymocytes; the antithymoglobulin recognises and
destroys human T-lymphocytes and thus acts by removing T-lymphocytes from
the bloodstream, modulating T-cell activation and so-called T-cell homing. The
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production of Grafalon® is based on the immunisation of rabbits with the Jurkat
T-lymphoblast cell line.

A network meta-analysis of RCTs in adults showed that ATG (Thymoglobu-
lin®) reduces acute rejection compared with treatment without induction, but
treatment is longer and more complex than with basiliximab, and that adults
having Thymoglobulin® have more adverse events (including post-transplant
lymphoproliferative disorder) than those having basiliximab (NICE 2017). For
this reason, indications for ATG as induction agents are limited to those at high
immunological risk of an early acute rejection reaction.

ATG contains a variety of antibodies with broad specificity and therefore
does not have a single mechanism of action. In addition to T cell-specific an-
tibodies (CD2, CD3, CD4, CDS, CD8, CD25, CTLA-4), which suppress the
T cell-mediated immune response, ATG contains specific antibodies against
activated B cells (CD19, CD20, CD21), but also against adhesion molecules
(CD1la, CD18) and cell line-unspecific markers such as $2-microglobulin and
HLA-DR. In addition, ATG contains antibodies against monocytes, natural kill-
er cells and transduction molecules (CD4S). Many of the antibodies in ATG,
despite purification, also recognise antigens expressed on non-lymphoid cells
such as erythrocytes, neutrophils, platelets and endothelial cells. Thus, despite
the name implying lymphocyte specificity, ATG is not specific for any cell type.

Indications:

« high immunological risk of an early acute rejection, such as highly im-
munised patients with a panel-reactive HLA antibody titre >80% (see
Chapter 5.2).

« steroid-resistant rejection that do not respond to intravenous bolus admin-
istration of glucocorticoids (see Chapter 6.1).

The dosage of Thymoglobulin® is patient-adjusted with cell monitoring to suc-
cessfully treat rejection while avoiding excessive immunosuppression. The ini-
tial dose is 1.5 mg/kg per day, with subsequent doses administered on alternate
days over 3-5 days based on total lymphocyte count or total T-lymphocyte
count (CD3+).

Recommended dosage:

1st loading dose: 1.5 mg/kg Thymoglobulin®,

2nd maintenance dose (administer over 3—S days on alternate days):
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Maintain dose if: Total lymphocytes > 100/pl <300/pl
or CD3+ or CD2+ > 10/pl < 50/l

Reduce the dose if: Leucocyte count between 2,000 and 3,000
Platelet count between 50,000 and 75,000

Stop the dose if: Total lymphocytes < 100/pl
or CD3+ or CD2+ < 10/pl
Leukocyte count below 2,000
Platelet count below 50,000

Increase the dose (e.g., 2 mg/kg) if: ~ Total lymphocytes > 300/l
or CD3+ or CD2+ > 50/yl.

The maximum cumulative dose of 8 mg/kg thymoglobulin should not be ex-
ceeded. If limit values such as total lymphocytes 120/pl or CD3+ 20/pl are mea-
sured, the dose may be reduced to 0.75 mg/kg.

Important:

« An ongoing infection should be ruled out before administration: medical
history, physical examination, differential blood count, C-reactive protein,
urinalysis, chest x-ray if necessary.

« Treatment with this drug requires close clinical monitoring of the patient:
The first dose of Thymoglobulin® should be administered in the intermedi-
ate or intensive care unit. Some centers recommend that the patient should
be fasting in the morning. The infusion is placed and started by the physi-
cian. During the infusion period, the patient is monitored as follows and vi-
tal signs are recorded on a monitoring sheet:

» Monitor until the following morning,

» Blood pressure taken initially every 15 minutes, then every 30 minutes
until 2 hours after completion of the infusion,

» Temperature taken at least twice.

According to the calculated dose, administer per manufacturer instructions via

a central vein catheter for 4 hours (or longer if there is a hypersensitivity reac-
tion (see below)).
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Co-medication:

» All patients should receive an antihistamine (clemastin 0.04 mg/kg body
weight i.v.) one hour prior to thymoglobulin administration.

» (Methyl)prednisolone 2—7 mg/kg i.v. should be given at least 30 minutes
before the first dose of thymoglobulin.

» Ifthe first dose is well tolerated, methylprednisolone can be omitted for the
subsequent doses on days 3 and 5.

» At least 30 minutes before thymoglobulin administration, esomeprazole
(Nexium®, dosage: patientsaged 111 years: 10-20 kgbw - 10 mg/d; > 20 kg
bw - 10-20 mg/d, patients aged 12—18 years: 20-40 mg/d) is given as
short infusion.

» Paracetamol should be administered at least 30 minutes prior to the admin-
istration of thymoglobulin:

+ Inchildren > 3 monthsand < 10 kgbw: 7.5 mg Paracetamol/kgas a short
infusion

+ for body weight of 10-50 kg: 15 mg Paracetamol/kg as short infusion

+ for body weight of > 50 kg: 1 g Paracetamol as a short infusion

Adverse effects:

Immediately at the start, during or shortly after the infusion of thymoglobu-
lin, anaphylactoid reactions may occur, such as a drop in blood pressure, a feel-
ing of tightness in the chest, fever and urticaria. These symptoms are usually
more severe with the first infusion of thymoglobulin and disappear with subse-
quent infusions. However, if the reactions are clinically significant, thymoglobu-
lin treatment must be discontinued and anaphylaxis or shock therapy initiated.
Similar to the use of other heterologous antisera, serum sickness may occur after
8 to 14 days of thymoglobulin treatment. If the symptoms are mild and revers-
ible, there is no need to discontinue thymoglobulin therapy.

Infection prophylaxis:

«  Except for CMV-negative donors and CMV-negative recipients, prophylaxis
with valganciclovir in a prophylactic dosage for 6 months is required for all
other constellations (see Chapter 7.1).

+ Pneumocystis jirovecii prophylaxis with cotrimoxazole for 6 months (see
Chapter 7.4).
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1 Introduction

Immunosuppressive therapy after kidney transplantation is carried out with a
combination of drugs that affect the immune system at different points in the
cascade of lymphocyte activation and proliferation. It is therefore useful to com-
bine these drugs. In this way, the dose of the individual drug can be reduced and
side effects avoided or at least reduced. Drugs used for maintenance immuno-
suppression include calcineurin inhibitors (tacrolimus, cyclosporin A), myco-
phenolate mofetil (MMF) or enteric-coated mycophenolate sodium as a more
effective replacement for azathioprine, glucocorticoids and, for specific indica-
tions, mammalian target of rapamycin (mTOR) inhibitors such as everolimus
and sirolimus. To avoid both under- and over-immunosuppression, the dosage
of immunosuppressive drugs must be adjusted individually. This is usually done
by measuring blood levels (therapeutic drug monitoring, see also Chapter 4.3)
and adjusting the dosage of the drugs used accordingly. The de novo appearance
of donor-specific HLA antibodies can be interpreted as a biomarker for un-
der-immunosuppression. Various biomarkers are currently being investigated in
transplantation medicine to enable even better individualisation of immunosup-
pressive therapy in the future.
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2 Tacrolimus

Tacrolimus is a more potent immunosuppressant than cyclosporin A. A ran-
domised prospective study of the efficacy and safety of tacrolimus compared
with cyclosporin A in paediatric kidney transplant recipients showed a lower
rate of rejection, better GFR and also better graft survival at 4 years in the tacro-
limus group (Filler et al 2005), so most paediatric kidney transplant centres in-
ternationally now use tacrolimus as the primary immunosuppressant.

Immediate-release tacrolimus (Prograf®, 0.5, 1 and S mg capsules; Modigraf®,
0.2 mg granules for oral suspension)

Dosage:
«  Children <40 kg: 0.3 mg/kg body weight (bw) per day p.o. in 2 divided
doses,

«  Children > 40 kg: 0.2 mg/kg bw per day p.o. in 2 divided doses.

o Start within 6 hours of transplantation. Tacrolimus dose adjustment accord-
ing to whole blood trough level 12 hours after intake immediately before
morning administration.

« Inthe UK, tacrolimus is prescribed (initial dosing) at 0.15 mg/kg twice daily
with a maximum initial dose of 5 mg twice daily for all children and adoles-
cents, regardless of weight (Dudley et al 2021)

Target trough levels (measured in whole blood by mass spectrometry), if given

in combination with MMF or azathioprine:

« Day0-21:8-12ng/mL

« Day22-month 6: 7-10 ng/mL

« Month 6-12: 5-8 ng/mL (depending on overall immunosuppression and
individual immunological risk)

o After month 12: 5-8 ng/mL

UK target tacrolimus levels:

« Day0-56: 8-12 ng/mL

« Day57-365: 5-8 ng/mL

+ Beyond the first year, tacrolimus levels may be individualized (e.g., 35 ng/
mL)
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Dose adjustments: Usually in 25% increments, with a maximum of 2 dose ad-
justments per week (long half-life of approximately 16 hours). However, in the
early post-transplant period and in individual cases, however, daily dose adjust-
ments may be required.

Living kidney donation: Tacrolimus dosing may be started S days before trans-
plant; target trough level before transplant: 8—12 ng/mL.

Tacrolimus Monitoring by Mini-AUC (Limited Sampling Strategy (LSS))
Indication: Patients, in whom trough levels in the target range cannot be
achieved with a relatively high body weight-based dose (in children < 40 kg,
> 0.3 mg tacrolimus/kg per day; in children > 40 kg > 0.2 mg tacrolimus/kg per
day); i.e., tacrolimus rapid metabolisers, infants and young children. In this situ-
ation, a more accurate determination of tacrolimus exposure using a mini-AUC
should be performed to avoid toxicity or underexposure.

Practical implementation: A light, low-fat breakfast is permitted on the day of
the mini-AUC; no large meal should be eaten in the first hour after taking tacro-
limus. A blood sample is taken (via an indwelling intravenous catheter) before
tacrolimus administration (C) and 1 (C,), 2 (C,) and 4 hours (C,) after oral
administration.

Algorithm for calculating the mini-AUC:
Tacrolimus-AUC = 4.15390 + 3.17385x CO + 1.28131 x C1 + 0.75475x C2 +
5.35301 x C4 [Filler G et al 2002 ]

Target tacrolimus exposure (target AUC)

The target tacrolimus exposure depends on the time period post-transplant and
the immunological or infectious risk:

Week 1-4 (early post-transplant period): 150-200 pg - h/L (in conjunction
with an MPA-AUC > 40 mg - h/L) [Scholten EM et al., 2005, Lee and Butani
2007]

Month 1-3: 120-150 pg - h/L

> Month 3 (stable period): 75-150 pg - h/L

Modigraf® 0.2 mg and 1 mg for suspension preparation

For young children who cannot swallow Prograf® capsules, use Modigraf® gran-
ules for oral suspension. Modigraf® should be dissolved in a minimum of 2 mL
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and a maximum of 50 mL of liquid. This suspension can also be used for admin-
istration by nasogastric tube.

Intravenous administration of tacrolimus

Only in exceptional cases, when oral or enteral therapy by gastric tube is not
possible, intravenous continuous infusion of 0.06 mg/kg per day over 24 hours.
During this time, the tacrolimus blood levels should be between 10-25 ng/mL.

Premedication for intravenous administration due to possible anaphylactic re-
action:

Clemastine (Tavegil®) 0.04 mg/kg; Esomeprazole (Nexium®), dosage: patients
aged 1-11 years or 10-20 kg b.w.: 10 mg esomeprazole per day; patients > 20 kg
b.w.: 10-20 mg esomeprazole per day, patients aged 12—18 years: 20-40 mg
esomeprazole per day as a short infusion over 30 minutes.

« Avoid intravenous administration of tacrolimus for more than 3 days due to
increased risk of PTLD.

«  After intravenous administration, give the first oral dose 12 hours after stop-
ping the infusion.

« If repeat intravenous therapy is required, 20% of the previous p.o. dose

should be given.

Common side effects of tacrolimus

Metabolic acidosis, hyperkalaemia, hypomagnesaemia, hyperuricaemia, bone
pain, impaired renal function, hypertension, neurological complications (head-
aches, tremor), gastrointestinal complaints, blood count changes, diabetes mel-
litus (dose-dependent, generally reversible), etc. (see Drug product information
package insert).

« Caution in EBV-seronegative children < 5 years of age receiving a kidney
transplant from an EBV-positive donor, as there is an increased risk of PTLD
in the event of seroconversion.

« Caution: Paradoxical increase in tacrolimus exposure (trough levels) with
severe diarrhoea (gastroenteritis); therefore, close monitoring of tacrolimus
trough levels is recommended.
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Relative contraindications (cautions) for tacrolimus: Diabetes mellitus (DM)
type I (possibly also type II) or disturbed glucose tolerance (consider also DM

in first-degree relatives), cardiomyopathy or prolonged QT interval.

Pharmacokinetics

Rapid absorption after oral administration, t _1.5-3 hours.

Take at least 1 hour before or 2 hours after a meal (not with grapefruit
juice!).

Note large inter-individual variability in bioavailability, therefore individual-
ised dosing based on measured blood levels is required.

95% of tacrolimus is bound to erythrocytes, 5% bound to plasma proteins.
Only the unbound fraction is pharmacologically active, and this is subject
to considerable variability without changing of the concentration in whole
blood. For example, the amount of unbound tacrolimus is increased in anae-
mia, hypalbuminaemia or uraemia. Caution: Toxic reactions are possible de-
spite whole blood concentrations in the therapeutic range.

Half-life approximately 16—43 hours depending on the amount of unbound
fraction. Steady state is only reached after approx. 2-3 days, therefore no
more than 2 dose changes per week.

Frequency of trough level monitoring:

There is some between centre variability here and clinician discretion is re-

quired, however, as a guide:

First week post-transplant: once daily (in some cases twice daily)
2nd and 3rd week: every other day

Months 2 to 6: once a week

Beyond 6 months: every other week (or less often)

Dose-related side effects respond to dose reduction only after a few days.
Dose changes are usually in 25% increments of the initial dose.

Tacrolimus clearance decreases in the first few months posttransplant, and
dose reductions of up to 33% of the initial dose may be necessary.

Hepatic metabolism and biliary excretion. With cholestasis, the proportion
of pharmacologically predominantly inactive metabolites in the measured
blood level is approximately 20%.

Metabolism via the cytochrome P450 3A4 and 3AS system in the liver. De-
creased metabolism in severe hepatic impairment.
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Possible mechanisms of drug interactions:

Induction or inhibition of the cytochrome P450 3A4/3AS system by other
drugs, thereby lowering or increasing blood levels (see Drug product informa-
tion package insert).

« Drugs that increase tacrolimus blood levels include: Diltiazem, clotrima-
zole, fluconazole, ketoconazole, danazol, amoxicillin, macrolide antibiot-
ics (erythromycin, clarithromycin, but not azithromycin or roxithromycin),
imipenem, ibuprofen.

« Drugs that lower tacrolimus blood levels include: Rifampicin, carbamaze-
pine, phenobarbital, phenytoin.

Prolonged-release and extended-release tacrolimus formulations
A prolonged-release tacrolimus formulation ((Advagraf™ in Europe, Astagraf™
in the United States) for older children and adolescents allows once daily dos-
ing, which reduces the pill burden and may improve adherence. Comparative
pharmacokinetic studies have shown that stable paediatric transplant recipients
can be converted from immediate-release to prolonged-release-tacrolimus at the
same total daily dose, using the same therapeutic drug monitoring method.
Extended-release, melt-dose tablets (LCP-Tac, Envarsus XR; Cary, NC: Ve-
loxis USA, Inc.) is currently under investigation also in paediatric patients. LCP-
Tac is a new formulation with improved bioavailability and lower maximum
concentrations compared to immediate release tacrolimus. Preliminary data
suggest that the daily dose of LCP tacrolimus should be 0.7 (70%) of the previ-
ous dose of immediate-release or extended-release tacrolimus.

3 Mycophenolate mofetil (MMF, CellCept®)
MMEF dosage for co-medication with tacrolimus
Some centres use the same body surface-based dose of MMF for all paediatric
patients, some centres stratify as follows:
Below 6 years of age:

Day 0-14: 800 mg/m? body surface area (BSA) per day in 2 divided doses p.o.;
After day 14: 600 (up to 900) mg/m” per day in 2 divided doses
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Above 6 years of age:
Day 0-14: 1200 mg/m” per day in 2 divided doses;
After day 14: 600 (up to 900) mg/m? per day in 2 divided doses.

In the UK, MMEF is given for all ages as part of an early steroid withdrawal regi-
men as follows (Dudley et al 2021):

Day 0-14: 1200 mg/m? per day in 2 divided doses;
After day 14: 600 mg/m? per day in 2 divided doses.

MMEF dosage for co-medication with cyclosporine:
Below 6 years of age:

Day 0-14: 1200 mg/m” BSA per day in 2 doses p.o.
After day 14: 1200 mg/m? per day in 2 divided doses.

Above 6 years of age:
Day 0-14: 1800 mg/m”* BSA per day in 2 doses p.o.
After day 14: 1200 mg/m? per day in 2 divided doses.

Living donor kidney transplantation: MMF may be started 5 days pre-trans-
plant, MMF dose see above; reduce MMF dose by 50% for dialysed patients
(poorer tolerability).

MMF suspension and i.v.-administration

«  MMEF suspension for young children who cannot swallow capsules and or
tablets; the suspension also allows for more flexible dosing. If the MMF dose
cannot be administered within + 10% of the desired dose with 250 mg cap-
sules, the use of MMF suspension should also be considered.

« If oral administration is not possible, MMF can be given intravenously on a
temporary basis.

MMF-related side effects

Leukopenia: Reduce the MMF dose by 50% if leukopenia < 4000/l or neutro-
penia < 1600/yl. If leukopenia < 2000/ pl or neutropenia < 1300/ pl, discontin-
ue MMF treatment.

Diarrhoea: If diarrhoea persists for more than 3 days and is not due to another
cause (e.g, infection), consider giving 3—4 times daily (same total daily dose).
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If this is not successful consider reducing the MMF dose by 50% (consider in-
creasing the (methyl)prednisolone dose at the same time). If the diarrhoea does
not resolve, consider switching to everolimus, sirolimus or azathioprine, de-
pending on the immunological risk.

If the MMF dose is reduced within the first 3 months after transplantation (e.g.,
due to diarrhoea), dual immunosuppression with CNI and steroids should be
intensified (e.g., steroid dose doubled) to prevent rejection. If diarrhoea is se-
vere, intravenous methylprednisolone should be considered.

Relative contraindications to MMF:

«  Serological evidence of active HIV, hepatitis B or C infection
« Patients with severe systemic infection

« Leukopenia < 2500/l or anaemia < § g/dL.

Absolute contraindication: If pregnancy is planned, MMF should be stopped at
least 12 weeks before conception. Consider switching to azathioprine.

Therapeutic drug monitoring of MPA, the active moiety of MMF

Target pre-dose MPA plasma level (12 hours after oral intake of MMF): 1.5
4 mg/L (by mass spectrometry).

Pre-dose MPA plasma levels are a rather imprecise marker of MPA exposure
(MPA-AUC ,); the determination of a mini-AUC of MPA by a limited sam-
pling strategy (LSS) is preferable.

Mini-AUC of MPA using a limited sampling strategy (LSS)

Significance: MPA underexposure is associated with a higher incidence of acute
rejection episode.

Time points: Day 7 post-transplant, day 14-21 post-transplant, months 3, year 1
(during the annual transplant follow-up visit), in the event of a relevant change
in immunosuppressive co-medication

Blood sampling (via indwelling intravenous catheter): before MMF administra-
tion (C ), at 0.5 (CO’S) and at 2 hours (C,) after oral MMF administration.

Algorithms for calculating the MPA-AUC:

MME therapy in conjunction with tacrolimus: MPA-AUC =
10.01391 + 3.94791 x C, + 324253 x C, _ + 1.0108 x C ; r* = 0.81
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MMEF therapy in conjunction with cyclosporine: MPA-AUC = 18.609 +
4.309xC +0.536xC_ +2.148xC;r* = 0.72.

MME therapy without calcineurin inhibitor co-medication: use the same algo-
rithm as for tacrolimus co-medication.

Target MPA-AUC: > 40 mg*h/L (in conjunction with a calcineurin inhibitor)

Enteric-coated mycophenolate sodium (Myfortic®)

Mycophenolate mofetil (CellCept®) and enteric-coated (delayed-release) my-
cophenolate sodium (EC-MPS) (Myfortic®) are not equivalent. Mycopheno-
late mofetil S00 mg is considered equivalent to mycophenolate sodium 360 mg.
In adolescent patient on MMF and marked upper gastrointestinal side effects,
switch from MMF to EC-MPS at a molecularly equivalent dose is an option.
The rate of lower gastrointestinal side effects (diarrhoea) of MMF and EC-MPS
is comparable. Because of the delayed-release formulation of EC-MPS and the
highly variable absorption of the drug and day-to-day fluctuation in enterohepat-
ic cycling of MPA, therapeutic drug monitoring with a limited sampling strategy
over the first 2 hours after dosing, as recommended for MMF, is not possible for
EC-MPS; 3—-4 or more concentration measures over the first 6 hours after dos-
ing are necessary (Bergan et al 2021).

4 Methylprednisolone (Urbason®) or prednisolone
(Solu-Decortin H®)

4 mg methylprednisolone is equivalent to S mg prednisolone. The dose informa-
tion below refer to methylprednisolone.

Day 0: 300 mg/m” or 10 mg/kg b.w. as a short infusion over 30 minutes, at least
1 hour before reperfusion of the renal graft.

Day 1: 48 mg/m” p.o. in 2 doses

Days 2-7: 32 mg/m? p.o. in 2 doses

Week 2: 24 mg/ m? p.o. in 1 dose in the morning

Week 3—-4: 16 mg/rn2 p.o.in 1 dose in the morning

Week 5-6: 8 mg/m2 p.o.in 1 dose in the morning

From week 7: 3-4 mg/m? p.o. in 1 ED, maximum S mg per day

(round doses up or down to a practical tablet size).

— 101 —



4 Immunosuppressive therapy and monitoring

In the UK; prednisolone is prescribed as below (Dudley et al 2021):

Day 0: 600 mg/m” (maximum dose S00 mg) at induction or reperfusion of the
renal graft.

Day 1-2: 60 mg/m? (maximum dose 60 mg) p.o. once daily

Days 3-7: 40 mg/m?* (maximum dose 40 mg) p.o. once daily

Days 8-14: 30 mg/m” (maximum dose 30 mg) p.o. once daily

Days 15-21: 20 mg/m* (maximum dose 20 mg) p.o. once daily

Days 21-28: 10 mg/m? (maximum dose 10 mg) p.o. once daily

Days 29-90: 10 mg/m” (maximum dose 10 mg) p.o. on alternate days

Day 91 onwards: S mg/m” (maximum dose S mg) p.o. on alternate days

For early or late steroid withdrawal see Chapter S.1.

5 Cyclosporin A (Sandimmun Optoral®)

Second-line calcineurin inhibitor, if tacrolimus is contraindicated or not toler-
ated.

Dosage:

Day 0: 400-500 mg/m” body surface area per day in 2 divided doses p.o., start-
ing 6 hours after transplantation.

From day 1 onwards: 300 mg/m? BSA per day in 2 single doses p.o.

Dose adjustment according to whole blood trough levels (C ) and 2 hour-blood
levels (C)).

If given intravenously, give 30% of the single oral dose over 4 hours (caution:
nephrotoxicity).

Target whole blood trough level (by mass spectrometry):
Months 0—3: 120-200 ng/mL
Beyond month 4: 80-160 ng/mL

Target range 2 hour-level (C):
Weeks 0-4: 800-1400 ng/mL
Months 1-6: 800-1200 ng/mL
Months 7-12: 600-1000 ng/mL
Beyond month 12: 400-800 ng/mL
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6 Azathioprine (Imurek®)

Indication

In case of intolerance or contraindication to MMF in patients at low immuno-
logical risk. Infants receiving MMF are particularly susceptible to MMF-relat-
ed adverse events such as poor appetite or diarrhoea. In the UK, azathioprine
is routinely prescribed as part of a steroid-maintenance regimen (Dudley et al
2021).

Dosage

2 mg azathioprine/kg per day as a single dose.

Approximately 10% of patients have reduced activity of the enzyme thiopu-
rine methyltransferase (TPMT) due to genetic polymorphism. Azathioprine
metabolism is impaired, particularly in homozygous carriers, and there is an
increased risk of myelotoxic effects. Testing for a TPMT deficiency is recom-
mended for those with evidence of myelotoxicity (Ma et al 2016) and may be
considered before starting therapy.

Side effects

Myelosuppression (especially with concomitant drugs such as olsalazine, me-
salazine and sulphasalazine, which inhibit the enzyme TPMT). Concomitant
use of azathioprine and drugs with myelosuppressive properties such as peni-
cillamine and cytostatics may increase myelotoxic effects and should be avoid-
ed. If allopurinol, oxipurinol or thiopurinol are taken concomitantly, the dose of
azathioprine should be reduced to a quarter of the normal dose. Special care is
needed when using azathioprine with tubocurarine and succinylcholine as the
effect of depolarising muscle relaxants may be increased. There is an increased
risk of myelosuppression when azathioprine is used with trimethoprim/sulfa-
methoxazole, cimetidine, indomethacin or the ACE inhibitor captopril.

7 Everolimus (Certican®)
mTOR inhibitor that inhibits activated T cells. Everolimus is usually given with

low-dose CNT1.
Half-life approx. 28 hours, steady state reached after approx. 4 days
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Indication: MMF intolerance in patients with standard or high immunological
risk, CNI toxicity, PTLD/malignancies, intolerance to primary immunosup-
pression. Some centres switch patients at high risk of CMV infection (donor
CMYV seropositive, recipient CMV seronegative) to low-dose CNI and evero-
limus at 4 weeks post-transplant, because everolimus has a direct anti-CMV ef-
fect.

Relative contraindications: High proteinuria, hyperlipidaemia, risk of impaired
wound healing. Significantly impaired renal function (GFR < 35ml/min/
1.73 m?).

Contraindication: If pregnancy is planned, everolimus therapy should be dis-
continued at least 12 weeks prior to conception.

Dosage:
If co-administered with tacrolimus:
Infants, children and adolescents: 2 x 2 mg/m?* BSA per day p.o.

If co-administered with cyclosporine:
Infants and young children: 2 x 0.8 mg/m?* BSA per day or 0.05 mg/kg per day

p-o.
Adolescents: 2 x 0.75 mg absolute per day p.o.

Target trough levels:

If co-medicated with calcineurin inhibitor: Months 2-6: 3-8 ng/mL; from
month 7: 2-5 ng/mL

Without calcineurin inhibitor: 6-8 ng/mL

Adverse reactions:

Leukopenia; reduce dose of everolimus by 50% if leukopenia < 4000/pl or neu-
tropenia < 1600/yl. Discontinue everolimus if leukopenia <2000/yl or neu-
tropenia < 1300/pl. Hyperlipidaemia, impaired wound healing, proteinuria,
myelosuppression, aphthae.
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Cyclosporine dose and target trough levels in combination with
everolimus:

Cyclosporine dose:

Weeks 1 and 2 posttransplant: 400 mg/m” BSA per day p.o. in 2 divided doses
Week 3 and beyond: 200 mg/m? BSA per day p.o. in 2 divided doses

Cyclosporine target trough level
Cyclosporine trough levels:

Weeks 1 and 2: 200-250 ng/mL
Week 3 to month 6: 50-100 ng/mL
Beyond month 6: 30-75 ng/mL

Tacrolimus dose and target trough levels in combination with everolimus:
Children < 40 kg: 0.3 mg/kg per day in 2 divided doses p.o.,
Children > 40 kg: 0.2 mg/kg per day in 2 divided doses p.o.

Tacrolimus target trough levels:

Time post-transplant Tacrolimus target trough Tacrolimus trough level
level (ng/ mL) in combina- (ng/ mL) in combination
tion with everolimus with MMF or azathioprine

Weeks 0-3 5-8 8-12

Week 4 — month 4 4-6 7-10

Months 4-6 4-6 7-10

Months 6-12 2-4 5-8

Beyond month 12 2-4 5-8

In patients at increased immunological risk, tacrolimus trough levels should
be aimed at the upper target range. For standard or low immunological risk pa-
tients, the sum of the tacrolimus trough level and the everolimus trough level
should be approximately 10 ng/mL in the first 6 months post-transplant.
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CHAPTER 4.3 Therapeutic drug monitoring
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1 Introduction

Pharmacokinetic (PK) therapeutic drug monitoring (TDM) is defined as the
measurement of drug concentrations in biological fluids to assess whether they
correlate with the patients’ clinical condition and whether the dosage or dos-
age intervals need to be changed. This is done to optimize the management of
patients receiving drug therapy for the alleviation or prevention of disease [1].
Measurement of drug concentrations in whole blood, plasma or serum is the
most obvious method [2].

PK TDM is the most commonly used form of drug monitoring in paedi-
atric solid organ transplantation and stands for a concentration-time relation-
ship. Within a dosing-interval one has to distinguish certain PK parameters
(Figure 1), such as C_  (maximum concentration), T _ (time to maximum
concentration) and C, (trough [predose] concentration). The area under the
concentration-time curve (AUC) can be calculated by using the linear trapezoi-
dal rule and reflects the total body drug exposure [3].

TDM is essential to optimise immunosuppressive therapy in paediatric kid-
ney transplant patients. The main immunosuppressive agents, tacrolimus, cyc-
losporin A, mycophenolic acid (MPA), and everolimus have narrow therapeutic
windows and significant variability in pharmacokinetics, especially when used
together or with other drugs. TDM helps to achieve a good balance between ef-
ficacy and toxicity in this narrow therapeutic window (Figure 2). Drug-drug in-
teractions (DDIs) between these agents and with other drugs can significantly
affect their eficacy and safety, thereby affecting patient outcomes. This chapter
provides an overview of TDM for these key immunosuppressants.

For the timing of TDM in children after kidney transplantation (KTx), see
Chapter 4.2. In general, TDM is recommended early after initiation of therapy to
rule out the possibility that a non-response is due to under-exposure. TDM may
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Figure 1 Pharmacokinetic parameters during a dosing interval. C___maxi-
mum concentration, Tmax time to maximum drug concentration, Co trough
(predose) concentration
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Figure 2 Balance between efficacy and toxicity showing the narrow therapeutic
range. [Courtesy (and in honor of ) V.W. Armstrong (+), Géttingen, Germany]
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be useful in the setting of potential drug-related adverse events to verify an expo-
sure that is well above the target range, which would allow dose reduction with-
out the risk of loss of efficacy. TDM may also be useful after a change in therapy,
especially with drugs that interact with the metabolism of the drug itself. In
maintenance therapy, regular TDM at defined intervals can detect individual
changes in the absorption and metabolism and thus facilitate dose adjustment.

2 Mycophenolic Acid (mycophenolate mofetil
[MMF, CellCept®], mycophenolate sodium
[EC-MPS, Myfortic®])

Mycophenolic acid (MPA) is the pharmacologically active moiety of MMF or
EC-MPS formulations. Monitoring MPA exposure is complex due to high in-
tra- and inter-individual variability. MPA underexposure is a serious concern as
it increases the risk of graft rejection. Several factors influence MPA levels in
children, including age, weight, albumin levels, and kidney function. The risk
of underexposure is particularly high in young children due to their more rap-
id clearance and variable absorption of MMF. The MPA exposure that leads to
overexposure is not well defined. Side effects may be more likely to correlate
with free MPA exposure, which is difficult to measure.

Relying on predose level monitoring alone for MPA is less reliable than for
other immunosuppressive agents (see below), because the predose level does
not necessarily correlate with total body drug exposure (AUC). Therefore, cal-
culation of an estimated MPA-AUC (eMPA-AUC) using a limited sampling
strategy (LSS) is important to ensure adequate immunosuppressive efficacy.

To avoid underexposure, the following measures are recommended: (i) reg-
ular TDM (see also Chapter 4.2); (ii) dose adjustments: MMF doses should
be individually adjusted based on TDM results. If necessary, an increase in the
MMEF dose may be considered; (iii) avoidance of drug interactions: The con-
comitant use of drugs that affect the pharmacokinetics of MPA should be close-
ly monitored.

Algorithms for calculating MPA-AUC

MPA-AUC is considered the gold standard for monitoring MPA exposure, as
it provides a reliable estimate of the immunosuppressive effect. However, in
clinical practice, full AUC determination, which requires multiple blood sam-
ples over time, is rarely performed in clinical practise. Instead, abbreviated algo-
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rithms are used to estimate the AUC based on a limited number of samples (see
also Chapter 4.2).

Common algorithms include:

1.

ii.

iii.

Bayesian pharmacokinetic models: These models are based on population
data and use a limited number of sampling points to estimate the full AUC.
They take into account individual pharmacokinetic parameters to allow for
more precise dose adjustments. However, these estimates are difficult to de-
velop and use, because they require specialised PK modelling software.
Linear algorithm: A simpler approach is to use a linear model, where the
AUC is estimated based on two or three sampling points (see also Chap-
ter 4.2). In the case of co-medication with cyclosporin A, a significant
pharmacokinetic interaction with MPA must be considered: Cyclosporin
A inhibits the multidrug resistance protein 2 (MRP-2), which is responsi-
ble for the excretion of MPA glucuronide (MPAG), an inactive metabolite
of MPA, into the bile. Inhibition of this transporter reduces the conversion
of MPAG back to MPA in the intestine, thereby reducing MPA reabsorp-
tion and, hence, MPA exposure. This DDI results in an overall decrease in
MPA-AUCand C__andanincreasein T _.Therefore, it is mandatory to use
different LSSs and algorithms to estimate MPA-AUC with or without cyclo-
sporin A co-administration (see also Chapter 4.2).

Predose level-based AUC estimates: Due to enterohepatic recirculation,
which causes a secondary peak in the plasma MPA concentration between
6 and 12 h after oral intake, the term predose level should be used instead
of the term trough level. The predose level alone does not provide a reliable
AUC estimate [4].

MPA can also be given mycophenolate sodium. Compared with MMF, EC-MPS
has a delayed absorption and therefore has a different PK profile. An LSS for EC-
MPS requires more concentration measurements, including later time points,
than those for MMF (see also Chapter 4.2).

Key Drug-Drug Interactions

Cyclosporin A: see above.

Tacrolimus: Unlike cyclosporine, tacrolimus has a less pronounced effect on
the pharmacokinetics of MPA. It does not significantly interfere with the
enterohepatic recirculation of MPA. As a result, MPA exposure tends to be
higher when used in combination with tacrolimus. However, careful moni-
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toring of MPA levels is still required, especially in the early post-transplant
period.

+  Proton Pump Inhibitors (PPIs): PPIs such as omeprazole may reduce the
bioavailability of mycophenolate mofetil by affecting gastric pH. This inter-
action can lead to lower MPA levels, however, these changes are regarded to
be small and not likely to have clinically major effects.

3 Tacrolimus

Tacrolimus is a calcineurin inhibitor metabolized via the CYP3A4 and CYP3AS
pathways. In young children, tacrolimus clearance is faster due to higher enzyme
activity compared to older children and adults. This results in lower tacrolim-
us blood levels at the same dosage. Therefore, this patient group often requires
higher doses per kilogram of body weight to achieve therapeutic target levels
(see also Chapter 7.2), resulting in a lower concentration-to-dose (C/D) ratio in
smaller children [S]. TDM is crucial to regularly monitor trough levels, to avoid
both underexposure, which increases the risk of rejection, and overexposure,
which is associated with toxicity. Intrapatient variability of tacrolimus trough
levels over time is associated with adverse graft outcomes and can help to assess
potential underexposure [S].

Key Drug-Drug Interactions
« CYP3A4 Inhibitors/Inducers: Tacrolimus levels are highly susceptible to
drugs that inhibit or induce CYP3A4. For instance:

+ CYP3A4 inhibitors such as ketoconazole, diltiazem, and macrolide anti-
biotics (e.g., erythromycin) increase tacrolimus levels, potentially lead-
ing to toxicity (e.g., nephrotoxicity, neurotoxicity).

+ CYP3A4 inducers like rifampin, carbamazepine, and phenytoin reduce
tacrolimus levels, increasing the risk of graft rejection.

+ Calcium Channel Blockers (CCBs): The CCBs diltiazem and verapamil in-
crease tacrolimus concentrations by inhibiting its metabolism. These inter-
actions require dose adjustments and close TDM to prevent toxicity.

Drug interactions, particularly with CYP3A4 modulators, necessitate frequent
monitoring, especially when new medications are introduced or discontinued.
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4 Cyclopsorine A (Sandimmun optoral®)

Cyclosporine A, a calcineurin inhibitor, inhibits T-cell activation by blocking
the transcription of IL-2. Cyclosporine A has complex pharmacokinetics and
numerous drug interactions, making TDM critical. Like tacrolimus cyclospo-
rine A is metabolized via the CYP3A4 and CYP3AS pathways and displays the
same DDIs.

Key Drug-Drug Interactions

«  Everolimus: Cyclosporine A can increase blood levels of mTOR inhibitors
like everolimus by interacting with CYP3A4, the enzyme responsible for
their metabolism. This can lead to increased risk of toxicity. TDM is essen-
tial to manage the delicate balance between effective immunosuppression
and adverse effects when combining these drugs.

« Statins: Cyclosporine A also interacts with statins, which are increasingly
used to manage post-transplant dyslipidemia in children (see also Chap-
ter 11.5). It inhibits the metabolism of statins, potentially increasing the risk
of myopathy and rhabdomyolysis. This interaction requires careful monitor-
ing of statin doses and potential dose reductions.

