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Background: Patients with a solitary functioning kidney (SFK) are at increased risk of kidney injury, 
for which several risk factors have been suggested. Large differences exist between previously 
reported cohorts, which hampers translation of these findings into clinical care. Our objective was to 
investigate the risk of and risk factors for proteinuria, high blood pressure, a decreased glomerular 
filtration rate (GFR), or use of antihypertensive medication in our nationwide study of children with 
SFK. 

Methods: Children with congenital and acquired SFK were recruited in >30 hospitals throughout The 
Netherlands. Information on risk factors for and signs of kidney injury were collected from electronic 
patient files. Kidney injury was defined as the presence of proteinuria (urine albumin creatinine ratio 
>3mg/mmol or urine protein creatinine ratio >15mg/mmol), high blood pressure (ambulatory or clinic 
blood pressure >95th percentile for age and sex), a GFR <60 ml/min/1.73m2 or use of anti-
hypertensive medication. Risk factors for kidney injury included patient sex, cause of the SFK, and 
presence of additional congenital anomalies of the kidney and urinary tract. Kaplan-Meier curves were 
used to estimate survival without signs of kidney injury and Cox regression was used to evaluate risk 
factors. 

Results: Of 982 patients who provided informed consent, detailed clinical information was available 
from 898 (91%). After a median follow-up duration of 9.7 years, proteinuria was present in 118 patients 
(15%), high blood pressure in 184 (22%), and a decreased GFR in 23 (3.2%), while antihypertensive 
medication was used by 90 patients (9.8%). In total, 319 patients (36%) exhibited ≥1 sign of kidney 
injury and the median age at first sign of kidney injury was 4.4 year. Cumulative proportions of children 
with kidney injury were 20% at 5 years, 29% at 10 years, and 35% at 15 years of age. Kidney injury 
rates were higher in patients with a congenital cause of SFK compared to an acquired cause (odds 
ratio (OR) 1.6, 95% confidence interval (CI) 1.1-2.3), and in patients with unilateral renal agenesis 
compared to multicystic dysplastic kidney (OR 1.4, 95% CI 1.0-1.9). 

Conclusions: Data from this largest SFK cohort so far indicate that one third of patients with SFK has 
one or more signs of kidney injury at 15 years of age. The cause of the SFK may influence the risk of 
kidney injury. Other risk factors will be investigated in our cohort to develop care strategies based on 
individual-patient risk profiles. 
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ABSTRACT 
 

Background: Patients with end-stage renal disease (ESRD) undergoing hemodialysis experience a rapid 

decline in skeletal muscle mass and strength. Hemodialysis removes amino acids (AAs) from the 

circulation, thereby lowering plasma AA concentrations and stimulating muscle catabolism. To support 
muscle maintenance in hemodialysis patients, intradialytic protein ingestion and exercise are increasingly 

implemented in clinical practice. However, it is not known whether these interventions modulate AA 

removal during hemodialysis. 

Methods: Ten patients (age: 65±16 y, male/female: 8/2, BMI: 24.2±4.8 kg/m2) with ESRD undergoing 

hemodialysis at Maastricht UMC+ participated in this cross-over trial. During four 4-h hemodialysis 

sessions each patient ingested, in a randomized order, 40 g protein (PRO) or a non-protein placebo 

(PLA) both at rest, as well as following 30 min of intradialytic exercise (PRO+EX and PLA+EX, 

respectively). Blood and spent dialysate samples were collected every 30 min throughout hemodialysis to 

assess AA concentrations using ultra-performance liquid chromatography-mass spectrometry. Plasma AA 

concentrations, plasma AA availability (iAUC of plasma AA concentrations throughout hemodialysis), and 
AA removal were analyzed by repeated-measures ANOVA's. 

Results: Pre-hemodialysis plasma AA concentrations averaged 2.93±0.40 mmol/L, with no differences 

between treatments (P=0.66). During PLA and PLA+EX treatments, subsequent plasma AA 
concentrations decreased over time to 1.84±0.18 and 1.83±0.16 mmol/L, respectively (time effect 

P<0.001), with no differences between treatments (P=0.94). Plasma AA concentrations increased 

following protein ingestion up to peak values of 4.40±0.45 and 4.37±0.73 mmol/L during PRO and 

PRO+EX treatments, respectively (time effect P<0.001), with no differences between treatments 

(P=0.18). Accordingly, plasma AA availability was greater during PRO and PRO+EX treatments (49±87 

and 70±34 mmol/L/240 min, respectively) when compared to PLA and PLA+EX treatments (-227±54 and 

-208±68 mmol/L/240 min, respectively; protein effect P<0.001; exercise effect P=0.21). AA removal was 
greater during PRO and PRO+EX treatments (16.6±2.2 and 17.3±2.3 g, respectively) when compared to 

PLA and PLA+EX treatments (9.8±2.0 and 10.2±1.6 g, respectively; protein effect P<0.001; exercise 

effect P=0.32).  



Conclusion: Protein ingestion during hemodialysis compensates for AA removal and increases plasma 

AA availability both at rest and during recovery from intradialytic exercise. Intradialytic exercise does not 

compromise AA removal or reduce plasma AA availability during hemodialysis in a post-absorptive or 

post-prandial state. 
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Background: Dialysis withdrawal is a common cause of death in dialysis-dependent patients. This 

study aims to describe dialysis withdrawal practice in the Netherlands, focussing on time trends, risk 

factors, and centre variation. 

Methods: Data was retrieved from the Dutch registry of kidney replacement therapy patients. All 

patients who started maintenance dialysis and died in the period 2000-2019 were included. Main 

outcome was death after dialysis withdrawal, all other causes of death were used as comparison. Time 

trends were both analysed as unadjusted data (proportion per year) and year of death was included in 

a multivariable logistic model. Univariable and multivariable analyses were performed to identify factors 

associated with withdrawal. Centre variation was compared using funnel plots.  

Results: A total of 34,692 patients started dialysis and 18,412 patients died while on dialysis. Dialysis 

withdrawal was an increasingly common cause of death, increasing from 18.3% in 2000-2004 to 26.8% 

in 2015-2019. Of all patients withdrawing, 26.1% discontinued treatment within their first year. In 

multivariable analysis, increasing age, female sex, haemodialysis as treatment modality, and year of 

death were independent factors associated with death after dialysis withdrawal. Centre variation was 

large (80.7% and 57.4% within 95% control limits of the funnel plots for 2000-2009 and 2010-2019, 

respectively), even after adjustment for confounding factors. 



Conclusions: Treatment withdrawal has become the main cause of death among dialysis-dependent 

patients in the Netherlands with large variation between centres. These findings emphasise the need 

for timely advance care planning and improving the shared decision making process on choosing 

dialysis or conservative care. 

 

Figure 1: Proportion of each cause of death per calendar year, unadjusted data.  
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MULTICYSTIC DYSPLASTIC KIDNEY: WHOLE GENOME SEQUENCING DATA ANALYSIS IN 30 
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Background 
Congenital anomalies of the kidney and urinary tract (CAKUT) comprise a spectrum of structural 
malformations that form the major cause of end-stage renal disease in children. Despite the occurrence 
of familial cases that clearly suggest a genetic background, the exact patterns and mechanisms of 
inheritance have not been conclusive. While 10-20% of CAKUT cases seem to have a monogenic 
background, disease etiology is probably more complex in most cases. We currently investigate disease 
etiology a cohort of 30 cases with multicystic dysplastic kidney and their parents, using a whole genome 
sequencing-based approach. 
 
Methods 
Patients and their parents were included in the AGORA data- and biobank. The selected cohort was 
phenotypically homogeneous in the sense that all patients presented with unilateral multicystic 
dysplastic kidney. All participants gave informed consent for whole genome sequencing (WGS). WGS 
was performed in 30 case-parent trios. First, WGS data was analyzed for single nucleotide and structural 
variants in known CAKUT genes. Next, genome-wide potentially deleterious variants were listed and 
prioritized for further investigation using KidneyNetwork (https://kidney.genenetwork.nl/) based on 
phenotype-related and tissue-specific expression data. 
 
Results 
A de novo variant in the GREB1L gene was identified in a patient with unilateral multicystic dysplastic 
kidney and absence of the vas deferens on the same side. The variant was classified as pathogenic. 
The patient was referred for genetic counseling at the nephrogenetics outpatient clinic for children. The 
upcoming integration of WGS data with KidneyNetwork will lead to the prioritization of high impact 
variants in new CAKUT-related genes for follow-up studies. 
 
