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Background

Adolescents and young adults demonstrate the poorest long-term graft survival post-kidney transplantation (KTx) due to a multifactorial aetiology. KTx360° is a multicentre, multimodal, telemedicine-based follow-up care model designed to improve transplant survival in adult and paediatric patients.





Methods

The paediatric component of the study was conducted at the Hannover study centres from May 2017 to October 2020 and is registered under the ISRCTN29416382 trial code. The post-transplant care model employed a structured approach, incorporating specialized case management, telemedicine support, psychological assessments and exercise assessments, with targeted interventions. The present study adopted a quasi-experimental, prospective, observational design. The primary endpoint was graft failure, defined as death or the initiation of long-term dialysis. The secondary endpoints were appointment and medication adherence, quality of life, and mental health. In the current study endpoints were analysed in a quasi-experimental, prospective, observational study: All secondary endpoints were analysed longitudinally over study duration in the intervention group using study data. Graft failure was investigated using claims data from participating statutory health insurance providers by a comparison of the eligible-to-treat group (patients transplanted after 2017 (after start of KTx360°) in study centres; ETT) to historical data in study centres (patients transplanted between 2012 and 2017 (before start of KTx360°); historical control group) and two external control groups (controls transplanted after 2017 external control group resp. between 2012–2017 in other KTx centres external historical control group). Descriptive analyses were performed reporting 95% confidence intervals.





Results

We recruited 72 children/adolescents of whom 26 were incident (enrolled within the first year after KTx) and 46 prevalent (enrolled >1 year after KTx) participants. For all participants study data was collected on appointment and medication adherence, quality of life, and mental health. Claims data was available of 22 patients in the ETT, 17 patients in the historical control group, 71 patients in the external control group and 68 patients in the external historical control group (availability of data depends on number of participating insurance companies). In the initial years of the aftercare period, the study data revealed complete adherence behaviour among both prevalent and incident participants. However, a trend towards increasing non-adherence among prevalent participants compared to incident participants was observed. During the observation period in the first year following transplantation, no graft failure was observed in any of the study centre groups: the ETT and historical control group. Low levels of graft failure (3-6%) were observed in the external controls (external control group and external historical control group, other KTx centres). Patients were at increased risk for mental health issues with internalizing symptoms being most prevalent. Parents rated their children’s mental health worse than the patients themselves. While we saw general improvement over the course of the study, changes were not significant. Similar, quality of life was judged worse by-proxy than by patients. Development of quality of life over the course of study was heterogeneous.





Conclusion

The present study observed slight trends of increasing non-adherence among prevalent participants. However, adherence levels remained consistently high across all groups. No graft failures were recorded during the observation period in the study centre Hannover before and after the implementation of KTx360°. Graft survival and adherence were significantly better in the paediatric participants than in adults. The present study suggests that adherence-enhancing and individualized therapies based on telemedicine may potentially be effective over the long term. Assessment of quality of life and mental health revealed an elevated probability of mental health concerns. Evidence from patients and proxies indicated that a combined assessment is an effective method of identifying patients at risk.
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Introduction

For patients with chronic kidney disease stage 5 (CKD5), kidney transplantation (KTx) is the preferred treatment option, offering long-term benefits in terms of survival, reduced morbidity and improved quality of life when compared with dialysis (1, 2). Despite the advent of novel immunodiagnostics and immunosuppression techniques in recent decades, there has been insufficient improvement in long-term graft survival (3).

Acute graft losses are attributable to technical issues and vascular complications, followed by acute rejection and transplant-glomerulonephritis. Consequently, patients with KTx <1 year are closely monitored at the transplant centre. Non-adherence to immunosuppressants has been associated with allograft loss in adolescents (4). The International Paediatric Nephrology Association (IPNA) has described a significant increase of graft failure during the transition to adult care (5). Several meta-analyses have indicated that approximately one-third of graft losses on an annual basis can be attributed to non-adherence in adults (6). In 2005, Hwang et al. published data indicating that adolescent and young adult age groups demonstrate the poorest long-term graft survival (7). Infection, malignancy and metabolic morbidity are the primary causes of paediatric hospitalization and death following transplantation (8, 9). Within the adult population, approximately 8% of patients experience graft loss within the initial three years post-transplantation, with a subsequent steady increase in the years that follow (10). The development of comprehensive strategies, incorporating patient education, regular monitoring, and psychological support, may enhance adherence and consequently improve long-term outcomes (11).

