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Background: There is a lack of data that could help to guide the choice of antihypertensive agents in 
patients with advanced chronic kidney disease (CKD). We evaluated whether initiating treatment with a 
renin-angiotensin system inhibitor (RASi) is superior to calcium channel blockers (CCB) in preventing 
mortality, major adverse cardiovascular events (MACE) or kidney replacement therapy (KRT) in patients with 
advanced CKD.  
Methods: Observational study from the Swedish Renal Register, 2007-2017. We identified all nephrologist-
referred patients in Sweden who initiated RASi or CCB treatment and had non-dialysis dependent advanced 
CKD (eGFR <30 ml/min/1.73m2). The associations between RASi vs CCB initiation, mortality, MACE and 
KRT were assessed by Cox regression. Analyses were adjusted with propensity score weighting for a wide 
range of confounders, including demographics, blood pressure, laboratory measures, comorbidities and 
medications. As a positive control we evaluated new use of the same drugs in patients with CKD G3 (N = 
2608; eGFR between 30-60 ml/min/1.73m2). Furthermore subgroup, as-treated and competing risk analyses 
were performed.  
Results: The propensity-score weighted cohort included 2479 RASi and 2327 CCB initiators who were well-
matched for baseline confounders (all standardized differences <0.1). Median follow-up was 4.1 years, with a 
maximum follow-up of over 10 years. Compared to CCB, initiation of RASi was associated with a similar risk 
of mortality (adjusted HR 0.94; 95% CI 0.85-1.03) and MACE (0.99; 0.87-1.13), but with a lower risk of KRT 
(0.87; 0.78-0.98). Results were consistent across subgroups, in as-treated analyses and after accounting for 
the competing risk of death. In the control cohort of patients with CKD G3, initiation of RASi (versus CCB) 
was associated with lower KRT risk (adjusted HR 0.67; 0.47-0.96), and similar risk of mortality (0.91; 0.76-
1.08) and MACE (1.06; 0.82-1.35). 
 
Conclusion: Compared with CCB, initiation of RASi in patients with advanced CKD was associated with a 
lower risk of KRT, but no different risk of mortality or MACE.  
 
 
Figure: Number of events, incidence rates and adjusted hazard ratios for KRT according to subgroups of 
age, sex, diabetes, albumin-to-creatinine ratio (ACR), heart failure, systolic blood pressure and eGFR. 
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Background: The gasotransmitter hydrogen sulfide (H2S) has pro-angiogenic, anti-oxidant and anti-
inflammatory properties necessary for normal vascular adaptations during pregnancy. Aberrant 
production of H2S has been linked to preeclampsia. A growing body of evidence supports the 
therapeutic potential of H2S in preeclampsia. Thus, we hypothesized that sodium thiosulfate (STS) – a 
H2S donor – reduces maternal hypertension and proteinuria and diminishes fetal growth restriction in 
the Dahl salt-sensitive (S) rat, a spontaneous model of superimposed preeclampsia. 
 
Methods: Pregnant Dahl S rats (n=30) were divided into three groups. Besides the control group 
(n=13), two groups received STS via drinking water at a daily dose of 2g (n=9) or 3g (n=8) per kg body 
weight from gestational day (GD)10 to GD20. Uterine artery resistance index (GD18) and urinary 
protein excretion rate were determined (GD19). On GD20, intra-arterial blood pressure and fetal 
outcome (fetal and placental weight, litter size and fetal demise) were evaluated, and plasma and 
tissues were collected. Plasma urea levels were determined. Interstitial fibrosis and focal 
glomerulosclerosis were histologically scored to assess renal damage. Thiosulfate and sulfate plasma 
concentration and urinary excretion were determined using ion chromatography-electrospray 
ionization-mass spectrometry. 
 
Results: STS dosed at 2g per kg body weight per day had no effect on preeclamptic symptoms or 
fetal outcome. At 3g per kg body weight per day, STS reduced maternal blood pressure by 14 mmHg 
(121.8±3.0 vs 136.3±2.9; p<0.05) but increased proteinuria (89±15 vs 56±5 mg/24h; p<0.05) and 
relative kidney weight (0.86±0.04 vs 0.73±0.02%; p<0.05). Fetal:placental weight-ratio was reduced 
(3.83±0.07 vs 4.31±0.08; p<0.01) with no effect on fetal or placental weight or litter size. No 
differences in uterine artery flow, plasma urea levels, or renal histological damage were noted across 
treatment groups. Plasma concentration of thiosulfate (1.0±0.1 vs 4.0±2.1 vs 137.7±91.7 uM; p=0.3) 
and sulfate (852±58 vs 1359±125 vs 2240±319 uM; p<0.01) and urinary excretion of thiosulfate 
(0.6±0.2 vs 529±74 vs 1725±145 umol/24h; p<0.001) and sulfate (633±68 vs 4964±603 vs 6415±384 
umol/24h;p<0.001) were markedly elevated in the treated groups in a dose-dependent manner. 
 
Conclusion: This is the first study to test STS in a spontaneous rat model of preeclampsia and fetal 
growth restriction. Daily administration at 3g per kg body weight reduced maternal blood pressure, 
which holds promise for prolongation of preeclamptic pregnancies and thus, fetal outcomes. However, 
we also found deleterious effects on proteinuria and kidney weight and worsening of placental 
insufficiency. Hence, STS cannot be recommended for clinical use during pregnancy at this stage.  
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Background In systemic amyloidosis, the kidney is frequently affected and renal involvement has 

major impact on survival. Renal involvement is clinically characterized by decreased estimated 

glomerular filtration rate (eGFR) and proteinuria. The two most common renal amyloidosis types are 

light chain related amyloidosis (AL) and serum amyloid A (AA) amyloidosis. Standardized 

histopathological scoring of amyloid deposits is crucial to assess disease progression. Therefore, we 

aimed to validate the proposed scoring system from Rubinstein et.al. (1) in an independent patient 

cohort.   

Methods We attempt to reproduce the scoring system, consisting of an Amyloid Score (AS) and a 

Composite Scarring Injury Score (CSIS), in a multicenter AL and AA case series. Additionally, we 

analyzed all renal amyloidosis kidney biopsies performed in the Netherlands between 1993 and 2012.  

Results Similar to the original study, AS and CSIS correlated to eGFR (r:-0.45, p=0.0061 and r:-0.60, 

p<0.0001, respectively), but not to proteinuria at diagnosis. Furthermore, AS, but not CSIS, was 

associated with renal outcome. The scoring system was not reproducible in AA patients. The median 

incidence rate (IR) for renal amyloidosis in the Netherlands was 2.3 per million population per year 

(pmp/y) and increased during the study period.  

Conclusion In our AL case series and the original study, AS and CSIS were correlated to eGFR, but 

not to proteinuria and AS correlated with renal outcome. Overall, we regard this scoring system 

competent for standardized histopathological assessment of amyloid deposits burden and thereby 

disease advancement in renal biopsies.  

 

1. Rubinstein S, Cornell RF, Du L, et al.; Novel pathologic scoring tools predict end-stage kidney 
disease in light chain (AL) amyloidosis. Amyloid 2017; 24(3):205-211. 
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Background  

Tubulointerstitial fibrosis is a common process leading to chronic renal damage. It is characterized by 

extracellular matrix (ECM) deposition and pathological scar formation driven by transforming growth 

factor beta (TGF-β). Inhibiting excessive ECM production could be a strategy to reduce the functional 

decline of the kidney and thereby the progression towards end-stage renal disease. Endoglin, a co-

receptor of the TGF-β-receptor, could be an interesting target to inhibit fibrosis formation.  

Methods 

Biopsies of patients with kidney diseases characterized by interstitial fibrosis, such as focal segmental 

glomerular sclerosis (FSGS; n=48), diabetic nephropathy (DN; n=11) and chronic allograft dysfunction 

(CAD; n=43) were selected; healthy kidneys were used as controls (n=8). Sections were stained for 

endoglin and the positively-stained area was measured. DN and CAD sequential sections were 

stained for Sirius Red, a marker for interstitial fibrosis. Endoglin mRNA expression in whole kidney 

tissue of another DN cohort (n=23) was measured with qPCR; healthy kidneys were used as controls 

(n=12). Lastly, collagen type I production was measured with western blot in TGF-β stimulated 

lentivirally transduced fibroblasts that were either wild type or knock down for endoglin.  

Results 

Endoglin was increased in the interstitium of patients with FSGS, DN and chronic allograft dysfunction 

compared to controls (p<0.001). The endoglin-positive area colocalized with the Sirius Red-positive 

area. qPCR showed upregulation of endoglin mRNA in patients with DN compared to healthy controls 

(p<0.05). The western blot analysis demonstrated that collagen type I production after TGF-β 

stimulation was less upregulated in the endoglin knockdown fibroblasts compared to wild type 

fibroblasts.    