Conclusions 
Case-parent trio WGS revealed one de novo disease-causing variant in a known disease gene for 
CAKUT. This finding extended the phenotypic spectrum related to GREB1L gene variants. The 
integration of trio WGS, expression and phenotypic data will bring more insight into the molecular 
mechanisms that underlie multicystic dysplastic kidney. 
 
This study is supported by a Kolff Senior Grant from the Dutch Kidney Foundation (15OKG18). 
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Background 
In 2018, updated treatment guidelines for patients with chronic kidney disease (CKD) have been 
published in the Netherlands [1-2]. Specific recommendations for treatment and follow up of these 
patients are provided, dependant on risk classification. Earlier studies have shown that the provided 
primary care is not always in line with the recommendations in the treatment guidelines for patients 
with CKD [3-6]. However, data on practical implementation and adherence to these updated 
guidelines is not yet available. One can expect that better adherence to guidelines will lead to 
decreased progression of CKD. 
We started a pilot of a CKD patient management system on the basis of population data from general 
practice information systems (GPIS), applying prespecified management and treatment rules. The 
program is part of the “Gezonde Nieren” concept that aims to improve population health, patient 
experience and cost effectiveness (triple aim principle) of treatment of CKD patients through the 
various CKD stages of progression. Here, we report on the setup of this program.  
Methods 
Twelve general practices were selected (total population of 46,533 subjects) in the region of 
Friesland. Pseudonymized data on eGFR, albuminuria, blood pressure, risk medication and data from 
last follow up were extracted from the GPIS into a central database. Patients followed up in the 
hospital could be included in the population data, by sending eGFR data requested by specialists into 
the GPIS.  
Registration of correct CKD diagnosis (ICPC code U99.01) in the GPIS was checked and optimized. 
Data were used to advise the general practitioner (GP) using decision rules developed by Expert-DOC  
based on the NHG-Standard for CKD [1]. A dashboard containing signals on individual patients 
regarding this set of parameters (blood pressure goals, RAS inhibition use, pharmaceutical decision 
rules and frequency of follow up) allows for structured follow-up and treatment and guided discussions 
of the patients. 
During two multidisciplinary sessions, decisions will be made if management of the individual patient 
was the responsibility of the nephrologist or GP. If necessary, referral of patients at risk to the 
nephrologist will be discussed, or decision will be made to follow up patients by the GP instead of the 
nephrologist.  
First data on several parameters at the start of the study will be reported separately. Eligible patients 
will be invited for participation of the program using informed consent. Participation allows exchange of 
relevant medical data between the different healthcare professionals involved (complying with data 
sharing legislation) and possibly more engagement of the patient in treatment- and lifestyle advices 
and self management. 
Conclusion 
A multidisciplinary program was set up for CKD patients using data from the GPIS, applying decision 
rules derived from CKD guidelines and defining responsibility for follow up of the patients.  
 

1. NHG Standaard - Chronische Nierschade. https://richtlijnen.nhg.org/standaarden/chronische-nierschade 
2. FMS – richtlijn Chronische Nierschade.  

https://richtlijnendatabase.nl/richtlijn/chronische_nierschade_cns/startpagina_-_chronische_nierschade_cns.html 
3. Van Gelder, V.A., et al., Quality of chronic kidney disease management in primary care: a retrospective study. Scand J Prim 

Health Care, 2016. 34(1): p. 73-80. 
4. Allen, A.S., et al., Primary care management of chronic kidney disease. J Gen Intern Med, 2011. 26(4): p. 386-92. 
5. van Zuilen, A.D., et al., Quality of care in patients with chronic kidney disease is determined by hospital specific factors. Nephrol 

Dial Transplant, 2010. 25(11): p. 3647-54. 
6. Eilat-Tsanani, S., et al., Management of kidney disease in patients with diabetes in the primary care setting. Prim Care Diabetes, 

2014. 8(2): p. 159-63. 
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Background: Chronic kidney disease (CKD) has a documented prevalence of 11% in the general 
population [1]. Several studies have shown that the provided care is not always in line with the 
recommendations in the treatment guidelines for patients with CKD [2-5] . We investigated the 
prevalence and management of CKD patients in twelve general practices in Friesland. In addition, we 
looked at compliance to the Dutch Chronic Kidney Disease guideline [6] in these patients. 
Methods: Twelve general practices were selected (total population of 46,533 subjects) in the region of 
Friesland. STIZON collected identifiable patient data from the contributing healthcare providers (GP) 
through a technology-assisted extract, transform, load (ETL) process that maps data from disparate 
sources to a common data model [7]. The analysis was done on pseudonymised data. 
ICPC code U99.01, last measured eGFR, blood pressure and albuminuria (time interval to data 
extraction, blood pressure level) were extracted on January 1, 2021. Data were analysed for CKD risk 
categories, appropriate registration of the U99.01 code, timely measurement of eGFR, blood pressure, 
albumin-creatinine-ratio and adequate blood pressure level (<130/80 mmHg) and appropriate 
prescription of renin-angiotensin-aldosterone system inhibitors (RAAS) inhibitors. RAAS inhibitors 
were considered indicated in the presence of albuminuria (ACR >3 mg/mmol) if blood pressure was 
>130/80 mmHg [6]. 
Results: Data on either albuminuria or eGFR were available in 24.101 (51.8%) subjects of the 
selected population. The percentage of patients at risk is shown in table 1, the total percentage of 
patients with CKD was 7.4%. A considerable number of patients (>50%) was followed less frequent 
than recommended by guidelines. Blood pressure is optimally regulated in less than half of the 
patients, RAS inhibition is not adequately prescribed according to guidelines. 
Data on these various parameters registered are shown in table 2. 
 
Table 1: Prevalence of CKD (n= 46,533) 
Stage Not 

tested 
A1 A2 A3 total 

 
Risk category   

Not 
tested 

48.2% 0.2% 0.0% 0.0% 48.5% 
 

No data 22432 48.2% 

G1 16.3% 4.0% 0.5% 0.0% 20.8% 
 

green 20655 44.4% 
G2 14.0% 9.8% 1.3% 0.1% 25.3% 

 
yellow 2384 5.1% 

G3a 1.3% 2.0% 0.5% 0.1% 3.9% 
 

orange 704 1.5% 
G3b 0.4% 0.5% 0.3% 0.1% 1.2% 

 
red 358 0.8% 

G4 0.1% 0.1% 0.1% 0.1% 0.3% 
 

total 46533   
G5 0.0% 0.0% 0.0% 0.0% 0.1% 

 
Total CKD   7.4% 

total 80.3% 16.6% 2.7% 0.4% 100.0% 
    

 
Table 2: Data on various registered parameters. 
  risk category 
  yellow orange red 
ICPC registration 23% 56% 85% 
Blood pressure <130/80 (Age >70 years) 46% 47% 46% 
Blood pressure <130/80 (Age <70 years) 44% 45% 46% 
ACR measured <1 year 59% 53% 54% 
last eGFR measured timely 74% 60% 57% 
last blood pressure measured timely 64% 61% 53% 
unjustified no RAS inhibitor  26% 36% 41% 

 
Conclusion: 
7.4% of patients in the investigated population were found to have CKD. Registration of CKD in the 
GP data system is incomplete. In conclusion, in primary care, quality of care for the investigated 
population of CKD patients can be improved. 
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Background  
Kidney transplantation (KT) is considered the optimal form of renal replacement therapy. However, in 
the Netherlands, roughly sixty percent of patients on dialysis are not considered for transplantation, 
which is difficult to explain based on medical variables only. This qualitative study focuses on various 
barriers and facilitators for optimal access to (pre-emptive) transplantation from different perspectives. 

Methods  
Stakeholders from different organizations are interviewed about their perceptions, opinions and 
attitudes on access to KT nationwide. The topic list for the interviews contains the following domains: 
clinical, psychological, ethical, social, economic and policy regarding the access to KT. All interviews 
are recorded, written out verbatim and all the data is coded in NVivo. 
 