KTx360° has established a structured post-transplant care programme integrating healthcare providers from various sectors of the German health system, including hospital transplant centres and relevant health professionals such as transplant nurses, psychologists and sports medicine specialists. Prior studies suggested that text reminders, problem-solving may each have benefits in transplanted patients (12–14).

The present study aims to develop new strategies to identify and manage modifiable risk factors in KTx recipients, with a particular focus on non-adherence. Despite the advancements in digitalization, post-transplant care in Germany remains largely un-digitalized, which poses an additional barrier to the quality of care. The KTx360° programme was a multicentre, multisectoral, multimodal, telemedicine-based follow-up care model developed to improve transplant survival and consequently reduce healthcare costs by decreasing the need for hospital treatment after KTx in adults and children (11).





Methods




Study design

The study participants of the paediatric part of the study were recruited between May 2017 and November 2019 within the structured post-transplant care programme KTx360° under the trial registration ISRCTN29416382. 74 children and adolescents were asked to participate and 72 decided positively. Inclusion criteria were having a KTx or follow-up visit at one of the study centres and having a statutory health insurance. All 36 statutory health insurances (SHIs) of the enrolled patients participated in and endorsed the programme; however, only 27 (covering > 60% of the German population and data of all German transplant centres) submitted claims data for the comparative analyses. There is no bias due to missing data of nine health insurances as problems with data submission resulted only from technical problems and are unrelated to any patient characteristics. The paediatric element of the project was conducted at Hannover Medical School in Lower Saxony, Germany. A detailed description of the methodology is available in the published study protocol (11).

Two cohorts of patients were included in KTx360°: incident and prevalent patients. Incident patients had their KTx during the recruitment period of the study at one of the two children transplant centres. Prevalent patients had their KTx prior between 2010 and 2016 and participated in follow-up care visits at the transplant centres. The control arm consists of claims data from KTx patients who did not participate in the programme because they were treated before programme start in Hannover or in parallel in other German centres (Figures 1, 2).
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Figure 1 | Observation periods using claims data relative to the timepoint of kidney transplantation (KTx) for incident participants and controls.
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Figure 2 | Observation periods using claims data relative to the timepoint of kidney transplantation (KTx) for prevalent participants and controls.







Ethics statement

Ethics approval was obtained from Hannover Medical School and all guardians of the paediatric participants gave written informed consent.





Interventions

The KTx360° programme focused on the management of post-transplant patients through the implementation of eHealth components and a range of integrated therapeutic interventions. These interventions are comprehensively described in the study protocol (11). The project incorporated case management and an internet-based case file to document for each team member (‘CasePlus®’, Symeda GmbH, Germany). In addition, the project entailed the conduction of periodic psychosocial and cardiovascular risk assessments. Training goals were established for each patient on an individual basis. Each patient underwent evaluations by a mental health specialist, including analyses of non-adherence to immunosuppressants and identification of individual barriers to adherence optimization using the Basel Assessment of Adherence with Immunosuppressive Medication Scale (BAASIS©) (15, 16).

Routine mental health screenings were completed upon inclusion and followed by annual assessments, usually alongside the yearly transplant follow-up. Initial assessment consisted of a screening using CBCL followed by a clinical interview of up to 90 minutes. In case of mental health issues, families initially received a 1-hour counselling session which aimed at both parents and child. Here, the problem was contextualized and goals were identified. Follow-up sessions were scheduled alongside the medical appointments (most commonly once a month). Focus was on education and coping strategies. Number of appointments depended on the type and gravity of problems. In case of mental illness requiring psychotherapy, referrals were made.

Depending on the results of the adherence assessments, the psychosocial team recommended educational groups or individual adherence coaching. A maximum of eight sessions per year could be provided by a member of the mental health team. The provision of adherence coaching and individualized sports therapy was based on the results of the assessments. The provision of coaching was facilitated through either video conferencing or in-person consultations. The case managers, who were experienced transplant nurses, were responsible for coordinating individual post-transplant care and offering continuous support to patients. All study participants were invited to participate in all modules of the programme.





Sample and data

The sample of study participants comprised 46 prevalent children/adolescents and 26 incident children/adolescents. Incident patients were recruited from May 2017 until October 2018 and prevalent patients between May 2017 and November 2019. Duration of study participations was on average 26.33 months in incident (SD = 8.34, Med = 28.32, Min = 10.53, Max = 38.53) and 32.56 in prevalent patients (SD = 8.30, Med = 33.58, Min = 6.77, Max = 41.07).