Conclusion 

We show that endoglin is overexpressed in different patient cohorts with interstitial kidney fibrosis and 

that it colocalizes with Sirius Red-positive areas. We also show that lowering endoglin levels reduces 

TGF-β-induced collagen type I production. These results suggest that endoglin could be a potential 

target reduce the development of fibrosis. This offers an interesting opportunity to treat patients with 

declining renal function.  
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Background: 
Acute kidney injury (AKI) constitutes up to 25% of all hospital admissions. It is under-recognised and 
inappropriately managed in 50% of cases. The majority of cases are never seen by a consultant 
nephrologist [NCEPOD 2009, NICE 2013]. We have set up an AKI clinic to provide prompt access to 
specialist advice, investigation and intervention in an outpatient setting. The clinic also aims to reduce 
unnecessary admissions and decrease length of stay of patients with AKI. 
 
Methods: 
We present outcome data for patients attending the AKI clinic between October 2012 - October 2015. 
Information was obtained from clinic letters and discharge summaries of patients first attending the 
AKI clinic between October 2012 to October 2015. Referrals were made from General Practitioners 
(GP), the A&E department and the Acute Medical Unit (AMU). 
 
Results: 
Data was collected for 347 non-consecutive patient episodes, with 266 unique patients (139 male, 
mean age 71 years). The majority of referred patients had AKI (79%), with the rest having newly-
diagnosed CKD. Within the AKI group, most cases were mild (i.e. stage 1). Pre-existing CKD was 
highly prevalent in our cohort (90%). Out of the 183 patients with AKI, 163 patients improved after 
intervention, 14 progressed in their CKD stage and 9 progressed to end stage renal failure. The 
availability of this clinic resulted in 143 admission avoidances and 3 patients needing admission. 
 
Conclusion: 
These 3-year follow up data show that the AKI clinic can avoid unnecessary admissions and reduce 
length of stay of patients. To our knowledge, this is the first report of a dedicated AKI clinic, managing 
AKI patients in an outpatient setting. This reduces the on-going pressure on Emergency Department 
and Acute Medicine services. 
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Background 

Estimating renal function in patients who visit the emergency department (ED) is important for 

diagnosing kidney disease, drug dosing, and clinical management. Renal function is generally 

assessed by calculating the estimated Glomerular Filtration Rate (eGFR) with formulas such as the 

CKD-EPI. These formulas were developed in patients with a stable serum creatinine concentration. In 

the ED however, serum creatinine is often not in steady-state, which may lead to a biased eGFR. In 

this paper, we explore the extent of this problem by assessing the frequency of non-steady-state 

serum creatinine in patients that present at the ED. 

Methods 

We retrospectively included 70,606 unique adult (≥18 years) patients from the Utrecht Patient-

Orientated Database with a total of 123,409 ED-visits at the UMC Utrecht between 2011-2019. When 

available, creatinine measurements were extracted from the last known visit to the hospital in the last 

year (baseline), during presentation at the ED and all subsequent measurements in the following 24 

hours. Relative differences were calculated using the natural logarithm and are depicted as log 

percent changes (L%). Significant fluctuation in creatinine was defined as exceeding the combined 

biological (5.95%) and analytical variation (2.17%), or Reference Change Value (RCV, often called 

critical difference). CKD categories were defined by the most recent eGFR-based KDIGO criteria. 

Results 

Of all the measurements during presentation at the ED, 16,239 (34%) had a significant change in 

creatinine compared to baseline; 6,308 (13%) had a significant decrease (mean change -28.6 µmol/L, 

relative change -25 L%) and 9,921 (21%) showed an increase (mean change 47.3 µmol/L, relative 

change +35 L%). Of all subsequent measurements after ED presentation, 6,609 (34%) had a 

significant change within 24 hours after the first measurement; 4,463 (23%) had a significant decrease 

and 1,599 (8.1%) had a significant rise. In total, 4,573 (23%) had a switch in CKD category from 

presentation at the ED and the subsequent measurement (mean time between measurements 

15.5±5.3 hours). 

Conclusion 

One out of three patients had fluctuating serum creatinine during presentation at the ED. Of these 

patients, 23% had a switch in CKD stadium between the subsequent measurements at ED visit and 

during admission. The automatically calculated eGFR by CKD-EPI at the ED should be interpreted 

with caution when assessing kidney function and considering drug dosing. 
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Background 

Monitoring renal function is a vital part of kidney research involving rats. Measurement of Glomerular 

Filtration Rate (GFR) with an exogenous filtration marker, the gold standard is laborious and does not 

easily allow serial measurements. The plasma concentration of endogenous filtration markers creatinine 

and urea are often used as surrogate, although their correlation with GFR has not been thoroughly 

investigated in a large cohort of rats. The goal of this paper was to develop an eGFR equation to estimate 

GFR in rats. 

Methods 

We used an in-house collected database of 753 rat experiments with gold-standard GFR measurement 

(inulin clearance, mGFR) and extracted coupled plasma creatinine, plasma urea, weight, gender, and 

strain (Lewis, Fawn-Hooded, Sprague-Dawley, Wistar). The database was divided in a 3/2 ratio in a 

development (n=469) and validation dataset (n=284). We developed the equation with least-squares 

regression in the development cohort and validated it in the validation cohort. We fitted a linear spline 

with one knot to best fit the relation between plasma creatinine and mGFR. Subsequently, we measured 

plasma cystatin C in a random subset (n=242) to test its added value to the model. All variables were 

transformed using the natural logarithm to either account for the first-order elimination of filtration 

markers or homogenize residuals.  

Results 

All parameters that were included during model development correlated significantly to mGFR (weight, 

R2=0.043; creatinine, R2=0.755; urea, R2=0.575; strain, R2=0.051; all p<0.001). The relationship between 

creatinine and mGFR was best estimated with a piece-wise linear spline (knot at 47 µmol/L). Using linear 

regression, we developed the following equations in the development cohort: 

Plasma creatinine (µmol/L)        Equation  

<47    𝑒𝐺𝐹𝑅 = 1236 ∗ 𝑊0.559 ∗ 𝐶−0.579 ∗ 𝑈−0.291 

≥47    𝑒𝐺𝐹𝑅 = 20382 ∗ 𝑊0.559 ∗ 𝐶−1.307 ∗ 𝑈−0.291 

eGFR= estimated Glomerular Filtration Rate (µL/min), W= weight (gram), C=creatinine concentration 

(µmol/L), and U=urea concentration (mmol/L). 

Subsequent evaluation in the validation cohort yielded similar precision and accuracy (R2=0.856, 

p30=65%) as in the development cohort (R2=0.792, p30=70%). Inclusion of gender and strain in the model 

did not increase precision and accuracy. 
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Although plasma cystatin C correlated significantly with mGFR (R2=0.242,p<0.001), it did not 

significantly add predictive power to the model (R2-change=0.0004, p=0.64), and was therefore not 

measured in the entire dataset, and not included in the model. 

Conclusion: 

We are the first to developed an equation to estimate GFR in several rat strains from body weight, 

plasma creatinine and plasma urea. This equation enables less labour intensive and less invasive way to 

repetitively determine GFR in rats, and may even reduce the number of animals needed. 
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Background  
Due to the fast-paced developments in human genetics, a genetic cause can now be identified for an 
increasing number of pediatric and adult-onset kidney diseases. A monogenic kidney disease (MKD) 
can impact prognostication and therapy decisions. It also provides patients with options regarding 
family planning such as preimplantation genetic testing (PGT), a reproductive technology that helps 
prospective parents prevent passing on a disease-causing mutation to their offspring.  
There are limited reports on PGT for MKD and most are focused on severe pediatric-onset diseases. 
The Dutch system of insurance reimbursement and nationwide regulation is unique, and it has allowed 
the Netherlands to be one of a handful of countries where couples have the option to choose PGT for 
MKD, including adult-onset forms of kidney disease. Here we provide the 25-year Dutch experience 
with PGT for MKD. 
 
Methods  
We performed a retrospective cohort study of all couples counselled on PGT for MKD in the Maastricht 
University Medical Center+, the expert centre where all Dutch single cell genetic testing on embryos is 
performed, from January 1995 until June 2019. 
 