Variations in drug absorption and metabolism, as well as interactions with med-
ications like statins and mTOR inhibitors, require regular monitoring and dose
adjustments.

5 Everolimus (Certican®)

Everolimus is a mammalian target of rapamycin (mTOR) inhibitor and is exten-
sively metabolized by CYP3A4 in the gut and liver. Due to its narrow therapeutic
index and significant pharmacokinetic variability, therapeutic drug monitoring
(TDM) is essential to optimize dosing, reduce toxicity, and minimize the risk
of graft rejection.

The PK of everolimus differs significantly between children and adults due
to developmental differences in drug absorption, distribution, metabolism, and
excretion. Infants and young children exhibit faster drug clearance and require
higher doses to achieve therapeutic levels. Factors such as age, body weight,
genetic polymorphisms in drug-metabolizing enzymes (e.g, CYP3A4 and
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CYP3AS), and concurrent use of other medications can greatly influence blood
levels of this mTOR inhibitor.

TDM for everolimus is usually based on trough levels, which are measured
just before the next dose. Trough levels provide a reliable estimate of the drug’s
steady-state concentration and are easier to obtain in clinical practice compared
to full pharmacokinetic profiles.

Key Drug-Drug Interactions

« Cyclosporine A: see above.

«  Tacrolimus: Tacrolimus, being less of a CYP3A4 inhibitor than cyclospo-
rin A, has a milder impact on everolimus levels. Nonetheless, the combina-
tion of tacrolimus and everolimus still requires careful monitoring due to the
potential for nephrotoxicity and other side effects.

« CYP3A4 Inhibitors and Inducers: Similar to tacrolimus and cyclosporine A,
everolimus levels are influenced by CYP3A4 inhibitors and inducers. Med-
ications such as azole antifungals and macrolide antibiotics can increase
everolimus concentrations, while rifampin and antiepileptic drugs can re-
duce its levels. Close TDM is essential when these agents are used concur-
rently with everolimus.

TDM should be performed regularly, especially when combined with other
CYP3A4 substrates or inhibitors. Monitoring helps optimize immunosuppres-
sion while minimizing the risk of adverse events.

6 Conclusion

Therapeutic drug monitoring plays a critical role in managing immunosuppres-
sive therapy in transplant patients, particularly when multiple agents with sig-
nificant drug-drug interactions are used. Mycophenolic acid, cyclosporine A,
tacrolimus, and everolimus all have narrow therapeutic windows and are subject
to complex pharmacokinetic interactions. Effective TDM ensures appropriate
drug exposure, minimizes toxicity, and reduces the risk of graft rejection, ulti-
mately improving patient outcomes.
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1 Introduction

Post-transplant immune monitoring is a critical component of patient manage-
ment. It encompasses an array of laboratory assays primarily designed to detect
graft rejection and optimise immunosuppressive therapy. In addition to con-
ventional markers of graft function, such as serum creatinine, estimated glo-
merular filtration rate (eGFR) and proteinuria, both invasive and non-invasive
approaches are employed. While graft biopsy remains the gold standard for diag-
nosing rejection, the risks involved, particularly bleeding, limit its repeated use
in children. In recent years, numerous blood- and urine-based biomarkers have
been investigated, with donor-specific anti-HLA antibodies (DSAs) now estab-
lished as a key component of immune surveillance. Other promising candidates
include donor-derived cell-free DNA (dd-cfDNA), urinary chemokines, and
‘omics-based signatures (transcriptomics, metabolomics, and proteomics). Im-
munosuppressive drug monitoring, traditionally based on trough levels, is be-
ing refined through emerging metrics such as tacrolimus intra-patient variability
(TAC-IPV). Torque Teno Virus (TTV) load and virus-specific T-cell profiling
may provide additional information about the recipient’s actual immune status
and help to refine immunosuppressive dosing strategies. Surveillance for oppor-
tunistic viral infections, including cytomegalovirus (CMV), Epstein-Barr virus
(EBV) and polyomavirus, remains essential. While some of these approach-
es have entered routine practice, many are still investigational and require fur-
ther validation, particularly in paediatric populations. Together, these evolving
strategies hold significant promise for advancing personalised, precision-guided
post-transplant care.
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4.4 Immune monitoring after kidney transplantation

This chapter aims to provide an overview of the most well-established im-
mune monitoring tools currently available, and how they are implemented
in practice for kidney transplant recipients. For a more comprehensive and
in-depth review, readers are referred to recent publications, including those
by Peruzzi and Deaglio (2023) and Laroche and Engen (2024) [1, 2]. The
post-transplant surveillance of DSAs is addressed in particular by expert consor-
tia such as the “Sensitisation in Transplantation: Assessment of Risk (STAR)”
Working Group and the European Society of Organ Transplantation (ESOT)
Working Group on Subclinical DSA Monitoring [3, 4]. The “ESOT Working
Group on Molecular Biomarkers of Kidney Transplant Rejection” has published
recommendations on molecular biology testing for the non-invasive diagnosis
of kidney allograft rejection [5]. However, it is important to note that the ma-
jority of the existing literature and evidence originates from adult cohorts, with
comparatively limited data available for paediatric transplant populations.

2 Human Leukocyte Antigen (HLA) Antibodies

The impact of antibodies directed against donor HLA mismatches (DSAs) on
the risk of rejection (particularly antibody-mediated rejection [AMR]) and sub-
sequent graft loss is well established [6, 7]. In paediatric kidney transplantation,
approximately 15-45% of patients develop de novo DSAs (dnDSAs) within the
first five years post-transplant, depending on the definitions applied and the co-
hort studied [8, 9]. The current consensus is to use single-antigen bead (SAB)
assays for DSA detection [10]. However, interpreting DSA positivity remains
challenging in the absence of a universally accepted mean fluorescence intensity
(MFI) threshold. Reported laboratory cut-offs vary widely, typically from 500
to 3,000. Based on analyses of inter-laboratory reproducibility and manufactur-
er-related variability, the STAR consortium recommends an MFI threshold of
between 1,000 and 1,500 [3].

The DSA monitoring schedule should be tailored to the individual pa-
tient’s risk profile, which is mainly constituted by the presence or absence of
signs of graft dysfunction and immunological history (e.g. HLA antibody status,
re-transplantation with repeated HLA mismatches, immunising events such as
blood transfusions), the chosen immunosuppressive regimen (e.g., minimisa-
tion of immunosuppression, especially reduction or withdrawal of CNI, as well
as non-tacrolimus-based regimens), non-adherence, and comorbidities [11].
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Thus, the optimal scheme for routine monitoring of DSA in clinically stable
kidney transplant recipients has not yet been established and remains debat-
able [12]. According to the ESOT consensus, this may include a baseline as-
sessment prior to transplantation, followed by scheduled testing at three to six
months post-transplant, and annually thereafter. Intensified monitoring in the
first months after transplantation appears beneficial for patients with preformed
DSAs due to the increased risk of early AMR [13]. With the emergence of ad-
vanced risk-stratification tools, such as molecular mismatch analysis, there is
growing evidence that less intensive surveillance protocols may offer a favour-
able balance between cost-effectiveness and safety [14]. However, younger age
within adult transplant cohorts has been associated with an increased risk of
developing dnDSA. Together with the tendency towards a higher incidence of
dnDSA in paediatric recipients, this observation may argue in favour of a more
intensified monitoring schedule in paediatric recipients [9, 15]. The emergence
of dnDSA, or a significant rise in MFI (defined as an MFI increase of 25-50%
according to the STAR consortium), in combination with clinical and other lab-
oratory parameters, may warrant consideration of a graft biopsy to assess for
subclinical rejection [3]. DSA testing is recommended in conjunction with any
biopsy, whether protocol-driven or indicated, to support diagnosis and manage-
ment [16].

The clinical utility of additional assays that evaluate the complement-fixing
capacity of DSAs (e.g., C1q, C3d or C4d binding tests) or that delineate IgG
subclasses is still unclear. Complement binding assays, especially C1q positivi-
ty, are associated with high DSA MFI levels and DSA strength (titres), which in-
creases the risk of rejection or graft loss [ 17, 18]. However, a recent meta-analysis
examined the impact of Clq positivity beyond the mere association with high
MEFI levels, suggesting that C1q-positive DSAs could predict graft outcomes fol-
lowing therapy [19]. Patients who failed to clear C1qg-binding antibodies had
poorer outcomes. This suggests that, in certain clinical scenarios, these assays
could provide additional information on the potential effectiveness of targeted
therapeutic interventions [20, 21]. Nevertheless, these supplementary tests are
not yet routinely incorporated into monitoring protocols [4, 22].

3 Non-HLA antibodies

The role of non-HLA antibodies in allograft injury is still being investigat-
ed. While several non-HLA targets have been suggested, the majority of exist-
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ing studies have been limited by small sample sizes and single-centre designs,
with notable exceptions including antibodies directed against the angioten-
sin IT type 1 receptor (AT1R) and MHC class I chain-related gene A (MICA)
[24-28]. Although there have been some observations of an association be-
tween non-HLA antibodies and poorer graft outcomes (graft survival and re-
jection), the current evidence is insufficient to justify routine screening for
non-HLA antibodies in clinical practice [29]. Heterogeneity in antibody detec-
tion methods and threshold definitions further complicates the interpretation
of test results [16]. However, as with testing for complement-binding HLA-
DSAs, assessing non-HLA antibodies may be a useful diagnostic option in cer-
tain cases, such as AMR with incongruent HLA-DSAs [22].

4 Donor-derived cell-free DNA

Donor-derived cell-free DNA (dd-cfDNA) has emerged as a non-invasive bio-
marker for detecting allograft injury. Elevated dd-cfDNA levels have been con-
sistently associated with biopsy-proven rejection in adult studies, and are
quantified as the proportion or absolute amount of circulating donor-derived
cell-free DNA in the recipient plasma that originates from the donor organ
[30,31]. When integrated with DSA testing, dd-cfDNA measurement has signif-
icant potential to enhance the early detection of alloimmune injury, particularly
AMR [32-34]. However, thresholds in paediatric populations remain to be de-
finitively established and prospectively validated. Reflecting this, paediatric-spe-
cific research is urgently needed to define the optimal cut-oft values, timing and
clinical application of dd-cfDNA in the context of long-term graft surveillance
[35]. The European Society of Organ Transplantation recently made a ‘weak but
favourable recommendation’ for serial dd-cfDNA monitoring in mainly adult
patients with stable graft function as a strategy to exclude subclinical AMR [S].
However, a randomised clinical trial conducted at a single centre reported that
dd-cfDNA-guided biopsy in patients with prevalent dnDSA can reduce the time
to AMR diagnosis and thereby expedite therapy initiation. This suggests that
testing for dd-cfDNA would probably be more meaningful and cost-efficient in
a selected cohort of patients, i.e., those with dnDSA and therefore at higher risk
of developing AMR [36].
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5 Drug level monitoring

Recent studies have demonstrated that tacrolimus intrapatient variability
(TacIPV) and the concentration-to-dose ratio (C/D) may be useful markers
for predicting graft loss and rejection [37, 38]. In paediatric patients, TacIPV of
more than 23% during months 6-12 post-transplant was associated with an in-
creased risk of rejection after 12 months post-transplant. Similarly, a C/D ratio
of less than 1.0 (i.e. rapid tacrolimus metabolism) was associated with a higher
risk of rejection between months 6 and 12 [39]. Furthermore, high TacIPV has
also been reported to be associated with an increased risk of dnDSA develop-
ment, rejection episodes, and graft failure in both adult and paediatric patients
[40-44]. These findings suggest that patients with these risk factors should be
closely monitored and their immunosuppressive therapy adjusted accordingly.

6 Monitoring for viral infections and Torque Teno Virus

The reactivation of latent viral infections, particularly EBV, CMV and polyoma-
viruses (BKPyV and JC viruses), can provide valuable information about the im-
munological balance after a transplant, albeit indirectly. It is important to note
that any reduction in immunosuppression, particularly in managing sustained
viral replication, raises concerns about the development of dnDSA [4S5, 46].
Using virus-specific T cell assays could further improve the personalisation of
immunosuppressive management [47]. However, their routine application is
currently limited by technical complexity, restricting its use to specialist centres.

Another approach to assessing over- or under-immunosuppression, which
is associated with an increased risk of infection or graft rejection, respectively,
is Torque Teno Virus (TTV) load monitoring, which has emerged as a promis-
ing biomarker. TTV is a non-enveloped, circular, single-stranded DNA virus be-
longing to the Anellovirus family, and is not known to cause disease in humans.
While it is detectable in approximately 90% of healthy individuals, it is present
in almost all immunosuppressed transplant recipients [48]. Notably, TTV re-
mains unaffected by conventional antivirals, and TTV plasma loads have been
shown to inversely correlate with T-cell count and function, with higher viral
loads observed in immunosuppressed patients compared to healthy controls.
Conversely, patients experiencing allograft rejection tend to exhibit significantly
lower TTV levels [49]. While the directionality of these associations is bio-
logically plausible, the pooled diagnostic performance of TTV-DNA remains
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suboptimal for stand-alone clinical use, with a sensitivity of 72% and a specific-
ity of 57% [S0]. Despite these limitations, monitoring TTV load may provide a
non-invasive adjunct to conventional markers of immune function. In paediatric
transplantation, where balancing adequate immunosuppression with the risks
of infection and long-term toxicity is particularly challenging, TTV represents a
promising area for further research [S1].

7 Gene expression profiling (transcriptomics)
and protein biomarkers (proteomics)

Peripheral blood gene expression profiling and urinary chemokine assays have
the potential to overcome the limitations of conventional monitoring tools. The
combination of CXCL9 and CXCLI0 in urine, for example, has shown prom-
ising results in ruling out subclinical rejection, encompassing both T cell-me-
diated rejection (TCMR) and AMR [52]. This approach may be particularly
useful for paediatric recipients, for whom minimising invasive procedures is of
heightened clinical importance [53]. As a ‘weak but favourable recommenda-
tion’ by ESOT, monitoring a combination of urine CXCL9 and CXCL10 can
be used to exclude subclinical rejection in stable patients and acute rejection
in patients with graft dysfunction. In contrast, the clinical applicability of pe-
ripheral blood gene expression profiling remains limited. Although initial stud-
ies suggested that such assays, such as the Kidney Solid Organ Response Test
(kSORT), might offer a valuable adjunct in the early detection of rejection, most
commercial platforms have been withdrawn from the market, primarily due to
regulatory challenges and inconsistent performance [54]. Currently, there is no
consensus on the implementation of blood gene expression profiling for diag-
nosing or excluding graft rejection.

8 Summary

In addition to traditional biomarkers, which have long been known to have low
sensitivity and specificity, as well as an inability to detect subclinical kidney al-
lograft rejection, a variety of new, non-invasive tests are now available. These
tests have the potential to help monitor graft health, evaluate levels of immuno-
suppression, and reduce the need for biopsies in post-transplant care. However,
key parameters for most of these novel biomarkers remain undefined, including
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standardised sampling protocols, defined post-transplantation timepoints and
validated diagnostic thresholds. These knowledge gaps are particularly signifi-
cant for paediatric kidney transplant cohorts. While these non-invasive bio-
markers represent a promising frontier in transplant immunosurveillance, their
translation into standard paediatric practice requires substantial refinement,
harmonisation and regulatory clarity, as well as large and rigorous paediatric-
specific studies.
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1 Introduction

Glucocorticoids, developed in the early 1950s, are one of the main agents used
for both maintenance immunosuppression and treatment of acute rejection.
Glucocorticoids have both anti-inflammatory and immunosuppressive effects.
They also induce lymphopenia and monocytopenia that result from inhibition
of lymphocyte proliferation, survival, activation, homing, and effector func-
tions. The main glucocorticoids used are prednisone or prednisolone (given
orally with comparable efficacy) and methylprednisolone (given orally or in-
travenously with 25% greater potency). These agents are rapidly absorbed and
have short plasma half-lives (60180 minutes), but long biological half-lives
(18-36 hours).

In many transplant centres, the initial dose of glucocorticoids is usually giv-
en during surgery as intravenous methylprednisolone, at doses between 2 and
10 mg/kg body weight per day. The oral dose of glucocorticoids used for main-
tenance therapy varies between 15 and 60 mg/m? per day (0.5 to 2 mg/kg per
day), which is gradually tapered over time to approximately 3 mg of predni-
solone per m? of body surface area, usually taken as a single morning dose. Al-
ternate day dosing is often used 6 to 12 months post-transplant to minimise the
effect of glucocorticoids on growth.
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2 Side effects of glucocorticoids

Glucocorticoids have numerous side effects in children, including impaired
growth, susceptibility to infection, cushingoid appearance, body disfigurement,
acne, cardiovascular complications, arterial hypertension, hyperglycaemia, lipid
disorders, aseptic bone necrosis, osteopenia, cataracts, poor wound healing, and
psychological effects. The negative effect of glucocorticoids on appearance may
play a role in poor adherence, particularly in body image-conscious adolescents.
The risk of infection is excessive with prolonged high-dose pulse therapy (typ-
ically > 3 g per 1.73 m*). Glucocorticoid dosage should, therefore, be tapered
during rejection treatment, even if kidney function does not improve. Interest-
ingly, glucocorticoids are not associated with an increased risk of malignancy.
One of the most important reasons for discontinuing glucocorticoids or switch-
ing to alternate day therapy is impaired longitudinal growth, which is often seen
in those on continuous treatment. Steroids are the major cause of growth fail-
ure in paediatric kidney transplant recipients, in addition to suboptimal allograft
function [Tonshoff 2023]. Pharmacological doses of steroids disrupt longitudi-
nal growth by inhibiting growth hormone secretion and insulin-like growth fac-
tor activity, and by suppressing the local synthesis of growth factors and matrix
proteins in the growth plate [ Toénshoff et al. 2005 ].

3 Steroid minimisation strategies

Because of the many adverse effects of maintenance glucocorticoid therapy,
attempts have been made to withdraw or minimise glucocorticoid (steroid)
therapy in paediatric kidney transplant recipients [Benfield et al. 2010, Suther-
land et al. 2009, Barletta et al. 2009, Hocker et al. 2009, Hocker et al. 2010,
Sarwal et al. 2003, Chavers et al. 2009, Grenda et al. 2010, Webb et al. 2015,
Sarwal et al 2012, Pape et al. 2010, Tonshoff et al. 2019, Tonshoff et al. 2021].
There are four main approaches to steroid minimisation: (i) complete steroid
avoidance or early steroid withdrawal (< 7 days post-transplant), (ii) an inter-
mediate approach combining elements of early and late withdrawal protocols
that sometimes uses antibody induction, (iii) late steroid withdrawal (> 1 year
post-transplant, and (iv) alternate day steroids.

Nevertheless, steroid withdrawal or avoidance following renal transplanta-
tion remains a controversial issue. Although the benefits of using steroid-free
protocols in paediatric patients are promising, further studies are needed to de-
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termine the impact on long-term allograft function and to identify patients (e.g.,
low immunological risk) who can be successfully switched to steroid-free im-
munosuppression without increasing the risk of acute rejection.

The efficacy of steroid withdrawal may depend in part on adequate exposure
to the remaining drugs, such as tacrolimus, MMF or mTOR inhibitors in order
to sufficiently suppress the anti-allograft inmune response. Thorough therapeu-
tic drug monitoring of these immunosuppressants and targeting the appropriate
therapeutic ranges to achieve sufficient immunosuppressive activity is therefore
recommended (see Chapter 4.3). Unfortunately, there is currently no immuno-
logical test that can reliably predict the success or the risk of steroid withdrawal.

Complete steroid avoidance or early steroid withdrawal

Some centres in North America argue that complete steroid avoidance is a more
promising approach than steroid withdrawal, because a completely steroid-free
immunosuppressive milieu from the outset should not lead to steroid-depen-
dent suppression of the immune response, which would make either steroid
withdrawal or alternate day dosing hazardous for rebound rejection. However,
an empirical or experimental support for this hypothesis is still lacking.

Steroid avoidance protocols have been used successfully and have been ex-
tensively evaluated in the United States. These protocols have selected low-risk
individuals and used intensive induction therapy with thymoglobulin, tacroli-
mus, and MMF [Sarwal et al. 2012]. The results of the North American ran-
domised controlled multicentre trial with a follow-up of 3 years post-transplant
showed that the steroid-free group showed lower systolic blood pressure and
lower cholesterol levels. The authors concluded that complete steroid avoidance
is safe and effective in non-sensitised children undergoing primary kidney trans-
plantation [Sarwal et al. 2012].

Regarding the efficacy and safety of early steroid withdrawal, a randomised
controlled trial, the TWIST trial, in 196 paediatric kidney transplant recipients,
showed that two doses of daclizumab in patients treated with a regimen of tac-
rolimus and MMF allowed early steroid withdrawal on day S post-transplant
[Grenda et al. 2010]. There was a comparable rate of biopsy-proven acute rejec-
tion rates at six months in steroid-free patients compared with controls (10.2%
vs.7.1%). In addition, prepubertal patients with early steroid withdrawal showed
improved growth and lipid and glucose metabolism profiles compared to con-
trols, without an increase in graft rejection or loss. These beneficial effects were
confirmed in a 2-year follow-up study [Webb et al. 2015]. The TWIST study
has been criticised for reporting only biopsy-proven acute rejection episodes
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> Banff I and not the rate of borderline rejection and/or treated rejection epi-
sodes in the two study arms, leaving some uncertainty about the immunosup-
pressive efficacy of this protocol.

Intermediate approach of steroid withdrawal at 6-9 months
post-transplant

This intermediate approach combines elements of early and late withdrawal pro-
tocols, using antibody induction, but delaying the decision to withdraw steroids
until 6-9 months post-transplant, when stable renal graft function (sometimes
combined with a normal protocol biopsy) allows identification of suitable can-
didates (as in the late withdrawal approach) [Pape et al. 2010, Pape et al. 2019].
For example, the CRADLE study was a 36-month multicentre prospective ran-
domised trial in paediatric kidney transplant recipients who were randomised
at 4 to 6 weeks post-transplant to receive everolimus plus reduced-exposure
tacrolimus with glucocorticoid withdrawal at 6 months post-transplant or to
continue MMF and standard-exposure tacrolimus with glucocorticoids (Téns-
hoff et al. 2019, Tonshoff et al. 2021). The incidence of composite efficacy fail-
ure (biopsy-proven acute rejection, graft loss, or death) at month 36 was similar
between groups (9.8% vs. 9.6%). Mean estimated glomerular filtration rate at
month 36 was comparable between groups (68.1 vs. 67.3 mL/min/1.73 m?).
Growth was better in prepubertal patients on everolimus and reduced-exposure
tacrolimus without glucocorticoids. The authors concluded that although the
rate of study drug discontinuation due to adverse events was higher in the evero-
limus group, an everolimus plus reduced-exposure tacrolimus regimen is an al-
ternative treatment option that allows the withdrawal of glucocorticoids and the
reduction of calcineurin inhibitors.

Late steroid withdrawal

In the late steroid withdrawal approach, patients suitable for minimisation are
identified by a stable post-transplant clinical course and renal function. Late ste-
roid withdrawal does not require antibody induction in the perioperative period
[Hocker et al. 2009, Hocker et al. 2010]. Steroid withdrawal has the advantage
over steroid avoidance that immunologically high-risk patients and those with
unstable graft function can be easily identified in advance and excluded from
steroid-free immunosuppression. For example, in one study, 42 paediatric kid-
ney transplant recipients at low or standard immunological risk were randomly
assigned, at > 1 year post-transplant, to continue taking or to withdraw steroids
over 3 months. Two years after steroid withdrawal, longitudinal growth was su-
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perior to controls. The prevalence of the metabolic syndrome declined signifi-
cantly. Steroid-free patients had less frequent arterial hypertension (50% versus
93%) and required less antihypertensive medication. They also had significant-
ly improved carbohydrate and lipid metabolism with less hypercholesterolae-
mia and hypertriglyceridaemia. Patient and graft survival was 100%. Allograft
function remained stable 2 years after steroid withdrawal. The incidence of
acute rejection was similar in the steroid withdrawal group (4%) and controls
(11%). The authors concluded that late steroid withdrawal in selected cyclospo-
rine- and MMF-treated paediatric kidney transplant recipients improves growth,
mitigates cardiovascular risk factors and reduces the prevalence of the metabol-
ic syndrome without increasing the risk of acute rejection or graft dysfunction
[Hocker et al. 2010].

Alternate-day steroids

One way to ameliorate or avoid steroid-specific side effects in paediatric kidney
transplant recipients is to administer steroids on alternate days, as a cumulative
dose of steroids has a significantly reduced inhibitory effect on growth velocity
when administered on alternate days compared to a daily regimen without ad-
versely affecting graft survival or long-term graft function [Broyer et al. 1992,
Jabs et al. 1996]. However, the effect on longitudinal growth is only moderate
and limited to the first 2 years post-transplant. For example, in a large study re-
ported from the North American Pediatric Renal Transplant Cooperative Study
(NAPRTCS) registry, relative height increased by 0.50 + 0.06 SDS in the first
2 years post-transplant, but no additional height gain was observed in subse-
quent years [ Jabs et al. 1996]. Therefore, it is thought that alternate-day steroid
dosing may provide catch-up growth in young paediatric kidney transplant re-
cipients with well-preserved graft function only in the first 2 years post-trans-
plant.
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1 Introduction

Sensitisation against human leukocyte antigen (HLA) can be induced by preg-
nancy, blood transfusion, or a previous transplant. In the Eurotransplant (ET)
allocation system, high sensitisation is defined by a panel-reactive antibody of at
least 85% (traditionally in CDC-based tests; later extended to solid phase assays,
provided that the HLA specificities can be attributed to an immunising event).
Highly sensitised patients are disadvantaged because of their broad immuni-
sation status that results in positive crossmatches with many kidney donors,
precluding a transplantation in those cases of organ offer. There are several strat-
egies that can help highly sensitised patients access to a more timely transplanta-
tion, including desensitisation to reduce the amount of pre-existing, circulating
antibodies to a level that allows successful transplantation from a deceased or
living kidney donor; participation in kidney paired donation (KPD) or trans-
plantation within the ET Acceptable Mismatch (AM) programme.
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2 Pre-transplant identification of high-risk patients

The HLA sensitisation of a potential transplant recipient is assessed prior to
waitlisting, at regular time intervals thereafter, and after every immunising event.
The objective is to measure the degree of HLA sensitisation and to identify HLA
specificities that are targets of the patient’s antibodies. Although transplant cen-
tres vary in their approach to measuring HLA sensitisation, all assess for the
presence of HLA antibodies by testing patient sera in solid phase assays (using
microbeads with attached HLA antigens) and in cellular assays (using a lympho-
cyte panel in a complement-dependent cytotoxicity (CDC) test). At our centre,
in addition to CDC antibody screening, we perform mixed and single antigen
bead assays (One Lambda) on a Luminex platform to screen for and character-
isation of HLA antibodies, respectively [1]. Antigens against which antibody
reactivities are detected either in CDC or in Luminex at a mean fluorescence in-
tensity (MFI) of at least 5,000 (for patients without known history of allosen-
sitisation) or 3,000 (for pre-sensitised patients) are designated as ‘unacceptable
antigens” These unacceptable antigens are then entered into ENIS, the ET com-
puter system used for organ allocation. If a patient has an unacceptable antigen
listed in ENIS, kidneys from donors carrying that antigen will not be offered
to the patient. A calculated panel-reactive antibody (cPRA), also called virtual
PRA (VPRA) in the ET nomenclature, is then computed based on the patient’s
unacceptable antigens. Panel-reactive antibodies (PRA) estimate the percent-
age of the donor population against which the patient has antibodies and char-
acterise the breadth of HLA sensitisation. Higher PRA is associated with lower
chances of compatible transplantation and inversely correlates with the likeli-
hood of an HLA compatible donor match. It should be noted that MFI levels
can vary by approximately 20-25% between HLA laboratories and that the MFI
threshold levels used to define an unacceptable antigen are not standardised
across transplant centres. ET uses the term “non-sensitised” for patients with
a VPRA of 0%. At our centre, patients with a vPRA of at least 30% are consid-
ered having an increased immunological risk and may be eligible for desensitisa-
tion treatment. We further stratify the immunological risk based on the number
of transplant (first or retransplant), the presence of donor-specific antibodies
(DSA) against the organ offer and the combination of other immunological test
results (see section 3.1).
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3 Assessment of the sensitised transplant candidate

The approach varies depending on whether the transplant candidate has a po-
tential living donor. For sensitised patients with one or more potential living
donors, we first perform antibody screenings and a virtual crossmatch to de-
termine whether the patient has donor-specific anti-HLA antibodies (DSA). In
addition, we perform a physical crossmatch (CDC crossmatch) with T, B and
unseparated lymphocytes. The laboratory test results help us evaluate the po-
tential risk of antibody-mediated rejection (AMR) and, if appropriate, consider
desensitisation therapy, or advise against transplantation with the donor tested.
All sensitised patients with a potential living donor are also listed for a deceased
donor transplant.

Patients with a negative CDC crossmatch may be DSA negative or positive
(that means, in the absence or presence of DSA in Luminex single antigen bead
assays). This includes patients with a history of DSA that were not detectable at
the time of testing above a defined MFI cut-off, which is a common scenario be-
cause DSAs can wane over time and/or fluctuate above and below the level of
detection. Furthermore, patients may have memory B cells that can re-emerge
upon antigen stimulation. For example, mothers may have been exposed to for-
eign HLA antigens in pregnancies and can mount a memory response when re-
ceiving a transplant from their child or their husband, although DSA were not
detectable during antibody screening. Therefore, pre-sensitised patients with a
negative CDC crossmatch are at risk of developing acute and/or chronic AMR,
especially if low levels of DSA are present. We perform peri-operative desen-
sitisation in these cases. For sensitised patients (VPRA >30%) without a po-
tential living donor, we register them for the deceased-donor transplant list and
offer pre-transplant desensitisation once an HLA incompatible, but otherwise
acceptable organ offer is available (see section 4.2).

3.1 Assessment and classification of sensitised transplant
candidates in Heidelberg

Patients are classified in four immunological risk categories based on their
pre-transplant immunological work-up.
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Risk category Criteria (the presence of at least Immunosuppressive
one criterion is sufficient) therapy
High risk ¢ CDCPRA>85% See section 4.2

o Dositive reactivity in the Luminex
screening test for both class I and
class I HLA antigens

o In candidates for re-transplants,
positive reactivity in the Luminex
screening test for class I only

o In candidates for re-transplants,
positive reactivity in the Luminex
screening test for class IT only plus a
positive B cell CDC crossmatch

Intermediate ~ Low level DSA that were not list- Thymoglobulin, tacroli-
high risk ed as unacceptable antigens (= DSA mus, MMF, steroids
with MFI value < 3000 in patients o pre-Tx:1x plasma
with known allosensitising events; or exchange
< 5000 (in patients without previous o post-Tx: 2 x plasma
allosensitisation) exchange

Intermediate ~ vPRA > 30%, no detectable DSA (de- Thymoglobulin, tacro-

low risk fined by using an MFI cutoff of 1,000) limus, MMF, steroids
Low risk vPRA < 30%, no detectable DSA (de- IL2-receptor antago-
fined by using an MFI cutoff of 1,000) nists, Tacrolimus, MMF,
steroids

The MFI values are measured with One Lambda Luminex test kits and may not be applicable
to the Luminex kits from other vendors.

4 Pre-transplant desensitisation

The overall goal of HLA desensitisation is to increase the likelihood of a success-
ful kidney transplant in patients with extensive HLA antibody sensitisation and
to prevent post-transplant AMR in these patients. Desensitisation can be per-
formed on patients awaiting either a living or deceased donor transplant. While
the objectives are similar in both contexts, the approach may differ due to the
unpredictable timing of deceased-donor transplantation in relation to the ad-
ministration of desensitisation therapy. Although there is no universally accept-
ed HLA desensitisation protocol, the most commonly used protocols employ
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a combination of the following strategies: (i) Inmunomodulation of the recip-
ient’s immune system, typically with intravenous immunoglobulins (IVIG);
(ii) B cell depletion, most commonly with the anti-CD20 monoclonal antibody
rituximaby; (iii) removal of circulating HLA antibodies, typically with extracor-
poreal methods such as plasmapheresis or immunoadsorption.

4.1 The Heidelberg approach to desensitisation

HLA desensitisation strategies vary between transplant centres, depending on
clinical experience and preference. There is a lack of high-quality data in the
form of randomised controlled trials comparing existing desensitisation ap-
proaches, and the optimal therapy remains undefined. The most critical com-
ponents of an integrative approach are pre-transplant identification of high-risk
patients on the waiting list (see Section 3.1) and risk-stratified organ alloca-
tion. For instance, patients with a high vPRA and/or positive results for both
class I and II HLA antibodies in the Luminex antibody screening test are at an
increased risk of graft loss. Such patients can be successfully and promptly trans-
planted if there are only a few HLA mismatches [2] or the transplantation is
facilitated via the Eurotransplant Acceptable Mismatch Programme, which allo-
cates organs to highly immunised patients with high priority [3].

All patients categorised as high risk receive apheresis treatment (one session
pre-operatively and at least six sessions post-operatively until serum creatinine
falls below 2 mg/dL and DSA become undetectable) during a deceased-donor
organ offer process or in preparation for transplantation from a living donor.
This treatment is used to reduce the level of potentially undetected antibodies
and prevent an acute antibody-mediated allograft injury due to an early rebound
of pre-existing DSA. To prevent the development of de novo DSA, apheresis is
combined with the administration of the anti-B cell antibody rituximab. B cells
are important antigen-presenting cells that are critical for T cell activation and
the development of T cell memory during alloimmune responses. Despite hav-
ing no effect on long-lived plasma cells, anti-CD20 therapy has been associated
with a reduction in DSA reactivity in some reports. Rituximab may prevent an-
tibody-producing cells from being generated from the naive B cell pool and may
target short-lived plasma cells that express CD20 on their surface. In addition,
anti-CD20 therapy may deplete B cell aggregates within allografts. High-risk
patients also receive T cell-depleting induction therapy with thymoglobulin,
which targets an early T cell response that would support the development of
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de novo DSA. The Heidelberg Algorithm for diagnosing AMR in the early stages
after successful kidney transplantation involves protocol biopsies on days 7 and
90, as well as post-transplant antibody monitoring.

Post-transplant antibody monitoring has been refined further with the in-
troduction of the Clq assay. DSA with MFI greater than 3000 can be further
tested for the presence of C1q-binding capacity. According to some reports, the
appearance of C1q-binding DSA post-transplant can be considered a major risk
factor for graft loss due to AMR [4, S, 6].

4.2 Desensitization protocol for patients at high immunological risk
on the deceased donor waiting list

See section 3.1 for definitions of high immunological risk.

1. Aserumis taken before (and, optionally also after) plasmapheresis for a pro-
spective CDC crossmatch.

2. Plasmapheresis (exchange volume = 2 times plasma volume; substitute with
fresh frozen plasma [FFP] and citrate anticoagulation).

3. Ifthe CDC crossmatch is negative (T lymphocytes, B lymphocytes, unsep-
arated lymphocytes without and with DTT), administer Thymoglobulin®
(dose: 1.5 mg/kg), followed by rituximab (dose: 375 mg/m?). Kidney trans-
plantation can then be performed. Caution: Since 200 mg/m?* of methyl-
prednisolone is administered for desensitisation prior to Thymoglobulin
administration, only 100 mg/m?” of methylprednisolone is given intraopera-
tively instead of the usual dose of 300 mg/m>.

4. If the CDC crossmatch with either serum (pre- or post-plasmapheresis) is
positive, kidney transplantation cannot be performed.

S. Tacrolimus, MMF and methylprednisolone are administered according to
the standard regimen.

6. Following surgery, a further 2—3 doses of Thymoglobulin® are administered,
with the dosage adjusted according to the total lymphocyte count (target:
100/pl).

7. Postoperatively, plasmapheresis or immunoadsorption is performed until
transplant function stabilises, i.e. until serum creatinine falls below 2 mg/
dL, GFR exceeds 30 mL/min/1.73 m? and DSA is less than 1,000 MFI. This
process continues for at least six treatment sessions in the first two weeks
post-transplant.
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8. Prophylaxis against infection with cotrimoxazole for 12 months and val-
ganciclovir as indicated.

9. Protocol biopsies are performed on days 7 and 90 post-transplant.

10. Perform an indication biopsy in the event of deterioration in graft function,
an increase in pre-existing DSA and/or the development of de novo DSA.

11. Monitor DSA on days 0, 7, 30, 180, and then every six months, as well as on
the intermediate days between plasmapheresis sessions initially.

4.3 Desensitisation protocol for patients at high immunological risk
with a living donor

See section 3.1 for definition of high immunological risk.

1. At least six immunoadsorption sessions (Globaffin column, Fresenius)
should be performed prior to transplantation. ACE inhibitor therapy should
be discontinued one week beforehand. Immunoadsorption is performed on
alternate days. Further postoperative immunoadsorption may be necessary
until the serum creatinine level falls below 2 mg/dL, the GFR is greater than
30 mL/min/1.73 m?, and the DSA is less than 1000 MFI.

2. DSA are determined on the days when no immunoadsorption takes place. If
DSA reactivities are reduced below 1000 MFI, transplantation can be per-
formed and has to be carried out as soon as possible due to potential DSA
rebound.

3. Immunosuppressive therapy involving tacrolimus, mycophenolate mofetil
(MMF) and methylprednisolone (24 mg/m? intravenously in the morning)
should be started one week prior to transplant surgery.