Results 
We have interviewed 117 stakeholders; patients (21), donors (10), social workers (25), nephrologists 
(22), surgeons (5), nurses (6), policy employees (24) and insurance representatives (4). The results 
show that KT is not equally accessible for all patients with the following major five underlying factors 
as arguments: 
1) Psychological: In general, there are more fears and worries regarding dialysis compared to 
transplantation. However, there is a small group of patients with strong motivations for staying on 
dialysis and a small group which fear transplantation.  
2) Policy-based: The perceived lack of or unclarity regarding guidelines hampers equal access. It 
appears that well-informed patients seen as are an important facilitator in the equal access to 
transplantation. Tailored information is highly valued by patients and donors. Donors, in particular 
miss optimal information.  
3) Medical: The specific, comorbidity-related expertise on KT in the different transplant centers in the 
Netherlands leads to different acceptance criteria for transplant candidates. The lack of clarity lead to 
different referral rates for transplantation between hospitals on patients with the same criteria.  
4) Social: Respondents experience that patients with a limited social network, language, cognitive 
problems and/or of non-Dutch seem to have less access to information about transplantation and 
donation, leading to delayed or complete absence of referral for transplant.  
5) Economical: Various purchasing criteria are used by insurers. Although KT is more cost effective 
than dialysis treatment, the economic incentives are more favorable for dialysis treatment than for 
transplantation. 
 
Conclusion 
The results indicate room for improvement over different factors for a more equal access to 
transplantation. In decision making, all perspectives rely heavily on a well informed and rational 
professionals, patients and donors, but decision making by these stakeholders are hampered by a lack 
of information, (most often unjustified) fears and incompetence to coordinate the complex decision-
making process with multiple stakeholders.  
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Background  
KDIGO recommends screening for chronic kidney disease (CKD) with both estimated glomerular 
filtration rate (eGFR) and urine albumin-to-creatinine ratio (ACR). Screening is advised for people with 
diabetes mellitus, hypertension and/or cardiovascular disease (CVD). People of African descent are at 
increased risk for CKD, while several reports indicate that the screening approach insufficiently 
capture CKD in this group. eGFR correction for African race/ethnicity may contribute tot his 
discrepancy, but age and socioeconomic status (SES) may be involved. We assessed whether CKD 
detection is influenced by race/ethnicity correction and we defined how age >50 yr or lower SES 
influence CKD detection. 
 
Methods 
Baseline data of 21,617 participants (mean age 44 yr, 43% male) of Dutch (4,564), South-Asian 
Surinamese (3,043), African Surinamese (4,151), Ghanaian (2,339), Moroccan (3,614) and Turkish 
(3,096) ethnicity included in the multi-ethnic HELIUS cohort study (Amsterdam, the Netherlands) were 
analysed. We defined CKD as eGFR (CKD-EPI formula, <60mL/min/1.73m2) and/or ACR 
(≥3mg/mmol). Detection rate was characterised by the c-statistic for three screening approaches in 
each ethnic group; I) the traditional approach (i.e. screening when having diabetes mellitus, 
hypertension or CVD); II) the traditional approach plus age >50yr; and III) the traditional approach plus 
low SES (i.e. none or elementary schooling). C-statistic wit hand without correction for race/ethnicity 
were compared.  
 
Results 
Of participants, 2335(11%) had CKD. Estimated CKD was slightly more prevalent in participants of 
African Surinamese (11 vs 13%) and Ghanaian (12 vs 14%) descent, when the correction for 
race/ethnicity was dicontinued. Compared to approach I, approach II and approach III did not have a 
higher c-statistic, overall and within African origin subgroups. Results wit hand without ethnicity/race 
were similar.  
 
Conclusion 
Our study shows that discontinuation of the race/ethnicity correction, or addition of age > 50yr and low 
SES as criteria for CKD screening have little impact on the detection rate of the currently advised 
screening approach.  
 
 
 

C-statistic 
(95% CI) Approach I Approach II  Approach III 

 corrected uncorrected corrected uncorrected corrected uncorrected 

Overall 0.63 (0.62-0.64) 0.63 (0.62-0.64) 0.64 (0.63-0.65) 0.64 (0.63-0.65) 0.63 (0.62-0.65) 0.64 (0.63-0.65) 

African 
Surinamese 

0.63 (0.60-0.66) 0.63 (0.61-0.66) 0.63 (0.61-0.66) 0.64 (0.61-0.66) 0.63 (0.60-0.66) 0.64 (0.61-0.66) 

Ghanaian 0.58 (0.55-0.62) 0.59 (0.56-0.63) 0.60 (0.56-0.64) 0.59 (0.55-0.62) 0.59 (0.56-0.63) 0.59 (0.56-0.63) 
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Medical Centre Utrecht, Utrecht, The Netherlands. 

 

Background 

Candida peritonitis is a rare but serious complication of peritoneal dialysis (PD). Candida species form 
a biofilm which enables adherence to PD catheters and hereby make them less susceptible to 
antifungal therapy. Because of this fact, the International Society for Peritoneal Dialysis recommends 
immediate PD catheter removal in case of a Candida peritonitis. 

We present the case of a 90-year-old man, on continuous ambulatory peritoneal dialysis, who was 
diagnosed with Candida albicans peritonitis after treatment with broad-spectrum antibiotics for a 
bacterial peritonitis (S. epidermidis) without standard prophylactic antifungal therapy. Because of his 
age and associated frailty temporary conversion to haemodialysis (HD) and PD catheter removal was 
not desirable. Therefore, we opted for a treatment strategy designed to eradicate the Candida 
infection without removing the PD catheter. 

Methods 

Peritonitis was diagnosed based on an increased amount of leukocytes in the dialysate and a fungal 
culture showing growth of Candida albicans. The patient was admitted to the hospital and a treatment 
consisting of three antifungals was started. The treatment regimen used was slightly adapted from the 
protocol as described by Boer WH et al. in 2007. 

The regimen consisted of oral flucytosine 500 mg BID, intraperitoneal (IP) fluconazole 150 mg every 
48 hours in the night exchange and a solution consisting of 1 mg/ml liposomal amphotericin B used to 
lock the PD catheter after each dialysate exchange. This treatment was continued over the course of 
four weeks. During the first week of this treatment the patient also still received vancomycin IP. 

Results 

Upon admission the patient was not critically ill and had no major complaints other than some 
abdominal pain. Because PD catheter removal and temporary conversion to HD was not desirable, the 
patient and his family gave informed consent to start the treatment regimen designed to preserve the 
PD catheter. During the first week of treatment the patient was hospitalised to be monitored. The 
flucytosine dose was adjusted over the course of treatment based on therapeutic drug monitoring (500 
mg BID to 400 mg OD). The remaining three weeks of treatment were continued in an outpatient 
setting. After completing the treatment the patient’s abdominal pain had resolved completely and the 
dialysate culture remained negative, demonstrating that the patient was successfully cured. In the 
following weeks no early or late relapse occurred. 

Conclusion 

This case demonstrates an example of successful and uncomplicated treatment of Candida peritonitis 
using a treatment protocol designed to preserve the PD catheter. 

 

Keywords 

Peritoneal dialysis, candida peritonitis, amphotericin B, catheter lock 

 

 



 

 



EXPANDING THE RENAL AND EXTRA-RENAL PHENOTYPIC SPECTRUM OF KENNY-CAFFEY 

SYNDROME 

H. Schigt1, B.P. Ilenwabor1, J.G.J. Hoenderop1, E.J. Hoorn2, J.H.F. de Baaij1 

1Department of Physiology, Radboud Institute for Molecular Life Sciences, Radboud University Medical 

Center, Nijmegen, The Netherlands 2Department of Internal Medicine, Nephrology and Transplantation, 

Erasmus Medical Center, Rotterdam, The Netherlands. 

Background 

Rare inherited diseases are often instrumental in identifying the function of the affected proteins in 

health and disease, including for kidney diseases. Kenny-Caffey syndrome type 2 (KCS2) is a rare 

hereditary disorder characterized by skeletal dysplasia, hypoparathyroidism and electrolyte 

disturbances. KCS2 is caused by mutations in family with sequence similarity 111 member A 

(FAM111A) which encodes a protein involved in DNA replication and viral restriction. The KCS2 

phenotype resembles Kenny-Caffey syndrome type 1 (KCS1) which is caused by mutations in tubulin 

folding cofactor E (TBCE). This study aims to expand the phenotypic spectrum of KCS2 patients and 

compare it to patients with KCS1. 

Methods 

We determined the genotype and phenotype of three families with eight KCS2 patients. To further 

elucidate the phenotypic overlap of KCS1 and KCS2, we reviewed all KCS1 and KCS2 cases in the 

literature. 