Results  
99 couples were counseled for PGT, of which currently 15% is waiting for the genetic test to be 
validated. In the early years of PGT for MKD, referrals were incidental and only for couples at risk for 
offspring with paediatric-onset disease. From 2009 onwards, the number of referrals has steadily 
increased as has the number of couples referred for adult-onset MKD. Overall, the most frequent 
indications for referral for PGT were ADPKD (37%), X-linked Alport syndrome (25%) and ARPKD 
(9%). 
After counselling, 36% of n=99 couples started PGT treatment. In total n=80 cycles with oocyte 
retrieval were performed (median 2 cycles [range 1-4]). These cycles led to a median of n=10 embryos 
(range 2-31) suitable for biopsy and a median of n=3 embryos (range 1-14) being genetically 
unaffected. Seventy-five percent (n=) of couples achieved at least one live birth.  
Of n=99, 48% did not proceed with PGT, for various personal and technical reasons. Major reasons 
for opting out of PGT were that prospective parents did not want to wait for the lengthy PGT procedure 
(9%) or had a wish for natural conception with prenatal genetic testing (11%). Live birth rate was 40% 
(n=19) in the non-PGT group, with notably a similar duration to a live birth as the PGT group (2 years, 
range 0-5 years). 
 
Conclusion  
We provide the largest overview to date of the indications, uptake and results of PGT for MKD. 
Referrals for PGT, including adult-onset disease, have increased steadily over the past decade. PGT 
has favorable outcomes, with 75% of couples having at least one live birth, though this is likely due to 
our small sample size. Genetic and reproductive counseling, including information on PGT, should be 
provided to all patients and prospective parents from families with MKD to enable informed decision 
making. 
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BACKGROUND 
The Hemolytic Uremic Syndrome (HUS) is a thrombotic microangiopathy characterized by hemolytic 
anemia, thrombocytopenia and acute renal failure. In children, HUS is mainly caused by infections 
with Shiga toxin (Stx) producing Escherichia coli (STEC-HUS) causing damage of the vascular 
endothelium. Growing evidence shows towards a role for neutrophils in the pathogenesis of STEC-
HUS, however the exact role and interaction with Stx is still not completely understood. In this study, 
we hypothesized that neutrophil activation – in particular the formation of neutrophil extracellular traps 
(NETs) – is directly triggered by Shiga toxin type 2a (Stx2a) and plays a critical role in the 
pathogenesis of STEC-HUS.  
 
METHODS 
Freshly isolated neutrophils were stimulated with 1.0 – 0.01 ug/ml Stx2a over a time period of 8 hours. 
The activation marker CD11b was studied by immunofluorescence microscopy (IF) and the release of 
NETs was determined by Sytox green in combination with IF. DHR-123 and Mitosox assays were 
used to study the involvement of general ROS and mitochondrial ROS to gain more knowledge about 
the involvement of the NOX-dependent and NOX-independent pathway. Second, we isolated fresh 
neutrophils from STEC-HUS patients (N=3) in the acute and recovery phase of disease. We studied 
the release of NETs by Sytox green and IF. This time, multiple pathways were studied with the use of 
ROS assays in combination with different agonists.  
 
RESULTS 
In our study setup, we found that: 1) Neutrophils upregulate the expression of CD11b after Stx2a 
stimulation in vitro. 2) Neutrophils release 4.8 times more DNA after treatment with 1.0 ug/ml Stx2a for 
8 hours. 3) Neutrophils produce 1.6 times more cytosolic ROS after treatment with 1.0 ug/ml Stx2a for 
90 minutes. 4) Neutrophils release NETs by the NOX-dependent pathway after stimulation with 0,01-1 
ug/ml Stx2a in a dose-dependent matter shown by IF. 5) Neutrophils from patients in the acute phase 
of STEC-HUS release 2.1 times less DNA by the NOX-dependent pathway compared to healthy donor 
neutrophils. 6) Neutrophils from patients in the acute phase of STEC-HUS show 2.4 times less 
production of ROS by the NOX-dependent pathway. 7) Neutrophils isolated from STEC-HUS in both 
the acute and recovery phase of disease are more prone to undergo spontaneous NETosis compared 
to healthy donor neutrophils.  
 
CONCLUSION 
Here, we showed the direct activation of neutrophils by Stx2a and studied the NOX-dependent and 
NOX-independent pathway involved in the release of NETs triggered by Stx2a. It has been published 
that NETs attract platelets to form clots. Thrombus formation is one of the main causes of kidney 
failure in patients with STEC-HUS.  More research about the interaction between different players like 
NETs and platelets would give more knowledge about the underlying pathophysiology involved in 
STEC-HUS. 
 
 
 
Aantal woorden: 440.  
Aantal tekens: 2881. 
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Background 
Annually, more than 2000 end-stage renal disease (ESRD) patients in the Netherlands receive education 
regarding renal replacement therapies (RRT). Ideally, this choice is made during a process of Shared 
Decision Making (SDM). Since 2017, three SDM decision aids are available: 3 Good Questions, Option 
Grids and Dutch Kidney Guide. However, it is unknown whether the decision aids are sufficiently 
implemented in daily practice. Therefore, we evaluated SDM and developed a workshop to train centres 
how to implement the decision aids.  
Methods 
In 12 centres, the degree of SDM experienced by ESRD patients was measured with the SDM-Q-9 and 
collaboRATE questionnaires. Furthermore, SDM awareness and use of the decision aids by healthcare 
professionals was explored. Finally, we provided a 2-hour workshop with information regarding SDM and 
the decision aids. 
Results 
In the 12 centres (2 academic, 10 non-academic), 176 patients completed the questionnaires; 73% found 
the general impression of the received information (very) good, 84% found the total number of consults 
good, and 86% found the received amount of information good.  
On a scale from 0–100 (higher score is better SDM) the mean SDM-Q-9 score was 75±22 and the 
collaboRATE score 86±14. Overall, no significant difference between centres in both scores was found.  
When centres with the worst SDM-Q-9 score (<70) were compared to centres with the best score (>77), 
only 50% of worst scoring centres used the decision aids (Option Grids and Kidney Guide) compared to 
100% of best scoring centres. The majority of worst scoring centres started at an eGFR between 20–30 
ml/min/1.73 m2, while best scoring centres all started between 15–20 ml/min/1.73 m2. In addition, best 
scoring centres provided information about all treatment modalities, including nocturnal haemodialysis 
and conservative treatment, and more often provided information at home. 
A total of 117 healthcare professionals (27% physicians, 8% physician assistants, 38% nurses, 14% 
social workers, 13% other) completed the questionnaire; 81% found the general impression of the 
education process (very) good, 80% found the total number of consults good, and 56% found the amount 
of provided information good, while 28% found it too much. SDM was applied according to 56% of 
professionals, however only 28% used the 3 Good Questions, 31–33% the Option Grids, and 51% the 
Kidney Guide. Subsequently, 10 centres participated in the workshop which was appreciated with a 
7.5±0.4. 
Conclusion 
Although patients and healthcare professionals are fairly satisfied with the RRT information and degree of 
SDM, the use of decision aids by professionals is limited. A workshop introducing the decision aids was 
developed to train centres how to implement them. When optimizing SDM for ESRD patients in the 
Netherlands, attention should be paid to providing information about all treatment options, and providing 
information at home to patients with an eGFR between 15–20 ml/min/1.73 m2. 
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Background 
Activated proximal tubular epithelial cells (PTECs) play a crucial role in progressive 
tubulointerstitial fibrosis in native and transplanted kidneys. Previous studies showed that 
syndecan-1, a major epithelial heparan sulfate proteoglycan (HSPG), serves as a docking 
platform for properdin in the apical membranes of PTEC activating the complement system via 
the alternative pathway, which might play a role in proteinuric renal damage. Active targeting of 
PTECs by non-viral gene delivery vectors aiming to influence the expression of syndecan-1 
might be useful to slow down the properdin binding and consequently the alternative pathway 
activation during proteinuria. However, no clinical therapies that specifically target PTECs are 
available at present. The cell penetrating peptide crotamine is able to form complexes with 
nucleic acid molecules and deliver cargo into the nucleus which enable its use as a non-viral 
gene delivery vector. After intraperitoneal (ip) injection in mice, crotamine accumulates mainly in 
the kidney brush border zone of PTECs, and its presence inside these cells was demonstrated 
by us. 

 
Methods 
Native and chemically synthesized crotamine were compared for GFP plasmid DNA transfection 
efficiency both in vitro and in vivo. The ability of crotamine to form complexes with siRNA was 
evaluated with a gel shift assay, and the efficiency to down regulate the syndecan-1 expression 
in PTECs in vitro was assessed by FACS and qRT-PCR after transfection mediated by 
siRNA/crotamine complexes. 