4. Thymoglobulin® is administered preoperatively at a dose of 1.5 mg/kg.

S. Subsequently, rituximab is administered intravenously at a dose of 375 mg/
m” pre-/intraoperatively.

6. Postoperatively, two to three further doses of Thymoglobulin® are admin-
istered, adjusted according to the total lymphocyte count (target: 100/pl).
Caution: Since 200 mg/m” of methylprednisolone is administered prior to
Thymoglobulin® administration, only 100 mg/m” is given intraoperatively.

7. Oral methylprednisolone is administered according to the standard regi-
men.

8. Prophylaxis against infection with cotrimoxazole (for 12 months) and val-
ganciclovir (as indicated).
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9. Protocol biopsies are performed on days 7 and 90 post-transplant.

10. Indications for biopsy include deterioration of graft function, an increase in
pre-existing DSA and/or the development of de novo DSA.

11. Monitor DSA on days 0, 7, 30, 180 and then every six months. Initially, mon-
itor on intermediate days when no immunoadsorption takes place.

5 Outcome

The decision to proceed with an HLA-incompatible kidney transplant rath-
er than wait longer for a more suitable donor is often difficult, especially given
the increased mortality observed among adult dialysis patients compared with
transplant recipients [7]. In virtually all patient populations, the long-term risk
of death is lower with a kidney transplant than with dialysis [8, 9]. A large multi-
centre study of 1,025 recipients of an HLA-incompatible living-donor kidney
transplant found higher short- and long-term (up to eight years) patient sur-
vival rates among recipients of an HLA-incompatible transplant compared
with matched controls on the waiting list [10]. Overall, however, a greater de-
gree of HLA incompatibility is associated with a higher risk of graft loss and
death. A positive flow or cytotoxic crossmatch was found to be associated with
a 1.65- and 1.80-fold higher risk of graft loss, and a 1.32- and 1.51-fold higher
risk of death, respectively, compared with HLA compatible recipients [ 11]. This
study found that five-year unadjusted graft loss was 17%, 20%, 29%, and 40%
for HLA compatible recipients, recipients with DSA but a negative flow cross-
match, recipients with a positive flow crossmatch but negative cytotoxic cross-
match and recipients with a positive cytotoxic crossmatch kidney transplant,
respectively. The five-year unadjusted mortality rate was 9%, 10%, 13%, and
19% for HLA-compatible recipients, recipients with DSA but a negative flow
crossmatch, recipients with a positive flow crossmatch but negative cytotoxic
crossmatch, and recipients with a positive cytotoxic crossmatch kidney trans-
plant, respectively.

In Heidelberg, we found that our approach can be used to transplant high-
risk sensitised patients with graft survival rates similar to those of non-sensitised
kidney recipients. In 28 adult recipients of deceased donor kidneys, the one-year
graft survival rate, death-censored graft survival rate, and patient survival rate
were 92%, 96%, and 96%, respectively. No graft loss or patient death was ob-
served in the six living donor kidney recipients [12]. AMR occurred in one liv-
ing and two deceased donor kidney transplant recipients during follow-up. This
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therapy was accompanied by rigorous infection prophylaxis with valganciclovir
when the donor is CMV-positive and cotrimoxazole in all patients.

There are few published reports on the outcome of desensitisation proto-
cols in paediatric kidney transplant recipients. One UK study reported that, of
711 living donor kidney transplants performed in the UK, six were HLA-incom-
patible [13]. At a median follow-up of 6.8 (3.6-14.0) years, patient survival was
100% and 96% in the HLA-incompatible and HLA-compatible groups, respec-
tively. Death-censored kidney allograft survival was 100% in both groups at the
final follow-up. There were no cases of primary non-function in the HLA-in-
compatible group, compared to 2% in the HLA-compatible group. The authors
concluded that HLA-incompatible kidney transplantation is a feasible option
for paediatric recipients when no compatible donors are available. However, an
increasing degree of incompatibility is overall associated with a higher risk of
graft loss. Data on infection-related complications in this population are limit-
ed, with some studies showing similar overall infection rates to those of average
transplant recipients.

6 Investigational approaches

Several investigational therapies are being evaluated for use in desensitisation
regimens. One such therapy is imlifidase, an IgG-degrading enzyme derived
from Streptococcus pyogenes. This recombinant cysteine protease cleaves all
four subclasses of human IgG into F(ab’)2 and Fc fragments, thereby inhibiting
complement-dependent cytotoxicity (CDC) and antibody-dependent cellular
cytotoxicity. Imlifidase has received conditional approval from the European
Medicines Agency (EMA) for use in desensitisation procedures for adult kid-
ney transplantation within the European Union (so far not for paediatric pa-
tients). It is not yet approved by the US Food and Drug Administration (FDA)
for use in the United States. Three-year outcomes were reported in an analysis
that pooled adult patients from four open-label phase II studies [ 14]. Of the 39
patients who underwent a positive crossmatch kidney transplant, 15 (38%) ex-
perienced AMR. Overall three-year graft survival was 84%; among patients who
experienced AMR, three-year graft survival was 93%, compared to 77% among
those who did not. Among the 13 patients with vPRA of at least 99.9%, who
were considered unlikely to have been transplanted under conventional proto-
cols, three-year graft survival was comparable with that of the overall study pop-
ulation (92%) after receiving a positive crossmatch deceased-donor allograft.
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However, seven of these patients (54%) experienced AMR within six months of
the transplant, although none of the graft losses were attributed to AMR. Over-
all, the initial experience with imlifidase is encouraging, suggesting that it can
facilitate HLA incompatible transplantation, although further research is re-
quired.
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1 Introduction

Although kidney transplantation is still best performed in the absence of ma-
jor ABO incompatibility, long waiting times for a deceased donor kidney trans-
plant exceed eight years for adults in some countries, such as Germany, due to a
large kidney failure population and an increasing organ shortage. One way to re-
duce waiting times is to perform transplants across ABO antibody barriers [1].
In theory, the number of kidney transplants from living donors could increase
by up to 30% if patients were transplanted across the ABO antibody barrier.
Using current protocols, up to 90% of patients with ABO incompatibility with
their living donor can be effectively desensitised and transplanted. Desensitisa-
tion protocols aim to reduce and maintain anti-A/B antibodies (isoagglutinins)
below a safe threshold (e.g., < 1:32 in the tube technique) during the first two
weeks after transplantation. Thereafter, even when anti-A/B antibodies reappear
at high levels, they will not harm the kidney transplant, a phenomenon known
as accommodation. In recent years, graft survival rates after ABO-incompatible
(ABOi) kidney transplantation have almost equalled those after ABO-compati-
ble (ABOc) procedures. However, transplantation in the presence of major ABO
incompatibility places the patient at a somewhat higher risk of early rejection,
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infection and infection-associated death. Therefore, ABOc procedures should
be preferred wherever possible.

2 Blood group antigens and antibodies

The ABO antigen system consists of oligosaccharides that are predominantly
found on red blood cells, as well as on endothelial cells, tubules and glomeruli.
This makes the ABO antigen system important for kidney transplantation. Pa-
tients with different blood groups have different antigen densities on their eryth-
rocytes. Compared to individuals with blood group Al or B, individuals with
blood group A2 (who make up 20% of all Caucasians with blood group A) have
low expression (30-50%) of blood group antigen molecules on the surface of
erythrocytes. This is believed to be responsible for the lower immunogenicity of
organs from A2 donors [2, 3]. Due to the lower immunogenic risk posed by the
A2 antigen, A2 donor kidneys can generally be successfully transplanted into
non-A recipients with low pre-transplant anti-A titres without the need for de-
sensitisation [4].

Anti-A/B antibodies are formed upon contact with gut bacteria in the early
stages of infancy. Naturally occurring anti-A/B antibodies are predominantly of
the IgM class, but in individuals with blood group O, they also consist of the IgG
and IgA classes [S]. While the pathogenic importance of anti-A/B antibodies in
solid organ transplantation is well known, the relative contribution of the differ-
ent immunoglobulin isotypes and their subclasses to organ rejection remains to
be elucidated. Individuals with blood group O tend to produce higher levels of
anti-A and anti-B isoagglutinin antibodies than individuals with blood groups A
or B, and recipients with blood group O have a higher incidence of antibody-me-
diated rejection (ABMR) following ABOi transplantation, although graft sur-
vival does not differ among blood groups.

The way in which institutions measure and report isoagglutinin antibody ti-
tres varies [8, 9], which makes it difficult to compare ABOi protocols and out-
comes in the literature. The classic tube dilution method is most commonly used
to report IgM isoagglutinin titres (saline test) and total isoagglutinin titres (indi-
rect antiglobulin [Coombs] test), although direct IgG measurements can be ob-
tained by treating plasma with dithiothreitol prior to testing to inactivate IgM. As
the test depends on visual interpretation of the degree of agglutination, it should
be considered semi-quantitative and may be subject to interobserver variability.
Therefore, the reported result should be considered an approximation, meaning
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that a titre of 1:128 could represent values between 1:64 and 1:256. Although
centre-specific protocols vary, the total isoagglutinin antibody titre is generally
reduced to < 1:8 before transplantation, as higher titres are associated with
acute antibody-mediated rejection (ABMR) post-transplant [10].

3 Desensitisation for ABOi kidney transplantation

Despite the absence of a generally accepted desensitisation protocol for trans-
plantation across the ABO antibody barrier, all currently proposed strategies
share some common principles: (i) anti-A/B antibody depletion at the time of
transplantation using plasmapheresis (PP), double-filtration PP/membrane fil-
tration or selective/unselective immunoadsorption (IA); (ii) modulation of the
recipient’s immune system using intravenous immunoglobulins (IVIG); and
(iii) reduction of the B lymphocyte pool using the anti-CD20 antibody rituxi-
mab. Figure 1 provides an overview of the Heidelberg desensitisation protocol
for ABO-incompatible living donor kidney transplantation.

Figure 1 Desensitization protocol for ABOi living donor kidney transplanta-

tion at the University of Heidelberg. Anti-CD20 therapy is usually performed
with rituximab 375 mg/m?, anti-IL-2R therapy is performed with basiliximab.
IA, immunoadsorption; PP, plasmapheresis (modified from ref. [1]).

Tacrolimus / Mycophenolic acid / Corticosteroids
Unselective IA Unselective 1A on demand

14 4 G} 4

] ] | |
day j 1 1

Anti-CD20 + Anti-IL-2R
Anti-IL-2R

3.1 Antibody depletion by extracorporeal treatment

The patient’s initial ABO isoagglutinin titres must be <1:256 for both IgG and
IgM, as determined by the tube dilution method. Reducing circulating anti-A/
B antibody levels to predetermined target titres is a key component of the ABO
desensitisation protocol. The two most commonly used methods of antibody
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removal are plasmapheresis and immunoadsorption, with the aim of achieving
titres of < 1:8. In general, the titre can be expected to decrease by one dilution
with each plasmapheresis session. This can be used to estimate the number of
sessions necessary to achieve the target titre. For example, if the initial antibody
level is 1:128, three plasmapheresis sessions are required to achieve a level of
1:16 (1:128 to 1:64, 1:64 to 1:32 and 1:32 to 1:16).

Antibody removal strategies can be categorised as methods that completely
remove plasma proteins, such as plasmapheresis (PP); methods that remove a
specific fraction of plasma proteins, including immunoglobulins, such as mem-
brane separation; and more specific methods, such as unselective or selective
immunoadsorption (IA). PP is the preferred antibody removal strategy in the
United States, whereas membrane separation is popular in Japan and unselec-
tive and selective IAs are commonly used in Europe. Selective anti-A/B anti-
body removal is feasible using Glycosorb columns (Glykorex Transplantation
AB, Lund, Sweden) containing a synthetic terminal tri-saccharide A or B blood
group antigen linked to a sepharose matrix. These columns can also reduce to-
tal IgG, as well as IgG against polysaccharide antigens, such as anti-pneumococ-
cus IgG [11]. Our centre in Heidelberg uses a desensitisation protocol for ABOi
kidney transplant candidates that is very similar to the Swedish protocol [12,
13]. The main difference is the use of unselective instead of selective IA, which
also allows desensitisation for HLA-incompatible living donor kidney trans-
plantation. Other differences include the omission of IVIG application and the
number of IA treatments varying depending on the strength of the anti-A/B an-
tibodies. To more efficiently remove pathogenically relevant anti-A/B antibod-
ies of the IgM class, at least one additional plasma purification (PP) treatment is
performed in all patients the day before surgery [14].

3.2 Intravenous immunoglobulins

Many centres administer intravenous immunoglobulins before ABOi kidney
transplantation to prevent anti-A/B antibody rebound in the early phase after
transplantation. Additionally, IVIG infusion is believed to reduce infectious
complications by replacing depleted immunoglobulins. However, it should be
noted that IVIG preparations contain IgG antibodies directed against A/B anti-
gens, which can increase anti-A/B antibody titres upon administration [12].
Some centres administer 0.5-2 g/kg of IVIG (maximum dose 140 g) immedi-
ately after the final plasmapheresis session. The optimal IVIG dose is uncertain.
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3.3 B-cell depletion by splenectomy or rituximab

Prior to the introduction of pharmacological anti-B-cell therapies, splenectomy
was an integral component of reducing the B-lymphocyte pool before ABOji kid-
ney transplantation. However, due to the associated surgical risks and increased
risk of sepsis, splenectomy has gradually been replaced by the anti-CD20 an-
tibody rituximab. More recently, several groups have completely abandoned
anti-B cell therapies in their protocols. However, the Collaborative Transplant
Study (CTS) revealed a numerically higher rate of death-censored graft loss in
ABOi kidney transplant recipients when rituximab was omitted (see below)
[15].

3.4 Monitoring after transplantation

Following ABO desensitisation and transplantation, patients are monitored us-
ing an approach similar to that used for recipients of ABOc transplants. In ad-
dition, we monitor isoagglutinin titres daily while the patient is in hospital and
twice weekly for the first month post-transplant. Pre-emptive plasmapheresis
should be performed in patients with an isoagglutinin titre of > 1:16 in the first
week or > 1:32 in the second week post-transplant, and a kidney biopsy should
be performed if there is evidence of graft dysfunction (e.g., delayed/slow graft
function or rising serum creatinine). We do not routinely perform protocol plas-
mapheresis post-transplant.

4 Outcome

The Heidelberg group reported CTS data on the three-year outcomes of 1,420
adult ABOi kidney transplant recipients who underwent transplantation at
101 different centres between 2005 and 2012 [15]. Patients were compared to
a matched group of ABOc kidney transplant recipients, as well as to all ABOc
kidney transplant recipients from centres that had performed at least five ABOi
procedures. There were no statistically significant differences in overall graft
survival, death-censored graft survival, or patient survival between the groups.
However, early patient survival was reduced in ABOI kidney transplant recipi-
ents due to a higher rate of infection-associated death in the early stages. Spe-
cifically, an additional death per 100 patients occurred within the first year of
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ABOi kidney transplantation due to an infectious complication. There was a
trend towards a better 3-year death-censored graft survival in patients receiving
anti-CD20 therapy, suggesting the need for anti-B cell therapies in cases of ABO
incompatibility.

While studies initially focused on adult donors and recipients, evidence
supporting this practice for paediatric recipients has increased in recent years.
In 2018, an analysis of the Japanese Kidney Transplant Registry was published
which described the results of 102 children who received ABOi kidney trans-
plants from living donors. The outcomes of these recipients were compared with
those of children on the registry who had undergone ABOc living donor trans-
plantations. No difference was found in patient or allograft survival between the
two groups [16]. The protocol involved the use of rituximab + immunoadsorp-
tion and/or double filtration plasmapheresis if titres were > 1:8. Several centres
in the UK have reported on the outcomes of ABOi kidney transplantation in a
cohort of 23 children, and have similarly found no statistically significant differ-
ence in patient or allograft survival, acute rejection, or graft function compared
to ABO-compatible living donor transplants [ 17]. Other centres in Sweden [18]
and Japan [19], which use a similar desensitisation approach, have also shared
equally encouraging results. Some studies have even found that infants with low
antibody titres prior to ABOI transplantation did not require pre-transplant de-
sensitisation to achieve excellent results [ 18].

5 Complication and hurdles
5.1 Accommodation versus rejection

Unlike transplantation in HLA-sensitised patients, accommodation appears
to be a frequent phenomenon after ABO incompatible (ABOi) kidney trans-
plantation and is often associated with C4d deposition in the peritubular cap-
illaries of allograft biopsies. The accommodation phenotype can be achieved
through controlled exposure to anti-A/B antibodies in the early post-transplant
phase. Approximately two weeks after successful transplantation, accommoda-
tion is established, rendering the kidney transplant resistant to even high anti-
A/B antibody exposure. One possible mechanism is the local upregulation of
complement regulatory proteins, such as CD45, CDSS and CDS9, as a conse-
quence of anti-A/B antibody-dependent inactivation of the ERK1/2 signalling
pathway [20].
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5.2 Infection and malignancy

The literature contains conflicting results regarding infectious complications
after ABOi kidney transplantation. A higher frequency of viral infections, such
as cytomegalovirus (CMV), herpes simplex virus (HSV), varicella zoster vi-
rus (VZV) and BK virus, as well as Pneumocystis jiroveci pneumonia, wound
infections and severe urinary tract infections, has been reported in adults [1].
In the CTS and Heidelberg cohorts, an increased risk of severe early infections
was observed, resulting in approximately one additional death per 100 ABOi
kidney transplant recipients during the first year post-transplant [15]. We and
others have also observed a higher incidence of BK virus replication and BK vi-
rus-associated nephropathy [1]. An increased risk of malignancy was, however,
not found in an analysis of 1,420 ABOi transplants from the CTS study [15].

5.3 Risk of bleeding and surgical complications

A study from the US Renal Data System registry found an increased risk of
early haemorrhage in 119 ABOi kidney transplant recipients compared to ABOc
controls [21]. A higher bleeding risk was also observed in our cohort of three
paediatric kidney transplant recipients, with two experiencing major bleeding
episodes. This was attributed to the non-specific binding of coagulation fac-
tors during repeated IA [22]. This is supported by the findings of de Weerd
et al,, who found a significant correlation between the number of pre-transplant
apheresis treatments and peri- and post-transplant bleeding risk [23]. Some au-
thors have observed an increased rate of surgical complications following ABOi
kidney transplantation. These complications have been attributed to the inten-
sified immunosuppression involving mycophenolic acid, as well as the removal
of coagulation factors through apheresis. The Freiburg group reported a signifi-
cantly higher number of lymphoceles in ABOi patients than in ABOc controls
(33% versus 15%; P = 0.003), with surgical revision required in 20% and 8% of
patients, respectively (P = 0.013) [24]. Furthermore, the overall need for sur-
gical revision was significantly higher in ABOi patients than in ABOc¢ controls
(38% vs. 24%; P = 0.032).
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6 An ABOi transplant from a living donor
or an ABOc transplant from a deceased donor?

In light of mounting evidence of favourable outcomes following ABOi kidney
transplantation in children as well as evidence of improved allograft survival in
kidneys from living donors, some centres are considering ABOi living donor
kidney transplantation for children prior to listing them for deceased donor or-
gans. However, to date, there has been no prospective study comparing the out-
comes of patients receiving ABOi living donor transplants with those receiving
ABO-compatible transplants from deceased donors. Some experts argue that
ABOi transplants should be considered as an option for paediatric patients prior
to proceeding with a transplant from a deceased donor, as this approach has the
potential to lead to improved patient and allograft outcomes.

Other authors have argued that ABOi kidney transplantation carries a
higher risk of rejection compared to ABO-compatible transplantation, partic-
ularly antibody-mediated rejection [25]. To overcome this, extensive pre-trans-
plant conditioning and additional pre-transplant immunosuppressive therapy
are required, including desensitisation techniques and intensified immunosup-
pression protocols. However, such complex treatments may expose children to
a higher risk of bacterial and viral infections, post-transplant lymphoprolifera-
tive disease and other neoplasms. Apheresis techniques require central venous
lines in the absence of an arteriovenous fistula, particularly in children undergo-
ing peritoneal dialysis or pre-emptive transplantation. These procedures can be
complicated by infection, thrombosis or bleeding, which can jeopardise future
access to dialysis. Furthermore, these techniques may be impractical or risky in
young children due to the volume of extracorporeal fluid required during im-
munoadsorption sessions. Therefore, ABOi kidney transplantation is rarely
performed in children with a body weight below 20 kg. Furthermore, from an
economic standpoint, ABOIi transplantation is more expensive and resource-in-
tensive than ABOc transplantation. The additional procedures, prolonged hos-
pital stays and specialised therapies required for desensitisation significantly
increase the overall cost of the transplant procedure. Additionally, some parents
may wish to retain the option of donating a kidney for a second transplant in
adulthood, when organ shortages may be even greater. Therefore, the advantag-
es and disadvantages outlined above must be considered in the context of each
child’s specific medical condition and individual circumstances. The decision to
pursue ABOi kidney transplantation should be made in consultation with the
child’s medical team, weighing up the potential benefits and risks.
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1 Introduction

Acute rejection occurs in 10-30% of patients on current immunosuppressive
regimens during the first post-transplant year with higher rates in adolescents
than in younger children [1]. The incidence of acute rejection peaks in the first
year post-transplant and then declines [2]. Accurate diagnosis is crucial, as the
presence and severity of rejection have a significant impact on long-term graft
outcomes. While experiencing one or even more episodes of acute rejection
does not necessarily reduce S-year graft survival, it is associated with a greater
decline in graft function (eGFR) [1].

2 Definition

Acute rejection is usually defined by the identification of specific histopatho-
logical changes in a renal biopsy [3], making the biopsy a key diagnostic tool.
However, also clinical parameters, mostly referred to as Additional Diagnostic
Parameters (ADPs) must also be considered (https://banfffoundation.org/
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6 Rejection

central-repository-for-banff-classification-resources-3/; last accessed Decem-
ber 2024). The clinical presentation is often non-specific (e.g., swelling of the
kidney on ultrasound, reduced urine output, possible weight gain; rarely fever,
‘transplant pain) and increased blood pressure) or entirely absent. Therefore, the
presumptive diagnosis is usually based on an elevated serum creatinine level.
The presence or increase of albuminuria or haematuria may also indicate rejec-
tion or a recurrence of the underlying disease. Subclinical rejection may be de-
tected in protocol biopsies [4], without any decrease of graft function.

3 Laboratory diagnostics

Blood tests: Creatinine (a 20% increase suggests rejection), urea, and donor-
specific HLA antibodies (DD antibody-mediated rejection). If infection is sus-
pected or to exclude it (depending on clinical focus): differential blood count,
CRP, blood cultures, virology (CMV, BK polyomavirus), microbiology, and
fungal testing.

Urine tests: U-protein/U-creatinine ratio, U-albumin/U-creatinine ratio, ery-
throcytes (for haematuria), leukocytes (to differentiate from urinary tract infec-
tion), urine culture (to differentiate from urinary tract infection).

4 Doppler ultrasound

Ultrasound should be performed routinely when acute rejection is suspected
[S]. Key diagnostic issues include assessment of the size and echogenicity of
the graft (swelling may indicate rejection, differential diagnosis [DD] could
be pyelonephritis), detection of any urinary tract obstruction and measure-
ment of vascular flow (DD arterial or venous thrombosis). Resistance indi-
ces (RIs) should be measured by ultrasound in at least two segmental arteries
(an RI > 80% suggests rejection but with a low positive and negative predictive
value).
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5 Renal Biopsy

If acute rejection is suspected, a renal biopsy should always be performed within
24 hours (even at weekends). Histopathological examination of the light micro-
scopic specimen should yield results within 8 hours (at least within 24 hours).
The biopsy core should contain cortical, and medullary tissue to diagnose poly-
omavirus infection. At least one core should be obtained. The specimen should
be transported in PBS-buffered 4% formalin, or if immunofluorescence is re-
quired, in Michel’s fixative or fresh tissue, after consultation with the affiliated
pathologist. The biopsy is graded according to the Banft Working Classifica-
tion of Renal Allograft Pathology [3, Table 1], an international consensus re-
vised every two years that provides criteria for diagnosis and biopsy quality.
For example, a diagnostically valid renal biopsy requires the presence of at least
10 glomeruli and 2 arteries (or 7 glomeruli and 1 artery for a minimal sample).

Light and Electron Microscopy Diagnostics
Staining: Hematoxylin and eosin (HE), periodic acid-Schiff (PAS), and Jones
silver, elastica staining,

Immunohistochemistry: C4d (as a diagnostic criterion for AMR), SV40 (to dif-
ferentiate polyomavirus nephropathy), immunoglobulins and complement split
products (routinely assessed one year post-transplant, to differentiate between
relapse of the underlying disease or de novo glomerulonephritis).

If available, electron microscopy may be used to differentiate between relapse of
the underlying disease, de novo graft glomerulonephritis, transplant glomerulo-
pathy, or transplant peritubular capillaropathy. Diagnosis follows the Banff
Classification (for the latest iteration see https://banfffoundation.org/central-
repository-for-banff-classification-resources-3/; last accessed December 2024.

6 Treatment

Suspicious (borderline) for acute TCMR (Banff category 3)

Biopsy for cause: Give 4—6 intravenous boluses of (methyl)prednisolone at
300 mg/m?* over 4-6 days (or methylprednisolone pulse therapy over 4 days
(400 - 200 - 200 - 100 mg/m”* body surface area per day as a short intrave-
nous infusion over 15 minutes), followed by 1 mg/kg per day of intravenous
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furosemide if needed. At the end of the course, the dose of oral (methyl)predni-
solone may be increased and then gradually tapered. A possible treatment re-
gime is as follows:

Week 1: 16 mg methylprednisolone/m?” per day;

Week 2: 12 mg methylprednisolone/m? per day;

Week 3: 8 mg methylprednisolone/m? per day;

from week 4: 3 mg/m? per day, usually no more than S mg methylprednisolone

In the case of steroid-free immunosuppression, consider reintroduction of oral
steroid therapy.

Monitor trough levels of CNIs (and/or everolimus) and MPA-AUC and in-
crease CNI and antimetabolites if trough levels and/or MPA-AUC values are
below target.

Protocol biopsy: The therapeutic relevance still remains unclear. In many cases, an
unnecessary increase in immunosuppression can be avoided.

T-cell mediated rejection (Banff category 4)

> Banff IA: Administer 4-6 intravenous boluses of (methyl)prednisolone at
300 mg/m?* over 4-6 days (or methylprednisolone pulse therapy over 4 days
(400 -200 - 200 - 100 mg/m? body surface area per day as a short intravenous
infusion over 15 minutes), followed by 1 mg/kg per day of intravenous furo-
semide as needed. At the end of the course, the dose of oral (methyl)predniso-
lone may be increased and then gradually tapered. A possible treatment regime
is as follows:

Week 1: 16 mg methylprednisolone/m? per day;
Week 2: 12 mg methylprednisolone/m? per day;
Week 3: 8 mg methylprednisolone/m? per day;
from week 4: 3 mg/m? per day, usually

In the case of steroid-free immunosuppression, consider reintroduction of oral
steroid therapy.

1. If trough levels of maintenance immunosuppressants (measured 12 hours

after oral administration) are low, adjust the trough levels based on the time
since transplantation:
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Cyclosporin A target trough levels after rejection:
« <12 months post-transplant: 200-250 pg/L
« 212 months post-transplant: 150-200 pg/L

Tacrolimus target trough levels:
« <12 months post-transplant: 15 ug/L
« 12 months post-transplant: 10 pg/L
« Determine the MPA-AUC and increase the MMF dose if necessary (see
Chapter 4.2 and 4.3).
2. Ifon cyclosporin A-based immunosuppression, switch to tacrolimus:
o Start tacrolimus therapy 12 hours after the last dose of cyclosporin A.
Refer to the target trough levels mentioned above.
« Increase the dose of MMF to achieve an MPA-AUC of > 60 mgxh/L.
3. In patients receiving concomitant mTOR inhibitors, increase the dose as
needed:
«  Target trough levels: everolimus, 6-7 ug/L; sirolimus, 8—10 pg/L

In cases of steroid resistance, defined as no or insufficient reduction in serum
creatinine levels by the 4th to 6th day after initiation of methylprednisolone
therapy (creatinine remaining at 150% or more of the baseline value), repeat
transplant biopsy should be performed and, in most cases, therapy with anti-
thymocyte globulin (ATG) should be initiated: start with 1.5 mg/kg/d over
3-S5 days; dose adoption according to lymphocyte count, a cumulative dose of
8 mg/kg should be the maximum [6].

There are no protocols for the treatment of chronic active T cell-mediated
rejection in children. Therapy may be initiated with steroid pulses followed by
an increase of the maintenance immunosuppressive therapy.
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Table 1 BANFF 2022 diagnostic groups for diagnosis of acute rejection [3]

Category 1: Normal Biopsy or Nonspecific Change

Category 2: Antibody-mediated rejection and microvascular inflammation/injury

(AMR/MVI)

e Active AMR

¢ Chronic active AMR

¢ Chronic AMR

o C4d staining without evidence of rejection

o Microvascular inflammation/injury (MVI), DSA-negative and C4d-negative

e Probable AMR

o C4d staining with acute tubular injury (ATI);

Category 3: Suspicious (Borderline) For Acute TCMR

Category 4: TCMR

o Acute TCMR IA Banff Lesion Score i > 2 AND Banff Lesion Score t2

o Acute TCMR IB Banff Lesion Score i > 2 AND Banff Lesion Score t3

o Acute TCMR IIA Banft Lesion Score v1 regardless of Banff Lesion Scores i or t

o Acute TCMR IIB Banff Lesion Score v2 regardless of Banff Lesion Scores i or t

o Acute TCMR III Banft Lesion Score v3 regardless of Banff Lesion Scores i or t

o Chronic Active TCMR Grade IA Banff Lesion Score ti > 2 AND Banff Lesion Score
i-IFTA > 2, other known causes of i-IFTA (eg, pyelonephritis, BK-virus nephritis etc.)
ruled out AND Banff Lesion Score t2

o Chronic Active TCMR Grade IB Banff Lesion Score ti > 2 AND Banff Lesion Score
i-IFTA > 2, other known causes of i-IFTA ruled out AND Banff Lesion Score t3

o Chronic Active TCMR Grade II Arterial intimal fibrosis with mononuclear cell inflam-
mation in fibrosis and formation of neointima

Category S: IFTA (Interstitial Fibrosis and Tubular Atrophy)

o Mild

e Moderate

o Severe

Category 6: Other Changes Not Considered To Be Caused By Acute Or Chronic Rejec-

tion

Polyomavirus Nephropathy, Posttransplant Lymphoproliferative Disorder, Calcineurin Inhibi-
tor Toxicity, Acute Tubular Injury, Recurrent Disease, De Novo Glomerulopathy (Other Than
TG), Pyelonephritis, Drug-Induced Interstitial Nephritis
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1 Definitions

Active antibody-mediated rejection (AMR) is diagnosed based on specifically
defined histopathologic and molecular lesions, primarily the presence of micro-
vascular inflammation (MV], defined by the lesions glomerulitis and peritubu-
lar capillaritis) or, alternatively, by biopsy-based transcript-analysis; secondly,
on the presence of circulating donor-specific antibodies (DSAs); and thirdly,
on the extend of C4d deposition. However, a diagnosis of AMR can be made
without DSAs or C4d. AMR is caused by the binding of circulating antibod-
ies to donor alloantigens on endothelial cells in the graft, resulting in inflam-
mation, cell damage and, ultimately, graft dysfunction. These antigens include
human leukocyte antigens (HLA) class I and class I antigens, and in recipients
of ABO-incompatible transplants, ABO blood group antigens. Other non-major
histocompatibility complex (MHC) antigens on the endothelium may also be
targeted [1-4]. Acute TCMR and AMR may coexist in the allograft at the same
time (i.e., mixed acute rejection). Acute rejection may also coexist with chronic
rejection. Of note, from a molecular (transcriptomic) perspective, chronic AMR
appears to share more similarities with TCMR than with active AMR.
Clinically, chronic rejection is characterised by the gradual deterioration of
allograft function, accompanied by varying degrees of proteinuria and hyperten-
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6.2 Diagnosis and treatment of antibody-mediated transplant rejection

sion. It is a significant factor in the loss of grafts in the long term. It typically de-
velops after the first year post-transplant and may occur with or without active
inflammation (see Chapter 6.3) [S].

2 Incidence and risk factors

A recently published analysis of 337 paediatric kidney transplant recipients
from the CERTAIN registry revealed that the cumulative incidence of de novo
donor-specific class I HLA antibodies (HLA-DSAs) post-transplant was 4.5%
in year 1, 8.3% in year 3 and 13% in year 5. The corresponding results for de
novo class II HLA-DSAs were 10%, 22.5% and 30.6% respectively [6]. Five
years post-transplant, the cumulative incidence of active AMR was 10%, and of
chronic active AMR, 5.9%. HLA-DR mismatch and de novo HLA-DSA, partic-
ularly double positivity for class I and class Il HLA-DSA, were significant risk
factors for AMR. Other established risk factors for AMR are: (i) delayed onset
of graft function, (ii) a previous episode of rejection, (iii) receiving a second or
subsequent transplant, and (iv) not adhering to medication.

3 Clinical and laboratory findings

As most patients with AMR are asymptomatic, the condition is usually identi-
fied through abnormal laboratory testing. The most common laboratory finding
among patients with acute allograft rejection is an acute or slow rise in serum
creatinine. However, a rising serum creatinine level is not specific to acute rejec-
tion. It is a relatively late development in the course of a rejection episode and
usually indicates significant histological damage. New or increasing proteinuria
of more than 500 mg/m? per day may indicate active or chronic (active) AMR.
However, post-transplant proteinuria may also be caused by glomerulosclerosis
or interstitial fibrosis and tubular atrophy (IFTA) from chronic rejection, recur-
rent glomerular disease, and de novo glomerulopathies.

The development of de novo antibodies directed against the donor’s HLA
antigens (HLA-DSAs) or an increase in DSA reactivity in a patient with pre-ex-
isting DSAs has been associated with AMR. A systematic review and meta-analy-
sis of seven retrospective cohort studies found that the presence of HLA-DSAs,
as detected by a solid-phase assay, was associated with a risk of AMR that was
almost double as high as that observed in the absence of HLA-DSAs [7]. DSAs
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to non-HLA antigens have also been observed in patients with AMR. These in-
clude the angiotensin II receptor [2, 3], MHC class I polypeptide-related se-
quence A (MICA) [4] and endothelial cell antigens [4]. However, a negative
DSA test in serum does not rule out a diagnosis of AMR, as the DSAs could
have been absorbed by the graft. Moreover, not all DSAs are equally pathogen-
ic. A considerable number of studies have found that complement-binding anti-
bodies (i.e., C1q-binding DSAs) are associated with a higher rate of AMR and
poorer graft survival than non-complement-binding DSAs [8, 9]. However, test-
ing for C1g-binding DSAs is not widely performed. In addition, it is likely that
there are clinically relevant non-complement-binding DSAs that are not detect-
ed by this assay.

There is no consensus on when to test for DSAs in the absence of allograft
dysfunction. The frequency of DSA monitoring varies between transplant cen-
tres and depends on the patient’s immunological risk. Some centres perform an-
nual HLA-DSA testing in stable recipients. Monitoring for the development of
HLA-DSAs post-transplant may permit the early detection of AMR and allograft
dysfunction, particularly in high-risk patients (see Chapter 4.4 and Chapter 5.2).
However, routine monitoring of DSAs in low-risk patients may have a more lim-
ited impact in detecting early AMR [10]. The presence of circulating HLA-DSAs
alone does not indicate active rejection, but it does indicate that a patient is at a
higher risk of AMR. Other clinical and laboratory parameters must be assessed
alongside DSA testing. In cases of an increasing or new HLA-DSA, but with no
other signs of acute rejection and a normal kidney allograft biopsy, most trans-
plant centres would only increase maintenance immunosuppressive therapy.

4 Histopathology

There are no specific laboratory findings that can accurately diagnose acute re-
jection. Acute rejection is currently diagnosed histologically using a kidney
allograft biopsy (see Chapter 6.3). Histopathology differentiates between T
cell-mediated rejection (TCMR) and AMR, grades the severity of rejection ac-
curately, and determines the extent of irreversible kidney damage (interstitial fi-
brosis/tubular atrophy [IF/TA]). A biopsy of the allograft can also reveal other
causes of kidney inflammation and injury, including cytomegalovirus disease,
BK polyomavirus-associated nephropathy, interstitial nephritis, pyelonephritis,
de novo or recurrent glomerular disease, and post-transplant lymphoproliferative
disease (PTLD) (see Chapter 6.3). The Banff classification has been developed
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and revised by an expert panel of pathologists, immunologists, physicians, sur-
geons and immunogeneticists, with the aim of standardising the histological cri-
teria for diagnosing and grading the severity of rejection [11]. Distinguishing
between active AMR and severe acute TCMR can be difficult, and the two pro-
cesses may coexist. In reality, AMR and TCMR diagnoses are part of a continu-
um representing different manifestations of the alloimmune response. In up to
25% of cases of allograft dysfunction attributed at least in part to AMR, the his-
tological findings suggest only TCMR or acute tubular injury. It is important to
identify AMR, if possible, since it is more resistant to treatment and often results
in loss of the kidney allograft unless adequately treated [6].

DSA testing may produce a negative result among patients with AMR.
Some of these patients may have antibodies against non-HLA antigens. If anti-
HLA antibody testing is negative, but there is evidence of MVI (even below the
threshold for AMR), testing for non-HLA antibodies may be advisable in select-
ed scenarios [3, 4]. However, there are currently no universally established or
validated clinical assays to detect these antibodies. Cases in which C4d staining
is positive but DSA cannot be detected may result from DSA being below the
level of detection due to immunoadsorption by the graft.