Results 

Several patients with KCS2 had chronic kidney disease (CKD) without albuminuria. In the first family, 

who carried a novel p.Glu535Gly mutation in FAM111A, three patients had CKD stage G3 or G4, and 

one patient developed kidney failure and received a kidney transplant. Two patients from the two other 

families also had CKD, including one patient with the hotspot p.Arg569His mutation who had CKD stage 

G3b, and one patient with a p.Pro527Thr mutation who had CKD stage G2. The extra-renal symptoms 

included skeletal malformations (7/8 patients), intellectual disability (3/8) and recurrent infections (3/8). 

To relate these newly identified symptoms to previously published cases, a literature review was 

performed showing that typical KCS1 symptoms such as intellectual disability and infections also occur 

in KCS2, whereas KCS2 characteristics such as hypomagnesemia are also present in KCS1.  

Conclusions 



CKD is a novel aspect of the KCS2 phenotype and calls for further investigation into the role of 

FAM111A in kidney function. Furthermore, intellectual disability and susceptibility to infections are not 

only present in KCS1 but also in KCS2 patients. This demonstrates significant overlap in the phenotypic 

spectrum of both disorders and suggests overlap in FAM111A and TBCE function.   

 
 



THE EFFECT OF DONOR AGE IN A COHORT OF 50 YEARS PAEDIATRIC KIDNEY 
TRANSPLANTATION 
L.Oomen1, L.L. de Wall1, E.A.M. Cornelissen2, C.M.H.H.T Bootsma-Robroeks2. 1 Dept. of Urology, 
Radboudumc Nijmegen, 2 Dept. of paediatric nephrology, Radboudumc Nijmegen.  
 
Background The first paediatric kidney transplant in our centre took place over 50 years ago. Over time, 
the amount of living donations (LD) has increased. However, in multiple European countries among which 
the Netherlands, rates of LD transplantation are stabilizing or even falling Previous research has shown 
advanced donor age resulting in poorer outcome in adult recipients, therefore most clinicians are reluctant 
in using elderly donors. The effect of donor age in paediatric recipients is unclear. Moreover, life 
expectancy is still increasing and healthy ageing is becoming more common. This might be a reason to re-
evaluate current protocols in order to optimize the utilisation of donor grafts. 
 
Methods Prospective data of 411 single-centre paediatric kidney recipients (1968-2020) were analysed. 
Data included e.g. type of donation, donor/recipient age, HLA (mis)matches and yearly graft function. 
Graft survival was analysed using Kaplan-Maier curves and Cox Hazard ratios and corrected for 
living/deceased donors (LD/DD). The influence of donor age, corrected for LD/DD, era of transplantation 
and HLA mismatches, was studied. The course of graft function without graft loss within 20 years , with 
respect to donor age, was analysed using repeated measurement analysis. 
 
Results Graft survival significantly improved over time. Both 10 and 20 years graft survival increased 
significantly over ascending era’s even when stratified for DD/LD (figure 1 (p<0.01)). The percentage of 
LD increased from 8% before 1990 to 77% after 2010. LD lead to better outcome than DD with a median 
survival of 20 years (95% CI 16-24) vs 12 (95% CI 12-16) ( p<0.01). Graft survival was not significantly 
influenced by donor age. In the recipients that didn’t lose their graft, graft function of older donors (50+) 
was less compared to younger donors after 10 years (p<0.01), but comparable on the long term (figure 1). 
 
Conclusion Graft survival has impressively increased since the first paediatric kidney transplantation 
decades ago. Living donors result in better graft survival compared to deceased donors. Graft survival 
was not influenced by donor age. Graft function (eGFR) was worse in 50+ donor kidneys still functioning in 
the first 10 years, but was not different on the long term. 
 

 

 
 
 

 
 

Figure 1. Course of eGFR in patient without graft loss during follow-up (n=210), stratified by donor 
age. *p<0.01 
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IS POLYOMAVIRUS ASSOCIATED NEPHROPATHY MORE COMMON IN KIDNEY TRANSPLANT 
RECIPIENTS EXPOSED TO VALGANCICLOVIR? ~ A retrospective single center analysis ~ 
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Mattheeussen4,  Daniel Abramowicz1,3, Rachel Hellemans1,3 
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Background: BK polyomavirus-associated nephropathy (PVAN) is a frequent complication in the early 
phase after kidney transplantation. The most important risk factor for PVAN is the intensity of 
immunosuppression. A recent study suggests that exposure to valganciclovir (VGC) could also be a 
risk factor. 
Methods: We performed a retrospective, single-center study to investigate the effect of valganciclovir 
exposure on the risk for PVAN. Cytomegalovirus (CMV) seronegative recipients of a CMV seropositive 
donor kidney received VGC prophylaxis, whereas CMV seropositive recipients were managed by a 
pre-emptive CMV strategy. PVAN was defined as either a detectable polyomavirus DNAemia > 3 log 
copies/mL and/or a histologically proven PVAN diagnosis on renal biopsy during the first 100 days 
post-transplant. Cox regression analysis was used to identify risk factors for PVAN development with 
VGC treatment and strength of immunosuppressive therapy as time-dependent variables.  
Results: A total of 211 adults who received a kidney transplant between 2014 and 2019 were included. 
Eighteen patients (9%) developed polyomavirus DNAemia > 3 log copies/mL  4 of which (2%) had 
biopsy-confirmed PVAN. Multivariate regression analysis showed that women have a lower risk of 
developing PVAN (HR 0.08 (CI 0.01-0.58), p = 0.013), whereas age was associated with an increased 
risk for PVAN (HR 1.04 for every additional year (CI 1.00-1.08), p = 0.029). There was a trend towards 
a lower risk of PVAN for patients on reduced immunosuppressive therapy (HR 0.44 (CI 0.15-1.24), p = 
0.12). VGC use was not associated with the risk for PVAN (HR 0.99 (CI 0.35-2.78), p = 0.98). 
Conclusion: In our study, VGC exposure was not associated with the risk for PVAN. Our study is the 
first to reassess in depth the hypothesis that VGC treatment increases the risk of PVAN. The unique 
strength of this study is the correction for the degree of immunosuppression and the statistical use of 
time-dependent covariates. This methodological approach can provide a foundation for further studies, 
needed to confirm our findings.  
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Table 1: Cox regression analysis with time dependent covariates 
 Simple Cox regression model Multiple Cox regression 

model 
 HR (95% CI) p-value HR (95% CI) p-value 
Sex     

• Male Reference  Reference  
• Female 0.070 

(0.009 – 0.52) 
0.010 0.077 

(0.010 – 0.58) 
0.013 

Age (years) 1.04 
(1.00 – 1.08) 

0.041 1.04 
(1.01 – 1.08) 

0.029 

Induction therapy 
(number, %) 

    

• Anti-IL2 receptor Reference    
• ATG 0.53 

(0.21 – 1.38) 
0.19   

Maintenance therapy     

• Tacrolimus Reference    
• Cyclosporine 0.86 

(0.31 – 2.36) 
0.77   

Strength of 
maintenance therapy 

    

• Standard  Reference  Reference  
• Reduced 0.39 

(0.14 – 1.10) 
0.075 0.44 

(0.15 – 1.24) 
0.12 

Valganciclovir therapy     

• No Reference  Reference  
• Yes 0.90 

(0.33 – 2.50) 
0.85 0.99  

(0.35 – 2.78) 
0.98 

Valganciclovir therapy 
subtype 

    

• No Reference    
• Prophylaxis 0.67 

(0.19 – 2.32) 
0.53   

• Pre-emptive therapy 1.93 
(0.43 – 8.66) 

0.39   

Acute rejection     

• No Reference    
• Yes 0.85 

(0.11 – 6.45) 
0.88   

                                         
Legend: HR =  hazard ratio, CI =  confidence interval, ATG= antithymocyte globulin 



QUALITY OF LIFE AND SYMPTOM BURDEN BEFORE AND AFTER STARTING DIALYSIS IN OLDER 
PATIENTS  
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of Nephrology, Jeroen Bosch Hospital, Den Bosch, The Netherlands. 
 
Background: The number of older (≥65y) people with ESKD starting chronic dialysis has increased 
substantially. Many older people with stage 5 CKD non-dialysis have a low quality of life (QoL) and high 
symptom burden. In this group, improving QoL and lowering symptom burden may be deemed more 
important than solely the prolongation of life. Little is known about the effect of dialysis initiation on QoL and 
symptom burden. Therefore, we investigated the evolution of QoL and symptoms before and after the start of 
dialysis in older ESKD patients. 
 