 
Results 
We demonstrated herein that comparable to native crotamine, the synthetic peptide is able to 
efficiently transfect PTECs with green fluorescent protein (GFP) reporter gene in vitro. Ip 
administration of crotamine-DNA nanocomplexes in mice showed GFP expression specifically in 
proximal tubule cells. The formation of complex of crotamine with siRNA molecules was 
demonstrated here, and we showed that this complex formation is time- and crotamine/siRNA 
ratio-dependent. The internalization by the cells is influenced by the maintenance of the positive 
net charge of the complex and  cell cycle. The in vitro delivery of siRNA targeting human 
syndecan-1 in PTECs with a reduced expression of this proteoglycan by up to 85% in both 
mRNA and protein level after 96 h of transfection was demonstrated here. 

 
Conclusion 
This study shows for the first time the use of crotamine as a non-viral nanocarrier for delivery of 
siRNA, with successfull reduction of the expression of syndecan-1 in human PTECs. We 
suggest crotamine as a prototypic example of the next generation kidney specific non-viral 
vector for gene delivery with potential to be used to modulate aberrant gene expression in 

kidney PTECs, as for instance, in complement-associated renal diseases. 
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Background. Both hypo- and hyperkalemia can potentially induce fatal cardiac arrhythmias in the general 
population. However, little is known about the effect of potassium as a modifiable risk factor in hemodialysis 
(HD) patients. Therefore, we investigated the relation between serum potassium level and all-cause mortality 
in incident HD patients and whether there is an optimum serum potassium level to pursue. 
 
Methods. All incident HD patients (>18 y) from the Netherlands Cooperative Study on the Adequacy of 
Dialysis (NECOSAD), a prospective multi-center cohort study, were included. These patients were followed 
from the start of their first dialysis treatment until death, transplantation or a maximum of 2 years. Serum 
potassium levels were obtained at fixed 6-month time intervals and divided into six categories: ≤ 4.0, > 4.0 - 
≤ 4.5, > 4.5 - ≤ 5.0, > 5.0 - ≤ 5.5 (reference), > 5.5 - ≤ 6.0 and > 6.0 mmol/L. Using a Cox proportional-
hazards model with serum potassium category as a time-dependent variable, hazard ratios (HR) for all-
cause mortality were calculated, adjusted for baseline age, sex, current smoking, diabetes and residual 
kidney function. 
 
Results. In total, 1278 HD patients were included. At baseline, mean (±SD) age was 64 (±14) years, 60% 
were men, 23% were current smokers, 21% had diabetes and the median (interquartile range) residual 
kidney function was 3.0 (1.5-4.8) ml/min/1.73m2. Mean (±SD) serum potassium level was 4.8 (±0.8) mmol/L. 
The prevalence of the six potassium categories was: 10%, 19%, 26%, 22%, 15% and 8%, respectively. A 
total of 298 (23%) deaths was observed during 2 years of follow-up. After multivariable adjustment the HR 
(95% CI) for any death according to the six potassium categories were: 2.5 (1.5-4.3), 1.9 (1.2-3.0), 1.6 (1.0-
2.5), 1 (reference), 1.3 (0.8-2.2) and 1.7 (1.0-3.0). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Conclusion. We found a U-shaped relation between serum potassium and all-cause mortality in incident 
hemodialysis patients. Especially, low serum potassium was a 2.5-fold stronger risk factor for all-cause 
mortality compared to normal serum potassium. Our results indicate an optimum serum potassium level 
between 5.0 - 5.5 mmol/L, emphasizing that potassium lowering therapy should be used with caution in 
hemodialysis patients.  
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Background. Recent advances in human stem cell-derived kidney organoid models have opened new 

avenues to accurately model podocytopathies in 3D in vitro. The aim of this study is to develop and 

characterize human induced pluripotent stem cells (iPSC)-derived 3D kidney organoids as a first step 

in modeling idiopathic nephrotic syndrome-in-a-dish.   

Methods and Results. Human skin fibroblasts (wildtype) were successfully reprogrammed into iPSC. 

Cells were differentiated into the ureteric bud and metanephric mesenchyme lineage in 2D for 7 days. 

At day 7, both lineages were merged and 3D organoids were differentiated using a TranswellTM air-liquid 

interface for an additional 18 days using an optimized protocol. Gene expression analysis and 

immunocytochemistry showed clear nephrin, podocin, synaptopodin, Wilm’s tumor-1 and collagen IV 

expression in podocytes, surrounded by numerous CD31-positive endothelial capillaries. Electron 

microscopy (EM) and immuno-EM confirmed the presence of slit diaphragms and expression of nephrin 

in podocytes and CD31 in endothelial capillaries, respectively. RNA sequencing showed superior 

expression of podocyte specific markers (NPHS1, NPHS2, WT1, MAFB, SYNPO, PODXL, PLA2R1, 

NHERF2, EMP2) in organoids as compared to 2D conditionally immortalized podocytes. Using podocyte 

exact morphology measurement procedure (PEMP) filtration slits could be clearly detected in organoids. 

Preliminary results show that the filtration slit density (FSD) of the developing podocyte foot processes 

was approximately 2.4 ± 0.25 µm/µm2 in some areas of the organoid and can now be compared with 

the FSD of podocytes of human, rat and mice which is around 3 and 4 µm/µm2. Protamine sulphate-

induced injury in organoids showed clear podocyte cytoskeleton rearrangements and the induction of 

pNPHS1-1176 protein expression. The induced podocyte injury was rescued by heparin, illustrating 

functional 3D podocytes. The protamine sulphate effect was podocyte specific as proximal tubules were 

not affected, as confirmed by EM. Organoids exposed to active FSGS plasma for 36h showed 

cytoskeleton rearrangements in podocytes and increased CXCL-12 gene and protein expression, a 

chemokine associated with kidney injury and its endogenous mRNA transcripts were confirmed in 

podocytes using RNAscope. Effects caused by FSGS plasma could be partially reversed using 

prednisolone treatment.  

Conclusion. We successfully developed human iPSC-derived kidney organoids that will serve as a state-

of-the-art tool to accurately study podocytopathies in a dish.  
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Background. ANCA-associated glomerulonephritis (AGN) presents as rapidly progressive 

glomerulonephritis with high rates of end-stage kidney disease, morbidity and mortality. Therefore, 

early recognition of AGN is paramount for treatment and prognosis. Recognizing ongoing or relapsing 

AGN can be impaired by sustained urinary abnormalities, in particular when repeat biopsies are 

omitted. Frequently, conventional biomarkers used to detect active AGN are insufficient. Recently, 

usCD163 (i.e. a marker of macrophage activation) has been shown to reflect active AGN, although 

robust data on its clinical application are lacking. We analyzed the value of usCD163 in comparison to 

kidney tissue samples, i.e. the gold standard, to detect active AGN. 

Methods. Patients presenting with suspected active AGN who underwent a kidney biopsy and whose 

kidney tissue and 24-hour urine samples were available, were included. Kidney biopsies were scored 

for disease activity. Kidney tissue sections were stained for CD163 and scored on a 0-3 scale. CD163 

was analyzed by ELISA in urine and corrected for creatinine excretion. Furthermore, 24-hour urine 

samples were analyzed at time of stable remission. 

Results. Ninety-one patients with 125 biopsies were included. Sixty-five (52%) biopsies were de novo 

biopsies, whereas sixty (48%) were repeat biopsies. usCD163 levels were higher with active ANCA 

GN (n=109; median 524 [159 – 1,414]) as compared to those with no active lesions (n=16; median 0 

[0 – 0] ng/mmol; P<0.0001). usCD163 levels were higher in more active kidney biopsies, i.e. 

crescentic, mixed and sclerotic type AGN, as compared to minimally active kidney biopsies, i.e. focal 

type AGN, and/or biopsies without activity, (Kruskal-Wallis, P<0.0001). Furthermore, a positive 

correlation was found between crescentic glomeruli and usCD163 (Spearman’s ρ=0.72, P<0.0001), 

which was reflected by positive CD163 staining in glomerular areas showing AGN lesions (n=47, 

active areas of glomeruli vs. unaffected areas of glomeruli, (median) 2.20 vs. 0.19, P<0.0001). 

Matched samples during active AGN and at the time of stable clinical remission showed a decrease in 

usCD163 after treatment (n=29, active AGN vs. remission, (median) 377 vs. 0 ng/mmol, Wilcoxon-

signed rank, P<0.0001). usCD163’s sensitivity and specificity to detect active AGN in relapsing 

patients were 94% and 91%, respectively, which outperformed conventional AGN biomarkers (e.g. 

creatinine, hematuria, proteinuria). Consequentially, positive and negative likelihood ratios were 

superior at 46.6 and 0.29, respectively.  