5 Chronic AMR

Chronic AMR refers to chronic microvascular injury that leads to remodelling of
the glomerular or peritubular capillaries. Chronic AMR is further classified into
chronic active and chronic inactive subtypes. Chronic active AMR generally de-
velops more than six months after transplant and can occur in patients with or
without a history of active AMR. The only difference in the diagnostic criteria
between chronic active and active AMR is the presence or absence of chronic le-
sions (transplant glomerulopathy or severe multilayering of the peritubular cap-
illary basement membrane [12].

Chronic inactive AMR is characterised by chronic lesions in conjunction
with MVI below the threshold for AMR, DSA positivity and C4d negativity. In
patients with chronic inactive AMR, prior diagnosis of active or chronic active
AMR and/or documented evidence of post-transplant DSA count as DSA pos-
itivity.
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6 Prevention

Preventing AMR depends on detecting HLA-DSAs before (pre-existing) or
after (de novo) transplantation. Patients with pre-existing HLA-DSAs prior to
transplantation are at greater risk of AMR and graft failure than non-sensitised
patients [7]. The complement-fixing capacity of the DSA is a key factor in this
risk, with patients who test positive for complement-dependent cytotoxicity
(CDC) having a higher risk of AMR and graft loss than those who test positive
for flow crossmatch. In turn, these patients have a higher risk than those who test
positive for virtual crossmatch (antibodies detected by single antigen bead tech-
nology) [7]. For patients with a potential living donor, the approach depends
on the results of the most recent crossmatch. For patients with a positive CDC
crossmatch or strongly positive flow crossmatch, many transplant centres opt for
kidney paired donation (KPD) programmes over desensitisation due to the high
risk of AMR and graft loss in these patients [13]. Such KPD programmes enable
sensitised patients with immunologically incompatible living donors to receive
transplants from other living donors in similar situations who are willing to ex-
change organs. KPD could help participating centres avoid complex desensiti-
sation protocols while improving long-term outcomes. KPD programmes will
soon be available also in Germany.

Many centres employ HLA desensitisation strategies in patients with a pos-
itive virtual crossmatch (antibodies detected by single antigen bead technolo-
gy) or a mild to moderate positive flow crossmatch (i.e., median channel shift
of <200). These strategies include treatment with plasmapheresis, rabbit anti-
thymocyte globulin (rATG), rituximab and imlifidase (see Chapter 5.2). We
employ HLA desensitisation strategies in patients without a potential living
donor. For all patients with a pre-existing DSA before transplant who under-
go kidney transplantation, we use induction and maintenance immunosuppres-
sion therapies appropriate for patients at high risk of developing acute rejection
[14].

For patients with pre-existing DSAs, routine monitoring of DSA levels is rec-
ommended at months 1, 3, 6 and 12 post-transplant, followed by annual moni-
toring [ 14, 16]. Highly sensitized patients should be monitored more frequently,
for example on post-transplant days S, 10, 14 and 21. Many centres perform a
kidney allograft biopsy in patients with a significant rise in HLA-DSA or who
develop a de novo HLA-DSA within the first three months. This practice largely
aligns with the Consensus Guidelines on Testing and Managing Clinical Issues
Associated with HLA and Non-HLA Antibodies in Transplantation [ 14].
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Kidney transplant recipients who develop de novo HLA-DSAs after trans-
plantation can experience late-onset antibody-mediated rejection (AMR). AMR
in patients with de novo HLA-DSAs has been associated with poorer outcomes
than AMR in patients with a pre-existing HLA-DSA. The two most common
causes of AMR due to de novo DSAs are non-adherence to medication and in-
adequate immunosuppression. The latter is often attributed to minimisation
strategies. Additionally, acute T cell-mediated rejection, malignancy and op-
portunistic infections, such as BK polyomavirus (BKPyV) and cytomegalovirus
(CMV) infections, which require a reduction in immunosuppression, may also
influence the development of late-onset AMR [1S5]. Preventing AMR requires
addressing non-adherence and under-immunosuppression, while ensuring the
long-term safety and efficacy of immunosuppression.

7 Treatment

Active antibody-mediated rejection

The primary goal of treating AMR is to reduce the titres of existing pathogenic
DSAs, eradicate the clonal population of B or plasma cells responsible for their
production, prevent complement activation and reduce endothelial injury, and
preserve graft function [16]. While previous trials primarily targeted the cause
of AMR, recent data on the successful reversal of AMR activity by CD38 anti-
bodies suggest that targeting the cellular inflammation with CD38-positive nat-
ural killer cells resulting from antibody binding to the endothelium could be an
additional rational approach.

The following recommendations for treating AMR largely align with those
set out in the 2009 Kidney Disease: Improving Global Outcomes (KDIGO)
clinical practice guidelines and the 2019 Transplantation Society Working
Group Expert Consensus [16, 17]. For patients diagnosed with active AMR
within the first 6—12 months post-transplant (early onset), some authors recom-
mend initial therapy comprising glucocorticoids (10 mg of methylprednisolone
per kg of body weight daily for three to five days, followed by a rapid oral predni-
sone taper), whereas other experts recommend steroid pulse therapy only in
patients with concomitant biopsy-proven TCMR (Figure 1) [18]. While DSA
removal by plasmapheresis or immunoadsorption is supported by data from an
RCT and recommended, the administration of IVIG is optional. Some experts
also administer rituximab if the patient has better allograft function (e.g., eGFR
of at least 20 ml/min/1.73 m? and lower chronicity scores on biopsy) and has
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Figure 1 Proposed therapeutic algorithm for the management of AMR and
DSA- and C4d-negative MVLI. cg, transplant glomerulopathy; ci, interstitial
fibrosis; ct, tubular atrophy; cv, vascular fibrous intimal thickening; g, glomeru-
litis; IA, immunoadsorption; PP, plasmapheresis; ptc, pertitubular capillaritis;
TMA, thrombotic microangiopathy. Reproduced with permission from ref.
[18].
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evidence of severe disease (e.g., higher DSA MFI levels or DSA-load measured
by cumulative MFI, diffuse C4d staining or more extensive microvascular in-
flammation, i.e., a glomerulitis score and a peritubular capillary sum score of at
least 4) on biopsy. For all patients, we augment maintenance immunosuppres-
sion as needed. For example, we increase the tacrolimus maintenance dose to
achieve a trough level 20-25% above that at the time of rejection and/or above
S pg/L, while maximising the antiproliferative agent dose (e.g., mycophenolate)
and initiating steroid maintenance therapy in those off steroids, as well as evalu-
ation and management of non-adherence.

Plasmapheresis is performed daily or every other day for up to six sessions,
or until the serum creatinine level is within 20-30% of the baseline level. The
initial treatment typically involves a 1.5-fold volume exchange with albumin,
while subsequent treatments involve a one-volume exchange with albumin.
We prefer an every-other-day plasmapheresis schedule, since albumin alone
can often be administered for replacement, with the prothrombin time, partial
thromboplastin time and fibrinogen recovering to acceptable levels within the
interval, without the need to administer fresh frozen plasma. This avoids the risk
of antigen sensitisation. However, one to two units of fresh frozen plasma may be
used for replacement at the end of plasmapheresis to reduce the risk of bleeding
in an appropriate clinical setting, such as on the same day as a kidney allograft
biopsy. We administer IVIG at a dose of 2 g/kg body weight at the end of the
apheresis course [ 18]. Rituximab is administered as a single 375 mg/m” dose af-
ter plasmapheresis and IVIG have been completed. Inmunoadsorption, protea-
some inhibitors, interleukin (IL)-6 blockade, or complement inhibitors may be
considered for patients who do not respond to the initial treatment.

For patients diagnosed with active AMR after the first 6-12 months
post-transplant (i.e., late-onset AMR), we recommend initial therapy compris-
ing intravenous immunoglobulin (IVIG) at a dose of 200 mg/kg every two
weeks for three doses, with no plasmapheresis due to alack of evidence support-
ing its safety and efficacy in late-onset AMR. Some experts administer rituximab
if the patient has better allograft function, lower chronicity scores on biopsy and
evidence of severe disease, e.g., higher DSA, diffuse C4d staining or more exten-
sive microvascular inflammation (i.e., a glomerulitis score and a peritubular cap-
illary score of at least 4 on biopsy. For all patients, we also increase maintenance
immunosuppression as outlined above.
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Chronic active antibody-mediated rejection

Chronic AMR, the most common cause of graft failure, is more difficult to treat
than active AMR since irreversible tissue damage to the kidney allograft has al-
ready occurred [19, 20]. While there is evidence to suggest that antibody-medi-
ated injury requires a combination of strategies to inhibit B cell development,
maturation and activity, it is unclear which combination of therapies is safe and
effective for patients with chronic AMR. There is currently no high-quality ev-
idence to inform optimal treatment for chronic active AMR, and the evidence
supporting our treatment approach primarily comes from observational studies
[21, 22]. The lack of strong evidence has resulted in substantial heterogeneity in
clinical practice. A 2023 online survey in Europe [23] indicated that over half
of adult patients with chronic active AMR receive no additional treatment be-
yond optimized immunosuppression. Common reasons highlighted in the sur-
vey to leave chronic active AMR untreated, despite the known association with
impaired graft outcome, include appreciation of disease irreversibility, fear of
costs and side effects, and the lack of robust trial data. When additional treat-
ments are used, IVIG, steroid pulses, and apheresis are common, whereas rituxi-
mab or other biologics are used less frequently [23].

For paediatric patients with chronic active AMR, we recommend initial
therapy involving IVIG and rituximab. In a prospective pilot study on anti-
humoral therapy consisting of high-dose IVIG (4 weekly doses of IVIG, 1 g/
kg body weight per dose) and a single dose of rituximab (375 mg/m? body sur-
face area 1 week after the last IVIG infusion) in 20 paediatric kidney transplant
recipients, 14 patients (70%) responded: nine of nine patients (100%) with-
out and five of 11 (45%) with transplant glomerulopathy [21]. C4d positivi-
ty in PTC decreased from 40 + 18.5% in the index biopsy to 11.6 *+ 12.2% in
the follow-up biopsy. In four of nine biopsies (44%), C4d staining turned neg-
ative. During 2 years of follow-up, the median loss of eGFR in each of the four
6-month periods remained significantly lower compared with prior to therapy.
Class I DSA declined in response to antihumoral therapy by 61%, class II DSA
by 63% 12 months after intervention. IVIG and rituximab significantly reduced
or stabilized the progressive loss of transplant function in paediatric patients
with chronic AMR over an observation period of 2 years, apparently by low-
ering circulating DSA and reducing intrarenal complement activation [21]. All
patients treated for active AMR should recommence antimicrobial and anti-
viral prophylaxis with a regimen identical to that administered in the immediate
post-transplant period.
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If the patient does not respond to initial therapy involving IVIG and rituxi-
mab, the anti-interleukin 6 receptor antibody tocilizumab could be considered,
which is administered intravenously at a dose of 8 mg/kg once monthly. Lim-
ited data suggest that treatment with interleukin (IL)-6 blockade may benefit
patients with chronic AMR [22]. Felzartamab, an investigational anti-CD38
monoclonal antibody that targets plasma cells and natural killer (NK) cells,
was evaluated in a phase II pilot trial in which 22 adult kidney transplant re-
cipients with AMR occurring after 180 days post-transplant (15 with chronic
active AMR) were randomly assigned to receive nine infusions of felzartamab
(16 mg/kg) or placebo [24]. At 24 weeks, mild to moderate adverse events (e.g.,
first-dose infusion-related reactions) occurred more frequently with felzartam-
ab; however, the rate of serious adverse events was lower with felzartamab than
with placebo (9% versus 36%). Patients receiving felzartamab had improved mi-
crovascular inflammation scores, lower molecular scores reflecting the proba-
bility of AMR and lower levels of donor-derived cell-free DNA (dd-cfDNA). A
phase III trial with felzartamab is currently ongoing.
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1 Introduction

The Banff Classification of Renal Allograft Nephropathy is the result of a con-
sensus process managed by the Banff Foundation (www.banfffoundation.org;
last accessed December 2024). This started in 1991 with an expert meeting in
Banff, Canada; the results of these biannual meetings have been published in
more than a dozen manuscripts. The latest iteration is based on the 2022 meet-
ing held in Banff again [1]. As the only such project after termination of the
Cooperative Clinical Trials in Transplantation (CCTT) Classification [2], the
Banff Classification has become the dominant classification scheme for kidney
allograft pathology for clinical practice, scientific and pharmaceutical trials. Un-
fortunately, the high expectations for such a classification regarding transpar-
ency, clarity and practical applicability have not always been met. Currently,
the entire up-to-date content of the Banff Classification can be found on the
Banff Foundations website (https:/ /banfffoundation.org/central-repository-
for-banff-classification-resources-3/; last accessed December 2024). The fol-
lowing sections provide a guide to the general principles and implementation
of the Banff Classification in its most recent form. We refrain from copying the
most recent iteration, as this would quickly become outdated. Instead, we en-
courage the users of this manual to consult the Banff website. The Banft Clas-
sification in their most recent iteration should be implemented by transplant
centres in a consensus between clinicians, nephropathologists and immunoge-
neticists under consideration of local resources. Individual patients and their
biopsies are not always best served by rigorous adherence to the Banff Classifi-
cation. Instead other available evidence and reason will provide additional guid-
ance in the interdisciplinary diagnostic process.
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2 General principles of the Banff Classification
of renal allograft pathology

The content of the Banff Classification can be divided into four parts: Banff
Definitions, Banff Lesion Scores, Additional Diagnostic Parameters (ADPs) and
Banff Diagnostic Categories and Subcategories. Throughout this text, all official
Banff terms will be given in capitals. The best-known parts of the Banff Classi-
fication are the Banff Lesion Scores, e.g., Banft t for tubulitis, g for glomerulitis.
These are all histopathological decriptors on an ordinal scale of 0, 1, 2, 3, where
0 is usually denoting absence and 3 a severe finding. Note that severity can be
graded in an individual tissue compartment, as in t for tubulitis or cg for trans-
plant glomerulopathy, where the most severely affected tubule or glomerulus
would dictate the score. For other Lesion Scores it is graded as the extent of in-
volvement, as in the Banft Lesion Score g for transplant glomerulitis. Again, the
reader is referred to the Banff website for the most recent overview of these Le-
sion Scores.

Overlooked until the review published in 2018 were the Additional Diag-
nostic Parameters (ADPs). ADPs have been around since the beginning. They
are, with the exception of “C4d Staining On Fresh-Frozen Or Paraffin-Embed-
ded Tissue”, binary (yes or no, absent or present) defined by the non-Lesion
Score nodes in the Banff Classification decision tree to reach all Diagnostic Cat-
egories. They refer not only to histopathology, as in “Absence Of Recurrent Or
De Novo Glomerulonephritis”, but also to other diagnostic disciplines, as in
“Prior Evidence Of Donor-Specific Antibody”. The Banft definitions underpin
the other components of the Banft Classification. To define endarteritis for the
Banff Lesion Score v, Banff provides a definition of “artery” as opposed to arteri-
oles. Finally, the Banff Classification provides diagnostic categories and subcate-
gories. With some minor changes in Banft 2019 that were quickly reversed, these
categories are the following for the 2022 iteration [1]:
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Table 1 Banff Diagnostic Categories

Banff Diagnostic Categories

Banff Diagnostic Subcategories

1. Normal biopsy or nonspecific
changes

None

2. Antibody-mediated rejection and
microvascular inflammation/injury
(AMR/MVI)

Active AMR, chronic AMR, chronic-active
AMR, C4d-staining without evidence of re-
jection, microvascular inflammation/inju-
ry (MVI), DSA-negative and C4d-negative,
probable AMR; C4d staining with acute
tubular injury (ATI)

3. Suspicious (borderline) for acute
T cell-mediated rejection (TCMR)

None

4. T cell-mediated rejection (TCMR)

Acute TCMR 1A, IB, I1A, IIB, I1I
Chronic-active TCMR 1A, IB, IT

S. Interstitial fibrosis and tubular
atrophy

Grade I (mild), grade II (moderate),
grade III (severe)

6. Other changes not considered to be
caused by acute or chronic rejection

Polyomavirus nephropathy, post-transplant
lymphoproliferative disorder, calcineurin
inhibitor toxicity, acute tubular injury, re-
current disease, de novo glomerulopathy
(other than transplant glomerulopathy),
pyelonephritis, drug-induced interstitial
nephritis

Modified from (https:// banfffoundation.org/central-repository-for-banff-classifica-
tion-resources-3/; last accessed December 2022)

Obviously, Category S is not a diagnosis per se. It grades interstitial fibrosis and
tubular atrophy of the cortex (as codified in the Banff Lesion Scores ci and ct)
into the usual ordinal scale of absent, mild (Grade I), moderate (Grade II) and
severe (Grade I1I). While Category 1 is mutually exclusive with Categories 2, 3,
4 and 6, and Category 3 is mutually exclusive with Category 4, all other Catego-
ries may coexist in a summary Banff diagnosis. For example, a biopsy could show
chronic-active antibody-mediated rejection (caAMR) from Category 2, acute
T cell-mediated rejection ITA from Category 4, moderate IFTA from Category 5
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and a diagnosis of recurrent IgA glomerulonephritis from Category 6. Indeed,
several diagnoses from Category 6 may co-exist.

3 Banff Diagnostic Category 2: Antibody-mediated
rejection and microvascular inflammation/injury
(AMR/MVI)

In line with the rapidly accumulating and evolving understanding of AMR over
the years, Category 2 has undergone by far the most changes of all diagnostic
categories in the Banff Classification. A concise review of these changes prior
to 2017 can be found elsewhere [3, 4]. Considering the new subcategories
added in 2022 Microvascular Inflammation/Injury (MVI), DSA-Negative And
C4d-Negative, Probable AMR, C4d Staining With Acute Tubular Injury (ATI),
it is important not to interpret them as bona fide, true AMR. Rather, they should
be considered as provisional subcategories with unknown clinical implications.
Similarly, at the time of writing, “Probable AMR” should not AMR proper or a
mild form of AMR, but rather a subcategory of unknown diagnostic and thera-
peutic significance. It is clear that the focus of the Banff Classification is not to be
a tool for clinical practice and pharmaceutical trials, but rather to drive research
that may or may not provide the evidence for such novel diagnostic subcatego-
ries. This ignores the needs of both clinicians and pharmaceutical researchers
who require internationally recognised, evidence-based diagnostic definitions.
This gap has been filled by a critical review of the evidence base of AMR-relevant
Banff Lesion Scores, ADPs and Category 2 diagnoses on behalf of the European
Society of Organ Transplantation and the European Medicines Agency, which
consolidates the evidence-based core consensus definitions of AMR diagnostic
categories and may also serve as a useful reference point for daily clinical prac-
tice [4].

4 Banff Diagnostic Category 3: Suspicious (Borderline)
For Acute T cell-Mediated Rjection (TCMR)
and Category 4 TCMR

Categories 3 and 4 can be considered as a continuum of increasingly severe man-
ifestations of TCMR in the cortical tubulointerstitial compartment (borderline
and acute TCMR IA, IB) and in the arterial compartment (acute TCMR IIA,
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IIB, I1I, chronic-active TCMR 1II). Frequently, Category 2 diagnoses of AMR
also include Category 3 or Category 4 diagnoses as mixed AMR plus TCMR.

5 Banff Diagnostic Category 6: Other changes not
considered to be caused by acute or chronic rejection

The 8 officially recognised subcategories in 6 should be considered as examples
rather than an exhaustive list. A number of other kidney transplant diseases can
mimic rejection histologically, such as adenovirus nephropathy. To accurately
and reliably diagnose these subcategories and other diseases and other de novo
or recurrent nephropathies, a full triple diagnostic work-up as for native kidney
biopsies is required. This includes standard paraffin histology with haematoxy-
lin-eosin, periodic acid-Schiff, silver and trichrome stains, immunostaining for
immunoglobulin heavy and light chains and complement factor 1 and 3 split
products (usually C1q and C3c). This must be left to experienced nephropathol-
ogists.

6 Molecular diagnostics

Molecular diagnostics, specifically RNA expression studies have been part of
the Banft Classification for several iterations. In the Banff 2022 update, they
are listed under ADPs as “Biopsy-Based Transcript Diagnostics For AMR/MVI
Above A Defined Threshold, If Thoroughly Validated For Use As A Substitute For
AMR/MVI And Available”. They have been used as evidence of antibody inter-
action with transplant tissue and as a surrogate parameter for the presence of
donor-specific antibodies and even for a microscopy-based diagnosis of AMR.
However, no assay has yet been officially recognised by the Banff Foundation
as “thoroughly validated”. Frankly, it is not clear why the well-established [S, 6]
commercial hybridisation assay is not considered “validated ... and available”,
given the certainly inferior evidence for some other diagnostic criteria for AMR.
Meanwhile, the Banff Foundation appears to have started the development cy-
cle all over again on a different assay platform. This means that, although early
results look promising [7, 8], the transplant community will have to wait for an
officially recognised histomolecular platform.
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7 Practical considerations and outlook

Routine diagnostics of renal transplant biopsies should be evidence-based, clin-
ically relevant, economically feasible and follow international standards which
are set by the Banft Classification. Centres should strive to achieve these goals
as a multidisciplinary effort to the best of their ability. Ideally, all involved clin-
ics and diagnostic institutes in a given transplant centre should agree on an evi-
dence-based consensus definition for their daily routine diagnostics, taking into
account their centre’s resources, their experiences and emerging evidence.

It is increasingly recognised that alloreactive processes may not fit into
the diagnostic boxes of the Banff Classification, but may be better defined by
mechanism (TCMR vs. AMR), activity and chronicity, very similar to the bi-
opsy assessment in lupus nephritis. Such novel concepts, the advent of digital
nephropathology, computer vision and machine learning, and transcriptomics
could lead to more reproducible and accurate diagnoses and pave the way for
prognostic and theranostic classifiers.
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1 Cytomegalovirus and kidney transplantation

Despite recent advances, cytomegalovirus (CMV) infection remains one of the
most common complications in solid organ transplant recipients, with an in-
creased risk of complications, graft loss, morbidity, and mortality [1]. While
adult and paediatric transplant recipients share common risk factors for CMV
disease, children face unique challenges that increase their risk of exposure and
infection. Because they are likely to be CMV-naive at the time of transplanta-
tion, they are more likely to acquire primary CMV infection post-transplant. In
addition, CMV donor (D)-negative and recipient (R)-negative paediatric kid-
ney transplant recipients are at increased risk of de novo infection from com-
munity sources, such as day care. Prior to the introduction of prophylactic and
preemptive therapy, CMV disease occurred in approximately 15% of paediat-
ric kidney transplant recipients [2]. Antiviral prophylaxis and preemptive treat-
ment strategies have reduced the burden of CMV disease, while standardized
quantitative nucleic acid testing has allowed more effective monitoring [3]. In
the current era, CMV DNAemia affects approximately 20% of paediatric kidney
transplant patients, with 1-10% developing CMV disease and 14% experiencing
late-onset disease [1, 4, S]. In addition to established therapeutic agents such as
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valganciclovir and ganciclovir, novel antiviral agents and adjunctive treatments
such as virus-specific T cells offer promising options for safer and more effective
prevention and treatment [3].

2 Definitions

CMV DNAemia: Detection of CMV DNA in the blood in the absence of clini-
cal symptoms [3].

CMYV infection: Evidence of CMV replication regardless of symptoms, defined
as isolation of virus or detection of viral proteins (antigens) or nucleic acid in
any body fluid or tissue specimen [6], e.g., positive PCR, positive pp6S antigen,
positive cell culture, and/or histopathological evidence.

CMYV disease: Evidence of CMV infection accompanied by attributable symp-
toms. CMV disease can be further categorized as a CMV syndrome or as tissue
invasive disease [1]

CMYV syndrome: CMYV replication plus one or more of the following criteria:
Fever, malaise, leukocytopenia, thrombocytopenia.

Tissue invasive disease: CMV replication plus one or more of the following
criteria: Gastrointestinal disease, pneumonia, hepatitis, central nervous system
disease, retinitis, others (nephritis, cystitis, myocarditis, pancreatitis, etc.).

3 Pre-transplant CMV diagnostics

As in adults, the risk of CMV disease in paediatric transplant recipients depends
on the donor and recipient serostatus (D/R). Pre-transplant CMV serosta-
tus defines the risk of CMV after transplantation and guides decisions about
either antiviral prophylaxis or active surveillance (with preemptive therapy)
[1]. However, in infants younger than 12 months, interpretation of serostatus
is complicated by maternal CMV antibodies transferred across the placenta and
the intermittent shedding of CMV in saliva and urine [1]. Prior to the intro-
duction of routine CMV prevention strategies, CMV-related disease in solid or-
gan transplant (SOT) recipients typically occurred within the first three months
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(early-onset). After discontinuation of early-onset post-transplant prophylaxis,
complications are more likely to occur as late-onset CMV disease, particularly
in high-risk CMV-positive donor/ CMV-negative recipient (D+/R-) cases [7].

Risk categories are generally defined and treated as (exceptions, see further
below):

« (D+/R-) High risk

« (D+/R+) Intermediate risk

+ (D-/R-) Lowrisk

« (D-/R+) Therisk associated with (D—/R+) serostatus and its management
both depend whether or not the recipient has received induction therapy
with lymphocyte-depleting antibodies.

We also recommend:

«  Pre-transplant serological testing of all donors and recipients: Ideally prior
to any necessary blood transfusion to avoid transmission of CMV antibod-
ies. (Sample usually required: 1 mL of serum (or 2 mL of whole-blood) for
CMV IgG serostatus determination)

« Ifthe donor has received multiple transfusions prior to organ retrieval, con-
sider possible CMV transmission and classify the donor as CMV IgG pos-
itive.

« For donors and recipients younger than 12 months of age, assume the high-
est possible CMYV risk for the recipient due to possible maternal antibody
transmission [1].

Donor < 12 months Recipient < 12 months Highest risk categorization
+ +or— D+/R-*

- + D-/R+

- - D-/R-

* If the recipient is confirmed positive by CMV culture or nucleic acid testing, assign D+/
R+.
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4 Post-transplant CMV decisions:
Prophylaxis vs. pre-emptive strategy

Given the high incidence of primary CMYV infection and reactivation in pae-
diatric solid organ transplantation, preventive strategies play a crucial role in
enhancing transplant success and improving clinical outcomes. The choice be-
tween prophylaxis and pre-emptive strategies depends on the CMV risk profile
of the patient and the level of immunosuppression administered [ 1]. These strat-
egies help to mitigate the risk of CMV infection and disease, while also reduc-
ing the associated indirect effects of CMV infection [1, 6, 7]. Similar to adults,
paediatric evidence supports the use of serostatus-guided antiviral prophylaxis
in paediatric kidney transplant recipients. However, its use in young children is
limited due to the risk of bone marrow suppression and the lack of comprehen-
sive pharmacokinetic data for valganciclovir. Universal prophylaxis involves the
administration of antiviral medication to all patients or a selected group of high-
risk patients, starting within the first 10 days post-transplant and continuing for
a defined period, typically 3 to 6 months [1].

On the other hand, preemptive therapy reduces antiviral-related toxicity
but requires frequent viral load monitoring [1]. Effective preemptive therapy
(PET) relies on routine blood monitoring for CMV at regular intervals (e.g.,
weekly CMV viral load testing) to detect viral replication at an early stage.
Once a predefined assay threshold is reached — ideally before clinical symptoms
emerge — antiviral treatment is initiated to prevent progression to clinical dis-
ease. Advances in assay availability and standardization have made this approach
increasingly feasible. However, due to differences in diagnostic specimen types
(whole-blood vs. plasma) and variability in assay platforms, a universally appli-
cable threshold for initiating therapy has yet to be established [1, 8, 9].

Definitions:

« Prophylaxis: Administration of valganciclovir (or ganciclovir) for 3-6
months post-transplant.

« Preemptive strategy: Regular CMV PCR surveillance post-transplant and
initiation of antiviral therapy (double prophylactic dose) if CMV DN Aemia
is detected by PCR, irrespective of clinical symptoms.

We recommend:

« Patients at high CMV risk (CMV D+/R~) or intermediate risk (CMV D+/
R+) receive valganciclovir prophylaxis.
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« CMV S—/E+ patients receiving ATG/Thymoglobulin®: treat as high CMV
risk (valganciclovir prophylaxis)

« CMV S—/E+ patients without ATG/Thymoglobulin® therapy follow a pre-
emptive strategy approach (CMV PCR surveillance, initiation of antiviral
therapy at relevant CMV DNAemia).

« Lowrisk patients (CMV S—/E-) are followed clinically; if CMV infection is
suspected, PCR testing is performed.

Duration of prophylaxis:
The duration of prophylaxis depends on the intensity of immunosuppressive
therapy.

«  For patients receiving standard immunosuppression (dual/triple therapy),
we recommend 3 months of prophylaxis.

«  For patients receiving ATG/Thymoglobulin® induction or treatment, we
recommend 6 months of prophylaxis.

« Datients on methylprednisolone pulse therapy: 3 months prophylaxis, if
high or intermediate risk category.

Valganciclovir prophylactic dosage

«  Single daily dose (mg/day) = 7 x BSA (m*) x eGFR (ml/min/1.73 m*)*

«  Maximum eGFR value to use in formula: 150 mL/min/1.73 m? (to avoid
overdosing)®

« Maximum prophylactic daily dose: 900 mg

« Valganciclovir available as: 450 mg tablets or 50 mg/ml suspension

o For persistent anuria post-transplant: Start intravenous ganciclovir
(0.625 mg/kg 3 x weekly after haemodialysis) or valganciclovir suspension
according to product guidelines at 48 h post-transplant.

“ Calculation of eGFR using k = 0.413 [10].

* Other centers have adopted lower age-dependent upper eGFR limits in children to

avoid over-exposure to valganciclovir [11]

5 Post-transplant CMV diagnostics
In immunosuppressed patients, seroconversion during primary infection may

be delayed or absent. Therefore, antibody detection is only useful for determin-
ing pre-transplant CMV serostatus, but not for diagnosing active CMV infection
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after transplantation [7]. As CMV DNA concentrations may vary between
whole blood and plasma, surveillance should be performed consistently using
the same sample type for each patient [7].

We recommend:

« 10 days post-transplant (except for D—/R— patients and those under pro-
phylaxis): 2 ml EDTA-treated blood for CMV quantitative PCR testing.

« In cases of clinical suspicion or unexplained leukocytopenia/neutropenia,
CMYV PCR testing should also be considered during ongoing prophylaxis.

Post-transplant, quantitative nucleic acid amplification testing is the preferred
method for diagnosing CMV infection, guiding preemptive strategies, and mon-
itoring response to therapy [1, 12]. Although there is no universally accepted
threshold for initiation of therapy, a clinically significant increase in CMV DNA
viral load is currently defined as at least a threefold increase (> 0.5 log;, copies/
mL) in viremia within one week [7]. Another issue that remains controversial is
routine surveillance for breakthrough CMV DNAemia during antiviral prophy-
laxis. While studies in paediatric SOT recipients have reported breakthrough
CMV DNAemia during valganciclovir prophylaxis, its clinical significance re-
mains uncertain [3]. It has been associated with adverse outcomes such as graft
rejection, secondary infections, and potential valganciclovir/ganciclovir resis-
tance. However, the respective paediatric data are inconclusive and causality has
not been firmly established. Furthermore, progression from breakthrough CMV
DNAemia to CMV disease is rare [3]. In accordance with the German guideline
on S2k guideline on the management of viral infections in organ transplantation,
we currently do not recommend routine screening for CMV DNAemia during
prophylaxis unless there is clinical suspicion of CMV replication [7].

We recommend the following monitoring schedule:

« For patients after 3 months of prophylaxis, we recommend the following
schedule:
+ Months 3-6: twice a month
+  Months 6—12: once a month
« After 12 months: twice per year and if clinical symptoms or graft dys-

function occur.

« For patients after 6 months of prophylaxis, we recommend the following
schedule:
+ Months 6-9: twice a month
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+ Months 9-12: once a month
«  After 12 months: twice a year and if clinical symptoms or graft dysfunc-
tion occur.
« For patients following a preemptive strategy, we recommend the following
schedule:
+ Months 0-4: once a week
+  Months 4-12: once a month
+ After 12 months: twice a year and if graft dysfunction occurs.

Regarding the diagnostic workup after solid organ transplantation, it has to be
mentioned that a negative CMV DNA test does not necessarily rule out tissue
invasive CMV disease [13, 14]. Higher CMV DNA levels in tissue compared to
peripheral blood suggest tissue invasion, which is particularly relevant in pul-
monary or intestinal involvement. In such cases, histological and immunohisto-
chemical analyses are essential for diagnosis [14-17].

6 Treatment of CMV replication and CMV disease
after paediatric kidney transplantation

Both oral valganciclovir and intravenous ganciclovir can be used for non-
life-threatening CMV disease; valganciclovir is generally preferred if feasible be-
cause of its oral formulation, which can help to reduce or avoid hospital stays
and reduce the risk of infectious and vascular complications associated with in-
travenous therapy. Conversely, intravenous ganciclovir is the preferred option
for the initial treatment of life-threatening CMV disease, as it ensures optimal
drug exposure when immediate and effective antiviral activity is critical [1, 18].
Antiviral treatment should be given for at least two weeks and continued un-
til both clinical symptoms have resolved and CMV DNAemia falls below a de-
fined threshold (lower limit of quantification < 200 IU/mL) in two consecutive
weekly tests [1, 7]. Once clinical improvement is achieved, intravenous ganci-
clovir can be switched to valganciclovir in patients who can tolerate oral therapy.
In cases of leukopenia, it is not recommended to discontinue or substitute (val)
ganciclovir before considering the use of granulocyte colony-stimulating factor
and/or discontinuing other myelosuppressive medications [1].
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For the treatment of asymptomatic CMV replication and CMV syndrome we

recommend:

Therapeutic dose of valganciclovir: The prophylactic dose given two times
a day.

Maximum therapeutic daily dose: 900 mg twice daily (total 1800 mg/d).
Reduce maintenance immunosuppressive therapy if possible.

Frequent clinical monitoring and weekly CMV DNAemia testing by PCR
If CMV DNAemia recurs, consider switching to an everolimus-based im-
munosuppressive therapy

During CMV replication, pneumocystis jirovecii pneumonia prophylaxis
should be maintained for the duration of viremia.

For the treatment of tissue invasive CMV disease we recommend:

IV ganciclovir: 10 mg/kg/day divided into two doses as a short infusion for
14 days. Followed by S mg/kg/day once daily as a short infusion until clin-
ical resolution and two consecutive negative CMV PCR results. Minimum
treatment duration: 3 weeks. Caution: Dose adjustments required for GFR
<70 mL/min/1.73 m? (see Table 1).

For CMV pneumonitis or enterocolitis, consider adding 100 mg/kg b.w. of
hyperimmune globulin, depending on the patient’s condition.

CMV DNAemia testing by PCR: Twice weekly.

Reduce maintenance immunosuppressive therapy if possible.

Depending on immunosuppressive regimen, secondary prophylaxis with
valganciclovir for 1-3 months may be considered.

Ensuring the correct dose of antiviral medication is critical to the effective man-
agement of CMV disease (Table 1). Inadequate dosing may lead to treatment

failure and increase the risk of resistance development, while excessive doses

may increase the risk of toxicity. To optimize therapy, renal function should be

closely monitored by regular assessment of serum creatinine levels [1, 19, 20].

We recommend the following adjustments to the dose and dosing interval of i.v.

ganciclovir in relation to kidney function.
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Table 1 Dosage of i.v. ganciclovir in relation to kidney function

Initial therapy Maintenance therapy
Creatinine clearance Dose (mg/ Dosing Dose (mg/ Dosing
(according to Schwartz) kg BW") interval (h) kg BW') Interval (h)
(mL/min-1.73 m*)
>70 5.0 12 5.0 24
50-69 2.5 12 2.5 24
25-49 2.5 24 1.25 24
10-24 1.25 24 0.625 24
<10 1.25 3 x perweek> 0.625 3 x per week?

! body weight; ? after haemodialysis

Regarding dosing of oral valganciclovir please refer to section 4.

7 Management of treatment-resistant CMV disease

Drug resistance is characterized by viral genetic mutations that reduce suscep-
tibility to one or more antiviral drugs, often resulting in persistent or increasing
viral load or symptomatic disease despite adequate treatment. It can manifest
in varying degrees, from asymptomatic cases that resolve without intervention
to severe or even fatal organ disease [21, 22]. The development of resistance is
strongly associated with increased morbidity and mortality, highlighting the im-
portance of early detection and treatment [1, 23, 24].

We recommend:

« Ifthe CMV viral load is not reduced by 50% after 2 weeks of therapy, resis-
tance testing by RT-PCR genotyping (UL97 and ULS4 mutations) should
be performed.

« If necessary, biopsy material or bronchoalveolar lavage (BAL) fluid should
also be tested for CMV mutation.

« After consultation with virology/infectious disease specialists, alternative
agents such as foscarnet may be used (caution: nephrotoxicity).
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In paediatric kidney transplantation, the use of everolimus in combination
with low-dose cyclosporine A has been associated with a significantly lower in-
cidence of CMV disease compared with mycophenolate mofetil (MMF) with
standard-dose calcineurin inhibitors. Although data on switching to mTOR in-
hibitors during active CMV infection are lacking, an mTOR-based immunosup-
pressive regimen may be considered in cases of recurrent CMV viremia [7, 25].