Methods: The European Quality (EQUAL) study is an ongoing prospective multi-center follow-up study in 
late stage 4/5 CKD patients aged ≥65 years. For the present analyses, we included all patients who started 
dialysis. QoL was assessed every 3-6 months using the SF-36 questionnaire, resulting in a physical 
component summary (PCS) and a mental component summary (MCS) score. Component scores ranged 
from 0-100 with higher scores indicating better QoL. Kidney disease-related symptom burden was assessed 
every 3-6 months using the dialysis symptom index (DSI). The sum score for symptom number ranged from 
0 to 30 and for symptom severity from 0 to 150, with higher scores indicating higher burden. We used linear 
mixed models to explore the evolution of mental and physical QoL, symptom number and severity during the 
year before and after dialysis initiation. 
 
Results: In total, 475 older dialysis patients were included. At dialysis initiation, mean (SD) age was 77 (6) 
years, 74% were men, 45% had diabetes, 9% smoked, 45% had cardiovascular disease and mean (SD) 
residual kidney function was 8.2 (3.7) ml/min/1.73m2. Mean (SD) MSC was 55 (23), PSC was 43 (22), 
symptom number was 15 (7) and severity was 46 (24). In the year before dialysis MCS decreased by -15.7 
(95% CI: -19.5 to -11.8), PCS decreased by -12.0 (-15.7 to -8.2), symptom number increased by +3.5 (+2.5 
to +4.6) and symptom severity increased by 14.8 (+10.9 to +18.8). In the year after dialysis start, MCS 
increased by +1.9 (-2.7 to 6.5), PCS decreased by -2.1 (-6.9 to 2.8), symptom number decreased by -0.9 (-
2.1 to -0.3) and symptom severity decreased by -6.0 (-10.4 to -1.7). 
 
Conclusion: Both mental and physical QoL, as well as symptom number and severity, worsened 
considerably during the year preceding dialysis, but stabilized after dialysis initiation. These results could 
help informing older ESKD patients who consider starting dialysis to improve shared decision making. 
 
Figure:  



 



PRE-PREGNANCY COUNSELLING AFTER KIDNEY TRANSPLANTATION: CONSIDERATIONS OF 
NEPHROLOGISTS AND GYNAECOLOGISTS IN THE NETHERLANDS 
M.C. van Buren1, M. Gosselink2, E.K. Massey1, J. van de Wetering1, A.T. Lely2.  

1Erasmus MC Transplant Institute, Department of Internal Medicine, University Medical Center 

Rotterdam, Rotterdam, the Netherlands. 2University Medical Center Utrecht, Department of Obstetrics 

and Gynaecology, Wilhelmina Children’s Hospital Birth Centre, Utrecht, Netherlands 

Background 
Pregnancy after kidney transplantation (KT) conveys higher risks of adverse pregnancy outcomes (APO). 

Guidelines and consensus statements sketch ideal circumstances for pregnancy after KT. Little is known 

about pre-pregnancy counselling after KT, especially in less ideal situations. Therefore, this study aims to 

gain understanding of the current status on pre-pregnancy counselling in the Netherlands. 

Methods 
A cross-sectional survey on pre-pregnancy counselling after KT was conducted between March 2020 and 

March 2021. This web-based survey consisted of socio-demographic and general questions on 

counselling, and 5 clinical vignettes were presented. These vignettes were based on known risk factors 

for APO after KT such as proteinuria, hypertension and poor kidney function. The survey was distributed 

by email to nephrologists and gynaecologists in the Netherlands. Positive versus negative attitudes 

towards pregnancy after KT were examined per vignette, including factors influencing this attitude and 

estimation of pregnancy outcomes. 

Results 
52 (68%) nephrologists and 25 (32%) gynaecologists participated in the study.  43 (56%) participants 

work in an university hospital. Participants had median experience in KT of 12 years (IQR 14). One third 

of the clinicians had no experience in treating pregnant KT recipients. 63% of the participants felt a large 

responsibility for influencing the decision to become pregnant after KT. 100% consensus on a positive 

pregnancy advice was only achieved in the vignette with optimal kidney function, good blood pressure 

and no proteinuria. At the vignette with hypertension 19% had a negative attitude towards pregnancy, at 

the vignette where the KT recipient had a pre-pregnancy eGFR of 40ml/min/1.73m2  23% had a negative 
attitude. The majority of the gynaecologists and nephrologist were positive and agreed on most vignettes, 

except for the vignette were the KT recipient had pre-pregnancy proteinuria.  Nephrologist had a more 

negative attitude towards this pregnancy (p=0.045). At the fifth vignette where the KT-recipient has all 

three risk factors, only 2 clinicians had a positive attitude towards pregnancy. Pre-pregnancy eGFR, pre-

pregnancy proteinuria and pre-pregnancy hypertension were ranked as the most important factors for 

pregnancy counseling according to the literature. The estimation  of pregnancy outcomes per vignette by 

the clinicians was  not in all cases in line  with the (scarce) literature. 

Conclusion 
Generally, pregnancy after KT was positively reviewed, even in less ideal situations.  Although pregnancy 

after KT is rare, it is important that woman after KT receive good quality counselling. As data is scarce 



especially of pregnancy outcomes in less ideal situations, international datasets are necessary. 

Furthermore, expert opinion consensus statements to inform unexperienced clinicians are needed. 
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ABSTRACT 
Background: In older patients with end-stage kidney disease (ESKD), the choice between kidney 

transplantation (KT) and dialysis may be more comprising than in younger patients because of a 

higher risk of complications and mortality after KT. Regarding the choice between KT and dialysis, 

clinical guidelines recommend shared-decision making. This study aims to gain more insight into the 

current decision-making process by exploring the expectations, experiences, and goals of care of 

older adults with ESKD, their relatives, and health care professionals.  
Methods: We performed a qualitative study with semi-structured interviews. The study population 

consisted of patients aged 65 years or older with ESKD (eGFR < 15 mL/min/1.73m2, KT recipient, or 

treated with dialysis), patients’ relatives, and professionals (nephrologists, nurses, and social workers) 

from the Radboud university medical center and Jeroen Bosch Hospital. 

Results: We performed 36 in-depth interviews: 18 with patients (4 not yet on kidney replacement 

therapy, 5 KT recipients, and 9 dialysis patients), 5 with patients’ relatives, and 13 with professionals 

(5 nephrologists, 5 nurses, and 3 social workers). Thematic analysis identified five themes: (1) 

Attitudes and expectations on kidney transplantation and dialysis, (2) Mismatch between information 
provision and patients’ needs, (3) Eligibility assessment for KT: factual information versus personal 

values, (4) Health outcomes that influence decision-making, and (5) Stages of the decision-making 

process.  

The results showed that professionals mainly focus on medical factors such as ‘life expectancy’, while 

most patients and their relatives prioritize personal values such as ‘quality of life’. Moreover, individual 

patients showed marked differences in personal values, prioritization of health outcomes, and 

preferred level of engagement during the decision-making process. This study also reveals that the 
first stage of the decision-making process is usually focused on medical eligibility for KT, while patient 

values and goals of care received little attention. During the decision-making process, patients 

preferred different levels of patient-engagement, varying from ‘wanting to decide myself’ to ‘not 

wanting to decide at all’.  



Conclusion: Professionals should be aware of the fact that most older patients and their relatives 

prioritize personal values and quality of life-related outcomes above medical outcomes. This study 

emphasizes the need for the exploration of patients’ values and goals of care before discussing the 

treatment options (dialysis and KT), and to explicitly use this information in further steps of the 

decision-making process. 

 



ACCEPTANCE AND CLINICAL RELEVANCE OF PHARMACIST INTERVENTIONS DURING 
NEPHROLOGY WARD ROUNDS: 5-YEAR DATA 
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van den Bemt4, T. van Gelder5. 1 Clinical Pharmacy, Franciscus Gasthuis and Vlietland, Rotterdam, 2 
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Background 

Drug related problems (DRPs) are common in patients with chronic kidney disease and contribute 
substantially to drug-associated morbidity and mortality, leading to prolonged hospitalization and 
increased healthcare costs. Participation of clinical pharmacists in ward rounds reduces DRPs in 
hospitalized patients and results in significant and timely interventions.  