Study data. For all participants study data are available for medication adherence (BAASIS interview, self-report or proxy-report) and intra-patient variability of immunosuppressants (IPV)) (17). For BAASIS, medication adherence is defined as reporting adherence to all five questions of the interview. That is, non-adherence indicates reported non-adherence to at least one question of the BAASIS. IPV is a surrogate associated with reduced adherence to immunosuppressants and an increased risk of poor outcomes following kidney transplantation (18). Additionally, mental health status was assessed using the age-appropriate by-proxy reports of Achenbach Child Behaviour Checklist (CBCL) as well as the teenager’s version (YSR) in participants aged 11 years and older. Quality of life was assessed using the PedsQL transplant model in the age-relevant versions for self- and by-proxy-reports. Participants were observed until allograft failure or their last patient follow-up date as indicated in the registry.

Claims data. Claims data were available from 27 health insurance companies covering data from study centres and other transplant centres in Germany comprising data of transplantation between 2012 and 2019. For analyses four groups were defined: (1) The eligible-to-treat group (ETT) with all patients transplanted after 2017 in study centres (covering the time after implementation of KTx360°). (2) A historical control group with transplantation before 2017 at study centres. (3) An external control group with transplantation after 2017 at other transplantation centres. (4) An external historical control group with transplantation before 2017 at other transplantation centres. For analyses the ETT was compared to all three control groups controlling for change over time in the same transplantation centre (historical control group vs. ETT) and for change over time and study participation in other transplantation centres (external historical control group vs. ETT and external control group vs. ETT). Graft failure in year one and two after KTx was defined as death or initiation of long-term dialysis (a minimum of 5 dialysis sessions within the corresponding observation period).





Statistical analysis

The was analysed using descriptive statistics and the absolute number of missing values was indicated for each variable. Data of psychometric assessments were calculated based on the relevant test manuals. CBCL-/YSR-Data are reported as T-scores and percentiles. Between group differences were calculated using chi-square tests, Fisher exact tests, t-tests, and Mann-Whitney-U-tests as appropriate.





The role of the funding source

The Innovation Fund of the Joint Federal Committee of the Federal Republic of Germany provided financial support for the study (grant number 01NVF16009). The Committee played no part in the design and execution of the study, the analysis and interpretation of the data, the preparation, review, or approval of the manuscript, or the decision to submit the manuscript for publication. All authors had full access to all the data from the study and accept responsibility for the decision to submit the manuscript for publication.






Results




Participants’ characteristics

The characteristics of the participants are documented in Tables 1, 2. In total, 72 children and adolescents were included in this project. Of these, 46 were identified to belong the prevalent group and 26 to the incident group. The mean age at the time of enrolment was 11.23 years (SD 4.77); approximately 55% of the participants were male.


Table 1 | Characteristics of prevalent and incident participants at enrolment into KTx360°.




Table 2 | Sample characteristics at time of KTx.







Appointment adherence (study data)

A total of 100% adherence was observed among transplant recipients (KTx<1/2 year) in regard to their scheduled follow-up appointments. In the fourth year of aftercare, a slight decrease in appointment-adherence was observed compared to the first year (99.4% and 96.23%, respectively) (Table 3). Notwithstanding this slight decrease, adherence remained very high.


Table 3 | Appointment adherence.







Medication adherence (study data)

The analyses of BAASIS scores on medication adherence revealed that prevalent and incident participants exhibited comparable medication adherence behaviour in the initial year after transplantation. Subsequent years revealed that all groups maintained an adherence rate of at least 85%. However, a total of 4.55% of incident and 9.30% of prevalent participants exhibited self-reported non-adherence (Figure 3a).
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Figure 3 | Medication adherence by BAASIS-Scale (a) and IPV (b).



Additionally, the intra-patient variability of immunosuppressants (IPV) was measured. Data on IPV was available for 39 patients across six time periods. A person was included in the analyses for a specific time period after KTx, if there are at least three measures of immunosuppressant trough levels available in this time period. In the first three months following KTx, there was no documented high IPV (i. e. IPV ≤.40). However, between six months after KTx and up to the second year, we observed a peak in IPV increase, reaching 22.22%. In the fourth year of aftercare, we identified a slight decrease in IPV to 14.7% (Figure 3b).