8 Exposure prophylaxis and hospital hygiene

« Patient isolation: not generally required.
« Precautions: Avoid contact with pregnant women, neonates and immuno-
suppressed patients (see hospital hygiene guidelines).
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1 Epstein-Barr virus

Epstein-Barr virus (EBV) infection is typically caused by salivary transmission
(“kissing disease”). After productive infection of epithelial cells and B cells of
the oropharynx (lytic phase), naive circulating B cells are infected and progress
from latently infected proliferating blasts to long-lived memory B cells (latent
phase). In the context of solid organ transplantation (SOT), EBV is also trans-
missible through the transplant, and reactivation of virus-producing cells is pos-
sible at any time, especially under immunosuppressive medication [1]. Primary
EBYV infection and viral reactivation in the course of subsequent latent virus
persistence may be asymptomatic, oligosymptomatic or cause severe systemic
disease, including infectious mononucleosis and post-transplant lymphoprolif-
erative disorder (PLTD, see below).

In paediatric kidney transplant (KTx) recipients, the S-year incidence of
EBV-associated PTLD is 1-10%. Risk factors for the development of PTLD
include the recipient’s EBV seronegativity prior to KTx, which is found in ap-
proximately 41% of paediatric KTx patients, and the type and intensity of immu-
nosuppression [2, 3]. As EBV-specific antiviral drugs and effective EBV vaccines
are lacking, early diagnosis of EBV infection or reactivation and surveillance are
necessary in paediatric KTx patients.
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2 EBV diagnostics

Prior to kidney transplantation, both donor and recipient should be serologi-
cally tested for EBV. Patients with an EBV D+/R~ serostatus are at highest risk
of primary EBV infection. After transplantation, EBV infection/reactivation is
diagnosed by determining the virus load in whole blood, plasma or serum by
quantitative PCR (qQPCR) [4]. Viral load in cell-containing material reflects the
abundance of virus-infected cells, whereas in plasma or serum it reflects free vi-
ral nucleic acid from productively infected or dead cells. Quantitative EBV DNA
testing can also be performed on cerebrospinal fluid, biopsy material, bronchoal-
veolar lavage (BAL), etc., where the viral load of all non-liquid materials should
be related to a cellular genome. Where possible, virus concentrations should be
reported in international units/ml, using the WHO EBV standard (www.nibsc.
org/documents/ifu/O9—260.pdf).

Because there is no absolute viral load threshold for predicting EBV-asso-
ciated PTLD, longitudinal monitoring of EBV viral loads should be performed
using the same specimen and laboratory [4, 1]. This helps to distinguish pa-
tients with increasing viral loads from those with elevated but stable viral loads.
Transplanted patients can have persistent high viral loads without developing
PTLD. In contrast, an undetectable or low viral load does not rule out the de-
velopment of PTLD, including EBV-associated PTLD. An increasing viral load
should prompt a physical examination with imaging, tissue biopsy, immunophe-
notyping, and preemptive therapy as appropriate. Where possible, mutational
analysis may also be helpful in estimating the risk of PTLD, as mutations in the
EBV LMP1 gene (positions 212 and 366) have been associated with an almost
12-fold increased risk of EBV-positive PTLD [1].
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3 Prophylaxis and treatment of EBV infection

Despite many efforts, the development of a vaccine to provide reliable, long-
term protection against EBV infection has not been successful. There are no spe-
cific antiviral drugs. Acyclovir and ganciclovir inhibit EBV in the lytic phase in
vitro and in vivo, and therefore theoretically have prophylactic potential to pre-
vent primary EBV infection. However, in a systematic review with meta-analy-
sis, their benefit could not be proven. Therefore, their use is not recommended,
but at the same time the available data are not sufficient to reject their use [5].

Although rituximab is often used to pre-emptively treat EBV replication in
haematopoietic stem cell transplant (HSCT) patients, its beneficial effect as a
preemptive therapy to prevent manifest PTLD in SOT recipients has not been
proven. It is therefore not generally recommended for paediatric KTx recipients,
but may be considered on a case-by-case basis.

For prophylaxis and treatment of EBV infection, immunosuppressive med-
ication can be reduced in order to strengthen the patient’s cellular defence
against EBV. However, the patient’s individual risk-benefit ratio needs always be
taken into account to avoid transplant rejection [1, S, 6].

4 Diagnosis of PTLD

Symptoms of PTLD can be variable with either classic symptoms (lymph-
adenopathy, hepato-/splenomegaly, blood count abnormalities, fever, night
sweats, weight loss) or atypical symptoms (failure to thrive, abdominal pain,
diarrhoea, chronic fatigue, unexplained cough). Biopsy is mandatory to confirm
the diagnosis, and pathological workup should include immunohistochemistry
(CD20, CD30), evaluation of c-myc translocations and EBV association (EBER
in situ hybridisation; staining for LMP or EBNA). PTLD is classified according
to the WHO classification with polymorphic or monomorphic B-cell disease be-
ing the most frequent subtypes [7].
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Table 2 The WHO classification of PTLD (2017)

Category Examples

Non-destructive PTLD Reactive plasmacytic hyperplasia
Infectious mononucleosis

Florid follicular hyperplasia

Polymorphic PTLD

Monomorphic PTLD Diffuse large B-cell lymphoma
Burkitt lymphoma
Plasma cell myeloma, plasmacytoma
EBV-positive Marginal Zone lymphoma
Peripheral T-cell lymphoma, not other-
wise specified
Hepatosplenic T cell lymphoma

Classical Hodgkin lymphoma PTLD

5 Diagnostic workup and staging

Diagnosis and treatment should be carried out by an interdisciplinary team of
paediatric oncologists and transplant physicians. Except for non-destructive
PTLD of the tonsils or adenoid tissue all other patients require complete stag-
ing. Imaging should include ultrasound and/or MRI of the abdomen and cervi-
callymph nodes, and chest CT. A ¥FDG-PET CT/MRI should be performed to
secure all active lesions. Bone marrow histology and lumbar puncture are per-
formed to evaluate bone marrow or central nervous system (CNS) involvement.
Peripheral blood EBV qPCR and measurement of lactate dehydrogenase should
be performed as baseline for follow-up investigations.

Staging is performed according to the International Paediatric Non-Hodgkin
Lymphoma staging system [8] or the St. Jude staging system [9]. Both systems
identify 4 stages based on the number and location of lymph node regions in-
volved, extralymphatic disease, and bone marrow or CNS involvement. Stages I
to IV are associated with the absence (a) or presence (b) of general symptoms
such as fever, night sweats and weight loss.
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6 Treatment of PTLD

Treatment of PTLD has been extensively reviewed in a recent IPTA report and
should be carried out in multi-disciplinary teams [6]. Reduction of immunosup-
pressive medication without risk of graft rejection is the cornerstone of PTLD
treatment. Preclinical data suggest that cessation of calcineurin inhibitors and/
or a switching to an mTOR inhibitor-based regimen may be beneficial, but clin-
ical evidence is lacking. In CD20+ PTLD, rituximab is the first-line treatment
of choice. In the Ped-PTLD trial, 3-weekly doses of rituximab (375 mg/m?)
were administered and, if a complete or partial remission was achieved, were
followed by 3 further rituximab infusions on a 3-weekly schedule. In patients
who do not respond to rituximab alone, low-dose chemotherapy (modified
COMP, cyclophosphamide, vincristine, methotrexate, prednisolone) should be
added [7]. Alternatively, 6 cycles of rituximab + low-dose chemotherapy (cy-
clophosphamide + prednisolone) resulted in similar survival rates [10]. In pa-
tients who progress on this regimen, more intensive chemotherapy regimens
have been used according to NHL-BFM, DA-EPOCH, FAB/LMB or COG
schemes. Supportive measures should include antifungal and Preumocystis jiro-
vecii prophylaxis. Recently, EBV-specific T cells have been approved by the EMA
for second-line treatment of relapsed or refractory EBV+ PTLD (tabelecleucel,
Ebvallo® [11]). Alternatively, EBV+ T cells freshly isolated from partially HLA-
matched donors have been used with similar success rates [ 12]. These cells have
also been used successfully in patients with CNS involvement, who otherwise
have a poor prognosis [ 13].

In a retrospective analysis of Hodgkin-like PTLD treated with convention-
al Hodgkin’s disease chemotherapy, 81% of patients achieved and maintained
complete remission at S years [14]; therefore, Hodgkin-like PTLDs should be
treated according to protocols developed for de novo Hodgkin’s disease. For rare
types of PTLD (e.g. monomorphic T-cell PTLD, plasmacytoma-like PTLD),
no standardised recommendations have been evaluated and treatment should
be individualised.

— 200 —



7.2 Epstein-Barr virus infection and post-transplant lymphoproliferative disorder (PTLD)

References

S2k-Leitlinie Virusinfektionen bei Organ- und allogen Stammzell-Trans-
plantierten: Diagnostik, Pravention und Therapie. https://register.awmf.
org/de/leitlinien/detail/093-002

Hocker B, Fickenscher H, Delecluse HJ, et al. Epidemiology and morbidi-
ty of Epstein-Barr virus infection in pediatric renal transplant recipients: a
multicenter, prospective study. Clin Infect Dis. 2013;56(1):84-92.
Hécker B, Bohm S, Fickenscher H, et al. (Val-) Ganciclovir prophylaxis re-
duces Epstein-Barr virus primary infection in pediatric renal transplanta-
tion. Transpl Int. 2012;25(7):723-31.

Preiksaitis J, Allen U, Bollard CM, et al. The IPTA Nashville Consensus
Conference on Post-Transplant lymphoproliferative disorders after solid
organ transplantation in children: III - Consensus guidelines for Epstein-
Barr virus load and other biomarker monitoring. Pediatr Transplant. 2024;
28(1):e14471.

Green M, Squires JE, Chinnock RE, Comoli P, et al. The IPTA Nashville
consensus conference on Post-Transplant lymphoproliferative disorders
after solid organ transplantation in children: II — consensus guidelines for
prevention. Pediatr Transplant. 2024;28(1):e14350.

Allen UD, L-Huillier AG, Bollard CM, et al. The IPTA Nashville consen-
sus conference on post-transplant lymphoproliferative disorders after solid
organ transplantation in children: IV — consensus guidelines for the man-
agement of post-transplant lymphoproliferative disorders in children and
adolescents. Pediatr Transplant. 2024;28(5):e14781.

Swerdlow SH, Campo E, Pileri SA, et al. The 2016 revision of the World
Health Organization classification of lymphoid neoplasms. R, Watson A,
Vondrak K, et al. A prospective, randomized, multicenter trial of tacroli-
mus-based therapy with or without basiliximab in pediatric renal transplan-
tation. Blood. 2016;127(20):2375-90.

Rosolen A, Perkins SL, Pinkerton CR, et al. Revised International Pediat-
ric Non-Hodgkin Lymphoma Staging System. J Clin Oncol. 2015;33(18):
2112-8.

Murphy SB. Classification, staging and end results of treatment of child-
hood non-Hodgkin’s lymphomas: dissimilarities from lymphomas in
adults. Semin Oncol. 1980;7(3):332-9.

— 201 —


https://register.awmf.org/de/leitlinien/detail/093-002
https://register.awmf.org/de/leitlinien/detail/093-002

7 Infectious complications and prevention

10

11

12

13

14

Gross TG, Orjuela MA, Perkins SL, et al. Low-dose chemotherapy and
rituximab for posttransplant lymphoproliferative disease (PTLD): a Chil-
dren’s Oncology Group Report. Am J Transplant. 2012;12(11):3069-75.
Mahadeo KM, Baiocchi R, Beitinjaneh A, et al. Tabelecleucel for alloge-
neic haematopoietic stem-cell or solid organ transplant recipients with
Epstein-Barr virus-positive post-transplant lymphoproliferative disease
after failure of rituximab or rituximab and chemotherapy (ALLELE): a
phase 3, multicentre, open-label trial. Lancet Oncol. 2024;25(3):376-387.
Bonifacius A, Lamottke B, Tischer-Zimmermann S, et al. Patient-tailored
adoptive immunotherapy with EBV-specific T cells from related and unre-
lated donors. J Clin Invest. 2023;133(12):e163548.

Taj MM, Maecker-Kolhoft B, Ling R, et al. Primary post-transplant
lymphoproliferative disorder of the central nervous system: characteris-
tics, management and outcome in 25 paediatric patients. Br ] Haematol.
2021;193(6):1178-84.

Kampers J, Orjuela-Grimm M, Schober T. Classical Hodgkin lympho-
ma-type PTLD after solid organ transplantation in children: a report on
17 patients treated according to subsequent GPOH-HD treatment sched-
ules. Leuk Lymphoma. 2017;58(3):633-8.

— 202 —



7.3 BK Polyomavirus and JC Polyomavirus infection

CHAPTER 7.3 BK Polyomavirus and JC Polyomavirus
infection

Lars Pape' & Burkhard Tonshoff?

' Department of Paediatrics I, University Hospital of Essen, Essen, Germany
2 Heidelberg University, Medical Faculty Heidelberg, Department of Paediatrics |, University
Children’s Hospital, Heidelberg, Germany

ORCIDs:
Lars Pape: https://orcid.org/0000-0002-3635-6418
Burkhard Ténshoff: https://orcid.org/0000-0002-6598-6910

1 Introduction

After kidney transplantation, immunosuppressive treatment disturbs the in-
dividual balance between virus replication and cellular immune response, re-
sulting in an increased incidence of severe viral complications. After primary
infection mainly during childhood, BK polyomavirus (BKPyV) persists in the
renourinary tract. While BKPyV infection occurs without apparent signs or
symptoms in healthy individuals, BKPyV causes BKPyV-associated nephropa-
thy (BKPyVAN) in 1% to 10% of all kidney transplant recipients, leading to
premature graft failure in 10-80% [1-7]. Recently, new guidelines for the man-
agement of BKPyV after kidney transplantations have been published [8]. This
text summarises the most important paediatric aspects of this guideline.

2 Definition of BKPyV nephropathy

«  Probable BKPyV nephropathy — plasma BKPyV DNAaemia > 1000 ¢/mL
(or equivalent) persisting for > 2 weeks

«  Presumptive BKPyV nephropathy — plasma BKPyV DNAaemia > 10,000 ¢/
mL (or equivalent)

«  Proven BKPyV nephropathy — detection of compatible cytopathic effects in
a graft biopsy plus immunohistochemistry and a specific diagnostic test that
identifies BKPyV as opposed to JC polyomavirus (JCPyV)

— 203 —

Published in: Tonshoff & Pape (eds.), Management of the paediatric kidney transplant recipient.
Heidelberg: heiBOOKS 2026, pp.203-209. DOI: https://doi.org/10.11588/heibooks.1732.c25461


https://doi.org/10.11588/heibooks.1732.c25461
https://orcid.org/0000-0002-3635-6418
https://orcid.org/0000-0002-6598-6910

7 Infectious complications and prevention

3 Risk factors for BKPyV DNAaemia

«  Younger recipient age

«  Obstructive uropathy

o Zero HLA-DR match

« Lymphocyte depleting induction therapy

« Tacrolimus-based immunosuppressive therapy

4 Diagnostic recommendations

«  For paediatric kidney transplant recipients, we recommend monthly screen-
ing for plasma BKPyV DNAaemia until month 9, then every 3 months un-
til month 36

« In paediatric kidney transplant recipients with BKPyV DNAaemia, we rec-
ommend that a kidney biopsy be performed if clinically indicated (e.g., in-
crease in serum creatinine, proteinuria, haematuria).

+ In paediatric kidney transplant recipients with stable kidney function and
persistent BKPyV DNAaemia > 10,000 c¢/mL (or equivalent) despite reduc-
ing immunosuppression, we suggest performing a renal allograft biopsy.

« In paediatric kidney transplant recipients with stable kidney function, per-
sistent BKPyV DNAaemia and increased immunological risk (e.g. ABO in-
compatible kidney transplantation, HLA-DSA, re-transplantation, poor
adherence, multi-organ transplant, history of previous rejection) or virolog-
ical risk (e.g. graft loss due to BKPyV nephropathy), we suggest performing
a renal allograft biopsy to exclude subclinical rejection before reducing im-
munosuppression.

5 Treatment recommendations

« Start treatment if of BKPyV DNA 1000-10.000 ¢/mL twice or > 10.000 ¢/
mL

«  We recommend reduction of maintenance immunosuppression as the pri-
mary treatment of persistent BKPyV DNAaemia, presumptive or proven
BKPyV nephropathy in paediatric kidney transplant patients without con-
current acute rejection. See below for details:
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We suggest measurement of plasma creatinine and BKPyV DNA aemia ev-
ery 1-2 weeks during taper of immunosuppression.

We suggest re-increasing of immunosuppression after sustained clearance of
BKPyV DNAaemia.

We suggest monthly monitoring of BKPyV DNAemia for 3 months in the
event of re-increasing immunosuppression because of rejection therapy.

We do not recommend adjunctive therapies including leflunomide, cidofo-
vir and fluoroquinolones due to the lack of well-designed studies that were
confounded by concomitant reduction in immunosuppression.

Reduction of immunosuppression in case of (presumptive) BKRPyVAN

We suggest first confirming that all immunosuppressive drug doses and con-
centrations are within the institutional target range.

‘We recommend monitoring for BKPyV DNAaemia every 2—4 weeks until
clearance.

Strategy 1: Antimetabolite is reduced first

L.

I1.

III.

Reduce the antimetabolite dose by at least 50%.

We suggest further reduction of immunosuppression if BKPyV DNAaemia
does not decrease by 10-fold or does not clear below the lower limit of detec-
tion (weak, low) after 4 weeks, as follows:

Discontinue the antimetabolite and taper the corticosteroid dose to 5-
10 mg/1.73 m?* per day of prednisone or equivalent, if applicable.

For patients not on corticosteroids, we suggest a maintenance dose of 5—
10 mg/1.73 m? per day of prednisone or equivalent to avoid CNI monother-
apy.

If further reduction in immunosuppression is required, we suggest a step-
wise reduction of the calcineurin inhibitor dose (tacrolimus trough target
S ng/mL; cyclosporine trough target 100 ng/ mL)

Target concentrations for further reductions are not well described and
need to be individualised. Expert opinion and case reports discuss a tacro-
limus target trough concentration of 3 ng/mL and a cyclosporine target
trough concentration of 75 ng/mL, followed by a tacrolimus target trough
of 1.5 ng/mL and a cyclosporine target trough of 50 ng/mL.
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Strategy 2: Calcineurin inhibitor is reduced first

L. Reduce calcineurin inhibitor dose by 25-50% in one or two steps to target
trough concentrations of tacrolimus of 3—5 ng/mL and cyclosporine trough
concentrations of 75-125 ng/ mL)
We suggest further reduction of immunosuppression if BKPyV DNAaemia
does not decrease by 10-fold or fall below the lower limit of detection after
4 weeks as follows:

II. Reduce the antimetabolite by 50% and taper the corticosteroid dose to 5—
10 mg/1.73 m? per day of prednisone or equivalent, if applicable.

III. Antimetabolite discontinuation
We suggest a maintenance dose of 5-10 mg/1.73 m? per day of predni-
sone or equivalent for patients who are not on corticosteroids to avoid CNI
monotherapy.
Target concentrations for further reduction are poorly described and need
to be individualised. Expert opinion and case reports suggest target con-
centrations of 3 ng/mL for tacrolimus and target concentrations of 75 ng/
mL for cyclosporine, followed by nest steps of 1.5 ng/mL and 50 ng/mlL,
respectively.

6 JC Polyomavirus nephropathy

As JC polyomavirus (JCPyV) nephropathy is very rare, universal screening as
for BKPyV is not recommended. The diagnosis of JCPyV nephropathy should
be suspected in biopsies detecting LTag expression using the cross-reacting
SV40-LTag antibody in a kidney transplant recipient without detectable BKPyV
DNAaemia or high-level BKPyV DNAuria [12]. Morphologically, BKPyV and
JCPyV nephropathy are indistinguishable. The specific diagnosis of JCPyV ne-
phropathy requires immunohistochemistry staining with JCPyV-specific anti-
bodies, such as those raised against the JCPyV major capsid Vp1 protein or in
situ hybridisation with JCPyV-specific probes. Another approach is to deter-
mine the tissue viral load of JCPyV-DNA in biopsy material by (semi-)quantita-
tive molecular testing, whereby BKPyV DNA should not be detectable. Kidney
transplant patients with JCPyV nephropathy are characterised by high urinary
JCPyV loads of >10 million ¢/mL (or equivalent), while urinary BKPyV loads
are low or undetectable. In contrast to BKPyV screening, plasma JCPyV loads
are not a reliable marker for screening, diagnosis, or monitoring of JCPyV ne-
phropathy, as they are usually undetectable or low.
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1 Epidemiology

Pneumocystis jirovecii (PJP) is a potentially life-threatening infection in im-
munocompromised individuals [1]. Pneumocystis is transmitted via the air-
borne route. New infections in humans are most likely acquired through
person-to-person spread [2]. Individuals with normal immune systems may be
asymptomatically colonised in the lungs and serve as a reservoir for the spread
of Pneumocystis to immunocompromised hosts [3].

2 Risk factors

Patients with human immunodeficiency virus (HIV) and a low CD4 count are
at the highest risk of PJP. For patients without HIV, the most significant risk
factors are glucocorticoid treatment and defects in cell-mediated immunity [4].
Glucocorticoids increase the risk of developing PJP by suppressing cell-me-
diated immunity and altering lung surfactant. Other specific risk factors in-
clude taking other immunosuppressive medications, having had a solid organ
transplant, undergoing treatment for organ rejection or certain inflammatory
conditions (particularly rheumatological diseases), having a primary immuno-
deficiency (e.g., severe combined immunodeficiency) and being severely mal-
nourished.

In the absence of prophylaxis, approximately S to 15% of patients who un-
dergo solid organ transplantation develop PJP [S]. Rates are lowest among renal
transplant recipients and highest among lung and heart-lung transplant recipi-
ents. The period of highest risk for PJP following solid organ transplantation is
one to six months post-transplant if prophylaxis is not administered.
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Several clusters or outbreaks of PJP in solid organ transplant recipients, pri-
marily kidney transplant recipients, have been reported [2, 6]. Hospitalised pa-
tients with PJP should be cared for using standard precautions; however, they
should not share a room with other immunocompromised individuals due to
the potential for person-to-person transmission.

3 Clinical manifestations

Patients with PJP may present with fulminant respiratory failure, accompanied
by fever and a dry cough. However, as clinical awareness of PJP has increased
and laboratory diagnosis has improved, patients more commonly present with
mild to moderate PJP, experiencing less severe and more indolent dyspnoea and
cough. Almost all patients with PJP will experience either hypoxaemia at rest or
during exertion, or an increased alveolar—arterial oxygen tension gradient.

The typical radiographic features of PJP are diffuse, bilateral interstitial infil-
trates. If the chest radiograph is normal, high-resolution computed tomography
scanning may reveal extensive ground-glass opacities or cystic lesions.

4 Diagnosis

A diagnosis of PJP should be considered for patients with risk factors for PJP
who present with pneumonia and radiographic findings that are suggestive of
the condition. Prompt evaluation is warranted. Diagnosis includes microbio-
logical identification of the organism in a sample of induced sputum or bron-
choalveolar lavage (BAL) fluid, when possible. The most rapid and least invasive
method of diagnosing PJP is analysis of sputum induced by inhaling hyperton-
ic saline [1]. If PJP is not identified using this method, bronchoscopy with BAL
should be performed. Detection of the organism in respiratory specimens is
most commonly achieved by microscopy with staining of an induced sputum
specimen or BAL fluid. Staining is necessary because Pneumocystis cannot be
cultured. Several PCR assays have been developed to detect Pneumocystis in
induced sputum, bronchoalveolar lavage (BAL) fluid, blood or nasopharyngeal
aspirates. These assays are particularly useful for patients without HIV, as the
sensitivity of microscopy with staining is substantially lower in this group. BAL
and induced sputum samples demonstrate the highest sensitivity and specifici-
ty. However, when BAL or induced sputum samples are unavailable, PCR can be
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performed on upper respiratory tract samples (e.g., nasopharyngeal aspirates or
oral washes), although false positives and negatives can occur [7]. When PCR
is used to diagnose lower respiratory tract infection in samples from the upper
respiratory tract, it is important to distinguish between a positive result due to
colonisation or infection.

5 Treatment

Trimethoprim-sulfamethoxazole (TMP-SMX) is the recommended medication
for treating PJP in patients without HIV [8, 9]. For patients with normal renal
function, the reccommended dose of TMP-SMX is 15 to 20 mg/kg body weight
per day, administered intravenously or orally in three or four divided doses.
However, several studies have suggested low-dose TMP-SMX (7.5 mg/kg to
15 mg/kg) may be safer and just as effective at treatment of PJP [9]. The dosage
is based on the TMP component. The dose may need to be adjusted if creatinine
clearance changes during therapy. Patients should receive intravenous therapy
until they are clinically stable and have a functioning gastrointestinal tract. The
usual duration of therapy is 21 days. After completing the course of treatment,
patients should be considered for secondary prophylaxis with a reduced dose
of the same antimicrobial therapy to prevent recurrent infection. The antimi-
crobial regimens used for secondary prophylaxis are the same as those used to
prevent the initial infection (see below). When TMP-SMX cannot be used for
the treatment of PJP, alternative drugs include clindamycin plus primaquine, tri-
methoprim plus dapsone, atovaquone and pentamidine administered intrave-
nously (IV).

Adjunctive glucocorticoids are recommended for patients with severe dis-
ease, for example an arterial blood gas measurement showing a partial pres-
sure of oxygen of less than 70 mmHg, an alveolar-arterial oxygen gradient of at
least 35 mmHg, or hypoxaemia on pulse oximetry, while breathing room air.
The recommended dosing algorithm is as follows: 40 mg of prednisolone per
1.73 m* body surface area orally twice daily for five days, followed by 40 mg per
1.73 m? orally once daily for five days, then 20 mg per 1.73 m? orally once daily
for 11 days.
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6 Prophylaxis

PJP is a potentially life-threatening infection that is difficult to treat. PJP prophy-
laxis is therefore recommended for all paediatric kidney transplant recipients
during the first 6— 12 months post-transplant, as this almost completely prevents
PJP. TMP-SMX is the recommended first-line agent for PJP prophylaxis due to
its proven efficacy. TMP-SMX is generally well tolerated in patients without HIV
infection, as a meta-analysis found that adverse events necessitating cessation of
therapy (leukopenia, thrombocytopenia, or severe dermatologic reactions) oc-
curred in only 3.1% of adults [10].

Indications for prophylaxis:

«  Universal prophylaxis for all paediatric kidney transplant recipients for the
first 6 months post-transplant

« Following treatment for an acute rejection episode by glucocorticoid pulse
therapy or a lymphocyte-depleting antibody (e.g., thymoglobulin or ATG,
especially in cases where the CD4+ T cell count is below 150/pL); adminis-
ter TMP-SMX prophylaxis for 6 months

o Afterrituximab therapy, administer TMP-SMX prophylaxis for the duration
of B-cell depletion, typically for 12 months.

«  All patients with CMV viremia, for as long as CMV viremia persists.

Recommended dosing for prophylactic TMP-SMX:

« Children up to 13 years: 150 mg of trimethoprim per m” of body surface
area per day and 750 mg of sulfamethoxazole per m? per day, taken orally in
two daily doses three times per week on alternating days, e.g., on Monday,
Wednesday, and Friday. The maximum absolute dose is 160 mg of trimetho-
prim and 800 mg of sulfamethoxazole.

« Adolescents aged over 13 years: 160 mg of trimethoprim and 800 mg of
sulfamethoxazole in one dose, three times per week on alternate days (e.g.,
Monday, Wednesday, and Friday).

Reducing the dose of TMP-SMX in cases of renal insufficiency:
eGFR 15-30 mL/min/1.73 m*: reduce the dose by 50%.

For eGFR < 15 mL/min/1.73 m? administration is not recommended.

For patients who cannot take TMP-SMX (e.g., those with a history of severe aller-
gic reactions such as Stevens—Johnson syndrome or toxic epidermal necrolysis),
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we recommend either dapsone (with pyrimethamine if Toxoplasma prophylaxis
is required) or atovaquone. For patients for whom haematological toxicity is not
a concern, we prefer dapsone as it is cheaper than atovaquone. Patients should
undergo testing for glucose-6-phosphate dehydrogenase deficiency prior to tak-
ing dapsone.

Another option for PJP prophylaxis is aerosolised pentamidine, for example
for patients with an eGFR of less than 15 ml/min/1.73 m? However, this meth-
od is less effective than other regimens, requires specialised equipment and has
been associated with the transmission of Mycobacterium tuberculosis. Further-
more, it only has alocal effect; if the aerosol does not reach all areas of the lungs,
untreated areas remain at risk of PJP.
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1 Definition

Urinary tract infection (UTT) is a relevant and frequent complication after pae-
diatric kidney transplantation (KTx); febrile UTI must be distinguished from
afebrile UTI. Bacteria growth in excess of 10° colony forming units/ml in freshly
voided urine is abnormal. The method of bladder urine collection is important
(invasive, non-invasive) and has been discussed elsewhere; it mainly depends on
the age of the patient and the clinical presentation [1]. Other typical addition-
al urinary abnormalities in UTI include leukocyturia, haematuria and nitrituria,
often detected by dipstick testing. Testing for inflammatory markers (leukocy-
tosis, CRP, procalcitonin) is important [2].

2 Riskfactors

Risk factors for UTI before kidney transplantation include anatomical factors (hy-
dronephrosis, posterior urethral valves, vesicoureteral reflux [VUR] and oth-
ers) and lower urinary tract dysfunction (e.g. neurogenic bladder). Urinary tract
malformations are a common cause of end-stage kidney failure in children. This
has implications for the diagnostic work-up prior to KTx: in addition to renal
ultrasound, MCUG/CEUS (contrast enhanced ultrasonography) and uroflow-
metry should be performed and in more complex patients (posterior urethral
valves, neurogenic bladder, Prune Belly syndrome and others) urodynamic
studies are necessary [2].

After kidney transplantation, secondary VUR into the transplanted kidney in
a previously normal urinary tract must be considered a significant risk factor for
febrile UTL. Ranchin et al. [3] demonstrated a 58% prevalence of VUR and an
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increased rate of UTL. Whether strict anti-reflux surgery can reduce the risk of
tebrile UTI after renal transplantation has not been studied. Surgical correction
of VUR into the kidney graft was shown to reduce the incidence of UTTI in a
small series, but was associated with obstructive complications [4], particularly
in the cohort with associated abnormal bladder anatomy. More recently, Deflux®
injection has been performed also in children after KTx, although this appears
to be more challenging than in native VUR [5]. Foreign material such as stents,
urinary catheters and suture material can cause UTI due to bacterial (and fun-
gal) colonization. Therefore, these devices should only be used for a short time
or avoided if possible.

Sex: The rate of UTI in girls is much higher than in boys [6]. Anatomical rea-
sons (e.g. shortened urethra) may be relevant, and sexual activity must be taken
into account in female adolescents. Immunosuppressive therapy has an impact on
defence mechanisms; one study suggested an increased risk in patients on myco-
phenolate-based regimens [7]. An accumulation of risk factors (e.g. unneces-
sary catheterisation or manipulation of the urinary tract) should be avoided or
at least limited in immunocompromised patients.

3 Clinical presentation

Fever and renal dysfunction are the typical features of febrile UTI after KTX.
Some patients may develop symptoms and signs of urosepsis. An acute, con-
comitant decline in renal function is common during UTI [8], reflecting the
inflammatory parenchymal response and the risk of tissue damage to the trans-
planted kidney (scarring). Acute rejection episodes may be triggered by febrile
UTI [9], and also the development of an intrarenal abscess in the graft following
UTI has also been described [10].

4 Prevalence

Ahigh prevalence of febrile UTI in children after KTx has been reported in sever-
al retrospective studies [2, 7]. They are not limited to the immediate post-trans-
plant period but also occur later, especially in girls [9]. In paediatric studies, the
prevalence ranged from 15% to 33%. A higher prevalence of up to 61% has been
reported in adults, but some studies have used less stringent inclusion criteria
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and for instance included patients with (asymptomatic) afebrile bacteriuria.
Pelle et al. demonstrated a prevalence of UTI of 75.1%; 18.7% of these patients
developed transplant pyelonephritis [ 11]. This leads to a higher hospitalisation
rate especially in children.

5 Epidemiology

Although Escherichia coli remained the most commonly isolated microorgan-
ism, as in other studies, it was isolated less frequently than in the general pae-
diatric population, where it is found in up to 80% of UTIs [12]. This may be
due to the underlying immunosuppression and colonisation of the urinary tract.
Therefore, from a practical point of view, it is important that surveillance urine
cultures are performed in every patient at risk to increase awareness of local anti-
biotic resistance. Particular attention should be paid to patients with lower uri-
nary tract abnormalities and neurogenic bladder requires attention, in order to
identify bacteria with multiple resistances (Pseudomonas species and Entero-
bacter). In recent years, there has been an increase in UTI with drug-resistant
pathogens such as vancomycin-resistant Enterococcus, -extended-spectrum
beta-lactamase-producing Enterobacteriaceae (ESBL-E), carbapenem-resistant
Enterobacteriaceae and carbapenem-resistant Enterobacteriaceae, and carbape-
nem-resistant Pseudomonas species [ 13, 14].

6 Treatment

Febrile UTI post-transplant on immunosuppressive therapy should be consid-
ered as complicated pyelonephritis and be treated aggressively with parenteral
antibiotics, at least until clinical improvement and culture results are available.
The optimal duration of treatment has not been studied, but most would favour
a total (i.e. parenteral followed by oral treatment) of 10-14 days in transplant
pyelonephritis [2, 7]. As Enterococci and Pseudomonas species are more com-
mon, we currently use an initial combination of ceftazidime and ampicillin/sul-
bactam or clavulanate to cover E. coli, Pseudomonas and Enterococci. Others
have recommended ampicillin and gentamicin for the same reason [13, 14], but
nephrotoxicity of the latter is a concern. Fungal urinary tract infections may oc-
cur and require specific treatment; often antifungal prophylaxis is often given
during high-dose antibiotic treatment to reduce the risk of this complication. It
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is not uncommon for steroid doses to be increased during febrile UTIs to avoid
symptoms of adrenal insufficiency.

Afebrile symptomatic UTI may be treated with oral antibiotics unless there
are specific risk factors are present (renal dysfunction etc) [2, 13, 14]. Again,
treatment should be specific and an oral cephalosporin may be the first choice.
Whether asymptomatic UTI need to be treated remains controversial and is of-
ten an individual decision. In patients with abnormal bladder anatomy and regu-
lar catheterisation, such as those with spina bifida, colonisation is common and
symptoms such as dysuria may be absent. There is no evidence or consensus
on whether bacterial colonisation in these patients requires treatment, including
bladder washing with antibiotics. In our centre, we currently only treat symp-
tomatic patients with abnormal bladder anatomy and bacterial colonisation and
do not use antibiotic bladder irrigation.

7 Diagnostic workup and prevention of (febrile) urinary
tract infection

Non-invasive investigations include sonography in the acute infection to
demonstrate or exclude dilatation of the urinary tract, tissue perfusion and blad-
der emptying. Diagnosis of vesicoureteral reflux into the graft may be facilitated
by conventional radiological cystography (MCUG) or contrast-enhanced ultra-
sonography. Static dimercaptosuccinic acid scintigraphy (DMSA scan) is an el-
egant method of documenting renal scarring when performed after 6 months or
more after graft pyelonephritis. Patients with voiding dysfunction may require
further work-up including uroflowmetry or complex urodynamic studies.

Prevention and prophylaxis of febrile UTI after KTx are important. This
includes antibiotic chemoprophylaxis, e.g., with trimethoprime. Most impor-
tantly, urotherapy should be offered to candidates with lower urinary tract
dysfunction; in severe cases, intermittent catheterisation may be necessary. If
vesicoureteral reflux into the graft is present and febrile UTI persists despite
conservative measures, surgery or Deflux® injection should be discussed. Probi-
otics are often used in children after KT, although there are no controlled trials
on their benefits or side effects [16].
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Recommendations for practice

The question of the benefits and risks of vaccinations in children after organ
transplantation often arises. On one hand, the impaired immune system and the
resulting increased susceptibility to infections represent a strong indication for
many vaccinations (e.g. influenza). On the other hand, concerns persist regard-
ing potential side effects and the risk of triggering rejection through immuno-
stimulation. This brief guide aims to address the uncertainty that often leads to
an unfounded reluctance to vaccinate organ transplant recipients.

Importance of the immunosuppressive regimen

» Immunosuppressive drugs reduce the induction and maintenance of hu-
moral and cellular immunity.

» High-dose immunosuppression (especially MMF) is associated with a
weaker vaccination response

» The level of antibody titres does not correlate reliably with immunity.

Opportunities and risks

» Sufficiently large vaccination studies for most inactivated vaccines: Side ef-
fects are rare and there is no evidence of organ rejection after vaccination
with inactivated vaccines [ Laws et al; Bundesgesundheitsbl. 2020; 63:588—
644].
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» Live vaccines are generally not recommended after organ transplantation as
their safety has not been sufficiently proven. For unvaccinated patients: in-
dividual decision after thorough risk assessment.

Vaccination BEFORE organ transplantation:
As a better vaccination response is achieved before transplantation and immu-
nity is not lost through transplantation, early vaccination before transplantation
is recommended. Complete the standard vaccinations as recommended by the

Standing Committee on Vaccination, Robert Koch Institute (www.rki.de):

» Measles-Mumps-Rubella-Varicella: permitted from 9 months of age (in ur-
gent cases from 6 months of age).