In general, the acceptance rate of pharmacist interventions is 85 to 90%, with lower rates reported in 
the Netherlands. In this study, the number and percentage of accepted pharmacist interventions was 
retrospectively explored over a five year period. The hypothesis was that, over time, the number of 
interventions would decrease, and that the acceptance rate would increase, due to a possible learning 
effect.   

Methods 

In this retrospective, single-center study data were extracted from medical records and registered in 
Castor EDC. The study period ranged from 2015 to 2019. Primary outcome measure was the 
acceptance rate of pharmacist interventions per year. Secondary outcome measures were the number 
of interventions and clinical relevance. Data were analysed using SPSS version 27. The Cochran-
Armitage test for trend was used to analyse the acceptance rate and number of interventions per patient. 

Results  

Patients had a mean age of 69 years, 58% were male and they used a mean of 13 different drugs. 
Prevalence of CKD stage 3 or higher was 81%, and 37% of all patients had CKD stage 5D. 
Approximately 46% of patients were on renal replacement therapy, including renal transplantation. The 
most frequent reasons for hospitalisation were infection (40%), acute kidney injury (38%), fluid retention 
(15%), diagnosis and analysis of renal disease (15%), and start of dialysis treatment (12%).  

The mean acceptance rate over the five year study period was 67.3%. The acceptance rate did not 
change over time. However, a significant linear trend in the number of interventions per patient was 
observed (see table 1). The clinical relevance was considered significant for 402 out of a total of 896 
interventions (44.9%). 

Table 1. Acceptance rate and number of interventions per patient 

 2015 2016 2017 2018 2019 p 
Acceptance 
rate (%) 

69.1 67.4 62.7 75.0 62.3 0.659 

Number of 
interventions 
per patient 

1.41 1.57 1.31 1.70 1.93 0.010 

 
Conclusions 

The mean acceptance rate of pharmacist proposed interventions was 67.3%; this is similar to earlier 
Dutch data from two ICUs. The acceptance rate did not change over time. The number of interventions 
per patient increased over time and almost half of the interventions were considered to have a 
significant clinical relevance. 

 



 



URINARY PROSTAGLANDIN E2 EXCRETION IS ASSOCIATED WITH DISEASE  PROGRESSION 
IN AUTOSOMAL DOMINANT POLYCYSTIC KIDNEY DISEASE 
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Introduction 

In cell and animal models of autosomal dominant polycystic kidney disease (ADPKD) cyst growth is 
enhanced by prostaglandin E2 (PGE2). PGE2 activates the EP2 receptor, which is expressed in cyst 
lining and increases intracellular cyclic adenosine monophosphate, a mediator of cyst growth. PGE2 
can be measured in urine. However, it is unknown what factors determine urinary PGE2 excretion in 
ADPKD patients and if it can be used as a marker of disease progression. Here, we hypothesize that 
an increased PGE2 excretion is associated with more rapid ADPKD progression. 

Methods 

We used the DIPAK-observational study, a prospective multi-center cohort of ADPKD patients, and 
measured PGE2 and its metabolites (PGEM) in 24-h urine. PGE concentrations were corrected for 
urine creatinine concentration before analysis to adjust for differences in urine volume. Multivariable 
linear regression was used to identify determinants of PGE excretion, while linear mixed models were 
used to analyze the association with disease progression assessed by eGFR slope, correcting for 
patient characteristics and factors known to influence disease progression. 

Results 

We analyzed 24-h urine samples of 602 patients, 61.9% of whom were female, with a mean age of 48 
years and a mean eGFR of 73 ml/min/1.73m2. For 590 patients PGE measurements were within the 
detection limit, and these patients were included in the regression analysis. A total of 497 patients 
were available for the eGFR slope analysis (median of 4 eGFR measurements and 3.1 years of 
follow-up). 

Patient characteristics independently associated with urinary PGE2 excretion were male sex 
(standardized β 0.11, p=0.02), plasma potassium (β 0.19, p<0.005) and height adjusted kidney 
volume (htTKV, β 0.11, p=0.04). PGEM excretion was independently associated with male sex (β 
0.18 p<0.005), age (β 0.16, p=0.01), BMI (β -0.15, p<0.005) and albumin excretion (β 0.18, p<0.05). 

The mean eGFR slope in the linear mixed model was -3.3 ml/min/1.73m2/year. Both PGE2 and 
PGEM were significantly associated with a steeper eGFR slope, this effect persisted for PGEM, 
despite correcting for htTKV (Table). 

Conclusion 

Urinary PGE2 excretion is independently associated with kidney volume in ADPKD. Higher urinary 
PGE2 and PGEM excretions are associated with faster eGFR decline in ADPKD. Our findings 
suggest that in patients with ADPKD, PGE2 and PGEM should be further investigated as markers of 
disease progression or even as potential therapeutic targets. 

 

 

 

 

 

 



Table 1: Linear mixed model results analyzing the association between urinary prostaglandin 
excretion and eGFR slope 

  model 1: Unadjusted model 2: Age, Sex, BMI model 3: model 2 + 
PKD mutation, htTKV 

Variables β p-value β p-value β p-value 

PGE2 excretion -1.1 0.01 -1.2 0.006 -0.4 0.4 

PGEM excretion -1.7 0.001 -1.8 <0.001 -1.2 0.01 

 



KIDNEY TRANSPLANT REJECTION AND SURVIVAL IN ADOLESCENTS – THE ROTTERDAM 
EXPERIENCE 

F.H.M. Vrieling-Prince1,4, M.C. Clahsen-Van Groningen2,4, H. de Jong1,4, K. Cransberg1,4, J.I. 
Roodnat3,4. 1Department of Paediatric Nephrology, Erasmus MC Sophia, Rotterdam, 2Department of 
Pathology and Erasmus MC Transplant Institute, Erasmus MC, Rotterdam, 3Department of Internal 
Medicine, Division of Nephrology and Erasmus MC Transplant Institute, Erasmus MC, Rotterdam, 
4Erasmus MC Transplant Institute, Erasmus MC, Rotterdam 

Background; Several registries report a higher risk of kidney transplant loss in adolescence 
compared to other age groups. The objectives of this study were to evaluate:  

1. if adolescents have a higher risk of acute rejection 
2. if adolescents have (early) transplant loss due to acute and/or chronic rejection.   

Methods; This retrospective study was performed in pediatric and young adult kidney transplant 
recipients, receiving a first transplant between 1990-2018, at the age of 6-25 years(y), in the Erasmus 
MC Rotterdam. Patient files were searched for all for-cause graft biopsy reports, and cause of 
transplant failure and/or death. Biopsies were reevaluated according to the 2017 Banff Classification.  

Results; In 65(54%) of all pediatric and 85(65%) of all adult patients at least one transplant biopsy 
was obtained. Sixty seven (45%) patients had an acute rejection episode (ARE) in at least one biopsy, 
with the highest incidence in the 20-25y age group (27%, n=20) and the lowest incidence in the 6-10y 
group (16%, n=5).  

ARE-free survival was best in the 6-10y group (n=32): 90% at 2y and 86% at 8y post-transplant, 
followed by the 10-15y group (n=49): 86% and 81%.  Older recipients showed a poorer ARE-free 
survival: in 15-20y group (n=94) of 86% at 2y and 68% at 8y post-transplant, and in the 20-25y 
group(n=75) of 84% and 65% (p=0.063).  

Subsequently graft losses due to acute and/or chronic rejection were studied. Transplant survival was 
superior in the 6-10y group: 97% at 2y and 89% at 8y at post-transplant, followed by the 20-25y group: 
97% and 85%. Inferior transplant survival was seen in the 10-15y group (96% and 67%) and in the 15-
20y group (93% and 67%) (p=0.073). 

Conclusion; The youngest kidney transplant recipients had the lowest incidence of ARE, the oldest 
recipients the highest. Inferior transplant survival due to rejection was seen in the adolescent groups.  
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Background; Adolescents have the highest risk of kidney transplant failure of all age groups. The 
objective of this study is to investigate the relation between puberty and the pharmacokinetic 
properties of tacrolimus after kidney transplantation. 

Methods; This study is part of the larger multicentre cohort study Adolesce-NT. Kidney transplant 
recipients aged between 8 -30 years were enrolled between 2012-2021. The study contains a pre-
transplant and post-transplant patient group at time of inclusion. The variability of tacrolimus levels 
was calculated with all measurements from 6 months till 1 year after transplantation in the pre-
transplant group and from inclusion till 1 year later in the post-transplant group. For each trough level 
we calculated the tacrolimus dose adjusted for weight. 