Conclusion. usCD163 is associated with both de novo and relapsing active AGN. usCD163 correlates 

with disease activity on kidney tissue samples and decreases after treatment. Furthermore, it is 

superior to conventional biomarkers in detecting relapsing AGN. Therefore, implementing usCD163 in 

the follow-up of AGN patients can prevent repeat biopsies and guide therapy. 

Characters   2950 / 3000 
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Background: Purinergic signaling results from binding of extracellular ATP and its hydrolysis 
products to P1 or P2 receptors. Extracellular vesicles (EVs) released by renal epithelial cells 
can be transported along the nephron and interact with cells in downstream segments. This 
way they mediate the transmission of information between cells and different nephron 
segments. Although the modulation of extracellular ATP levels and purinergic signaling by EVs 
has been described in extrarenal tissues, it is not known if a similar process takes place in the 
kidney. 
The aim of this work was to investigate the effect of EVs from human proximal (HK2) and 
human collecting duct (HCD) cells on extracellular ATP levels and on the expression of the 
epithelial sodium channel (ENaC) as a gene associated to purinergic regulation in the 
collecting duct.  
Methods: EVs were isolated by ultracentrifugation and characterized by electron microscopy, 
nanoparticle tracking-analysis (NTA) and immunoblotting. Extracellular ATP and gene 
expression were evaluated by chemiluminescence and RT-qPCR, respectively. Dependence of 
the observed changes in extracellular ATP levels on the cellular EV uptake and on the activity 
of the ectonucleotidase ENTPD1 were studied by using the inhibitors dynasore (80 μM) and 
POM1 (25 μM), respectively. The effect of fluid-shear-stress (i.e. flow) on EV release was 
addressed by culturing cells in microfluidic devices followed by NTA of flow-through fractions. 
Results: HK2 cells were incubated with HK2 EVs (i.e. proximal EVs on proximal cells). HCD cells 
were incubated with HK2 EVs (i.e. proximal EVs on collecting duct cells) and with HCD EVs (i.e. 
collecting duct EVs on collecting duct cells). HK2 EVs added to HCD cells increased 
extracellular ATP (+25%, dependent on EV uptake by the target cells). This same treatment 
also led to a downregulation of ENTPD1 expression (-22%). Prevention of the effects on ATP 
by co-incubation with POM1 also suggest ENTPD1 involvement. Conversely, EVs from HCD 
cells decreased extracellular ATP in HCD cells (-40%, independent of the EV uptake by the 
target cells), probably attributed to ATP hydrolysis by HCD vesicles. Differential proteomics of 
HK2 and HCD EVs identified the protein 14-3-3 as a potential responsible for the ATPase 
activity exhibited by EVs from HCDs. While HK2 EVs decreased αENaC mRNA expression 
(- 26%), this was up-regulated by HCD EVs (+46%). γ-S-ATP and apyrase mimicked the effects 
of HK2 and HCD vesicles on αENaC, respectively, supporting an inverse association between 
extracellular ATP and αENaC expression. Finally, release of EVs by HCD cells was flow-
dependent, whereas EV release by HK2 cells remained flow-insensitive.  
Conclusions: EVs from proximal and collecting duct cells modulate extracellular ATP and 
purinergic signalling in HCD cells, leading to changes in αENaC expression. We also showed 
an effect of fluid-shear stress on EVs release by HCD cells.  
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Background 
Chronic kidney disease associates with the development of interstitial fibrosis characterized by a loss 
of the microvasculature and myofibroblast formation. Endothelial cells (ECs) are important for 
maintaining a healthy microvasculature while ECs also provide a potential source for myofibroblasts 
through endothelial-to-mesenchymal transition (EndoMT). Here, we aimed to identify a role for long 
non-coding RNAs (lncRNAs), novel central post-transcriptional regulators, in ECs in the development 
of kidney fibrosis. 
  
Methods 
We used VE-cadherin-ERT2;tdTomato mice to label and trace endothelial cells. We applied both the 
ischemia-reperfusion injury (IRI) and unilateral urethral obstruction (UUO) models followed by FACS 
sorting of the tomato-positive cells from healthy and diseased kidneys. Subsequently, we isolated 
RNA from these cells and profiled for lncRNAs, which identified the conserved MALAT1 as a potential 
key mediator of kidney fibrosis. Functional in vitro and in vivo studies were performed to assess the 
role of MALAT1 in kidney fibrosis. 
 
Results 
Upon kidney injury, we observed substantial co-localization of VE-cadherin-derived tomato positive 
signal with a-SMA staining, indicating that a significant portion (~15-20%) of myofibroblasts originated 
from ECs. We confirmed that ECs acquired a myofibroblast phenotype by using qPCR on FACS 
sorted tomato-positive cells showing reduced expression of EC markers CD31 and VE-cadherin while 
myofibroblast markers α-SMA and col1α1 increased. In UUO and IRI, we found 586 and 416 lncRNAs 
to be differentially expressed (>2-fold, p<0.05) in the VE-cadherin-derived tomato-positive cells, 
respectively. Using bioinformatics analyses to determine transcription factor motif-enrichment 
amongst differentially expressed lncRNAs we found strong enrichment for HMGA1 binding sites. 
Using ChIP-seq, we confirmed this enrichment of HMGA1 binding sites in the promoters of 
differentially regulated lncRNA, including MALAT1. In vitro, we demonstrated that MALAT1 disrupts 
EC homeostasis, as silencing MALAT1 resulted in increased barrier function, less leakage and less 
EndoMT. In vivo, we found that gapmer-mediated knockdown of MALAT1 abrogated kidney fibrosis. 
Lastly, we found both renal and circulating MALAT1 levels to be increased in CKD patients compared 
to healthy controls. 
 
Conclusion 
We demonstrated that MALAT1 is important for endothelial cell function and may provide novel 
strategies to counteract the development of kidney fibrosis. 
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Background 

Nephropathic cystinosis is a rare disease caused by a CTNS mutation that leads to lysosomal 

accumulation of cystine. This results in other abnormalities, such as oxidative stress and accumulation 

of alfa-ketoglutarate (aKG) in patient cells and serum. Interestingly, high aKG levels were linked to 

abnormal autophagy and tubular dysfunction in cystinotic cell lines (unpublished data). Cystinosis 

causes progressive damage to multiple organs, including the kidneys. Although current treatment with 

cysteamine reduces cystine levels and delays disease progression, patients often acquire end-stage 

kidney disease before adulthood. Therefore, improved therapies are urgently needed. Adult stem cell-

derived kidney tubuloids were successfully used before to model genetic, infectious and malignant 

kidney disease and to screen for therapeutic efficacy (Schutgens et al. Nat Biotechnol. 2019). Here, we 

studied the potential of tubuloids to model the metabolic disease cystinosis and to evaluate the efficacy 

of a novel drug combination.    

Methods 

Tubuloids were grown from primary renal cells from the urine of two pediatric cystinosis patients and 

compared with tubuloids from two healthy controls. Tubuloid composition was investigated using 

quantitative polymerase chain reaction and immunocytochemistry. To study the effect of cysteamine 

and/or compound 3 (C3), a large scale metabolic screen was performed using liquid chromatography-

mass spectrometry. Tubuloid viability upon treatment with increasing doses of C3 was studied by 

measuring ATP levels. 

Results 

Urine-derived cystinotic tubuloids consisted of kidney cells (PAX8+, p63-) and not urothelium (PAX8-, 

p63+). Both cystinotic and healthy tubuloids contained proximal tubule, loop of Henle, distal tubule and 

collecting duct epithelium. Patient tubuloids showed highly increased cystine concentrations compared 

to controls (1.25 vs. 0.15 nmol/mg protein, p<0.05), a hallmark of the disease. Although cysteamine 

restored cystine levels to those in controls, it failed to normalize other metabolic abnormalities, including 

aKG accumulation. However, the novel combination of cysteamine with C3 more potently lowered 

cystine and restored aKG levels in organoids (p<0.05). Finally, the dose C3 used did not compromise 

the viability of cystinotic tubuloids in an in vitro nephrotoxicity assay.  

Conclusion 

Tubuloids accurately model cystinosis and allow high-throughput in vitro screening for treatment 

efficacy in a personalized fashion. Moreover, tubuloids confirm that the combination of cysteamine and 

C3 is more effective in normalizing the metabolic abnormalities in cystinosis than cysteamine alone. 