Table 1 Additional recommended vaccinations

Hepatitis A From 12 months of age
(Liver transplant recipients: from 6 months of age)

Pneumococci Age 2-17 years: sequential administration of PPSV23 (Pneumo-
vax®) at the earliest 2 (preferably 6—12) months after PPV13 (Pre-
venar13°®)

Age > 18 years: 1 dose of PCV20 (Prevenar20°) a least 6 years after
PPSV23

Meningococcal From 12 months of age: 1 dose (Nimenrix® approved from 6 weeks,

ACWY but then 2nd dose + booster at 1 year)

Influenza From 6 months of age: annual booster in autumn;

for the 1st vaccination: 2nd dose after 4—6 weeks

COVID-19 From 6 months of age: annual autumn booster;
Basic immunisation: >3 antigen contacts; of which >1 vaccination

Tick-borne If exposed to ticks in risk areas
encephalitis Basic immunisation: 3 doses (at intervals of 1-3 and 5—12 months)

Herpes zoster Age > 18 years and after primary VZV infection 2 doses of Shingrix®
(2-6 months apart)
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» Complete vaccination series with inactivated vaccines at least 2 weeks and
with live vaccines at least 4 weeks (measles-mumps-rubella) or 6-8 weeks
(varicella) prior to transplantation.

» Serological assessment of anti-VZV (anti-measles/mumps/rubella) and
anti-HBs 4—8 weeks after completion of the vaccination series and anti-HBs
annually prior to transplantation
+ Anti-HBs < 100 IU/L, re-vaccination and repeat anti-Hbs monitoring
+ Anti-HBs < 101U/L, determination of HBSAG and anti-HBc. If chronic

HBYV infection is excluded, revaccinate.

Vaccination AFTER organ transplantation

Live vaccines: are in general contraindicated after organ transplantation and re-
quire careful risk assessment in unvaccinated patients (see Laws et al.; Bundes-
gesundheitsbl. 2020; 63(5):588-644). But after individual risk assessment, live
vaccines can also be considered for unprotected patients after organ transplan-
tation [3].

Contraindicated vaccinations in immunosuppressed patients:
» Measles, mumps, rubella, varicella (attenuated live viruses)

» Rotavirus (attenuated live virus)

» Typhoid oral live vaccine

»  Oral poliomyelitis live vaccine (OPV)

» Yellow fever (attenuated live virus)

» Tuberculosis: Bacillus Calmette-Guerin vaccine (BCG)

» Live nasal influenza vaccine

Inactivated vaccines: After organ transplantation, vaccinations can and should
be given after the end of high-dose immunosuppression, usually 6 months after
transplantation. An exception is the influenza vaccination, which can be given as
early as 4 weeks after transplantation, depending on the season. If the basic im-
munisation with inactivated vaccines (standard and indication vaccines) has not
been completed before transplantation, it should be completed after the end of
high-dose immunosuppression, usually 6 months after transplantation.
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This differs from pre-transplant vaccination:

» Tick-borne encephalitis: 4 instead of 3 vaccine doses (0,1,3,12 months) or
serological control 4 weeks after the 2nd dose

» Meningococcal ACWY: 2 doses instead of 1 (interval 1-2 months)
Hepeatitis B: double the standard dose if necessary (off-label)

Table 2 Recommended booster doses of inactivated vaccines after completion

of basic immunisation

Vaccine Booster vaccination

Tetanus every S—10 years

Diphtheria every 5—10 years or antibody titre < 0.1 IU/mL

Pertussis every 5—10 years

Poliomyelitis once at the age of 9-16 years

Hepatitis B if anti-HBs < 100 IU/L (monitor anti-HBs titre annually and

4-8 weeks after booster vaccination)

Meningococcal B

every S years

Meningococcal every S years

ACWY

TBE 3 years after the 3rd dose, then every S years
Influenza annually in autumn

COVID-19 annually in autumn

Pneumococci Age < 18 years: every 6 years PPSV23

Age > 18 years: PCV20 6 years after PPSV23
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Vaccination of household contacts

Complete age-appropriate standard immunisations as recommended by the
Standing Committee on Vaccination, Robert Koch Institute (www.rki.de).

Additional recommended vaccinations

» Annual influenza and SARS-CoV-2

» Tetanus, diphtheria and pertussis: booster vaccination every 10 years

» Hepatitis B

» Hepatitis A: in case of increased risk of exposure or child with LTx

» Measles, mumps, rubella, varicella in the absence of immunity (if an exan-
thema occurs after varicella vaccination, contact with immunosuppressed
persons should be avoided until the exanthema has subsided).

Contraindicated vaccines
»  Oral poliomyelitis live vaccine (OPV)
» Live nasal influenza vaccine

Travel recommendations

Before travelling

» Do not travel to countries with an increased risk of infection within the first
12 months after transplantation

» Timely health advice and vaccinations before travelling (e.g., according to
the recommendations of the Standing Committee on Vaccination (STIKO)
and the German Society for Tropical Medicine, Travel Medicine and Global
Health e.V. (DTG) on travel vaccinations. Epid Bull 2024; 14:1-206)

» Adequate supply of medicines

» Translation of medical report/patient ID card

» Certificate of contraindication to yellow fever vaccination

» Planning for return in case of need for rapid return

During the trip
» Boiled water only
» Cooked or peeled food only
» Beware of diarrhoea:
+  Dehydration worsens kidney function
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+ Altered absorption of immunosuppressive drugs: tacrolimus levelf, cy-
closporine level |
» Barrier protection against mosquito bites and sun exposure

These recommendations do not relieve the treating physician of the responsibil-
ity to make individual therapeutic decisions for each patient.

Further information: www.rki.de STIKO recommendations, Robert Koch In-

stitute

The recommendations of the Standing Committee on Vacci-
nation (STIKO) are also available as a free STIKO @rki app.
There is also a web version of the app at www.STIKO-web-
app.de, which can be used ona PC.

www.dtg.org Recommendations for travel vaccinations and malaria prophylax-
is, German Society for Tropical Medicine and Global Health

References

1 Empfehlungen der Stindigen Impfkommission (STIKO) am Robert-Koch-
Institut 2024: Epid Bull 2024;4:1-72. d0i:10.25646/11892.3

2 Stindige Impfkommission und Deutsche Gesellschaft fiir Tropenmedizin,
Reisemedizin und Globale Gesundheit e.V.: Empfehlungen der Stindigen
Impfkommission (STIKO) und der Deutschen Gesellschaft fiir Tropen-
medizin, Reisemedizin und Globale Gesundheit e.V. (DTG) zu Reise-
impfungen. Epid Bull 2024;14:1-206. doi:10.25646/12006.2

3 Laws HJ, Baumann U, Bogdan C, et al. Impfen bei Immundefizienz: An-
wendungshinweise zu den von der Stindigen Impftkommission empfoh-
lenen Impfungen. (I1T) Impfen bei himatologischen und onkologischen
Erkrankungen (antineoplastische Therapie, Stammzelltransplantation),
Organtransplantation und Asplenie. Bundesgesundheitsblatt Gesund-
heitsforschung Gesundheitsschutz. 2020;63(5):588-644. doi:10.1007/
s00103-020-03123-w
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4 Niehues T, Bogdan C, Hecht J, et al. Impfen bei Immundefizienz: Anwen-
dungshinweise zu den von der Stindigen Impfkommission empfohlenen
Impfungen. (I) Grundlagenpapier. Bundesgesundheitsblatt Gesundheits-
forschung Gesundheitsschutz. 2017;60(6):674-684. doi:10.1007/s00103-
017-2555-4
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CHAPTER 8
Haematological, osteological
and metabolic complications

CHAPTER 8.1 Diagnosis and treatment of anaemia
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Background

Definition of post-transplant anaemia (PTA): Haemoglobin concentration
below the age norm after kidney transplantation (KTx).

The prevalence of PTA is high, especially within the first year after KTx
(1 month after KTx: 80-87%, 1 year: 20-48% and > 3 years: 35-57%). Fe-
males and younger children are more often affected.

The target haemoglobin is the normal value for age and sex (Table 1).

The aetiology of PTA is varied (see causes [below]).

PTA is arisk factor for cardiovascular morbidity and is negatively associated
with graft function, graft and patient survival and quality of life.

Causes

Reduced production of haemoglobin/erythrocytes

Underlying disease affecting the bone marrow (e.g. cystinosis, oxalosis)
Iron, vitamin B12 or folic acid deficiency (e.g. due to reduced dietary intake
(vegans), impaired absorption or intestinal losses)

Medications that are toxic to bone marrow: anti-infectives (e.g. valgancyclo-
vir, cotrimoxazole), inhibitors of the renin-angiotensin-aldosterone system,
immunosuppressants (antibodies such as ATG, basiliximab) and mainte-
nance immunosuppressants (MMF, everolimus, tacrolimus, azathioprine),
analgesics (metamizole).
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Table 1 Age- and sex-specific reference values for haemoglobin and haemato-

crit in childhood

Age Haemoglobin (g/dL) Haematocrit (%)
1 year 10.7-13.1 33-40

2-6years 10.8-14.3 34-41

7-12 years 11.3-14.9 37-43

13-18 years female 12.0-16.0 36-44

13-18 years male 14.0-18.0 39-47

Reference: www.laborlexikon.de/Lexikon/Tabellen/17-Blutbild Kinder.htm

Viral infections (parvovirus B19, human herpesvirus 6 (HHV6), cytomega-
lovirus (CMV), Epstein-Barr virus (EBV), hepatitis viruses, HIV)
Acute/chronic inflammation (infection, rejection)

Post-transplant lymphoproliferative disease (PTLD)

Graft dysfunction (primary non-function or chronic graft failure, e.g. due to
acute/chronic rejection)

Chronic kidney disease (reduced synthesis of erythropoietin, metabolic aci-
dosis, secondary hyperparathyroidism)

Increased loss/turnover

Repeated blood sampling, surgery, interventions (biopsy)

Female patients: Dysmenorrhoea, hypermenorrhoea

Chronic intestinal bleeding (gastric or intestinal ulcers, e.g. due to gluco-
corticoids)

Haemolysis (e.g. drug-induced haemolytic uraemic syndrome (cyclosporin
A, tacrolimus)

Hepatosplenomegaly (e.g. in autosomal recessive polycystic kidney disease)
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Clinical symptoms

(Mucus) skin pallor

Tiredness, fatigue, reduced stamina
Tachycardia, low blood pressure
Melana

Icterus

Hepatosplenomegaly

Diagnostics

Medical history

Underlying disease

Medications (immunosuppressants, anti-infectives, analgesics, ACE inhib-
itors, sartans)

Diet (e.g. vegetarianism, veganism)

Laboratory values

Blood count with MCV, MCH, reticulocytes, Ret-Hb

Iron, ferritin, transferrin, transferrin saturation, folate, vitamin B12

Blood gas analysis

Creatinine (GFR), urea, uric acid

LDH, haptoglobin, bilirubin

Parathyroid hormone, 25-OH vitamin D

Virology: Parvovirus B19, HHV6, CMV, EBV (IgG, IgM, DNA), polyoma-
virus (BK and JC virus), hepatitis B and C serology, HIV

Haemoccult

Diagnostic imaging

Sonography of the abdomen (kidney transplant, liver and spleen size, asci-
tes, intra-abdominal lymph nodes, bowel wall thickening) and neck (cervi-
cal lymph nodes, parathyroid glands)

Oesophagogastroscopy and colonoscopy if necessary (to rule out intestinal
bleeding)

Bone marrow aspiration (if necessary)
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Table 2 Drug therapy for post-transplant anaemia

Medication

Dosage'

Oral iron supplementation (e.g. Ferro
sanol®, Ferrum Hausmann®)

2-6 mg/kg b.w. per day in 2—3 doses (at
least 1 hour before or after intake of im-
munosuppressants)

Intravenous iron supplementation

Sodium ferrogluconate

1-1.5 mg/kg b.w. in 50 mL 0.9% NaCl

over 60 min i.v.

Iron sucrose

1-2 mg/kg b.w. in 25 mL 0.9% NaCl

over 60 min i.v.

Iron carbomaltose

2-8 mg/kg b.w. in 20 mL 0.9% NaCl
over 1S mini.v.

Erythropoiesis-stimulating agents

Epoetin alpha Initially: 100-300 IU/kg b.w. per week
s.c. (in 1-3 doses)
Long-term: 100 IU/kg b.w. per week
s.c. (in one dose)

Darbepoietin alpha 0.45 ug/kg b.w. per week s.c. or 0.75 pg/

kg b.w. every 2 weeks s.c. (in one dose)

Methoxy-polyethylenglycol-epoetin
beta

1.5-3 pug/kg b.w. every 4 weeks s.c. or i.v.

Supplementation with vitamins

Folic acid

5-10 mg/day p.o.

Vitamin B12

0.5-1 mg/week (in one dose) p.o.

Abbreviations: b.w., body weight; i.v., intravenous; p.o., per os; s.c., by subcutaneous in-

jections

! Caution: higher doses may be required in case of non-response.
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Treatment

Treatment depends on the underlying cause and degree of anaemia.

« Identification and, if necessary, modification of immunosuppressive or oth-
er potentially bone marrow toxic drugs

« Treatment of viral infections

« Correction of metabolic acidosis and vitamin D replacement in renal hyper-
parathyroidism

+ Oral replacement for iron or vitamin B12/folic acid deficiency (i.v. for
non-responders or severe deficiency [Table 2])

« Subcutaneous or intravenous administration of erythropoietin/analogues
(dose and frequency according to response (haemoglobin). Younger pa-
tients often require higher doses per kg body weight. Dose adjustment
during therapy is recommended.

References
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1 Causes and clinical spectrum of post-transplant
CKD-MBD

Chronic Kidney Disease-Mineral and Bone Disorder (CKD-MBD) is highly
prevalent in paediatric kidney transplant recipients, even in those with a good
allograft function. The main contributing factors include pre-transplant CKD-
MBD, graft function and the side effects of immunosuppressive drugs. Prior to
transplantation, and starting from the early stages of CKD, every effort should
be made to optimise bone health, but severe pre-transplant CKD-MBD is not a
reason to delay or withhold transplantation. The clinical picture of post-trans-
plant CKD-MBD is broad and includes bone pain, skeletal deformities, frac-
tures, growth failure and ectopic vascular calcification.

a. First 3 months post-transplant

The earliest alteration in the pathogenesis of pre-transplant CKD-MBD is ele-
vated levels of the phosphaturic hormone fibroblast growth factor 23 (FGF23),
followed by low levels of 1,25-dihydroxyvitamin D, hypocalcaemia, hyperpara-
thyroidism, and hyperphosphatemia [1]. During the recovery phase post-trans-
plant, elevated levels of FGF23 and parathyroid hormone (PTH) often persist
for several months, which in the presence of restored kidney function may cause
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hypophosphatemia and promote impaired bone mineralisation. In a retrospective
analysis of 1,210 paediatric transplant recipients, 36% had hypophosphatemia
4 weeks post-transplant. There was no association with allograft dysfunction
[2]. In addition, hypomagnesemia may occur as a side effect of tacrolimus due
to tubular wasting.

Given that no adverse patient- or allograft outcomes have been reported to
date in paediatric kidney transplant recipients with mild or moderate hypophos-
phatemia or hypomagnesemia, supplementation should be considered mainly
in severe or symptomatic cases, bearing in mind that phosphate and magnesium
supplements may cause diarrhoea and further reduce drug absorption.

b. 3 months post-transplant and beyond

After the recovery period CKD-MBD parameters often remain within refer-
ence ranges, although high PTH levels have been reported even in patients with
good allograft function. At 1 year post-transplant, 56% of patients with an es-
timated glomerular filtration rate (eGFR) > 30 mL/min/1.73 m?* had elevated
PTH levels, and the degree of hyperparathyroidism was associated with allograft
dysfunction [2]. In addition, higher PTH levels have been reported in kidney
transplant recipients than in pre-transplant patients with a similar eGFR [2, 3]
(Table 1).

Table 1 Comparison of pre- and post-transplant PTH levels in different CKD
stages

Pre-transplant Overall  Stage2 Stage 3a Stage 3b Stage 4
(eGFR (eGFR 45— (eGFR3o- (eGFRis-
>60oml/min §9 ml/min 44 ml/min 29 ml/min
peri73m?) peri73m?) peri73m?) per173m?)

PlasmaiPTH, 51[30,  37[26,54] 48[26,70] 55([33,95] 74[47,181]
pg/ml 84]

Post-transplant

Plasma iPTH, 55[38,81] 62[40,90] 81[52,122]
pg/ml

Data is given as median and interquartile range; iPTH, intact PTH
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In 1,237 children included in the European Society for Paediatric Nephrology
(ESPN) and European Renal Association (ERA) registry, abnormal serum
phosphate levels were found in 25% of patients (14% hypophosphatemia and
11% hyperphosphatemia), and serum phosphate levels were inversely associated
with eGFR. Serum phosphate levels above the recommended targets were asso-
ciated with a higher risk of graft failure independent of eGFR [4].

2 Evaluation of post-transplant CKD-MBD
a. Clinical evaluation

Points to consider:

» Monitor height (length at age < 2 years), weight, skeletal deformities, and
history for bone pain and fractures.

» The frequency of monitoring depends on the age, graft function, and degree
of skeletal abnormalities at the time of kidney transplantation and during
follow-up.

b. Laboratory evaluation

Points to consider:

» Monitor serum calcium, phosphate and alkaline phosphatase levels using
age- and/or sex-specific normal ranges as well as PTH and 25-hydroxyvita-
min D.

» Use trends in serum biomarkers considered together, rather than individual
laboratory values, to guide therapeutic decisions.

» Tailor the frequency of monitoring to the time since kidney transplantation,
the presence and severity of CKD-MBD, age, allograft function, concomi-
tant medications, and in the early post-transplant period, also the degree of
pre-transplant CKD-MBD

» Do not routinely measure 1,25-dihydroxyvitamin D levels
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c. Imaging

Evidence for radiological evaluation and bone biopsy in the management of
mineral bone disease in paediatric kidney transplant patients is limited.

Points to consider:

» Consider performing X-rays when the results are expected to impact on
treatment decisions, i.e. in children with bone pain, suspected fractures or
slipped epiphyseal dislocations, suspected avascular necrosis, to assess skel-
etal maturity, and in children with genetic diseases with specific bone in-
volvement (e.g. oxalosis).

» Imaging techniques such as dual-energy X-ray absorptiometry (DXA), pe-
ripheral quantitative computed tomography (pQCT), high-resolution
pQCT (HR-pQCT), magnetic resonance imaging (MRI) and ultrasound
should be reserved for exceptional clinical cases and research questions.

» The risk-benefit ratio of these procedures should always be considered, par-
ticularly with regard to radiation exposure.

» Bone biopsies should be considered in paediatric transplant recipients only
in rare, selected cases when clinical and biochemical findings do not explain
the underlying bone disease, e.g. severe bone deformity or pain, low energy
fractures, persistent hypercalcemia or hypophosphatemia, despite optimisa-
tion of treatment. Histomorphometric analysis should only be performed in
centres with experience in interpreting paediatric bone biopsies.

3 Management of post-transplant CKD-MBD
a. Nutrition

Beyond 3 months from kidney transplantation maintaining serum calcium
and phosphate within the normal range for age is recommended. This can be
achieved by adequate dietary calcium and phosphate intake and supplementa-
tion if required. While many aspects of the diet can be liberalised after kidney
transplantation, particular attention should be paid to sodium and energy in-
take. Transplant recipients are at high risk of hypertension, so it is important
to maintain dietary sodium intake within the recommendations of the Chronic
Disease Risk Reduction as a starting point, and to reduce it further in those with
hypertension. In addition, renal and extra-renal sodium losses, as well as the so-
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dium intake from medication, need to be taken into account when recommend-
ing a dietary sodium intake. In particular, sodium intake from processed and
ultra-processed foods needs to be restricted.

In addition, patients tend to gain weight rapidly after kidney transplanta-
tion; so energy consumption should be carefully managed to avoid obesity and
its associated complications.

b. Vitamin D - native and active

The prevalence of vitamin D deficiency persists after transplantation. The age-
and CKD stage-specific recommendations for native vitamin D supplementa-
tion are considered appropriate for children after kidney transplantation [S].
Similarly, active vitamin D (alfacalcidol or calcitriol) may be used to control hy-
perparathyroidism or hypocalcaemia, using comparable CKD stage-specific rec-
ommendations [6].

c. Calcimimetics

Calcimimetics are not approved for use in children after kidney transplanta-
tion, but may be considered on an off-label basis in those with severe and per-
sistent hyperparathyroidism with associated hypercalcaemia [7]. This situation
may occur in those with severe pre-transplant MBD, or in those with a failing

allograft.

d. Antiresorptive agents

Antiresorptive agents are not recommended in children after kidney transplan-
tation, but may be considered in the setting of severe hypercalcaemia that per-
sists despite withdrawal of all sources of calcium and vitamin D. Short-acting
bisphosphonates such as pamidronate are preferred to long-acting bisphospho-
nates. In rare situations where hypercalcaemia is thought to be secondary to
severe bone demineralisation, such as in patients with prolonged bed rest, de-
nosumab may be considered.
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4 Glucocorticoid-sparing immunosuppression
and bone health

The benefits of glucocorticoid-sparing immunosuppression in terms of statural
growth are described in Chapter 5.1. Glucocorticoid exposure is also associated
with reduced bone mineral density (BMD) and increased fracture incidence, al-
though data in paediatric patients are scarce. In a prospective longitudinal anal-
ysis of 58 recipients, Terpstra et al. reported a significant decrease in trabecular
BMD after transplantation associated with greater glucocorticoid exposure,
while cortical BMD increased significantly in association with greater gluco-
corticoid exposure and greater decreases in PTH levels [8]. Another study by
Helenius et al. reported an unusually high fracture rate in 75 out of 196 paediat-
ric solid organ transplant recipients with a S-year follow-up. While all patients
were treated with glucocorticoids, there was no association between fracture
incidence and the cumulative glucocorticoid dose [9]. Overall, glucocorti-
coid-sparing immunosuppressive protocols should be favoured in children after
kidney transplantation to improve bone health, taking into account local stan-
dards and the patient’s risk profile for graft rejection including medication ad-
herence, previous rejection and donor-specific HLA antibodies.
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1 Importance and prevalence

Growth failure is a major complication of children with chronic kidney disease
(CKD). Approximately one-third of children with CKD have evidence of short
stature (i.e., height < 3rd percentile for age and sex). The risk for poor growth
increases with decreasing kidney function. Poor growth in children with CKD
is associated with increased morbidity (e.g., increased hospitalization rate, de-
creased school attendance, and poorer physical function) and increased mor-
tality. Growth failure results in adult short stature, which contributes to a lower
perceived quality of life and self-esteem.

Kidney transplantation is the optimal kidney replacement therapy modali-
ty to prevent and correct growth failure, as a well-functioning allograft restores
the physiological conditions required for normal growth. However, growth rates
after kidney transplantation in children are highly variable and often do not ful-
fil the expectations of true catch-up growth, which generally is only observed in
children less than five years of age [1].

2 Contributing factors

The main contributing factors to growth outcome in paediatric kidney allograft
recipients are administration of growth hormone pre-transplant (positive), glu-
cocorticoid exposure (negative), and reduced graft function (negative) [2]. The
final height also depends on the age of the child at the time of transplantation,
the severity of the growth failure at time of transplantation, congenital CKD,
birth parameters, parental height, inadequate nutrition, metabolic acidosis, fluid
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and electrolyte abnormalities, anaemia, and CKD-related-mineral and bone dis-
orders (CKD-MBD) [2, 3]. The first step to optimize growth outcome after kid-
ney transplantation is to minimize height deficit at the time of transplantation
which includes the use of growth hormone in case of persisting growth failure
despite adequate nutrition and other measures contributing to growth failure in
children with CKD [1]. In addition, early/preemptive kidney transplantation is
a key measure as growth failure in patients on long-term dialysis treatment can
be hardly overcome even with the use of recombinant human growth hormone
[1]. The positive effect of living related transplantation on growth outcome re-
ported in previous studies seems to be largely related to better graft function in
these patients when compared to those with deceased donors [1].

3 Evaluation of growth

For each child with CKD, ongoing assessment of growth is based on determin-
ing height/length at every visit and to calculate annual growth velocity. These
measurements can be related to age- and sex dependent growth (velocity) charts
and/or converted to Z-scores of height/length measurement or growth veloc-
ity that represent the number of standard deviations from the mean values for
age and sex based on data for the general population. The diagnoses of short
stature and growth failure in children with CKD are based upon the following
definitions:

« Short stature is defined as a length/height Z-score < -1.88 or a length/
height for age < 3rd percentile.

«  Growth failure is defined as height velocity Z-score < —1.88 or a height ve-
locity for age < 3rd percentile that persists beyond three months.

4 Management - Reducing glucocorticoid exposure

Daily glucocorticoid therapy following kidney transplantation has historically
been an important contributor to poor growth in children. The introduction
of other immunosuppressive agents (e.g., calcineurin inhibitors [cyclosporine,
tacrolimus]) and mycophenolate mofetil [MMF]), has greatly reduced the need
for glucocorticoid therapy in paediatric kidney transplant recipients. Strategies
to reduce the cumulative effects of glucocorticoid therapy include early or late
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glucocorticoid withdrawal and use of alternative immunosuppressive agents.
Clinical trials and observational studies have demonstrated that steroid-sparing
regimens are associated with improved growth following transplantation [4, 5].
Details regarding use of glucocorticoid-sparing immunosuppressive therapy in
kidney transplant recipients are provided in chapter 5.1.

5 Management - Treatment with growth hormone

Successful kidney transplantation reverses the uremic milieu and should the-
oretically permit normal growth hormone (GH) secretion and function [6].
Persistent growth failure in this setting is primarily a result of reduced graft func-
tion and glucocorticoid therapy. If catch-up growth cannot be achieved by us-
ing a glucocorticoid-sparing regimen, we suggest initiating recombinant human
(th) GH therapy, particularly in children with suboptimal graft function (GFR
< 50 mL/min per 1.73 m?), in whom spontaneous catch-up growth is unlikely
to occur [7, 8]. thGH is usually prescribed only after the first year post-trans-
plant, because spontaneous growth should be monitored for at least 12 months
after kidney transplantation.

In a meta-analysis of five randomized controlled trials including 401 paedi-
atric kidney transplant recipients, children receiving rhGH therapy had higher
growth velocity compared with the control group after one year (mean standard-
ized height difference of 0.68, 95% CI 0.25-1.11) [9]. The mean difference in
growth expressed as change in height Z-score between the rhGH and control
groups was 0.52 (95% CI 0.37-0.68). There was no apparent between-group
difference in rates of rejection rate between the two groups (17 versus 10 per-
cent, risk ratio 1.56, 95% CI 0.97-2.53). The study did not detect a difference
in GFR between the two groups. Additional evidence supporting the benefit of
rhGH in growth-delayed kidney allograft recipients was provided by a retrospec-
tive NAPRTCS study that compared the outcome of 513 paediatric kidney al-
lograft recipients who received rhGH with 2,263 transplant patients who were
not treated with thGH [10]. The rhGH-treated group had improved growth
with a mean cumulative increase in height of 3.6 cm over five years compared
with controls, which resulted in higher mean final adult height Z-scores (-1.8
versus —2.6). An important limitation of the available data is that most studies
were conducted in an earlier era when transplant recipients commonly received
immunosuppressive regimens that included glucocorticoids. Thus, the find-
ings in these studies may not be generalizable to the contemporary era wherein
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glucocorticoid-sparing regimens are generally preferred for post-transplant im-
munosuppression.

5.1 Goals of therapy

The goal of rhGH therapy in children with CKD is “normalization” of final
height. There is some debate concerning how this goal is defined. The most com-
monly used definitions are either:

« Attainment of the patient’s individual target height (i.e., above the lower end
of the patient’s mid-parental height range, or

+ Attainment of a normal population-related final height (i.e., > 3" percentile
ora Z-score > —1.88). Although the former goal is certainly desirable for the
individual patient, the latter approach may be economically more accept-
able in view of the high cost of rhGH therapy. In our practice, the minimal
therapeutic goal is a height greater than the third percentile of the general
population.

5.2 Criteria for initiating rhGH

Expert panels of paediatric nephrologists and endocrinologists developed the
following criteria for initiation of rhGH therapy. We generally initiate thGH
therapy if all of the following criteria are met:

« Dersistent growth impairment — This is generally defined as growth delay
that persists for > 3 months in infants and > 6 months in older children. As
discussed below, different thresholds are used to define growth impairment
for this criterion. We generally prefer early initiation of therapy (i.e., when
the child’s height for age is between the 3" and 10™ percentiles or height ve-
locity is < 25" percentile for age) rather than waiting until the child meets
stricter criteria for growth failure.

«  Other factors that contribute to growth impairment (see above) should be
addressed prior to starting rhGH.

« Kidney transplant recipients who do not have spontaneous catch-up growth
by one year post-transplantation.
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«  Child has growth potential — Based on clinical assessment and presence of
open epiphyses on radiographic bone age.
«  Children with active malignancies should not receive rhGH therapy.

5.3 Timing

The optimal timing for starting rhGH therapy is uncertain. In particular, there is
debate as to whether therapy should be started at an early stage when the child
first shows signs of growth delay or if it should be used only once the child meets
strict criteria for growth failure. In general, beginning treatment at a younger age
(before six years of age) and early in the course of CKD leads to a better response
to rhGH, which is more likely to result in normal or near-normal adult height.

5.4 Pre-treatment evaluation

The following baseline assessments should be performed prior to starting thGH
therapy: Laboratory tests, including blood glucose, serum creatinine, serum cal-
cium and phosphate levels, parathyroid hormone (PTH) level, fundoscopic ex-
amination, bone age, determining pubertal status (i.e., Tanner stage).

5.5 Pre-treatment counselling

Although it might be assumed that most children with CKD who are shorter
than their peers wish to be taller, the advantages and disadvantages of rhGH
therapy must be discussed with the patient and their family/caregivers. In addi-
tion to reviewing the benefits and potential side effects of rhGH as outlined in
this topic, counselling should include a frank discussion of the burdens of receiv-
ing daily subcutaneous injections for many years. These considerations are of
particular importance for immobilized patients and those with syndromic kid-
ney diseases [S].
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5.6 Dosing

The recommended dose of rhGH for children with CKD is 0.045 to 0.0S mg/
kg body weight per day given once daily (typically in the evening) via subcuta-
neous injection. The injection site should be changed daily to avoid lipoatrophy.
The dose of thGH used for treating children with CKD-related growth failure is
greater than what is typically used for treating children with GH deficiency. This
is consistent with the current understanding that CKD causes GH insensitivity.
As aresult, children with CKD require a higher therapeutic dose rather than sim-
ply replacement dosing as is used in children with GH deficiency.

5.7 Adverse effects

Long-term rhGH therapy is generally safe and well tolerated in children with
CKD [11, 12]. Reported side effects associated with rhGH treatment in children
include headaches (usually mild), idiopathic intracranial hypertension (pseudo-
tumor cerebri), increased intraocular pressure, slipped capital femoral epiphysis,
worsening of existing scoliosis, insulin resistance/glucose intolerance/type 2 di-
abetes. Based on the available data, treatment-associated adverse events are rare
in children with CKD receiving rhGH therapy.

5.8 Monitoring for side effects

We suggest the following monitoring for patients with CKD treated long-term
with thGH [13]: We suggest monitoring for T2DM with haemoglobin Alc and/
or fasting blood glucose at least annually. This is particularly important in pa-
tients with additional risk factors (e.g., concomitant glucocorticoid treatment,
family history of type 2 diabetes). Most patients treated with thGH therapy
maintain normal glucose tolerance; however, there are rare reports of develop-
ment of T2DM in children with CKD that appeared to be temporally related to
starting thGH therapy. In all cases, the abnormalities resolved after discontinu-
ation of thGH therapy.

«  Eye examination — Children receiving rhGH therapy should have routine

fundoscopic examinations to assess for signs of papilledema suggestive of
idiopathic intracranial hypertension (pseudotumor cerebri). Examinations
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are performed every three to four months initially, and then annually if there
are no concerns.

«  Monitoring for CKD-mineral bone disorder (CKD-MBD) and orthopaedic com-
plications — This includes: serum calcium, phosphate, and PTH levels, mea-
sured every three to four months initially; hip and knee radiographs if the
patient develops symptoms concerning for slipped capital femoral epiphy-
sis. CKD-MBD should be adequately treated before starting rhGH therapy.
thGH therapy should be withheld in patients with persistent severe sec-
ondary hyperparathyroidism (PTH > 500 pg/mL) and can be reinstituted
when PTH levels return to the desired target range [14, 15]. There is not an
associated deterioration of renal osteodystrophy, but rapid growth acceler-
ation may contribute to an increased risk of slipped capital femoral epiphy-
sis. As a result, it is advisable to obtain bone radiographs prior to initiating
rhGH and to repeat the studies if symptoms occur.

5.9 Response to treatment

The response to treatment is assessed with the following: (i) measuring the
growth velocity, (ii) monitoring pubertal stage, (iii) radiographic bone age, as-
sessed annually. An adequate growth response to thGH is defined as a growth
velocity that is > 2 cm/year over the baseline prior to starting therapy.

Monitoring the response to rhGH therapy in children with CKD differs
from the approach used in children with GH deficiency. Specifically, insulin-like
growth factor-I (IGF-I) levels are not routinely monitored in the CKD popu-
lation whereas IGF-I levels are routinely used for guiding dose adjustments in
children with primary GH deficiency. Measurement of total IGF-I levels is not
informative in children with CKD because free IGF-I levels decrease with de-
creasing glomerular filtration rate (GFR).

5.10 Treatment failure

For patients who do not adequately respond to thGH therapy (i.e., growth
velocity <2 cm/year over the baseline prior to rhGH therapy), the following
evaluation should be performed: (i) assess patient compliance by taking a fo-
cused history since nonadherence is an important contributor to poor treat-
ment response [16]; (ii) confirm the weight-based rhGH dose is correct, and
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if necessary, readjust the dose for weight gain; (iii) assess whether other nutri-
tional or metabolic factors for poor growth are present, and if so, initiate a cor-
rective treatment plan.

Patients with persistently poor growth despite correction of these issues
may require referral to a paediatric endocrinologist for further evaluation of oth-
er possible causes of growth failure.

5.11 Duration of therapy

The optimal duration of rhGH remains uncertain. Although clinical studies
have shown that the growth response is greatest in the first two years of therapy,
growth velocity is persistently greater than baseline in years three through five of
therapy. Dosing needs to be readjusted every three to four months to account for
weight gain. In our practice, we continue thGH therapy so long as growth veloci-
ty remains > 2 cm/year above the baseline pre-treatment growth rate. Treatment
is discontinued if any of the following occur [S, 13]: (i) closed epiphyses on
bone radiograph, (ii) development of an active malignancy, (iii) hypersensitivity
to thGH or components of its formulation, (iv) increased intracranial pressure,
(v) noncompliance that cannot be adequately addressed, (vi) severe hyperpara-
thyroidism based on CKD stage — PTH level > 400 pg/mL for patients with
CKD stage 2 through 4 and > 900 pg/mL for patients with CKD stage S. In ad-
dition, a dose reduction (e.g., SO percent of the usual dose) may be considered
when the height goal is achieved based on mid-parental height.
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1 Definition and types of metabolic acidosis

Metabolicacidosisis defined as plasmabicarbonate (HCO,") level < 22 mmol/L.
It is often subdivided into low HCO,™ levels (18.1 to 21.9 mmol/L), corre-
sponding to mild to moderate metabolic acidosis, and very low HCO," lev-
els (< 18 mmol/L), corresponding to severe metabolic acidosis. The reported
prevalence of mild to moderate and severe metabolic acidosis ranged from 20%
to 39% and from 3% to 7%, respectively, over time in a cohort of 1911 paediatric
kidney transplant recipients with up to 10 years of follow-up [1].

Post-transplant metabolic acidosis with normal anion gap can be classified
as follows: (i) type I (distal, classic), (ii) type IVa, aldosterone resistance with
low blood pressure due to hypovolaemia and hyperkalemia and (iii) type IVb,
also known as pseudohypoaldosteronism type 2, with elevated blood pressure
and hyperkalemia.

Experimental data suggest that calcineurin inhibitors impair mineralocor-
ticoid transcriptional activity in the distal tubular cells and may cause aldoste-
rone resistance, hyperkalemia, and type IV metabolic acidosis [2]. In addition,
there is a strong clinical and experimental evidence that calcineurin inhibitors
induce activation of salt reabsorption in the distal convoluted tubule with con-
sequent impaired delivery of sodium to the collecting duct, thereby inducing
hypervolaemia and hypertension [3, 4]. Distinguishing between different types
of metabolic acidosis may be useful in tailoring and personalising treatment. In
contrast to type I metabolic acidosis, type IV metabolic acidosis may respond
to treatment with fludrocortisone (type IVa) or thiazide (type IVb) rather than
to alkaline supplementation. In a cohort of 576 adult kidney transplant recipi-
ents with stable allograft function, 28% of patients developed type IV metabol-
ic acidosis [5]. Paediatric data on the prevalence of different types of metabolic
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acidosis are not available, but persistently low HCO,~ levels have been reported
in 42% of paediatric kidney transplant recipients on alkaline therapy [1].