Our primary outcome parameters are the dose-adjusted trough level and the intrapatient variability. 
We compared these pharmacokinetic parameters to puberty staging and gender, and corrected for 
confounders  (including eGFR, steroid use, CYP3A4 and CYP3A5 polymorphisms). 

Results; 25 patients were included in the pre-transplant and 39 patients in the post-transplant group. 
When corrected for confounders, we found a significant correlation between puberty staging and the 
dose-adjusted trough level (p= 0.017). There was a linearly increase of  the dose-adjusted trough 
levels by increasing age.  

Dose-adjusted trough levels increased linearly with increasing age, with higher increase for females 
compared to males. Intrapatient variability did not correlate significantly with stages of puberty 
(p=0.122) or gender (p=0.287). 

Conclusion; Our results indicate that the target level is reached with a lower doses of tacrolimus with 
progression of adolescence and for females. We did not find a relationship between variability as a 
measure of adherence and pubertal development. As we are in the process of including more patient 
data (also from other Dutch centers) and adding data on drug compliance, future evaluations will 
provide more information. 
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Background; The objective of this study was to explore immunological causes of inferior graft survival 
in renal transplant recipients  during late adolescence and young adulthood  in comparison to other 
age categories. 

Methods: This study is part of the larger multicentre cohort study Adolesce-NT and investigates the 
relationship between T cell subsets and pubertal stage in patients with end-stage renal failure, renal 
transplant recipients and healthy controls.  

Participants, with age 8 to 30 years at time of inclusion, were divided in a pre-transplantation, post-
transplantation and healthy control group. Exclusion criteria: no informed consent, pubertas praecox, 
prior treatment with immunomodulating agents. Patients had two study visits one year apart, healthy 
controls had one study visit. Participants were classified as pre-pubertal, early pubertal, late pubertal 
or post-pubertal according to skeletal age, Tanner stadium and/or testis volume. 

Using 8-color flow cytometry, mean cell counts of recent thymic emigrants (CD4+CD31+CD62Lhi and 
CD8+CD31+CD62Lhi) and naïve and memory T cells (CD4+ and CD8+ Temro, Temra and Tcm) were 
determined.  

Results: In total 267 participants were included in the analysis. The increased numbers of recent 
thymic emigrants showed a trend towards a higher thymic T cell output during the late pubertal period 
in both patient groups compared other age groups (pre-transplantation group p=0.053, post-
transplantation group p=0.054). Memory T cells showed a higher cell count during the post-pubertal 
stage, being CD8+ Temra in the pre-transplantation group (p=0.014) and CD4+ Temro in the healthy 
control group (p=0.027) compared to other age groups. 

Conclusion: The current study shows a trend towards a more active immune system during the late 
pubertal and post-pubertal stage in transplant patients. These observations form an important starting 
point to further explore the possible causes of the poorer kidney transplant survival during late 
adolescence and early adulthood. 

 



ENDOTHELIAL DYSFUNCTION IN DERMAL BIOPSIES OF PATIENTS WITH CHRONIC KIDNEY 
DISEASE ASSOCIATES WITH MARKERS OF INFLAMMATION AND VOLUME OVERLOAD 
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Cardiovascular (CV) morbidity is a major health problem in patients with chronic kidney disease (CKD). 
Besides traditional risk factors, CKD-induced endothelial dysfunction (ED) is involved in the 
development of CV pathology. Of note, the luminal side of the vascular endothelium is covered by a 
protective endothelial glycocalyx (eGC) and indirect evidence indicates eGC loss and/or ED in CKD 
patients. So far, no direct endothelial profiling in non-renal tissue from renal patients has been 
performed. We hypothesized the occurrence of eGC loss and ED in CKD patients and its association 
with inflammation and volume overload. 

During kidney transplantation procedure, abdominal skin biopsies were taken from 11 kidney transplant 
recipients, of which 4 were treated with hemodialysis and 7 were preemptively transplanted with CKD 
stage 5. Abdominal skin biopsies from 9 healthy kidney donors served as control. Biopsies were stained 
for the eGC marker Ulex Eur I and the endothelial markers VEGFR2 and vWF. Subsequently, they were 
quantified and normalized in an immunofluorescence double staining for the pan-endothelial marker 
CD31. We also studied associations between the quantified endothelial markers and plasma markers 
of inflammation (CRP) and volume overload (NT-proBNP). Comparisons between groups were 
performed by Mann–Whitney U test, or Kruskal-Wallis-test if more than two groups were compared. For 
association studies Spearman Rank correlation coefficient was used. 

Compared to healthy subjects, there was severe loss of eGC marker Ulex Eur I in renal patients 
(P=0.0008). Conversely, VEGFR2 was increased in renal patients, especially in those on dialysis 
(P=0.01). The same trend was seen for vWF, although this did not reach statistical significance. Skin 
water content was identical in all groups, which excluded dermal edema in patients with CKD. Compared 
with controls, plasma levels of CRP were increased in dialysis patients (P=0.02), whereas NT-proBNP 
was highly upregulated in all renal patients (P=0.03), which associated with VEGFR2 (R=0.29; P=0.03) 
and vWF (R=0.63; P<0.0001). Also, VEGFR2 and vWF were correlated (R=0.97; P<0.0001). 

This study is the first to show direct evidence of dermal ED in patients with CKD. eGC damage has been 
shown by loss of Ulex Eur I and endothelial activation by increased VEGFR2 and vWF levels. In line 
with previous research, our results show ED to associate with volume overload and inflammation. More 
research is needed to further explore this pathophysiology. 
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Background 
Causes for monogenic kidney diseases are heterogeneous and distinguishing the different causes 
based on phenotype can be challenging. Nephronophthisis, an autosomal recessive kidney 
disease resulting from primary cilium defects, is hard to diagnose due to unspecific and 
variable symptoms. Currently, less than 50% of all nephronophthisis cases can be diagnosed by 
assessing known kidney disease genes. Therefore, there is a need to gain more insight in what genes 
can cause this disease. 
 
Methods  
We performed genetic testing in patients with chronic kidney disease with a phenotype suggestive for 
nephronophthisis. Whole exome sequencing or whole genomes sequencing was performed in these 
patients. We carried out immunohistochemistry, in silico, in vitro and in vivo experiments to further 
interpret our findings.    
 
Results  
We present eight patients from five families carrying a biallelic variant (homozygous truncating, 
missense and frameshift) in TMEM72. Four families presented with kidney failure at a young adult age 
(21-41 years old). One family, with a patient carrying a homozygous missense variant, had a more 
severe phenotype with prenatal onset of kidney failure and neurological symptoms. The phenotypes 
we found correspond to TMEM72 expression mainly in the kidney and brain. Our in silico analyses 
indicate that homozygous loss of function variants are likely not tolerated in TMEM72. We show that 
the truncating variant and one of the frameshift variants result in expression of a known short TMEM72 
isoform.  
With immunohistochemistry staining in kidney biopsies we show that TMEM72 is localized and 
expressed differently in cases compared to controls, in cells known to be affected in nephronophthisis 
(figure 1). Furthermore, using mass-spectrometry we found significant and altered binding of TMEM72 
with proteins known to be involved in renal ciliopathies.    
 
Conclusion  



TMEM72 is a gene of previously unknown function that encodes a transmembrane protein that is 
primarily expressed in the kidney with distinct expression in distal renal tubules. We present the first 
genomic evidence underlined by immunohistochemistry and protein binding assays, linking TMEM72 
variants to kidney disease and ciliary function more specifically. We conclude that TMEM72 is a strong 
candidate gene for nephronophthisis. 
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Background and Aims:   

 

Monogenic kidney diseases (MGKD) are the result of variants in genes encoding proteins essential for 
kidney structure or function. Despite each individual MGKD being rare, together they account for ±70% 
of the overall prevalence of kidney failure with replacement therapy (KFRT) in children and 10-30% in 
adults. Due to heterogeneity, recognizing MGKD solely by phenotype can be difficult. One group of 
hard to diagnose diseases is nephronophthisis, since symptoms are unspecific and variable. 
Nephronophthisis is an autosomal recessive kidney disease that result from defects of the primary 
cilium. Patients with nephronophthisis usually progress to KFRT at a young age. Currently, less than 
50% of all nephronophthisis cases can be diagnosed by assessing known genes. Therefore, there is a 
need to gain more insight in what genes can cause this disease.   