17. 2020-03-25 - Zaal 8 - 16:30:00
 

 

This novel intervention holds promise to improve the prognosis of cystinosic patients and these results 

warrant preliminary in vivo studies.  
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Objective. Scattered tubular cells (STC) are a phenotypically distinct cell population within the 

proximal tubule. The origin and the role of STC in the kidney has been controversial, as it is still 

debated if STC are progenitor cells, dedifferentiated proximal tubular epithelial cells or growth arrested 

cells resulting from impaired cell regeneration This study aims to characterize STC in human kidneys, 

to identify a possible role in proximal tubular regeneration and to shed more light on the ongoing 

debate concerning the origin of STCs. 

Methods and Results. The distribution of STC was studied in consecutive sections stained against 

aquaporin 1 (AQP1, PTEC marker) and vimentin (STC marker). Analysis of the sections revealed that 

the distribution in the tubuli was not random but revealed a preferential location of STC at the inside 

bends of proximal tubuli. The number of STC in human kidneys in relation to age was analyzed using 

immunofluorescence labelling for AQP1 and phosphofructokinase (PFKP, STC marker) in 44 

postmortem renal cortical tissues (age 0-14), 29 biopsies from kidney donors (age 23-76) and 30 

tissues from tumor nephrectomy (age 48-85). Analysis of the staining using ImageJ (FIJI) showed that 

STC number increases with age (R2=0,553). We examined whether STC represent a population of 

growth arrested cells by the analysis of well-known senescence markers (i.e.p53 and p16 expression, 

lamin-B1 degradation and by ß-galactosidase activity). Although, senescence was detected in atrophic 

tubuli, the STC were not positive for the markers. Culture of FACS sorted STC (CD13, CD133 and 

CD24 positive) and PTEC (CD13 positive) showed a high growth rate for STC, with a population 

doubling time of 25±6 hours. In contrast, the proximal tubular cells did not grow when seeded at 

similar low densities (2000 cells/cm2). RNA sequencing and single cell RNA sequencing of the FACS 

sorted cells revealed a strong difference in the transcriptome of PTEC and STC.  In addition, the single 

cell RNA sequencing, of RNA isolated from STC, identified different subpopulations within the STC 

population.  

Conclusion. Our findings argue against the hypothesis that STCs are a fixed progenitor population 

within the proximal tubule and strengthen the hypothesis that STCs derive from a population of injured 

proximal tubular epithelial cells as their number increases with increasing age. Furthermore, STC are 

not growth arrested as they are negative for senescence markers and show a high growth rate in vitro. 

We postulate that STC in human kidneys can be used to study the injury induced phenotypic changes 

of PTEC that play a role in proximal tubule regeneration. 
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Background 

The medical and scientific community is facing the enormous challenge to deal with the accelerating 

incidence of age- and Western life style-related diseases such as diabetes, atherosclerosis, and related 

renal diseases. These systemic diseases require complex models to investigate disease mechanisms 

and develop novel therapies, and thus it appears inevitable to use animal experiments. However, recent 

developments in microfluidics and 2D/3D (stem) cell- and organoid biology now allow to model organ 

combinations in “Multi-Organ-on-a-Chip” (MOC) systems. Using MOC systems, valuable information 

about disease mechanisms, organ-organ-interactions and potential therapeutic effects, and side-effects, 

can be obtained in vitro. MOC systems are considered superior to traditional in vitro models and have 

potential to replace animal experiments in future. We developed MOC models combining the 2D-cultured 

kidney tubuloids with relevant organs such as the heart and liver. Using these models, we are able to 

study complex organ-organ interactions in healthy and disease-mimicking conditions, as well as the (side-

) effects of potential therapeutic interventions.  

 

Methods 

 

Inside the MOC system from TissUse GmbH, which circulates 150–180 μl fluid in a microfluidic channel 

system connecting two culture compartments, kidney tubuloid cells were cultured in 2D on a semi-

permeable membrane insert separating the urine compartment from the microfluidic circuit. This kidney 

component was combined with adult stem cell-derived liver organoids or iPSC-derived cardiomyocytes 

and exposed to dynamic culture conditions for up to two weeks, after which barrier integrity and transport 

function were assessed using trans-epithelial electric resistance (TEER) and inulin-FITC diffusion analysis 

and fluorescein transport assays, respectively. 

  

Results 

Under static conditions, the 2D-grown tubuloid cells, the kidney component of the MOC system, create a 

leak-tight barrier, as demonstrated by TEER (>1000 Ohm/cm2) and inulin-FITC diffusion (<1% diffusion 

rate) assays and immunostaining for the tight junction protein ZO-1. Quantitative PCR assays 

demonstrated the expression of the typical proximal tubule transporter proteins OCT2, SGLT2 and 

GLUT2, demonstrated to be functional as assessed by fluorescein transport- and inhibition assays. 

Combined with other cardiomyocyte constructs or liver organoids, the 2D kidney tubuloid cells, 

cardiomyocytes and liver organoids, retained a stable function up to 10 days in the MOC system.  

Conclusion   

We have successfully established a MOC system which contains a renal component based on 2D-

cultured renal tubuloids. In this system, the interaction of the kidney with other organs can be studied. In 

the future, we will develop kidney disease-on-a-chip models to investigate complex organ-organ 

interactions and pseudo-systemic effects of potential therapeutics.  
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Background 
C3 glomerulopathy (C3G) is a rare severe renal disorder caused by a dysregulated complement 
alternative pathway (AP). Based on the electron microscopy pattern of the glomerular C3 deposits, 
C3G can be classified as dense deposit disease (DDD) or C3 glomerulonephritis (C3GN). 
Understanding the pathogenesis of C3G led to novel therapeutic opportunities to target the AP. 
Further characterization of the AP dysregulation in patients has thus become very important. To 
determine and characterize the spectrum of C3G in the pediatric population, a retrospective cohort 
study has been performed in five tertiary medical centers in the Netherlands. In addition to the clinical 
and basic laboratory investigations performed previously, we have now analyzed the complement 
biomarker profiles in these patients using newly available specialized complement assays.  
 
Methods 
C3 levels were retrieved from the patient files. From the 29 patients included in the pediatric C3G 
cohort, for 28 patients (18 DDD, 10 C3GN) material was available for one or more of the following 
specialized complement assessments. The complement activation markers C3bBbP (properdin-
stabilized C3 convertase), C3bc (C3 activation products), TCC (terminal complement complex), 
complement component C5, the positive regulator properdin, and the negative complement regulators 
Factor H (FH) and Factor I were measured using sandwich ELISA. Convertase activity assays were 
used to detect the presence of C3 nephritic factors and C4 nephritic factors, which are autoantibodies 
prolonging the activity of the AP and classical pathway convertases, respectively. ELISA was used to 
screen for FH autoantibodies.  
 
Results 
C3 nephritic factors were found in 20/27 patients (12/17 DDD, 8/10 C3GN), of which one patient was 
also positive for C4 nephritic factors, and two for FH autoantibodies. At presentation, C3 levels were 
decreased in 21/25 patients, indicating complement consumption. In the acute phase, levels of the 
complement activation markers C3bBbP, C3bc, and TCC were elevated in 4/7, 3/7, and 7/7 patients, 
respectively. In addition, C5 levels were decreased in 6/10 patients. At last follow-up, C3 levels 
remained below control range in 9/16 patients. At this moment, mixed model analysis is being 
performed to investigate if the complement biomarker profiles differ between the DDD and C3GN 
diagnosis group.  
 
Conclusion 
The majority of pediatric patients with C3G show signs of complement activation in their blood in the 
acute phase. Given the rarity and heterogeneity of the disease spectrum, prospective and longitudinal 
studies will be needed to robustly investigate the complement profiles over time in C3G. This will lead 
to a better understanding of the role of the AP in different C3G patient groups and can aid in the 
development and monitoring of novel complement-directed treatment strategies in the near future. 
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Background: Thrombomodulin is an endothelial surface protein that is of pivotal importance in the 

maintenance of vascular homeostasis by regulating coagulation, inflammation and apoptosis. Loss of 

thrombomodulin function disrupts glomerular crosstalk in diabetic mice, resulting in aggravated 

diabetic nephropathy (DN). Furthermore, treatment with thrombomodulin protects diabetic mice from 

developing DN by suppressing glomerular inflammation, implicating thrombomodulin as a potential 

therapeutic target in DN. The aim of this study was to investigate the role of glomerular 

thrombomodulin in patients with DN. 

 

Methods: Thrombomodulin staining was measured in an autopsy cohort including 94 DN patients, 57 

diabetic patients without DN and 38 controls, and was compared to the number of glomerular CD68-

positive cells. Thrombomodulin mRNA expression was measured in microdissected glomeruli 

obtained from 24 DN patients and 13 controls. Finally, thrombomodulin levels were measured in 

diabetic apoE-/- mice with restored glycocalyx dimensions following treatment with the selective ETAR 

antagonist atrasentan.  