2 Factors associated with metabolic acidosis
in paediatric kidney transplant recipients [1, 6]

»  Mild to moderate metabolic acidosis: younger recipient age, female sex, de-
ceased donor, tubulointerstitial kidney disease

»  Severe metabolic acidosis: higher tacrolimus pre-dose concentration, younger
recipient age, female sex, low systolic blood pressure, low estimated glomer-
ular filtration rate (eGFR)

3 Metabolic acidosis and allograft outcome

In patients with chronic kidney disease (CKD ), metabolic acidosis is associated
with accelerated loss of kidney function [7, 8], and a large observational study
of adult kidney transplant recipients reported an association between metabolic
acidosis, graft failure and mortality [9]. These findings were not confirmed in a
randomised trial analysing the effect of sodium bicarbonate supplementation on
the rate of eGFR decline in 240 adult kidney transplant recipients with a mean
HCO," level of 21 mmol/L (placebo group) to 21.3 mmol/L (treatment group),
which is mild metabolic acidosis [ 10]. There was no difference in eGFR decline
after 2 years of follow-up, and the authors concluded that treatment with sodium
bicarbonate should not be generally recommended in adult kidney transplant
recipients with metabolic acidosis to preserve allograft function [10]. Given the
differences in age, comorbidities, comedication, diet and distinct risk factors for
metabolic acidosis such as young patient age in paediatric patients, these find-
ings should not be directly extrapolated to a paediatric population. In a recent re-
port including 1911 paediatric patients, there was a stepwise increase in the rate
of allograft dysfunction with the severity of time-varying metabolic acidosis, as
shown in Figure 1 [1].
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Figure1 Association between the degree of time-varying metabolic acidosis
and time to composite endpoint defined as either graft failure or estimated
glomerular filtration rate (¢GFR) < 30 mL/min per 1.73 m* or > 50% decline
in eGFR from eGFR at month 3 post-transplant (source: Kidney International
Reports, 2024 [1]).
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4 Metabolic acidosis and statural growth

Metabolic acidosis has been implicated as a risk factor for poor growth in pae-
diatric CKD by causing disturbances in the growth hormone (GH)-insulin-like
growth factor 1 (IGF-1) axis [11]. In animal models, metabolic acidosis inhibits
GH secretion and activates catabolic pathways, leading to impaired muscle de-
velopment, protein wasting and increased inflammation [12, 13]. It also inhib-
its osteoblast activity while stimulating osteoclasts, resulting in a defect in bone
mineralisation [14]. In humans, metabolic acidosis causes a decreased IGF-1
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response to circulating GH, resulting in a state of GH resistance [15]. Although
treatment of metabolic acidosis has been postulated as one of the strategies to
improve growth in paediatric kidney transplant recipients, there is a paucity of
literature on the clinically relevant relationship between metabolic acidosis and
growth failure. In a German study of 389 patients, metabolic acidosis was pres-
ent in 30% of patients and showed an inverse association with body height, leg
length, and sitting height [16]. More recently, in an analysis of 2,147 primary
kidney transplant recipients, no statistically significant association was found
between statural growth and HCO, levels, and the shape of the estimated asso-
ciation showed a decreasing estimated growth with increasing HCO, ", as shown
in Figure 2 [17].

Figure 2 Lack of association between plasma bicarbonate levels and statural
growth expressed as A height relative to time between 2 consecutive visits in
2,147 primary KTx recipients analysed using Generalised Additive Mixed
Models adjusted for covariates. The shape of the estimated association showed
a decreasing estimated statural growth with increasing plasma bicarbonate
levels.
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Although these findings do not support alkaline treatment in paediatric kidney
transplant recipients with metabolic acidosis to attenuate growth failure, they
should be confirmed in a prospective study to analyse whether mild to moderate
metabolic acidosis requires treatment.
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1 Introduction

The prevalence of dyslipidaemia in paediatric kidney transplant recipients is
10-60% [1]. In addition to immunosuppressive therapy, other comorbidities
such as impaired graft function, obesity, proteinuria and diabetes mellitus con-
tribute to its development. Dyslipidaemia causes atherosclerosis and is a clas-
sic risk factor for cardiovascular disease (CVD). Cardiovascular mortality is
increased up to 1,000-fold in paediatric patients with chronic kidney disease
compared to healthy controls [2]. In paediatric kidney transplant patients, CVD
remains the second leading cause of mortality [3], although kidney transplan-
tation substantially reduces several risk factors for CVD and consecutively car-
diac mortality 10- to 100-fold [2]. The American Heart Association (AHA) has
therefore stratified transplant recipients into the highest risk group for develop-
ment of CVD [2].

2 Determination of CVD risk

(i) Identification of risk factors for CVD: family history of hyperlipidae-
mia, smoking status, level of physical activity, blood pressure, body mass in-
dex (BMI), fasting glucose, HbA C, dysregulation of the calcium/phosphate
metabolism, anaemia, chronic inflammation, hyperhomocysteinaemia, albu-
minuria, hypothyroidism.

A positive family history of dyslipidaemia and cardiovascular disease re-
quires a more intensive diagnostic and therapeutic approach for risk reduction.
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(ii) Monitoring of blood lipids (non-fasting: triglycerides (TG), total
cholesterol (TC), LDL-C (low-density-lipoprotein cholesterol), HDL-C
(high-density-lipoprotein cholesterol)

At 2-3 months post-transplant

At 2-3 months after any change in therapy or condition that could cause
dyslipidaemia

Atleast 1 x per year

Repeat lipid panel in fasting state in case of abnormal values

Table 1 Target ranges

LDL-cholesterol <130 mg/dL < 3.36 mmol/L

preferably < 100 mg/dL <2.59 mmol/L
Total cholesterol (TC) <250 mg/dL < 6.47 mmol/L
Non-HDL cholesterol <160 mg/dL < 4.17 mmol/L
Triglycerides (TG) <400 mg/dL < 4.56 mmol/L

(iii) Sonographic diagnosis: non-invasive measurement of carotid intima-me-

dia thickness (cIMT) as a surrogate for cardiovascular damage (reference val-

ues [6]).

3 Prophylactic options:

Therapeutic lifestyle changes (TLC) [7]:

Dietary advice (e.g., rapeseed or olive oils, trans-fat-free margarines)
Physical activity advice: Children: > 60 minutes of active play daily; Adoles-
cents: 3 to 4 times a week moderate physical activity (e.g., 20~30 minutes
of walking, swimming, supervised activity within ability) and resistance ex-
ercise training (i.e., exercises that cause muscle contraction against an exter-
nal resistance)

Limit screen time (computer + video games and TV) to < 2 hours per day as
recommended by the WHO

Weight loss
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«  Stop smoking
«  Optimal treatment of hypothyroidism and diabetes, if present

4 Therapeutic options

Step 1:

(i) Therapeutic lifestyle changes (TLC) [7]

« Physical activity guidance: see above

« Dietwith < 30% of calories from fat, < 7% of calories from saturated fat, 10%
from polyunsaturated fat, cholesterol < 200 mg/d, avoidance of trans-fatty
acids according to prescription of registered paediatric dietitian, used judi-
ciously in case of failure to thrive

« Diet with whole grains, high fibre foods, legumes, fruits and vegetables

+ Reduce obesity (refer to obesity clinic)

(ii) Adjustment of immunosuppressive therapy (balance with risk of rejection)
[8]:

o Steroid withdrawal/minimisation

«  Cyclosporin A withdrawal/minimisation/change to tacrolimus

« mTOR inhibitor withdrawal/minimisation

Step 2:
Start statin therapy in children aged > 810 years (> 6 years for rosuvastatin) if
LDL-C targetis not achieved within 6 months with therapeutic lifestyle changes.

General recommendations

« Start with the lowest recommended dose and increase in small increments,
no more than every 4 weeks.

« In general, be aware of the frequent drug interactions of statins — check if
combined with any drug.

«  Monitor serum CK (especially if muscle pain occurs) and liver enzymes;
caution: rhabdomyolysis; interrupt treatment if severely ill, avoid intensive
sun exposure.

«  Effectiveness: Statin therapy reduces LDL-C by about 30% (+ 15% addi-
tional reduction with ezetimibe)
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Preferred statins depend on concomitant immunosuppressive regimen:

« Nointeraction between statins and mycophenolate mofetil and methylpred-
nisolone

« Cyclosporin A: In general, strongest interactions between statins and cyclo-
sporin A (see chapter 4.3 ); simvastatin and rosuvastatin are contraindicated,
strong interaction with pravastatin, and atorvastatin.

« Tacrolimus: Potentially clinically relevant, moderate interaction between
tacrolimus and pravastatin/simvastatin.

«  Everolimus: No interaction with pravastatin or atorvastatin.

Table 2 HMG-CoA reductase inhibitor (statin) dosing in paediatrics

Medication Lowest avail- Approved at Noteworthy

name able tablet  the earliest
strength from
Fluvastatin =~ 20 mg 9 years ¢ No relevant interaction with tacrolimus
« DPotentially clinically relevant moderate
interaction with cyclosporin A
Pravastatin =~ 10 mg 8 years ¢ No relevant interaction with everolimus
o Potentially clinically relevant moderate
interaction with tacrolimus
¢ Clinically serious interaction with cyc-
losporin A - avoid combination
Rosuvastatin  § mg 6 years o Contraindicated in comedication
with cyclosporin A or if CCR <30 ml/
min/1.73 m> BSA
Atorvastatin - 10 mg 10 years o No relevant interaction with tacrolimus
¢ No relevant interaction with everolimus
o Clinically serious interaction with cyc-
losporin A - avoid combination
Simvastatin =~ S mg & > TannerII » Potentially clinically relevant moderate
Q@ lyearpost interaction with tacrolimus
menarche o Contraindicated in comedication with

cyclosporin A

Information adapted from manufactures’ prescribing information; prescribing is at your
own responsibility.
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Fluvastatin might therefore be a good choice for combination therapy with cal-
cineurin inhibitors. Fluvastatin is approved in Germany for the treatment of het-
erozygous familial hypercholesterolaemia from the age of 9 years.

Alternative treatment options:

+ Ezetimibe (blocks intestinal absorption of cholesterol; combination with
statins possible): 10 mg/day in patients >10 years: safe, well tolerated and
effective. Most common adverse events: diarrhoea, myopathy. Cautiousness
in cases of elevated transaminases/hepatic disease; caution: eGFR < 30 mL/
min/1.73 m? increases exposure to ezetimibe. Caution against the combina-
tion with cyclosporin A (interaction).

«  Omega-3 fatty acids (fish oil capsules + vitamin E; if triglycerides > 400 mg/
dL (> 4.56 mmol/L); initial dose 1 g/day, which can be increased after a few
weeks, if necessary; well tolerated.

« Bile acid sequestrants (e.g., cholestyramine): May be used in combination
with statins. Caution: May reduce absorption of fat-soluble vitamins and
mycophenolate mofetil.

+  Use of sevelamer (lowers LDL-C) as a prophylactic or therapeutic option in
hyperphosphatemia [9] (caution: reduces exposure to mycophenolic acid).

Newer agents: Evolocumab: human monoclonal antibody that inhibits PSCK9
and thus LDL receptor degradation > enhances removal of circulating LDL cho-
lesterol; approved for children >10 years of age with homozygous familial hy-
percholesterolaemia (HFH). No effect on CYP450, P-glycoprotein or OATP
pathways, so limited potential for drug-drug interactions. Monthly injection.
Limited but encouraging experience to date: safe and effective in one ran-
domised trial, 104 children aged 10-17 years with HFH received evolocumab,
follow-up 24 weeks [10]; 1 study in 13 adult kidney transplant recipients, fol-
low-up 6 months: effective, stable kidney function, proteinuria and immuno-
suppression, no other safety concerns reported [11]. Most common adverse
events: nasopharyngitis (7.4%), upper respiratory tract infection (4.6%), back
pain (4.4%), arthralgia (3.9%).
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Introduction

Post-transplant diabetes mellitus (PTDM) is associated with an increased risk of
cardiovascular morbidity, increased mortality and decreased graft survival [1].
The incidence varies from 10% to 74% in adults [2] and from 3% to 20% in chil-
dren [3].

Definition

Hyperglycaemia in the first days and weeks after transplant surgery should be
differentiated from PTDM, which should be diagnosed at the earliest six weeks
to six months after transplantation and in the setting of stable immunosuppres-
sive therapy [1, 2]. According to the diagnostic criteria of the American Diabe-
tes Association (ADA), PTDM is present when one of the following criteria is
met [1,2,4]:

« Randomly elevated plasma glucose > 200 mg/dL with symptoms of diabe-
tes mellitus (DM) such as polyuria, polydipsia or unexplained weight loss.

o Fasting plasma glucose > 126 mg/dL after a fasting period of at least eight
hours.

«  Two-hour plasma glucose > 200 mg/dL during a standardised oral glucose
tolerance test (OGTT).

. HbAlc>6.5%.
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Causes and risk factors

Risk factors that predispose to type 2 DM in the non-transplant population have
also been identified as risk factors for post-transplant patients [2]:

Overweight (> 90" BMI percentile) and obesity (> 97* BMI percentile)
African American or Latino heritage

Impaired glucose tolerance or pre-diabetes prior to transplantation
Positive family history of DM

Genetic predisposition, such as variants in the HNF-1B gene [5]

Specific risk factors for kidney transplant patients [1]:

HLA mismatch especially on HLA-DR

Male gender

Deceased donor organ

Hepatitis C infection

Risk constellation for cytomegalovirus (donor CMV seropositive/recipient
CMV seronegative)

Polycystic kidney disease as primary kidney disease

Perioperative hyperglycaemia

Immunosuppressive therapy

Immunosuppressants:
Glucocorticoids [3]:

Diabetogenic effect is dose-dependent and can cause weight gain

Reduced binding of insulin to its receptor and increased gluconeogenesis
in the liver.

The effect of steroid-free immunosuppression on the reduction of PTDM is
unclear. Steroid-free immunosuppression appears to have little effect on the
development of PTDM compared to low-dose steroid medication [6]. In a
group of paediatric kidney transplant patients, the use of steroid-based im-
munosuppression at discharge was not a risk factor for the subsequent de-
velopment of PTDM [7]

Calcineurin inhibitors [1]:

Tacrolimus (Tac): direct toxic effect on B-cells, resulting in reduced secre-
tion of insulin
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+ Ciclosporin A (CsA): Dysfunction of 88-cells with reduced insulin secretion
(animal study)
« The diabetogenic effect of Tac is more pronounced than that of CsA [1]

mTOR inhibitors:
diabetogenic effect, as 8-cell proliferation is reduced [1], but no increased inci-
dence of PTDM is described in other studies [8]

Antiproliferative agents:

Mycophenolate mofetil (MMF) or azathioprine (AZA) tend to have a protec-
tive effect with regard to the development of PTDM. It is unclear whether this
is a direct effect or whether glucocorticoids and calcineurin inhibitors can be
spared through the use of antiproliferative agents [3].

Diagnostics

Glucose metabolism should be carefully assessed before transplantation. After
transplantation, the management of PTDM includes close monitoring of glu-
cose metabolism and, in individual cases, modification of immunosuppressive
therapy, treatment of DM and reduction of other cardiovascular risk factors
in patients with impaired glucose metabolism. The KDIGO guidelines recom-
mend weekly monitoring of glucose metabolism for the first four weeks after
transplantation, then quarterly and annually after the first year following trans-
plantation [9].

HbA1lc and fasting glucose are commonly used to assess glucose metabo-
lism. The high false-negative rate of fasting glucose and HbAlc must be taken
into account [1]. In addition, after glucocorticoid administration in the morn-
ing, spontaneous glucose levels are elevated, especially in the afternoon and eve-
ning [ 10]. Therefore, the gold standard for the diagnosis of PTDM is the OGTT
[11]. It can also be used to identify patients with impaired glucose tolerance and
initiate appropriate screening. Continuous glucose monitoring (CGM) systems
are increasingly being used to monitor treatment [12]. PTDM requires multi-
disciplinary care by an experienced diabetes team [2] and screening for diabetes
complications should be included in transplant aftercare.
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Therapy

Postoperative hyperglycaemia after transplantation occurs in about 60% of
adults [13] and requires insulin therapy, mostly intravenously initially [2]. If
PTDM is diagnosed during outpatient follow-up, modification of immunosup-
pression should always be weighed against the risk of potential rejection. Gluco-
corticoid therapy should be reduced as soon as possible, although steroid-free
immunosuppression is not mandatory [1]. However, a switch from tacrolimus
to ciclosporin may be considered in cases of difficult-to-control diabetes [1].
According to the current KDOQI recommendations, drug therapy for diabetes
should be initiated immediately and should be accompanied by lifestyle changes
such as increased physical activity, dietary changes, weight loss and treatment of
other cardiovascular risk factors [ 14].

When selecting antidiabetic drugs, it is important to consider the potential
for interaction with immunosuppressants, and some drugs are contraindicated
in cases of impaired GFR [2]. Data on the safety and efficacy of these drugs in
PTDM are sparse in adults [2] and not available in children. The group of drugs
used in adults with PTDM, such as dipeptidyl peptidase 4 (DPP4) inhibitors,
thiazolidinediones, sulfonylureas, meglitinides and alpha-glucosidase, are not
approved for use in children in Germany [1].

New classes of drugs, such as sodium-glucose co-transporter 2 (SGLT2) in-
hibitors and glucagon-like peptide-1 (GLP-1) receptor agonists, are now an in-
tegral part of the guidelines for the treatment of type 2 diabetes in adults with
chronic kidney disease [14, 15]. Both classes of drugs have been shown to re-
duce cardiovascular risk and the progression of kidney disease [15]. In Germa-
ny, there are still official limitations on the eGFR up to which SGLT2 inhibitors
can be used. Based on small studies in transplant patients, the use of SGLT?2 in-
hibitors appears to be safe [16]. However, it should be noted that there may be
a transient increase in creatinine and urogenital infections; euglycaemic keto-
acidosis may occur, and discontinuation of SGLT2 inhibitors is required in the
event of prolonged fasting periods or acute illness [17].

In Germany, SGLT2 inhibitors are approved for children aged 10 years and
older; their use in children with an eGFR < 60 ml/min/1.73 m? has not been
tested. Publications on the use of SGLT2 inhibitors in paediatric kidney trans-
plant patients are not yet available. As PTDM often involves a combination of in-
sulin resistance and insulin deficiency, insulin deficiency should always be ruled
out before using this group of drugs to minimise the risk of life-threatening keto-
acidosis.
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In one case series, kidney transplant patients were treated with GLP-1 re-
ceptor agonists and liraglutide appeared to be safe and effective in these adults
[18]. The benefits of these agents include facilitation of weight loss in obesity,
absence of hypoglycaemia, improvement in insulin sensitivity, and substantial
independence from eGFR (particularly with liraglutide). Due to the initial main
side effects of inappetence, nausea and very rarely vomiting, the dose must be in-
creased slowly with close monitoring of immunosuppressive drug levels. GLP-1
receptor agonists are approved for use in children from 12 years of age and may
be considered as combination therapy in obese children with type 2 DM, al-
though long-term data on cardiovascular risk reduction are lacking [ 19]. No data
are available on their use in paediatric kidney transplant patients.

Paediatric societies continue to recommend metformin as the first-line
treatment for type 2 DM in children [19]. If GFR is impaired, the benefit of
metformin must be carefully weighed against the risk of lactic acidosis. Insulin
therapy should be initiated if fasting blood glucose is > 200 mg/dL, metabol-
ic decompensation is present, oral antidiabetic medications are ineffective, or
HbAlc is persistently > 10% [19]. Comprehensive patient education should be
provided and therapy should be monitored by an experienced multidisciplinary
diabetes team. Continuous blood glucose monitoring is helpful as steroids are
taken by transplant patients in the morning and a significant rise in blood glu-
cose levels is observed in the late afternoon or early evening.

Although current recommendations for the treatment of type 1 diabetes
mellitus no longer include medium-acting sustained-release insulin (usually
NPH insulin (neutral protamine Hagedorn)), it can be given in the morning in
PTDM in order to control the steroid-induced rise in blood glucose levels in the
late afternoon or early evening [20]. Alternatively, detemir can be used, which
has a similar efficacy profile. In the evening, a long-acting insulin analogue such
as glargine, Glargine U300° or degludec is recommended to control the morn-
ing blood glucose rise and minimise the risk of nocturnal hypoglycaemia [20].
Rapid-acting insulin analogues such as insulin aspart or insulin lispro are recom-
mended for prandial substitution. Insulin pumps are a useful therapeutic option,
but are rarely used. Only human insulin or insulin analogues should be used in
children [20].

Despite the ongoing development of new antidiabetic agents, and in the
absence of recommendations from professional societies for the treatment
of PTDM in children, it can be concluded from the reviewed studies that in-
sulin therapy is recommended for the treatment of PTDM after intensive pa-
tient and parent education and care by an experienced paediatric diabetes team.
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Depending on the severity of the hyperglycaemia, insulin therapy should be in-
dividualised. SGLT2 inhibitors and GLP-1 receptor agonists may be considered
on a case-by-case basis after weighing the benefits and risks.

Complications

Children and adolescents with PTDM after organ transplantation have a three-
fold increased risk of death compared with healthy peers [21]. Cardiovascular
mortality increases significantly when other risk factors such as arterial hyper-
tension or hyperlipidaemia are also present. Patients with PTDM also have an
increased risk of developing serious infections or sepsis, particularly urinary
tract infections, pneumonia and cytomegalovirus infections [2]. Diabetic se-
quelae such as ophthalmological and neurological complications should not be
neglected [19].

Summary

PTDM is defined as (i) fasting glucose > 126 mg/dL, or (ii) symptoms of hyper-
glycaemia with random blood glucose of > 200 mg/dL, or (iii) 2-hour glucose
during an oral glucose tolerance test > 200 mg/dL, or (iv) HbAlc > 6.5%. The
incidence of PTDM in children varies from 3% to 20%. Glucocorticoids, calci-
neurin inhibitors and mTOR inhibitors have a diabetogenic effect, with tacroli-
mus showing an increased risk of PTDM compared with ciclosporin. In patients
with PTDM, modification of immunosuppression should always be weighed
against the risk of potential rejection. In addition to the reccommendations for
lifestyle changes, diabetes should be treated promptly with medication.

The current consensus guideline for adults with PTDM recommends an in-
dividualised therapy with metformin, SGLT?2 inhibitors, GLP-1 receptor ago-
nists, DPP4 inhibitors and insulin, taking into account the risk-benefit ratio. In
Germany, DPP4 inhibitors are not approved for use in children with diabetes
mellitus. Metformin is still approved by the paediatric diabetes associations for
the treatment of type 2 diabetes mellitus, but must not be used in cases of se-
verely impaired renal function because of the risk of lactic acidosis. SGLT?2 in-
hibitors are approved in Germany for children from 10 years of age and have
a favourable risk profile for cardiovascular complications. Side effects such as
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life-threatening euglycaemic ketoacidosis must be taken into account when pre-
scribing them.

GLP-1 receptor agonists are approved in Germany for use in children
12 years and older to facilitate weight loss in obesity. Gastrointestinal side ef-
fects, which may interfere with the absorption of immunosuppressive drugs,
must be considered. There are no expert recommendations for the treatment
of PTDM in children. Early insulin therapy in children with PTDM is reason-
able, especially as insulin therapy is approved for use in children and does not
interact with immunosuppressants. This therapy requires intensive patient edu-
cation and should be supervised by an experienced paediatric diabetes team. In
individual cases, the use of SGLT?2 inhibitors and GLP-1 receptor agonists may
be considered on a risk-benefit basis. Screening for long-term complications of
PTDM should be included in transplant aftercare.
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Introduction

Arterial hypertension is a common complication in children after kidney trans-
plantation (prevalence 60-90%) and is an important risk factor for graft failure
and increased cardiovascular morbidity and mortality in children. Therapeutic
control of hypertension is often inadequate; S0-80% of treated transplanted
children have persistent hypertensionand isolated nocturnal hypertension is a
common finding.

Diagnosis

Ambulatory 24-hour blood pressure monitoring (ABPM) is the method of
choice to diagnose hypertension and blood pressure rhythm disturbances in
transplanted children. It should be performed once a year in all transplanted
children and 3-6 months after any change in antihypertensive therapy. Regu-
lar clinical follow-up should always include standardised office blood pressure
measurement (ESH Guidelines 2016) at each outpatient visit. In addition, home
blood pressure measurements are recommended and should be encouraged.
Regular checks for hypertension-mediated organ damage (HMOD) should be
carried out including echocardiography (once a year), albuminuria/proteinuria
(once a month) and fundoscopy (especially in high-risk patients, to be included
in the annual check by an ophthalmologist).
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Antihypertensive medication

No controlled trials have been conducted on the treatment of hypertension in
transplanted children. In transplanted adults, the antihypertensive effects of dif-
ferent classes of antihypertensive drugs are comparable, with ACE inhibitors/
angiotensin receptor blockers also having antiproteinuric effects.

All five basic classes of antihypertensive drugs can be prescribed (calcium
channel blockers, diuretics, beta-blockers, ACE inhibitors, angiotensin recep-
tor blockers). Some antihypertensive drugs approved for the use in children
are listed in table 1. The choice of drugs is empirical, but in certain conditions
and comorbidities the use of specific antihypertensive drugs may be beneficial
(e.g. ACE inhibitors/angiotensin receptor blockers for concomitant proteinuria
or left ventricular hypertrophy, or diuretics for volume or salt overload). Com-
bination antihypertensive therapy is often required to achieve adequate blood
pressure control. In severe, refractory hypertension, use of additional antihyper-
tensive drug classes (e.g., mineralocorticoid receptor antagonists (MRA), al-
pha -blockers, centrally acting agents or vasodilators) may be required.

Contraindications: Same as for antihypertensive therapy in non-transplanted
children (e.g.,, ACE inhibitors/angiotensin receptor blockers in renal graft artery
stenosis). It should be kept in mind that graft function in transplanted children
may be more sensitive to dehydration events than in children with native kidney
CKD. In girls with child-bearing potential RAAS blockers can be prescribed, but
contraceptive measures are mandatory.

Goal of therapy: The target blood pressure for transplanted children and adults
is not known and the recommended limits are based on expert consensus (EBM
level C). The office blood pressure target should be at least < 95th percentile for
both systolic and diastolic blood pressure. For ABPM, the target blood pressure
should be < 95th percentile for both day and night. There is currently no data
on whether a target blood pressure of < 90th percentile or even lower (as rec-
ommended for children with native kidney CKD) is more beneficial for trans-
planted children.
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CHAPTER 8.8 Recurrence of primary kidney disease
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1 Focal segmental glomerulosclerosis (FSGS)

Pathophysiology: Podocyte damage leads to mesangial matrix proliferation, al-
lowing protein leakage and resulting in sclerosis and scarring of the glomeru-

lus [1].

Frequency: FSGS is one of the most common diseases to recur with rates rang-
ing from 30% to 60%, increasing to 86% after re-transplantation. In genetic
forms of FSGS, recurrence occurs very rarely [2].

Clinical appearance: FSGS presents with nephrotic-range proteinuria shortly
after transplantation. Gross haematuria is rare, although microscopic haematu-
ria may occur [3].

Monitoring: Frequent monitoring of urine protein-to-creatinine ratio.

Therapy: Plasmapheresis is postulated to reduce the circulating permeability
factor. It may be used with or without rituximab [4]. Supportive measures: So-
dium and protein restriction, blood pressure control, use of RAAS inhibitors,
and management of dyslipidaemia. SGLT2 inhibitors may offer kidney protec-
tion, but evidence is limited. Diuretics for oedema and adequate nutrition [S].

2 C3glomerulopathy (C3G)

Frequency: The recurrence rate of C3 glomerulopathy after kidney transplan-
tation varies, but studies suggest that it may occur in up to S0% of patients [6].
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Pathophysiology: The high risk of recurrence after kidney transplantation is
due to the continued activation of the complement system, which is damaging
even in the new kidney. Some patients may have genetic predispositions that af-
fect complement regulation, increasing the likelihood of recurrence in the trans-

planted kidney.

Monitoring: Close monitoring is essential for early detection and management
of recurrence in transplant recipients with a history of C3 glomerulopathy:

1. Clinical monitoring: Assessment of kidney function, proteinuria, and hae-
maturia.

2. Kidney biopsy: If there are signs of recurrence, a kidney biopsy is the most
definitive way to diagnose C3-glomerulopathy.

3. Complement studies: Testing for complement levels (C3, sC5b-9, C3d,
autoantibodies (C3/C4/CSNef, anti-CFH), etc.) can provide insight into
the ongoing complement activation that is a hallmark of C3-glomerulopa-

thy [7].

Therapy: Treatment of recurrent C3 glomerulopathy after kidney transplanta-
tion typically involves several approaches:

1. Immunosuppressive therapy: Adjustment of immunosuppressive medica-
tion can help control the immune response. This may include increasing the
dose of existing medications or adding new agents.

2. Plasmapheresis: This procedure can be used to remove pathogenic factors,
including complement components and antibodies, from the blood. It may
be effective in reducing recurrence and controlling symptoms.

3. Complement blocker therapy: Monoclonal antibodies blocking the termi-
nal complement cascade such as eculizumab or ravulizumab have limited
efficacy [7]. New more specific complement inhibitors such as iptacopan
or pegcetacoplan might have better efficacy and will soon achieve regulato-
ry approval [8].

4. Supportive care: Control of blood pressure and proteinuria and close moni-
toring of kidney function are essential to prevent further damage.
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3 IgA nephropathy (IgAN)

Pathophysiology: IgAN is the most common primary glomerulonephritis
worldwide and is characterised by impaired IgA1 glycosylation (due to galac-
tose-deficient IgA1l, immune complex deposition, genetic predisposition [e.g.
CIGALTI or IGAN1] or familial predisposition) [9].

Frequency: Recurrence is highly variable time-dependent. The cumulative in-
cidence in a large retrospective study was 19% at 10 years und 23% at 15 years
[10, 11].

Clinical appearance: Patients with recurrent IgAN usually present with per-
sistent microscopic haematuria. New or worsening proteinuria or, occasionally,
an increase in the serum creatinine may also be seen [12].

Monitoring: In IgAN, increased urinary protein excretion indicates a higher
risk of disease progression [13].

Therapy:

1. Glucocorticoid withdrawal may increase the risk of recurrence in IgAN [14].

2. ACE inhibitors/AT1 antagonists to reduce proteinuria and blood pressure
[15]. Treatment of cardiovascular risk factors [16].

3. Standard immunosuppressive regimens (e.g., tacrolimus, mycophenolate,
corticosteroids) have limited effect on the risk of recurrence.

4. High-dose glucocorticoids may be considered for treatment of aggressive
glomerulonephritis. Experimental options include rituximab [17] and
SGLT?2 inhibitors as nephroprotective agents [ 18].

4 Atypical/complement-mediated haemolytic uremic
syndrome

Pathophysiology: Many patients with atypical haemolytic uraemic syndrome
(aHUS) have underlying genetic mutations affecting complement regulation
(e.g., in the genes encoding for CFH, CFI etc.). In addition, aHUS can be trig-
gered by anti-FH antibodies. Persistent dysregulation of the complement system
before and/or after transplantation is associated with a high risk of recurrence in
the transplanted kidney.
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Frequency: Depending on the underlying cause, recurrence of aHUS after kid-
ney transplantation occurs in approximately 30% to 50% of cases [19]. Close
monitoring and proactive management, including the peri-transplant use of
complement inhibitors such as eculizumab or ravulizumab can help to reduce
the risk of recurrence and improve outcomes for transplant recipients [20].

Prevention: Preventing the recurrence of atypical haemolytic uremic syn-
drome (aHUS) after kidney transplantation involves a multifaceted approach:

1. Genetic screening: Identifying patients with genetic mutations associated
with aHUS can help tailor prevention strategies. Understanding a patient’s
specific genetic risk can guide management.

2. Complement inhibitors, plasmapheresis: Drugs such as eculizumab or rav-
ulizumab may be used to prevent or treat recurrence. If these are not avail-
able, plasmapheresis might be considered.

3. Adequate immunosuppression: It is important to ensure optimal immuno-
suppressive therapy post-transplant. This may help to prevent an immune re-
sponse that could trigger aHUS or a recurrence of anti-FH antibody-induced
aHUS.

4. Monitor for early signs: Regular monitoring of urine (proteinuria, haematu-
ria), kidney function, and blood tests for haemolysis (such as LDH and hap-
toglobin) and thrombocytopenia, can help detect early signs of recurrence.

S. Kidney biopsy: If there are no laboratory signs of recurrence, a kidney biop-
sy can provide definitive evidence of thrombotic microangiopathy (TMA).

Therapy: Treatment of recurrent aHUS after kidney transplantation typically
involves several strategies: A complement inhibitor is now the considered to
be the first-line treatment. It can help to prevent further complement-mediated
damage and control haemolysis. Plasmapheresis may be used, if complement in-
hibitor therapy is not available or to remove circulating factors contributing to
aHUS, such as complement components or antibodies.

Patient education: Educating patients about recognising early signs of re-
currence, including urine testing, and the importance of adherence to follow-up
care can facilitate prompt intervention.
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5 Lupus nephritis (LN)

Pathophysiology: LN is a manifestation of systemic lupus erythematosus
(SLE) and results from an immune dysregulation with autoantibody and im-
mune complex formation.

Frequency: LN recurs in approximately 2—11% of cases after kidney transplan-
tation [21, 22]. It manifests at a median of 4.3 years [23].

Clinical features: Proteinuria, microhaematuria, deterioration of graft func-
tion [21]. Systemic manifestations of SLE recurrence such as arthralgias, skin
lesions, fatigue and serological activity (e.g. increased anti-dsDNA antibodies)
may also occur.

Monitoring: Monitor proteinuria and (micro-)haematuria. Complement lev-
els (C3 and C4), anti-dsDNA antibodies and ANA indicate serological activity.
Kidney biopsy is required if a relapse is suspected [24].

Therapy: Treatment of recurrent LN follows the same guidelines as for the pri-
mary disease: High-dose steroids to control acute inflammation. Mycopheno-
late mofetil (MMF) as preferred maintenance therapy. Calcineurin inhibitors
(tacrolimus, cyclosporine) may be used in combination with MMF. Cyclophos-
phamide for aggressive relapses or lupus nephritis (class I1I/IV). Rituximab is
used in refractory cases and reduces the production of autoantibodies. Eculi-
zumab in severe cases with complement activation. Supportive therapy with
ACE inhibitors/AT1 antagonists to reduce proteinuria; control blood pressure,
cholesterol levels and cardiovascular risk factors. In the presence of antiphos-
pholipid syndrome, consider anticoagulation to prevent thrombotic events.

6 Primary hyperoxaluria (PH1)

Pathophysiology: Primary hyperoxaluria is a genetic disorder affecting oxa-
late metabolism in the liver. If isolated kidney transplantation is performed, the
underlying metabolic defect persists, resulting in continued overproduction of
oxalate leading to (rapid) recurrence in the transplant. Therefore, sequential or
combined liver and kidney transplantation (SLKT/CLKT) are current trans-
plantation strategies [25]. Alternative approaches using isolated kidney trans-
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plantation under pyridoxine and/or siRNA therapy in responsive patients may
be considered [25]. If a patient has a significant pretransplant oxalate burden,
oxalate may be deposited in the transplanted kidney even after SLKT/CLKT.
Ogxalate levels may remain elevated even years after transplantation.

Monitoring/therapy: Therefore, certain measures should be taken after trans-

plantation:

1.

Short-term management: Lowering oxalate levels is critical to prevent recur-
rence after transplantation. Therefore, haemodialysis/-filtration may be nec-
essary after transplantation, especially if graft function is delayed.
Long-term management: Hydration and urine alkalisation should be op-
timised even years after transplantation. In patients with isolated kidney
transplantation on pyridoxine and/or siRNA therapy it is imperative to
continue these therapies. Plasma and urinary oxalate levels should be mon-
itored after transplantation. Ultrasound should be used to assess for kidney
stones or calcifications. If there are significant signs of recurrence, a biopsy
may be performed to check for oxalate deposits in the renal tissue.
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1 Aftercare

Intensive follow-up care at specialist paediatric transplant facilities, in collabora-
tion with a paediatrician or family doctor, is crucial for the success of a kidney
transplant. Certain examinations should be carried out routinely at regular inter-
vals to detect complications early (Table 1). It is also important to check medi-
cation adherence, particularly among adolescent patients.

2 Outcome

According to data from the North American Pediatric Renal Trials and Collab-
orative Studies (NAPRTCS), the one-year survival rate for patients receiving a
kidney from a living or deceased donor is currently 98% and 97%, respective-
ly, while the five-year survival rate is 96% and 93%, respectively [1]. The most
common causes of death are infection (40%), cardiopulmonary disease (13%),
and malignancy (10%). Overall, however, the prognosis for patients undergoing
kidney transplantation in childhood is significantly better than for those receiv-
ing long-term dialysis therapy. Transplant survival rates have improved consid-
erably in recent years, particularly for deceased kidney transplants. According to
recent data from the CTS registry, paediatric patients in Europe, North America
and Australia can currently expect a S-year transplant survival rate of 90% after
living donation and 86% after deceased donation (Figure 1). The recently pub-
lished data from the Cooperative European Paediatric Renal Transplant Initia-
tive (CERTAIN) registry in conjunction with Eurotransplant data also show a
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9 Aftercare and Outcome

Table 1 Aftercare examinations following kidney transplantation in children

1. At every visit

Clinical examination: weight, length, blood pressure, physical examen (painful

graft)

Laboratory tests:

 Blood count with differential blood count and thrombocytes

 Serum: creatinine, urea, cystatin C, electrolytes including magnesium and phos-
phate, glucose, blood gases in venous blood, trough levels of the immunosup-
pressants tacrolimus, cyclosporin A, mycophenolic acid, everolimus

o Urine: dipstick, protein/creatinine ratio, albumin/creatinine ratio, cytology,
culture if necessary. If correct urine collection is possible: 24-hour urine for pro-
tein excretion and protein/creatinine and albumin/creatinine ratio, creatinine
and urea clearance

2. Every 3 months (in addition to 1.):

Laboratory tests: Reticulocytes, PTH, protein, uric acid, enzymes (AP, GPT, GOT,
CHE, yGT, LDH), bilirubin, cholesterol, triglycerides, quantitative PCR for CMV,
EBV, BKPyV (in the first 2 years post-transplant, depending on individual risk pro-
file)

3. Annually (in addition to 1. and 2.):

Laboratory tests:

o Glucose (fasting), HbA , iron, ferritin, transferrin, cholesterol (HDL, LDL), tri-
glycerides, creatin kinase, immunoglobulins, testosterone, oestradiol,

« anti-HBS antibodies, anti-HC-AK, HC-DNA using quantitative PCR, antibody
titres (IgG) for vaccine-preventable pathogens (mumps, measles, rubella, vari-
cella, hepatitis A, hepatitis B), donor-specific HLA antibodies (more frequently
than annually if there is a high immunological risk),

X-ray: left hand: if symptoms X-ray of other parts of the skeleton

Sonography of the kidney transplant and of the kidneys, Doppler sonography of

the kidney transplant artery

ECG, echocardiography, ambulatory blood pressure measurement over 24 hours

Ophthalmological examination: cataract, glaucoma, fundus?