Graft failure

Graft loss was not observed during year one and two in the ETT and historical control group (both with transplantations in study centres). However low levels of graft failures are documented in the first but not second year after KTx in the two external CGs. Results indicate descriptively for the first year after KTx, that patients in study centres have a slightly lower risk of graft failure than in other KTx centres. However, change in graft failure from before start of KTx360° to after start of KTx360° in study centres is not observable, as no graft failure occurred in both groups (ETT and historical control group) (Table 4). Because of the small sample size and because there is no variance on graft failure in the ETT and historical control group, no significance test of the result is included.


Table 4 | Graft failure.



For more details the characteristics of the study groups based on claims data are shown in Table 5.


Table 5 | Characteristics of study groups in claims data at KTx.







Mental health and quality of life

As part of the programme patients underwent regular mental health screening and standardized assessment of quality of life. Inclusion into standardized assessment depended on age as well as on cognitive and physical abilities.

Mental-health was screened in 46 patients (11 incident and 35 prevalent) aged 6 years and above using the Child Behaviour Checklist (by-proxy version) at time of study start (T0) and 12 months later (T1). Of these 46 patients, four had only the follow-up assessment as they were too young for mental health screening when included into the study. At time of inclusion, by-proxy reports indicated that 5 (10.87%) patients were at risk for mental health issues by their overall-T-score. In 12 cases (26.07%) patients’ clinical symptoms were reported. Internalizing symptoms were reported twice as often as externalizing symptoms. Regarding the follow up, it should be noted that 10 participants did not complete the mental health assessment. Table 6 shows the profile of clinical symptoms grouped according to DSM-categories.


Table 6 | Mental health – by-proxy reports (Timepoint 0 study start, Timepoint 1 + 12 months).



While not statistically significant, paired t-test results of 22 participants who completed CBCL by-proxy reports at time of inclusion and after completion of the programme revealed mild improvements over time across all diagnostic domains, with the exception of oppositional behaviour. Mildest changes were observed in aspects of attention deficit and hyperactivity (mean -0.27, p=0.84); the strongest changes were observed in the overall score of internalizing symptoms (mean 4.36, p=0.05).

At the time of inclusion, incidental patients exhibited a reduced prevalence of mental health challenges in comparison to the prevalent group. Group comparison using the Mann-Whitney U-test revealed significant differences in the domains of ADH (p=0.01), dissocial behaviour (p=0.05), the sum score of internalizing symptoms (p=0.03), and the overall sum score (p=0.01). However, this levelled out and at timepoint 1, no such differences could be observed.

Furthermore, 28 teenagers (12 male, 16 female) completed the self-report forms (YSR). Seven participants (25%) were from the incidental group, and 19 teenagers (67.86%) were assessed at least twice; the remaining nine were not old enough for YSR assessment at the time of inclusion. The results did not correlate with by-proxy reports. Generally, the teenagers regarded themselves as having better mental health compared to their parents’ judgements. Overall, parents assigned their child a lower quality of life rating than the patients themselves At the time of inclusion, 5 (17.86%) teenagers reported being at risk of mental health issues; however, none had sum-scores that indicated the presence of relevant clinical issues.

Paired t-test results of the 19 participants who completed all assessments (by proxy and self-report forms) demonstrated mild improvements over time in internalizing symptoms, while externalizing symptoms slightly worsened. The sum score of internalizing symptoms demonstrated a significant improvement (mean 3.37, p=0.047). The study revealed no statistically significant group differences between incident and prevalent patients or based on sex, as determined by the Mann-Whitney U test.

Table 7 shows the profile of clinical symptoms according to DSM-categories.


Table 7 | Mental health - self-report (Timepoint 0 study start, Timepoint 1 + 12 months).



A total of 57 parents and 44 patients contributed to the quality-of-life assessment. Overall, parents assigned their child a lower quality of life rating than the patients themselves. Conversely, children’s self-reports exhibited a favourable trend over the course of the study, albeit not reaching statistical significance. Parents, however, reported a decline in social interaction skills, as indicated by the domains “my transplant and others” and “communication,” along with heightened concerns regarding general worries and treatment-related anxieties (Table 8).


Table 8 | Quality of Life (Timepoint 0 study start, Timepoint 1 + 12 months).








Discussion

KTx360° is a pioneering project in the field of integrated care models. The post-transplant care programme utilized multimodal and multidisciplinary interventions, with the objective of reducing healthcare expenditures, optimizing post-transplant care and enhancing quality of life.