 

Results: Glomerular thrombomodulin expression was decreased at the protein level in patients with 

diabetes with and without DN compared to control (p<0.05). The loss of glomerular thrombomodulin 

expression was strongly associated with an increased number of glomerular macrophages in patients 

with diabetes with and without DN (p<0.001). Glomerular thrombomodulin mRNA expression was 

increased in DN compared to control (p<0.01). Treatment with atrasentan restored thrombomodulin 

expression in diabetic mice to levels observed in nondiabetic mice (p<0.01). 

 

Conclusion: Glomerular thrombomodulin expression is decreased at the protein level, but increased 

at the mRNA level in patients with DN. Thrombomodulin is likely cleaved in the diabetic milieu, which 

is compensated by increased transcription levels. Furthermore, decreased glomerular 

thrombomodulin expression is strongly associated with increased macrophage influx in patients with 

diabetes both with and without DN. We speculate that the loss of thrombomodulin serves as an early 

proinflammatory hit in the pathogenesis of DN. Restoring glomerular thrombomodulin expression with 

ETAR blockers may be a promising treatment option for patients at risk of developing DN. 
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Background 
Glomerular hyperfiltration is considered one of the key events in the development of diabetic 
nephropathy and is associated with progression to albuminuria and abnormalities in renal 
hemodynamics. The latter favors an increased renal blood flow and intraglomerular pressure 
presumably due to changes in the afferent- and efferent arteriolar resistance. Previous studies 
have shown that carnosine, a dipeptide with anti-glycating and antioxidating properties, is reno-
protective in rodent models of Type 1 and Type 2 diabetes. As such, carnosine supplementation 
improves glucose metabolism and attenuates albuminuria in the BTBR ob/ob mice, a model of 
advanced-obesity related diabetes. Tissue histology revealed that carnosine administration 
significantly restored glomerular ultrastructure, glomerular hypertrophy and glomerular size. 
Since these carnosine-associated renal morphological changes are compatible with a 
decreased glomerular hyperfiltration and intraglomerular pressure we aimed to assess whether 
carnosine supplementation influences the renal hemodynamics through changes in the afferent 
and efferent arteriolar tone. 
 
 
Methods 
Afferent and efferent arterioles in kidney tissue from non-diabetic BTBRwt/wt mice (n=7), diabetic 
BTBRob/ob mice (n=13) and diabetic BTBRob/ob mice fed with carnosine (n=13) were identified by 
renin / alpha smooth muscle actin double immunostaining, allowing identification of afferent 
(double positive) and efferent arterioles (renin negative). The lumen area of the afferent and 
efferent arterioles was quantified by imageJ. Expression of proteins sensitive to changes in 
intraglomerular pressure i.e. nephrin was also assessed by immunostaining.  
 
 
Results 
The lumen of the afferent arterioles in diabetic BTBRob/ob mice was significantly larger in 
comparison to the ones in non-diabetic BTBRwt/wt mice (0.44±0.06 vs 0.35±0.08 a.u.; p=0.03). A 
trend towards a normalization of the afferent lumen area was observed in diabetic BTBRob/ob 
mice that were orally supplemented with carnosine (0.36±0.04 vs 0.44±0.06 a.u.; p=0.08; 
treated vs untreated BTBRob/ob mice). The lumen area of the efferent arterioles was similar 
among the three study groups (0.46 vs 0.45 vs 0.41 p=0.5) (wt, ob/ob, ob/ob fed with 
carnosine). A trend towards reduced nephrin expression/glomerulus was observed in ob/ob 
mice versus wt (20% ±9.2 versus 27% ± 7.4; p=0.23). Carnosine feeding appeared to increase 
nephrin expression/glomerulus but this difference did not reach statistical difference (24.1% 
±9.0 versus 20% ±9.2 p= 0.48) (ob/ob fed with carnosine vs ob/ob). 

 
Conclusion 
These results suggest that carnosine feeding might affect renal hemodynamics. Carnosine 

effects on intraglomerular pressure are primarily due to changes in the afferent rather than the 

efferent arteriole tone. 

 

 



23. 2020-03-24 - Zaal 56 - 10:20:00

GEVEN WE DIALYSEPATIENTEN TE VEEL EIWIT?  

M. Dam1, H.M. Kruizenga1, B.C. van Jaarsveld2, E.A. Hartman1, P.J.M. Weijs1  
1Amsterdam Universitair Medische Centra, Nederland, afdeling Diëtetiek en Voedingswetenschappen 
2Amsterdam Universitair Medische Centra, Nederland, afdeling Nefrologie  
 
Inleiding: Bij dialysepatiënten is voldoende eiwit in de voeding van groot belang o.a. voor behoud van 
spiermassa (vetvrije massa (VVM)). Teveel eiwit in de voeding kan hyperfosfatemie veroorzaken en 
daarmee het risico op vasculaire calcificaties verhogen of bijdragen aan metabole acidose. De richtlijn 
voor dialysepatiënten schrijft 1,2 tot 1,5 g eiwit/kg lichaamsgewicht voor. Lichaamsgewicht is niet 
hetzelfde als lichaamssamenstelling. Er zijn grote individuele verschillen in spiermassa bv. tussen 
mannen, vrouwen, ouderen en jongeren. Daarom ligt het voor de hand om de eiwitbehoefte te 
berekenen op basis van VVM in plaats van lichaamsgewicht. In de praktijk blijken de verschillen 
tussen de eiwitbehoefte berekend met VVM en lichaamsgewicht groot te zijn. In dit onderzoek 
objectiveren we deze verschillen voor verdieping van de discussie over optimale berekening van 
eiwitbehoefte.  
 
Methoden: Bij 115 hemodialysepatiënten werd VVM gemeten met multi-frequente bio-elektrische 
impedantie spectroscopie. De eiwitbehoefte werd op 6 manieren berekend (zie tabel) en vergeleken 
met de VVM methode. In de huidige praktijk is het gebruikelijk om bij een body mass index (BMI) lager 
dan 20 of hoger dan ±27,5 kg/m2 het lichaamsgewicht bij deze BMI in de formule te gebruiken, deze 
correcties zijn meegenomen. De methoden zijn tevens vergeleken binnen verschillende BMI klassen.  
 
Resultaten: Er zijn grote verschillen in berekende eiwitbehoefte tussen mannen (n=73) en vrouwen 
(n=42) (Tabel), variërend van gemiddeld 71±14 tot 115±17 g eiwit per persoon per dag bij mannen en 
48±17 tot 106±27 g/d bij vrouwen. Vooral bij de hoge BMI klasse blijken grote verschillen in de 
berekende eiwitbehoefte: bij mannen met BMI >30 kg/m2 laat de berekening van VVM x 1,5 g eiwit vs. 
lichaamsgewicht x 1,2 g eiwit, een gemiddeld verschil zien van 23 tot 51 g/d per persoon; bij vrouwen 
met een BMI >30 kg/m2 was het gemiddelde verschil 45 tot 69 g/d.  
 
Tabel. Verschillende methoden voor berekening van de eiwitbehoefte per persoon op basis van VVM 
en lichaamsgewicht bij dialysepatiënten. 

 Mannen (n=73) Vrouwen (n=42) 
Berekening eiwitbehoefte  Eiwitbehoefte 

gemiddeld  
Verschil tov 
VVM 
gemiddeld 

Eiwitbehoefte 
gemiddeld 

Verschil tov 
VVM 
gemiddeld 

VVM (kg) x 1,5 g eiwit 71±14 - 48±13 - 

Lichaamsgewicht (kg) x 1,2 g 
eiwit 

97±21 26±22 85±21 37±26 

Lichaamsgewicht (kg) correctie 
BMI x 1,2 g eiwit 

92±14 21±18 79±11 31±16 

VVM (kg) x 1,9 g eiwit 90±18 - 60±16 - 

Lichaamsgewicht (kg) x 1,5 g 
eiwit  

121±26 31±27 106±27 46±32 

Lichaamsgewicht (kg) correctie 
BMI x 1,5 g eiwit 

115±17 25±22 98±14 38±20 

 
Conclusie: De berekende eiwitbehoefte gebaseerd op lichaamsgewicht laat een groot verschil zien in 
vergelijking met eiwitbehoefte op basis van VVM. Uitgaande van de VVM als de beste basis voor de 
eiwitbehoefte, leidt een berekening op basis van lichaamsgewicht tot een grove overschatting vooral 
bij vrouwen en overgewicht. Wij adviseren daarom de VVM te gebruiken voor het berekenen van de 
eiwitbehoefte bij dialysepatiënten om een te hoge eiwitinname te voorkómen. Richtlijnen zouden 
hierop moeten worden aangepast. 
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Inleiding. Duurzaam participeren in werk is voor nierpatiënten een uitdaging. Een nierziekte gaat 

gepaard met lichamelijke klachten en beperkingen in het dagelijks leven. Zelfs al bij matig nierfalen 

meldt een deel van de patiënten zich ziek en zal uiteindelijk niet weer aan het werk gaan. Een ander 

deel weet echter wel aan het werk te blijven. Waarom het sommige patiënten wel lukt om aan het werk 

te blijven en anderen juist niet, is niet precies bekend. Het onderzoek CKD@Werk biedt inzicht in de 

mate waarin patiënten in staat zijn te participeren in werk en de factoren die hierin mogelijk een 

bevorderende dan wel belemmerende rol hebben gespeeld.  