 

Method:   

 

We performed genetic testing in patients with chronic kidney disease with a phenotype suggestive for 
nephronophthisis. Whole exome sequencing was performed in patients included from the diagnostic 
clinic of the UMC Utrecht, the Sorbonne University in France and the Boston Children’s Hospital in the 
United States of America. Whole genome sequencing was performed in patients included from the 
Genomics England 100,000 Genomes Project. We carried out immunohistochemistry, in silico, in vitro 
and in vivo experiments to further interpret our findings.   

 

Results:   

 

We present eight patients from five families carrying biallelic variants (homozygous truncating, 
missense and frameshift) in TMEM72. Four families presented with KFRT at a young adult age (21-41 
years old). One family, with a patient carrying a homozygous missense variant, had a more severe 
phenotype with prenatal onset of kidney failure and neurological symptoms.    

 

For the truncating c.4C>T variant we carried out experiments to further interpret our findings. We 
showed that this truncating variant results in expression of a short TMEM72 isoform. Kidney biopsy 
material was available for the two families carrying this homozygous variant. In figure 1 
immunohistochemistry staining with anti-TMEM72 antibody in kidney biopsy material from these 
families and from healthy and disease controls is presented. We show that TMEM72 is localized and 
expressed differently in cases compared to controls, in cells known to be affected in nephronophthisis. 
Furthermore, we performed mass-spectrometry of HEK293T cells transfected with wildtype TMEM72 
and c.4C>T constructs to investigate what proteins interact with TMEM72. We found significant 
binding of TMEM72 with proteins known to be involved in renal ciliopathies.   

 

Conclusion:   

 



TMEM72 is a gene of previously unknown function that encodes a transmembrane protein that is 
primarily expressed in the kidney with distinct expression in distal renal tubules. We present the first 
genomic evidence and functional work that link TMEM72 variants to patients with KFRT. The 
consequences of the various types of genetic variants probably explain the difference in phenotype 
severity we observed. Based on our patient's phenotype, immunohistochemistry findings and mass 
spectrometry results we can link TMEM72 to ciliary function. Ultimately more experimental evidence is 
needed to unravel the exact cellular function of TMEM72 in disease pathogenesis and the pathogenic 
effect of these mutations. We conclude that TMEM72 is a candidate gene for nephronophthisis.  
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Background 

NEK8/NPHP9 encodes a protein that localizes to the inversin compartment of the primary cilium. 
Biallelic NEK8 variants are known to cause multiorgan developmental defects including renal cystic 
dysplasia and extensive extra-renal defects, with heterozygous carrier parents being asymptomatic. 
This autosomal recessive inheritance is the most common mode of inheritance for ciliopathies. 
Complementary to this, we now propose a dominant-negative effect for certain heterozygous NEK8 
missense variants in the kinase domain resulting in an autosomal-dominant ciliopathy.  

Methods 

Genetic testing was performed in patients from several medical centers. To further explore the 
consequences of the identified NEK8 variants we are performing cilia staining assays in both patients' 
skin fibroblast and kidney cells, as well as in murine inner medullary collecting duct (mIMCD3) cells 
overexpressing the identified variants.  

Results 

We identified three distinct heterozygous NEK8 variants in eight families (table 1), all leading to 
missense alterations in the kinase domain. Interestingly the p.Arg45Trp variant is a recurrent variant 
we detected in six unrelated families. All patients have a kidney phenotype that varies from a mild 



phenotype of focal segmental glomerulosclerosis (FSGS) to a prenatal presentation with polycystic 
kidneys. Some patients have chronic kidney failure needing renal replacement therapy at varying 
ages of onset. In the families with the p.Arg45Trp variant we found an overlapping phenotype of 
enlarged kidneys, ARPKD/ADPKD, kidney failure at a young age and short stature in four individuals. 
In all patients in our cohort we thoroughly checked whether a variant could be found on the second 
allele. Furthermore, the large symptomatic family and the de novo occurrences are both also in favor 
of a dominant mode of inheritance.  
Our preliminary results from functional studies show normal localization of the NEK8 protein to the 
Golgi region, but abnormal primary cilia formation, in serum starved patient derived cells – a finding 
consistent with pathogenicity. 

Conclusion 

We present the first evidence for a pathogenic effect of heterozygous NEK8 variants. Remarkably our 
patients present with a renal limited phenotype as compared to the multiorgan defects found in 
patients with biallelic variants. This reveals a new mode of inheritance for NEK8 variants and expands 
genotype-phenotype correlations for this gene.  
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Background 

Genetic testing in patients with suspected hereditary kidney disease does not always reveal the genetic 
cause for the patient's disorder because pathogenic variants can reside in genes that are not yet known 
to be involved in kidney disease. We have developed KidneyNetwork to help identify candidate genes 
that can cause kidney disease. 

Methods 

We built a co-expression network based on 878 publicly available kidney RNA-sequencing samples. To 
obtain optimal gene-phenotype predictions, we combined this with the 31,499 multi-tissue samples-
based network we previously developed (GeneNetwork). The resulting KidneyNetwork uses expression 
patterns to predict which genes have a kidney-related function and which phenotypes might result from 
mutations in these genes. To test one of the applications of KidneyNetwork, we used it to prioritize rare 
variants in exome-sequencing data from 13 kidney disease patients. 

Results 

We assessed prediction performance of KidneyNetwork by comparing it to GeneNetwork and found 
improved prediction accuracy of kidney-related HPO-terms, as well as an increase in the number of 
significantly predicted HPO-terms (figure 1). Applying KidneyNetwork to exome-sequencing data of 
kidney disease patients allowed us to identify ALG6 as promising candidate gene for kidney and liver 
cysts. ALG6 bears a high resemblance to ALG8 and ALG9, which have previously been implicated in 
this phenotype. This finding was substantiated through identification of three additional unrelated 
patients with kidney and/or liver cysts and a potential deleterious variant in ALG6. In two of the families 
the variant segregated in an affected family member.  

Conclusion 

We present KidneyNetwork, a kidney-specific co-expression network that accurately predicts which 
known and unknown genes are implicated in kidney disease phenotypes. We show the clinical utility of 
KidneyNetwork by applying it to kidney disease patients without a molecular diagnosis and consequently 
propose ALG6 as promising candidate gene. In summary, KidneyNetwork can aid the interpretation of 
genetic variants and can therefore be of value in translational nephrogenetics and help improve the 
diagnostic yield in kidney disease patients. It can also be used by researchers to better understand 
kidney physiology and pathophysiology. 
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OBJECTIVES:  

Life expectancy of children with Down syndrome (DS) has increased significantly in the last decades. DS is 

associated with a fourfold risk of urinary tract abnormalities, still data on renal dysfunction in DS patients are 

conflicting. The present study was set out to assess kidney function in a large pediatric tertiary DS clinic. 

METHODS:  

Retrospective analysis of data collected during routine visits at the DS outpatient clinic of VU medical center. All 

patients aged between 2 and 18 years in whom serum creatinine had been measured were eligible for inclusion. 

Exclusion criteria were glucocorticosteroid use, neuromuscular disease or primary referral to a nephrologist or 

urologist. Kidney function was assessed using the full-age spectrum equations, i.e. FASheight (107.3/[sCr 

(mg/dL)/Q (Q = height-based median reference value)]) and FAScys= (107.3/sCys (mg/L)/0.82). In a subgroup of 

74 patients, a total of 236 serial creatinine measurements with a minimum interval of 2 years were analysed by 

linear mixed modelling. 

RESULTS:  

Creatinine was available in 189 patients (63% boys, aged 10.8 ± 5.0 years), cystatin C in 143 (64% boys). Mean 

FASheight was 83.6 ± 16.7 mL/min/1.73m2 and mean FAScys 87.3 ± 12.0 mL/min/1.73m2. Based on FASheight 32% 

of the patients had CKD stage I, 62% stage II and 6% stage III. There was no relation between kidney function 

and co-morbidity (i.e. celiac disease, congenital heart disease, hypothyroidism or history of leukemia). Serial 

measurements showed a significant decline of FASheight (slope -2.11 ml/min/1.73m2/year [95% CI -2.51 to -1.70], 

p < 0.0001). 

CONCLUSION:  

Mildly to moderately impaired renal function is a common finding in children with Down syndrome. The 

progressive loss of GFR is troublesome and calls for regular monitoring of kidney function both in children and 

in adults with Down syndrome to identify potentially treatable risk factors for disease progression such as 

hypertension and microalbuminuria. 
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