We recruited 72 children, the majority of whom are from the Hannover Medical School. On a national scale, approximately 100 paediatric kidney transplants are performed annually in Germany (19). Given that the Hannover Medical School is one of the major transplantation centres in the country, the results from this cohort can be considered representative of paediatric kidney transplantation practices in Germany.

Immunosuppressant/medication non-adherence has been demonstrated to result in rejection and early graft failure (20). Cechka et al. identified a poor 5-year graft survival rate among 13- to 21-year-old kidney transplant recipients in the United Network for Organ Sharing analyses (21). Further recent clinical studies have corroborated the elevated risk of graft failure in adolescents (22, 23).

The present study revealed a trend of increasing suboptimal adherence in prevalent participants compared to incident participants. However, no significant differences were observed between the controls and participants in terms of appointment adherence. The scheduled follow-up appointments were fully adhered to within the first year in all groups. These high rates of appointment adherence in the present study’s patients were probably based on the well-organized outpatient unit. Similarly, there is high rate in medication adherence in incident and prevalent patients, with a slightly higher rate of non-adherence in prevalent patients that may be caused by their higher age. High tacrolimus IPV has been associated with poor outcomes and increasing the risk of immune-mediated rejection (16, 24). In the first three months post-KTx, no high tacrolimus IPV was identified; however, a marginal increase in IPV was observed later, suggesting fluctuating IPV, which is comparable to the data from our adult cohort.

The study hypothesized that parents play a crucial role in adherence of younger children, and that they are the key figures in ensuring adherence (25). However, as children enter adolescence, it is hypothesized that parental control likely diminishes, and the adolescents’ self-responsibility increases, at which stage parental influence becomes minimal. This might also be one of the reasons why adherence tends to decrease during adolescence, as described in the literature (26). The data showed a trend of decreasing medication adherence to follow-up appointments over the years. As demonstrated in our previous publication by Pape et al., a significant improvement in graft survival was observed in the adult prevalent study group in comparison to propensity score-matched controls with KTx360° (27). With a graft survival rate of 100%, it was not possible to identify any improvements in our paediatric cohort. No cost savings were achieved through the programme, as the patients already incurred high expenses due to intensive care. Cost savings through the prevention of graft failure could not be assessed, as no graft failures occurred at any point during the study. Long term cost effectiveness according to better graft survival remains speculative. However, the benefits observed in adults undergoing KTx360° suggest the potential for enhanced long-term survival outcomes in adolescents as well.

Mental health screening resulted in three core-findings: 1) paediatric transplant recipients are at greater risk for mental health problems, particularly for internalizing symptoms; 2) by-proxy reports more frequently exceeded the cut-off scores than patient self-reports; and 3) while internalizing symptoms appear to decrease over time, externalizing symptoms may aggravate.

The present findings are consistent with the conclusions of earlier studies, which reported an increase in mental health symptoms – particularly of depression and anxiety - in children with CKD5 (28–30).

On average, parents tended to report higher levels of symptomatology than their children, a phenomenon that has been observed across various medical and normative populations (31, 32). Conversely, the findings of this study demonstrated that parents perceived their children to be experiencing considerably more symptoms of anxiety and depression than the children themselves and exceeded the results as anticipated based on general population norms. Upon the consideration of the available data, it appears unfeasible to determine whether parents exhibit greater objectivity in their reporting of their children’s mental health symptoms, or whether they are influenced by their own fears and stresses, leading to the projection of these sentiments onto their offspring. Interestingly, patients were not flagged as having mental health concerns by the time of inclusion and thus were untreated until the time of detection. Also, we can only speculate on the increase of externalizing symptoms, particularly those perceived as hyperactivity and attention problems. Transplantation instigates a plethora of changes, the most significant of which pertains to alterations in medication and an enhancement in physical fitness. Patients often report feelings of increased strength, health, energy and decreased fatigue. However, this newfound energy can be perceived by others as hyperactivity. In addition, research literature reports deficits in executive function in children following renal transplantation, with the mechanisms of this phenomenon remaining unknown (33, 34). It is possible that the combination of enhanced physical well-being and attentional impairments, such as deficits in control and inhibition, may lead to parents perceiving an increase in externalizing symptoms.

While patients reported an enhancement in quality of life throughout the study period, parental reports exhibited substantial discrepancies. The phenomenon of discrepancies in inter-rater agreement between child and proxy reporting of quality of life is well-documented (35). Although present data do not provide an explanation, it is imperative to consider the potential for by-proxy bias, whereby parents may possess heightened awareness of future prospects, including the possibility of disease recurrence or transplant failure, which could influence their judgment.