Dermatological status

Dental status

Stage of puberty
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9 Aftercare and Outcome

lower risk of premature graft loss after living kidney donation compared to de-
ceased donation (Figure 2). In addition, analogous to the CTS data, this analysis
showed a further improvement in treatment outcomes after both living and de-
ceased donation in the cohort that received their transplant in the period 2011 -
2020 compared to the cohort in the period 2001-2010 [2].

2.1 Factors influencing kidney transplant survival

The following factors influence the survival of kidney transplants in children and
adolescents:

« transplant source (deceased or living donation);

« pre-emptive transplantation or previous dialysis therapy;

« the age of the donor and recipient;

« the extent of HLA compatibility;

. sensitisation with the development of preformed HLA antibodies;

« along cold ischaemia time;

« delayed kidney transplant function;

« acute and chronic rejection;

« intercurrent infections, particularly opportunistic ones;

« non-adherence;

o the recipient’s underlying kidney disease and its possible recurrence in the
transplant.

Non-immunological factors are also important, particularly arterial hyperten-
sion, pronounced secondary hyperparathyroidism, and inadequately treated
metabolic acidosis.

The success of kidney transplants in children and adolescents depends on
the recipient’s age. While the results for children under five years of age were un-
satisfactory around 20 years ago, the survival rate for kidney transplants in this
age group is now comparatively good, thanks to improvements in surgical tech-
niques and postoperative management (see Figure 3). Adolescents and young
adults have the poorest five-year survival rates following a kidney transplant. Ac-
cording to an analysis of the NAPRTCS registry, the five-year survival rate for
kidney transplants after living donation was 85% for children under five, 85% for
those aged six to 12, and 79% for those aged over 12. Similar results can be seen
in the Collaborative Transplant Study (CTS) registry (Figure 3). The poorer re-
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Figure 3
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sults observed in adolescents and young adults are largely due to non-adherence
to regular use of immunosuppressive medication and to the transition to adult
medical care during this vulnerable life phase.

As with adults, good HLA compatibility between the recipient and donor
is associated with a higher survival rate for kidney transplants, whether the do-
nor is living or deceased. The best results are achieved with an identical HLA
profile. However, children and adolescents rarely have HLA-identical adult sib-
lings who can be considered as donors. Therefore, the vast majority of living do-
nations come from a parent, resulting in a haploidentical HLA match between
parent and child. An optimal HLA match is also important to avoid sensitisa-
tion in young recipients who will require multiple transplants throughout their
lifes [3]. In the Eurotransplant region, most paediatric kidney transplant centres
therefore define one match on the HLA-DR locus and one match on the HLA-A
or HLA-B locus as the minimum requirement for acceptance of a deceased kid-
ney transplant offer.
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Introduction

Kidney transplantation in childhood and adolescence is the only renal replace-
ment therapy that can enable a largely normal life. To achieve this, these patients
require specialised long-term aftercare. Structured rehabilitation programmes
play a key role in this. While good outpatient aftercare focuses on managing
physical problems, it often falls short in addressing the full range of follow-up
needs. In addition to the side effects of immunosuppressive therapy, patients
may face complications such as arterial hypertension, hyperlipoproteinemia,
cardiovascular disease, obesity, diabetes mellitus, bacterial and viral infections
and neoplasia, all of which can affect long-term graft survival and limit participa-
tion in social life. There is also a risk of gradual loss of organ function, which may
eventually require dialysis again.

The mental stability of the transplanted child can be negatively affected by
difficulties in accepting the new organ, inadequate coping with the illness and
the demands of ongoing medical treatment, and fears and worries about the fu-
ture. These factors can also affect the function of the transplant. This also applies
to the child’s social integration into the natural living environment, acceptance
by peer groups, self-confidence and overall quality of life [1]. Non-adherence
to medication plays an important role in the survival of the transplanted or-
gan, especially in adolescents. Up to 1/3 of the adolescents do not take their
immunosuppressive medication regularly in this phase of life. The risk of organ
loss is particularly high during the transition period between the ages of 17 and
24 years [2].

Children with complex congenital syndromes, who previously had no treat-
ment options, now have a better chance of survival. An increasing number of
these children are treated with peritoneal dialysis from infancy and receive a
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transplant (often a live donation from a parent) by the age of 2—3 years. In many
cases, these children have additional extrarenal symptoms such as physical and
mental disabilities associated with significant developmental delays in motor,
cognitive, language, social and emotional areas. This places increasing demands
on parents in terms of care and expertise.

A child’s chronic illness causes a variety of emotional stresses, not only for
the child’s parents but also for the child’s siblings. Because one or both parents
are very involved with the sick child, siblings and the other parent may feel ne-
glected. This can lead to family dysfunction. This highlights the importance of
early rehabilitation: parent coaching should go hand in hand with efforts to sta-
bilise the child’s physical and emotional well-being.

Approximately 30% of children and adolescents in Germany receive a liv-
ing kidney donation. The donor must learn to protect the remaining single kid-
ney (e.g. through annual follow-up examinations) [3]. Donors may not always
regain their previous physical, mental and work capacity. They may also feel
a strong sense of responsibility for the transplanted child, especially at a time
when young people are seeking independence from their parents. This can lead
to additional stress, making rehabilitation important for donors as well [4].

Aims of rehabilitation

The main aim of rehabilitation is to improve participation in family, school, so-
cial life and eventually work life and to improve life quality. This includes:

«  Strengthening the patient’s ability to manage their illness, improving coping
mechanisms and organ acceptance

« Improving and stabilising medication adherence

« Preventing or reducing the impact of secondary complications

« Improving physical and mental performance

« Improving psychosocial well-being

« Addressing the special relationship between the donor and the recipient in
the case of living donation

« Promote age-appropriate autonomy

« Stabilise and optimise nutritional status

« Provide education for patients and parents, tailored to the type of rehabili-
tation, transition
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Ideally, rehabilitation should lead to a comprehensive and significant stabilisa-
tion of the patient’s health status, with a focus on preventing rapid deterioration
of the transplant function or even organ loss.

Implementing rehabilitation

In paediatrics, it is important to consider the wider context of the child. In the
case of inpatient rehabilitation, the primary caregiver is admitted to the hospital
as a “co-therapist”. However, the aim should be to involve all family members in
the rehabilitation programme.

During the course of congenital kidney disease and subsequent transplanta-
tion several stages of rehabilitation are beneficial: during infancy, school age and
adolescence. Final rehabilitation should take place between the ages of 15 and
18 years, depending on the individual’s developmental stage, and should include
a transition programme that fully prepares the young person for adulthood and
a long life with the transplanted organ.

Older adolescents and young adults with developmental delays or who are
still in school or in vocational training can continue to receive paediatric rehabil-
itation until the age of 27 years.

Rehabilitation for children from 1 to 14 years of age (or longer in special
cases, e.g. developmental delay, physical and mental disability) should be car-
ried out as “Family Oriented Rehabilitation (FOR)”, involving as many family
members as possible. With the increasing number of young children undergoing
transplantation (e.g. early nursery school age), the additional offer of family-ori-
ented infant rehabilitation is very useful. All FORs should aim for groups of
families to be admitted to the rehabilitation clinic at the same time and then
generally attend rehabilitation together for 4 weeks. Longer periods of rehabili-
tation are also possible (e.g. 6 weeks).

Adolescents aged 15-18 years and young adults should receive rehabilita-
tion unaccompanied in larger groups specifically designed for this age group, de-
pending on their developmental age and comorbidity. If parents have their own
rehabilitation needs, such as in the case of living donors, they should be admit-
ted to the same clinic at the same time if a rehabilitation measure is approved
by the funder.

Based on preliminary findings, the rehabilitation clinic develops a person-
alised treatment plan that includes medical, psychological, educational, physio-
therapeutic, occupational and sports therapy services as required. In addition,
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the children and young people and their siblings receive a qualified education in
core subjects in consultation with their home school. Rehabilitation is therefore
not dependent on school holidays.

Motivation for rehabilitation

The motivation of children and adolescents to participate in rehabilitation de-
pends not only on their age, but also on the motivation of their caregivers, who
are actively involved in the child’s care as co-therapists. The willingness to accept
all therapy offers (which are always mandatory) is essential for the overall suc-
cess of rehabilitation. Providing patients and families with sufficient information
about the goals of rehabilitation, the course of rehabilitation and the conditions
and possibilities of the rehabilitation clinic is an important motivational aid.

The rehabilitation team

The interdisciplinary rehabilitation team includes professionals from the fields
of nursing, psychology, physiotherapy, occupational therapy, speech therapy,
dietetics, education and social work as well as medical specialists. Sports instruc-
tors and specialist teachers should also be part of the team.

The medical management of a rehabilitation facility requires many years of
competent and constantly updated specialist knowledge, oriented towards the
specifics of congenital and acquired nephrological diseases, dialysis treatment
and kidney transplantation. Close cooperation between the rehabilitation clinic
and the referring physician or centre is necessary.

Diagnostic and therapeutic services

Medical care:

«  Continuous medical care by nurses and doctors throughout rehabilitation is
essential. Where appropriate, staff should be experienced in dialysis therapy
(particularly peritoneal dialysis and, where possible, haemodialysis), which
should also be available during rehabilitation.

«  Short-term blood tests for serum sodium and potassium, blood gas analy-
sis, prompt determination of essential serum parameters and level checks
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(immunosuppressive drugs), urinalysis, 24-hour blood pressure measure-
ment, sonography, ECG.

Lectures and training on nephrological diseases, organ functions, immune
system, immunosuppressive drugs, concomitant medication after transplan-
tation, post-transplant infections, transition training

Educational services:

Individual patient care based on clinical picture and co-morbidities
Individual and group care for parents and siblings

Learning support for school-age children

Active leisure activities

Occupational therapy to improve functioning in daily activities
Encouraging and supporting interaction between all patients and families,
both with and independently of the rehabilitation team

Psychological services:

Psychosocial assessment, including standardised and validated tests
Behavioural assessment, family interaction

Assessment of adherence, disease acceptance, self-confidence, self-respon-
sibility

Individual and group psychological interventions, crisis management.

Physiotherapy and sports therapy:

Psychomotor skills, activation of muscle activity during sport and play, also
as part of leisure activities

Improving physical performance, coordination and balance

Stabilisation of body awareness

Relaxation programmes

Nutrition therapy and advice including tube feeding

Ensuring an individualized and healthy diet
Practical training in a teaching kitchen
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Legal regulations

In Germany, the rehabilitation for children and young people is a social service
covered by the statutory health insurance or the German Pension Insurance. The
necessary legal basis for this is formulated in the German Social Code (SGB IX:
Rehabilitation and Participation of People with Disabilities) and in the respec-
tive social codes of the individual rehabilitation providers.

These regulations are intended to take account of the special needs of chil-
dren with disabilities, including emotional disabilities.

The Flexible Pensions Act, which came into force in December 2016, es-
tablished legal regulations for the rehabilitation of children and adolescents.
Children’s rehabilitation is defined as a compulsory benefit if the child’s chronic
illness affects his or her participation in school and vocational training and thus
also has affects his or her ability to earn a living in the future. Children are enti-
tled to be accompanied if this is necessary for the implementation or success of
the child’s rehabilitation. This also applies to the admission of family members
if their involvement in the rehabilitation process is necessary. Inpatient services
are generally provided for four weeks. The four-year period between two rehabil-
itation measures, which applies to adults, does not apply to children.
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Development describes a change in human experience and behaviour that
builds up over time. It should be noted that the permanent decline in abilities,
such as occurs in neurodegenerative diseases, is also considered as development.
In the context of chronic kidney disease and renal replacement therapy, a num-
ber of factors can exert an influence on the course of development. These can be
divided into three categories. In general, the earlier and more extensively the dis-
ease affects the developing organism, the greater the difficulties and abnormali-
ties that can be observed.

1. General effects of impaired kidney function, such as
«  systemic inflammation,

« consequences of acidaemia and uraemia,

« sympathetic overactivity,

« hypertension and vascular changes.

While some of these factors can be alleviated by transplantation, others persist
post-transplantation and continue to exert an influence. Immunosuppressive
therapy, which almost always includes a potentially neurotoxic calcineurin in-
hibitor and corticosteroids, may introduce additional influencing factors.

2. Extra-renal manifestations of kidney disease, such as

« syndromic diseases without structural brain changes (e.g. Alport syndrome,
HUS),

« syndromic diseases with structural brain changes (e.g. Joubert syndrome),

« metabolic diseases (e.g. cystinosis, oxalosis),

. systemic diseases with kidney involvement (e.g. vasculitis, SLE)
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11 Child development in the context of renal replacement therapy

It is important to note that individuals with congenital nephrotic syndrome may
have severe developmental problems even in the absence of kidney dysfunction.
The significant loss of protein can result in a deficiency of essential nutrients re-
quired for normal physiological development.

3. Environmental factors such as

+ Reduced play and learning opportunities due to hospitalisation
o Traumatic experiences

« Changed parental behaviour

«  Physical stigmatisation

. Difficult social contacts

Possible impacts on different areas of development are listed in Table 1.

The above risks and impairments have been shown to increase the likelihood
that people with childhood-onset ESRD will

« have lower grades and educational attainment
« lack school-leaving qualifications

« become unemployed

« live on benefits

« have a delayed transition to independent living
+ live in a partnership [2, 3, 4].

In the light of these findings, it is imperative to prioritise the early identifica-
tion of developmental disorders and delays at an early stage and to address them
through targeted interventions. This can be achieved by:

1. Regular paediatric developmental screening to detect abnormalities
In-depth developmental psychology and/or neuropaediatric assessment to
differentiate abnormalities, initiate differential diagnosis and develop sup-
port plans

3. Connection to multi-professional diagnostics and treatment in a socio-pae-
diatric centre (SPC)

The support measures can be summarised as follows:
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Table 1 Possible developmental abnormalities associated with renal replace-
ment therapy

Area of development ~ Possible abnormalities

Sensors o Hearing impairment (e.g. Alport)
o Visual impairment (e.g. cystinosis)
o Dizziness
¢ Pain
o Tactile-kinaesthetic abnormalities
o Proprioceptive-vestibular abnormalities (positional
sensitivity)

Motor skills  Orofacial weakness with sucking and swallowing diffi-
culties and articulation problems
o Muscular hypotonia with trunk instability
 Disproportionately short stature with impaired devel-
opment of movement sequences
« Organic brain movement disorders (e.g. Joubert
syndrome)

Language o Delayed speech development with a reduced under-
standing of cause and effect
o Interaction problems
o Phonetic disorders

Cognition o Global intellectual disability
o Memory problems
o Concentration disorders
o Reduced processing speed
o Executive dysfunction

Social-emotional o Attachment disorders (e.g. in the case of prolonged
development intensive care after birth)
¢ Repeated trauma and trauma-related disorders
« Isolation, hospitalisation, (anxiety including fear of
the future
¢ Depression
« Behavioural problems (e.g. obsessive-compulsive or
oppositional behaviour)

— 303 —



11 Child development in the context of renal replacement therapy

Special educational early intervention

Applicable in the first 3 years of life or before the start of KiTa (note: differ-
ences between districts)

Early start important

Direct developmental support and training of parents

Integration of appropriate facilities in case of visual or hearing impairment
Funded in Germany through “Eingliederungshilfe”/integration assistance
(social benefit according to SGB IX § 46),

Requires a certification of need by treating paediatrician

Therapeutic measures

Physiotherapy (e.g. strengthening, tone regulation, training of physiological
movement patterns)

Occupational therapy (e.g. sensory integration, body awareness, stimulus
regulation)

Speech therapy (e.g. tube weaning, swallowing training, articulation sup-
port)

Psychotherapy (e.g. for trauma, depression, interactional disorders)

All of these therapies require a doctor’s prescription and regular reviews of their

usefulness and success.

Psychological and educational interventions

Inconsistent research on cognitive outcome after transplantation.
Cognitive decline after transplantation has also been described [S].
Heterogeneous developmental profiles with circumscribed cognitive prob-
lems despite normal intelligence (e.g. concentration, attention or processing
speed) are common.

Early neuropsychological diagnostics and analysis of performance profiles
are needed to initiate targeted support and compensate for disadvantages.
Use of hospital schooling and home schooling for extended periods of ab-
sence (e.g. following transplantation)

Involvement of specialist staff from relevant special educational needs
schools to determine compensation for disadvantages at school (also applies
to children without certified special educational needs).
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From the moment of diagnosis, chronic terminal kidney disease becomes a life-
long companion for the child and their family. Although the therapy changes
with the transplant, the child remains chronically ill and requires ongoing med-
ical support. In Germany, chronically ill people are entitled to a range of ma-
terial, financial and non-material forms of compensation for the disadvantages
they face. In the case of minors, applications must be submitted by their legal
representatives. Advice on social entitlements and assistance in claiming them
is provided by the social services staff at the treatment centres. Families often
benefit, if the attending physician also has information about possible sources
of assistance and can make specific referrals. An overview of this is provided in
this chapter.

The entitlements of those affected are derived from the books of social leg-
islation, which also regulate the procedures for applying for and granting these
entitlements. The most important of these are:

SGB V - Statutory health insurance benefits and their relationship to service
providers (“gesetzliche Krankenversicherung”)

SGB VI - Statutory pension insurance benefits, e.g. relevant for rehabilitation
benefits (“gesetzliche Rentenversicherung”)

SGB VIII » Child and Youth Welfare, e.g. relevant for services for integration
assistance for children with (impending) mental disabilities and child day care
services (“Kinder- und Jugendhilfegesetz”)

SGB IX - Rehabilitation & Participation (Rehabilitation and Severely Disabled
Persons Act and Integration Assistance/ “Bundesteilhabegesetz”)

SGB XI - long-term care insurance, e.g. relevant for claims and benefits in the
event of a need for long-term care (e.g. aids) (“gesetzliche Pflegeversicherung”)
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In detail, this results in the following benefits to which patients may be entitled
after a kidney transplant. We have not included specific reimbursement rates, as
these are regularly adjusted. In addition, we have not listed all services that are
theoretically possible, but only those that play a role in everyday clinical practice
and require a doctor’s prescription or certificate.

Benefits from statutory health insurance

Patient transport is regulated in conjunction with the patient transport guide-
lines. This implies that there must be a medical necessity to justify the pre-
scription and that the mode of transport is selected accordingly. While this can
generally be assumed in the case of dialysis treatment, the medical necessity af-
ter transplantation is determined by the patient’s immune status and any other
pre-existing impairments. In the event of an uncomplicated course of treatment,
travel costs associated with “post-inpatient treatment” are covered for a period
of three months following the transplantation. Other relevant health conditions,
e.g. for patients with complex illnesses, must be examined separately.

In principle, trips for outpatient treatment require prior authorisation, i.e.
a doctor’s prescription must be submitted to and approved by the payer before
the trip begins. Exceptions are made for patients who are certified on their Dis-
ability Pass as having exceptional walking disabilities, blindness or helplessness
on their severely disabled person’s pass, as well as for patients with care level 4
or S, and care level 3 in combination with a permanent mobility impairment.
Trips made in the family’s own car are only partially reimbursed according to
the German SGB V. However, trips to the hospital and outpatient clinic should
be documented and confirmed by the centre so that they can be taken into ac-
count for tax purposes.

In the case of hospitalisation, it should be noted that visits are generally not
reimbursable. The situation is different if the presence of the parents — regard-
less of the child’s age — is medically or psychologically necessary. This applies
for example, to educational discussions or medical crises and should be certi-
fied by a doctor.

If medically necessary, a parent or legal guardian may also be admitted during
an inpatient stay [1]. Co-admission is considered medically necessary if sepa-
ration from the parent/primary carer would otherwise jeopardise the success
of treatment. The health insurance companies decide up to what age the need
for co-admission of a parent is considered to be age-related (usually around the
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age of 9 years). If the parent cannot be accommodated in the patient’s room due
to lack of space, the costs of a nearby guesthouse or hotel may be covered if the
medical necessity is certified and proof of the costs incurred is submitted to the
health insurance company.

If a child’s illness prevents their parent from working, they can claim wage
replacement benefit (also known as child sickness benefit) for a limited number
of days per child per year. To qualify for wage replacement benefit, a doctor’s
certificate confirming the child’s illness must be submitted.In cases where the
child’s prognosis is limited to a few weeks or months — as outlined in § 45 Para. 4
SGB V - the entitlement to wage-replacement benefit is unlimited.

If there is another child under the age of 12 years living in the household
or a disabled child who is dependent on assistance, the provision of household
assistance may be granted for a maximum of 8 hours per day to help the family
with its domestic tasks, provided that one of the parents also takes care of the
child.

Preventive care and rehabilitation measures are also covered. A distinction is
made between father/mother/child rehabilitation, child rehabilitation and fam-
ily-orientated rehabilitation (FOR). After transplantation, family-oriented reha-
bilitation (FOR) is given the highest priority, as it is not only aimed at the sick
child but also offers support to the parents and healthy siblings. In contrast, pae-
diatric rehabilitation focuses on the chronically ill child. Parents may be allowed
to accompany their child on the programme, but siblings are not included. It is
important to note that all the benefits described here apply within the frame-
work of statutory health insurance. Different rules may apply to privately insured
persons and recipients of benefits.

Benefits from the statutory pension
insurance scheme

The pension insurance fund is responsible for measures for rehabilitation and
participation in working life. Like the health insurance fund, it is responsible for
covering the costs of rehabilitation measures. While the health insurance fund
and the pension insurance fund may share the costs of rehabilitation before the
patient enters working life, the pension insurance fund becomes the main pro-
vider of benefits as soon as the patient is in vocational training, military or civil-
ian service and the aim of the rehabilitation is to maintain or restore the patient’s
ability to work.
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In contrast to the health insurance system, the pension insurance system’s
right to request and choose a measure is primarily limited to contracted centres.
If the pension insurance fund does not name a suitable contract centre from the
patient’s point of view, a medical report is required for the selection of a place
of rehabilitation outside the contract centres. The statutory pension insurance
funds also provide benefits for participation in working life according to §§ 49—
54 SGB IX as well as in the introductory procedure and vocational training area
of the workshops for disabled people according to § 57 SGB IX (see below).

Child and youth welfare services

Child and youth welfare services are by no means limited to educational assis-
tance and the protection of children’s welfare. Child and Youth Welfare also acts
as a rehabilitation organisation for children and young people who are threat-
ened or affected by so-called “mental disabilities”. In accordance with the provi-
sions of SGB IX, the Youth Welfare Office is empowered to provide integration
assistance in the event of an (imminent) mental disability, e.g. for educational
and therapeutic services outside the remit of other organisations. This is the
case, for example, when children and young people develop mental or be-
havioural problems as a result of specific learning difficulties. In the case of man-
ifest concentration disorders, dyscalculia or dyslexia, learning therapy can be
applied for as an educational-therapeutic measure, the costs of which are cov-
ered by the Youth Welfare Office.

The Youth Welfare Office also provides services to support children in day
care centres and with childminders. This includes creating the conditions for a
child with a kidney transplant to attend a day care centre, such as a créche, day
care centre or kindergarten. In addition, if necessary, the Youth Welfare Office
provides support with inclusion, for example by providing integration assistants.

Rehabilitation and participation services

The primary objective of the Ninth Chapter of the Social Code (SGB IX) is to
regulate entitlements and measures for people with severe disabilities in order to
enable them to participate in society. According to Section 2 of SGB IX, a person
is considered to be severely disabled if he or she has a degree of disability of at
least 50% and his or her place of residence, habitual abode or employment falls
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within the scope of this Code. This status applies to all persons who have under-
gone a kidney transplant, as the degree of disability is at least 50% after a recov-
ery period of two years post-transplant.

Official recognition of this status and the issue of a severely disabled per-
son’s card is based on an application to be submitted by the person’s legal guard-
ian. The resulting benefits depend on the degree of disability determined and
any additional characteristics recognised. These include tax allowances of vary-
ing amounts, reduced/free use of public transport, assistance under the Hous-
ing Assistance Act and housing benefit, reduction or exemption from telephone
and radio licence fees, and special provisions in employment law, e.g. protection
against dismissal, holiday entitlement and retirement age.

It is of the utmost importance that the application is supported by careful
medical documentation, even if it is made by legal representatives and with the
support of social services. This is essential for the accurate recognition of the
applicant’s health problems. If the above-mentioned documents are not avail-
able at the time of submission, they will be requested by the administrative staff
of the pension offices. They check whether the criteria in the appendix to § 2 of
the Versorgungsmedizin-Verordnung/“Versorgungsmedizinische Grundsitze”
are met. The more detailed the patient’s health impairment is described in the
doctor’s letter, the more accurately the application can be processed. In addition
to the transplant and kidney function, additional effects of the underlying dis-
ease (e.g. visual impairment in cystinosis, liver dysfunction in ARPKD, hearing
impairment in Alport, bronchopulmonary dysplasia in LUTO, cardiac hyper-
trophy, brain malformations, movement disorders, cognitive impairment, short
stature, nutritional and failure to thrive disorders, etc.) should also be explicitly
listed. In addition, diseases independent of the kidney disease should be includ-
ed. A look at the guidelines will help to understand the terminology and con-
cepts familiar to case workers.

The main benefit groups resulting from SGB IX are benefits for medical re-
habilitation, including early intervention and support for self-help; participation
in working life, including sheltered workshops; maintenance or supplementary
benefits; benefits for participation in education and social participation, includ-
ing assistance benefits, mobility benefits and special aids.

— 311 —



12 Social-legal aspects in paediatric kidney transplantation

Care insurance benefits

For the purposes of this book, “vulnerable people” are those who have health-
related impairments to their independence or capabilities and who therefore
require assistance from others. Such persons must be unable to compensate
for or cope with physical, cognitive or mental impairments or health-relat-
ed burdens or demands independently. The need for care must be permanent,
be expected to last for at least six months and meet the criteria of § 15 (§ 14.1
SGB XI).

Akidney transplant alone does not usually lead to a need for long-term care.
Instead, the Medical Service of the Health Insurance Funds (MDK) uses an as-
sessment procedure to determine the extent to which a person is able to act in-
dependently in defined areas. The modules that are tested include (i) mobility,
(ii) cognitive and communicative abilities, (iii) behavioural and psychological
problems, (iv) self-care, (v) coping with the demands and stresses of the illness
or therapy, and (vi) organisation of everyday life and social contacts.

There are two exceptions to the approach used for adults when determining
the level of care for children. Firstly, for children up to the age of 11, a compar-
ison is always made with healthy peers, as children are still developing certain
skills. In the case of children with disabilities, the level of care is determined
on the basis of the child’s specific needs. The question is therefore whether the
child’s ability to care for himself or herself is below the norm for his or her age.
Secondly, since healthy infants and toddlers are also dependent on comprehen-
sive care, there is a “natural” need for care regardless of whether there is a com-
plex illness. To take this into account, children under 18 months who need care
are classified one level of care higher than adults.

The primary factors that determine the need for care after kidney transplan-
tation in childhood and adolescence are therefore additional impairments asso-
ciated with syndromic kidney disease. These may include global developmental
disorders, associated epilepsy, motor/movement disorders or sensory impair-
ments. In addition, the general challenges associated with kidney disease may
also contribute to the level of care. These may include incontinence, the need for
tube feeding, complex therapeutic regimens involving frequent medication ad-
ministration, out-of-home therapeutic services and frequent visits to the doctor,
or regular monitoring of bodily functions.

The level of care, which can range from 0 to S, determines the range of ben-
efits available, including care allowance, care benefits in kind (such as basic care
services provided by professional carers), combined benefits (which combine
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cash benefits and benefits in kind, including care aids and consumables), and
benefits to protect the carer (such as pension and accident insurance for carers).

There are also entitlements to short-term and/or respite care to reduce the
burden on family carers. It should be noted that successful kidney transplanta-
tion in the absence of a syndromic disorder with developmental delay can sig-
nificantly reduce and often even eliminate the need for care.

Summary

Even after a kidney transplant, a person remains chronically ill and severely dis-
abled. The social services provide advice on social rights and help to enforce
them. Many services require a medical prescription. Even if the social services
provide support in this respect, the taxi licence/transport prescription, rehabil-
itation application and prescription of medical aids remain activities for which
doctors are responsible and which may be relevant to the budget and recourse.
Payers often rely on medical reports and expert opinions. The more complete
and accurate these are, the more accurate the implementation and the lower the
risk of appeals.

References
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Nowadays, most children with chronic kidney disease (CKD) stage S and kid-
ney transplantation survive into adulthood. As a result, healthcare transition
from paediatric into adult (nephrological) care becomes necessary. Transition is
a deliberate process designed to support the development of young patients and
help them become self-reliant adults who understand and actively manage their
condition. During this process patients gradually take responsibility for their
own health care in line with acquired skills and competencies, while their main
caregivers step back and become supervisors rather than actors. “Transfer”, on
the other hand, refers a specific point in time when care is handed over from one
health care provider (paediatrician) to another (nephrologist).
The S Ws of transition can be summarised as follows:

«  Who: paediatric (renal) patients and their carers

«  What: a focused process to help patients and their families acquire the
knowledge and skills needed to manage the chronic condition, including
the medical, psychosocial, educational and vocational aspects of living with
progressive chronic kidney disease

«  When: as soon as possible, but no later than 12 years of age, until the patient
is transferred out (usually around 18 years of age)

«  Where: in out-patient clinics and, in later stages, in collaboration with the
continuing adult nephrologist

«  Why: to improve long-term outcomes by helping patients to take responsi-
bility for their own health needs.

With regard to age, it is important to recognise that the age of transition is often
determined by the prevailing legal and regulatory framework. This is a highly
unfavourable situation, as readiness for transition cannot be determined by a
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calendar age. Rather, it depends on a number of factors, including the child’s
development, social network, health stability and the success of several years of
preparation. To illustrate, a child may not begin the transition process at the age
of 12 years because the centre does not have the resources to facilitate early tran-
sition, or because the child and parents are not ready. Similarly, a patient may be
transferred out at the age of 18 years, despite the presence of suboptimal condi-
tions, because of compelling regulatory reasons. This highlights the importance
of more flexible processes and regulations to allow for paediatric patients to be
transferred when they are ready, regardless of age.

The aims of transition are (i) educating the patient about the disease and
treatment, (ii) facilitating the patient’s decision making, and (iii) supporting
future caregivers to ensure optimal health care. According to the German S3
guideline on transition [1], the following aspects should be considered:

1. Anindividualised transition plan should be drawn up, with planned actions
individually defined and timed;

2. Readiness for transition should be assessed in a detailed clinical interview;

3. The timing of transition should not be strictly linked to the patient reaching
legal adulthood (18th birthday), but should take into account patient and
condition specific needs (e.g. complex condition requiring more than one
health care transition);

4. The transition process should include education of the patient and, where
appropriate, their parents/carers on relevant aspects of the disease and the
transfer itself;

S. Aninterdisciplinary approach to transition should be taken, including allied
health professions and non-medical specialists specific to the patient and
health condition;

6. At the time of transfer, a structured medical letter should be provided to the
patient and future caregivers, including details of the history and course of
the illness, psychosocial needs, and any findings relevant to previous and/
or future treatment;

7. A designated transition key worker should accompany and oversee the tran-
sition process and act as a point of contact for all others involved;

8. To improve adherence, low-threshold services should be used as remind-
ers and sources of information through appropriate internet services, apps,
SMS, email and/or telephone where available;

9. In younger adolescents, parents/caregivers should generally be involved
in the transition process. Where appropriate and agreed with the patient,
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parents/carers should be involved beyond the transition. For patients with
cognitive impairment, parent/carer involvement is mandatory;

The offer of a joint consultation or case discussion involving both the paedi-
atrician and the continuing adult physician should be considered;

To support the transition process, several of the elements described in the
guidelines should be effectively combined rather than applied in isolation;
Conversations about transition should begin as early as possible and be de-
velopmentally appropriate;

Issues relevant to adolescents, such as sexuality, family planning, sleep-wake
patterns, use of alcohol, nicotine and illegal substances, and their interaction
with the disease and its treatment, should be addressed during the transi-
tion process;

Screening for mental health and psychological distress should be an integral
part of the treatment routine;

Sufficient time should be allocated for detailed transition discussions in pae-
diatrics, but also with the future health care provider;

Responsibility for disease management should be gradually transferred
from parents to the young person;

Counselling should be offered to young people on professional and social is-
sues related to the chronic condition;

Young patients should be referred to self-help groups and patient organisa-
tions that are relevant to them. Self-help groups and patient organisations
can be involved in shaping the transition process.

Transition is a complex process that involves patients, parents, healthcare pro-

viders and various members of the multidisciplinary care team all working

towards the same goal. However, there can be various barriers to successful tran-

sition. Such barriers may arise at different levels. Being aware of these barriers

can help to alleviate them. A selection of possible barriers is shown in Table 1.

— 317 —



13 Transition to adult care

(ssourpear jou
a3e) uonrsuen jo Surwy p13ny

a3papmouy| oymads
JUSWIJEI} PUE ISEISIP JO OB

£poq Surdopaasp [us e jo
JUSWINEI) PUE SUDIPIW JUID
-S3[Op® INOqE UOTJEINPI NI

sanoy 25150 uersAyd
PUE SPIaUl [EITPIW [IIM 31
-Ioul s10Y SUD{IOM /[00TdS

doueydad
-oe pue 310ddns [e100s jo YoeT

STIPIS
aIed-J[0s pue AUTouo)INE JO Yor|

juanyed 1ad swm) ssay
- sjuanyed axoW :pEOP[IOM

a1ed J[Npe ur
j10ddns [erosoya4sd jo yoey

1moraeyaq Surduayeyd s199

juswrreduwr aanrudon)

SUOTJIPUOD dIex
ynoqe Surured] ur sadus[rey)

uoroe
-Ia)ul [euotssajoxd Jo Yoe]

Ayiqisuodsax
Suriraysue) Jou sjuaIeJ

Suruuepd uonoe /joryuos asind
-WIT/UOT}OUN SATINDIXD PAJIWIT

ares J[npe
ur £y17erdads suo uey) a1ow
Surrnbaz suonrpuos xs[duro)

$9INJONIIS
pue Jjels uonjisueI) jo yoe|

Sunyuared juali8aN

juawdo
-[9A3p sjudds3[opE jo 1aed se
IorAeydq SUn{e3- s paseardu]

(suontpuoo Tejruald
-u0> pue sawoIpu4s) Jururen
ys18ojoaydau ynpe jo yred jou
suonrpuod sryerpaed oyadg

(sorurp> wonIsUEI} ‘Peis
‘doueuly) $92IN0SAI JO Yor]

Sunuared aand93ordisap

Ayeurrou 103 SutAIng

s[euoissajoxd axed>
[3[e3Y) [3A9] [EUOISSIJOI

AEoum%m aaed
Yieay ) sIdL1IRq [INIONNS

(110m pue [ooyds ‘s1aad
‘sjudred) sad111Rq [RID0S

(12a9]
jusned) s1arireq [enprarpuy

9Ied Jnpe 0] UoNIsueI} [NJsSa3dNS O] SISLLIeq | 9|qeL

— 318 —



13 Transition to adult care

Optimal transitional care is provided in a clearly structured way. However, there
are no comprehensive transitional programmes in Germany. Although the KfH
(Kuratorium fiir Dialyse und Nierentransplantation e.V.) offers patients the
opportunity to participate in “Endlich Erwachsen” (Finally Adult), this pro-
gramme is a valuable addition, but it is disconnected from the patient’s routine
care. In the UK, ‘Ready — Steady — Go’ is an established generic tool to facilitate
transition, regardless of the underlying medical condition. It provides a struc-
tured training programme alongside regular clinic visits and promotes an indi-
vidualised approach to empowering patients [https://www.readysteadygo.net/
rsg.html].

To avoid overwhelming the patient, the time of transfer should be planned
carefully and too many changes should be avoided at once. Ideally, the transi-
tion itself should be gradual, with joint or alternating appointments and a grad-
ual transfer of responsibility from the paediatrician to the nephrologist. In this
way, both doctors and patients can get to know each other and refer back to each
other until they feel comfortable handing over care. The timing should not be
based on age but on ability: a patient may be ready for transfer at any time when:

« Allograft function is stable

« Health literacy and medication adherence are well established

« Patient is emotionally stable (no acute adverse life events)

+ Social functioning is established (school completed, supportive environ-
ment)

« Health services are established (nephrologist appointed for ongoing care,
health insurance coverage is secured).

Successful transition is a time-consuming and costly process. But it will result
in a competent patient, a confident adult nephrologist and a favourable medical
outcome with stable allograft function. To achieve this, the combined efforts of
patients and professionals are essential.

References
1 Gesellschaft fiir Transitionsmedizin. S3-Leitlinie: Transition von der Padia-

trie in die Erwachsenenmedizin. Version 1.1 vom 22.04.2021. Verfiigbar:
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