Limitations

Due to the small number of paediatric patients, drawing definitive conclusions is limited. Additionally, the relatively short follow-up period may represent a potential limitation that could influence the study’s conclusions. To achieve significant results, a larger number of participants would have been required, but such a number is extremely difficult to obtain in paediatrics. The mean age of the study participants was 11 years, which may be indicative of the absence of graft failure across all groups during the study period. The risk of graft failure during late adolescence and early adulthood was not fully captured within the study period. It is important to emphasize that the combined approach utilized in this project may result in more sustainable outcomes for incident participants in the long term; however, this could not be demonstrated in the present study due to its relatively short observation period. The utilization of claims data was mandated by the funding agency, thus precluding the implementation of a randomized controlled trial (RCT), which is widely regarded as the gold standard for therapeutic clinical trials. However, claims data offer the advantage of reflecting trial performance in real-world settings. Nevertheless, potentially significant covariates, such as comorbidities or immunosuppression regimens, are not included in claims data. The principal limitation of the quasi-experimental design is that it does not permit causal attributions of effects, particularly with regard to longitudinal changes without control conditions.

In conclusion, our findings suggest a good appointment and medication adherence within the first years for paediatric patients after kidney transplantation. Our paediatric cohort effectively displayed better adherence-rates, patient, and allograft survival as compared to the adult cohort. Given the superior outcome, it is self-evident, that the KTX360° programme can hardly further improve adherence. Nevertheless, it can be hypothesized that the aftercare programme will eventually contribute to the maintenance of optimal adherence over an extended period. As post-transplant care is relatively similar in all German paediatric centres, we hypothesize that our programme can be generalized. This is supported by the fact that the adult part of KTx360° was successfully implemented in three different centres.
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Prevalent and Incident participants

Prevalent Incident
(N = 46) (N = 26)

Duration of kidney insufficiency, months

Median 35.6 28.2 41.5

Duration of dialysis, months

Median 11.8 15.6 13.3

Type of dialysis, n (%)

Hemodialysis 9 (19.6%) 8 (30.8%) 17 (23.6%)
Peritoneal dialysis 21 (45.6%) 10 (38.4%) 31 (43.1%)
Preemptive transplantation 16 (34.8%) 8 (30.8%) 24 (33.3%)

Dialysis after KTx, n (%)

Yes 3 (6.5%) 2 (7.7%) 5 (6.9%)

HLA mismatches (A. B. DR)

Missing 1(2,2%) - 1 (1,4%)
Median 3.0 3.6 32

Induction extracorporeal procedure, n (%)

Immunoadsorption 2 (4.4%) 1 (3.9%) 3 (4.2%)
Plasmapheresis - 1 (3.9%) 1 (1.4%)
None 44 (95.6%) 24 (922%) | 68 (94.4%)

Antibody induction, n (%)

Missing 6 (13%) 6 (23,1%) 12 (16,7%)

ATG = 2 (7.7%) 2 (2.8%)

ATG + Basiliximab - - -

Basiliximab 40 (87%) 18 (69.2%) 58 (80.5%)

Data taken from study data.
KTx, kidney transplantation, (28, 30), HLA, human leukocyte antigen, ATG, Anti-
Thymocyte Globulin.
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Incident Prevalent Total
(N=26) (N =46) (N =72)

Age, years

Median 9.5 12.3 11.29

Sex, n (%)

Male 14 (53.8%) 25 (54.3%) | 39 (54.2%)
Female 12 (46.2%) 21 (457%) | 33 (45.8%)

Transplantation center, n (%)

Hannover Medical School 25 (96.2%) 46 (100%) 71 (98.6%)

Hannoversch Muenden in -
Lower Saxony

Erlangen 1 (3.8%) - 1 (1.4%)

Donation type, n (%)

Missing - 1(2,2%) 1 (1.4%)
Living 6 (23.1%) 15 (32.6%) 21 (29.2%)
Deceased 20 (76.9%) 30 (65.2%) 50 (69.4%)

Previous KTx, n (%)

Yes 2 (7.7%) 8 (17.4%) 10 (13.9%)

Diabetes mellitus, n (%)
Yes - 1(22%) 1 (1.4%)

Hypertension, n (%)

Yes 12 (46.1%) 32 (69.6%) | 44 (61.1%)
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