Methoden. Via interviews met 27 patiënten met chronische nierschade stadium 3b-5 en drie 

focusgroepen/telefonische interviews (n=30) met nefrologen, verpleegkundig specialisten, 

maatschappelijk werkers en arbo-professionals is inzicht verkregen in de ervaringen van genoemde 

groepen met de arbeidsparticipatie en beïnvloedende factoren. Aanvullend is een vragenlijststudie 

(n=634) uitgevoerd waarin de gevonden factoren onder een grote groep nierpatiënten (n=634) zijn 

geverifieerd. 

Resultaten. Factoren die volgens patiënten en zorgverleners een belangrijke rol spelen bij de 

arbeidsparticipatie zijn het type behandeling (dialyse versus transplantatie), wachttijd voor 

transplantatie, vermoeidheidsklachten en de variatie in ernst van de klachten per dag (goede en 

slechte dagen). Andere beïnvloedende factoren zijn het kunnen accepteren van de ziekte en de 

beperkingen, het type werk (fysieke versus mentale belasting), mogelijkheden voor 

werkaanpassingen, de waarde van werk, werkplezier, als wel een positieve en coöperatieve houding 

naar collega’s en werkgever. Zorgverleners benoemen een belangrijk verschil in attitude tussen 

patiënten voor wie werk van grote waarde is en patiënten die bewust kiezen voor kwaliteit van leven 

en familie. Bijna twee derde van de nierpatiënten die heeft deelgenomen aan de vragenlijststudie 

heeft een betaalde baan van minimaal een uur in de week. Van deze groep werkt 44% parttime. Van 

de patiënten die werken is bijna een derde gedeeltelijk arbeidsongeschikt verklaard of (langdurig) 

afwezig in verband met ziekte. De helft van de werkenden ervaren beperkingen in functioneren op het 

werk en een derde werkt minder uren door de nierziekte. Patiënten met betaald werk zijn jonger, vaker 

man en hoger opgeleid. Transplantatiepatiënten hebben een beter werkvermogen dan predialyse- en 

dialysepatiënten. 

Conclusie. De mogelijkheden van patiënten om te participeren in werk is een complex samenspel van 

medische, persoonlijke en werkgerelateerde factoren. Bij het onderzoeken van de arbeidsparticipatie 

is het van belang niet alleen naar de feitelijke arbeidsparticipatie te kijken, maar ook naar het 

ziekteverzuim (absenteeism) en de arbeidsproductiviteit (presenteeism). Op basis van de informatie 

verzameld in de huidige studie wordt in een vervolgstudie (BAAN) een aanbod ontwikkeld waarmee 

nierpatiënten kunnen worden ondersteund om duurzaam te participeren.  
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DIALYSE DICHTBIJ, LESSEN NA 3 JAAR 

José Koemeester, Linda Verhoeve, Dianet 

1. Inleiding  

In Nederland worden ongeveer 300 patiënten behandeld met hemodialyse in de thuissituatie (THD). 

THD wordt traditioneel door de patiënt zelfstandig, met hulp van partner of solo uitgevoerd. In andere 

gevallen kan een dialyseverpleegkundige ondersteuning bieden. Deze vorm van ondersteuning is niet 

rendabel en door de bestaande personeelsschaarste maatschappelijk niet meer houdbaar. Dianet 

heeft in 2015 de eerste dialysehubs gerealiseerd in samenwerking met een zorginstelling en biedt 

hiermee de mogelijkheid om bewoners en omwonenden dichtbij huis thuishemodialyse aan te bieden.  

2. Resultaten 

Op dit moment zijn er 6 dialysehubs actief in samenwerking met een contractziekenhuis. Vanaf 2015 

zijn processen verfijnd en risico’s in kaart gebracht. Er is nagenoeg een continue bezetting van 

beschikbare plaatsen in de hubs. Soms is er, bijvoorbeeld bij shuntproblemen, een korte 

terugplaatsing naar het centrum nodig. De eerste 3 dialysehubs werden gerealiseerd binnen een 

verzorgingshuis, de andere dialysehubs werden geopend binnen zorginstellingen zoals een 

blindeninstituut en een psychiatrisch verpleeghuis. Het blijkt dat de dialysehubs voorzien in een 

behoefte. Patiënten hoeven niet meer naar een dialysecentrum en kunnen dichtbij huis terecht én 

kwetsbare patiënten dialyseren in een rustige prikkelarme omgeving. Eén van onze hubs is gebouwd 

in een revalidatiecentrum, waar patiënten gedurende hun revalidatie kunnen dialyseren. Om op deze 

dialysehub leegstand te voorkomen wordt er standaard één chronische dialysepatiënt gedialyseerd 

zodat er altijd personeel is ingeroosterd om een revalidatiepatiënt direct te kunnen behandelen. 

3. Methoden 

In het aanloopproces voor een nieuwe dialysehub wordt er een werkgroep geformeerd. De afdeling 

Kwaliteit en Veiligheid begeleidt en bewaakt het proces. Er wordt altijd gestart met een Preventieve 

Risico Inventarisatie (PRI) om beheersmaatregelen in kaart te brengen en deze te vertalen naar 

samenwerkingsafspraken. Bij kwetsbare patiënten is het kunnen beschikken over ondersteuning bij 

een calamiteit, een zogenaamde achterwacht, essentieel. In geval van nood kan een achterwacht 

assisteren, hulp inroepen of 112 bellen.  

4. Conclusie  

Eind 2019 heeft Dianet zes dialysehubs gerealiseerd en een schat aan ervaring opgebouwd. De inzet 

van dialyseverpleegkundigen in een dialysehub is rendabel en een dialysehub biedt aan patiënten in 

de buurt een goed alternatief voor thuishemodialyse: dialyse dichtbij huis. Het draagvlak binnen 

zorginstellingen is groot, zij ervaren wat de impact van dialyse is op het leven van een dialysepatiënt. 

Het is een veilige vorm van dialyse. Elke dialysehub biedt rondom de start weer nieuwe uitdagingen 

die in de werkprocessen worden verankerd. Door het uitvoeren van een jaarlijkse audit is er bewaking 

van kwaliteit en veiligheid. Voor de Zorgverzekeraar levert een dialysehub forse besparingen op. Er is 

sprake van het éénmalig aanpassen van een dialyseruimte waar meerdere patiënten gebruik van 

kunnen maken en taxikosten gaan fors omlaag.  



26. 2020-03-24 - Zaal 56 - 11:05:00

BEVORDEREN VAN DUURZAME ARBEIDSPARTICIPATIE BIJ NIERPATIENTEN.  
 
 

H. de Vries, Interne Geneeskunde, onderafdeling Nefrologie, Universitair Medisch Centrum Groningen  

K. Rustema, Medisch Maatschappelijk Werk, Universitair Medisch Centrum Groningen 

S.F. van der Mei, Gezondheidswetenschappen, Toegepast Gezondheidsonderzoek, Universitair Medisch 
Centrum Groningen 

R.T. Gansevoort, Interne Geneeskunde, onderafdeling Nefrologie, Universitair Medisch Centrum 
Groningen 

A. Visser, Gezondheidswetenschappen, Toegepast Gezondheidsonderzoek, Universitair Medisch 
Centrum Groningen 

 

Inleiding  

Werk geeft betekenis en structuur aan het leven van mensen en een goede arbeidsparticipatie kan de 

gezondheid en kwaliteit van leven bevorderen. Het vermogen om te werken wordt bij veel 

nierpatiënten beperkt door fysieke klachten en de behandeling, met als risico langdurig ziekteverzuim, 

uitval en inkomensverlies. Nierpatiënten geven aan dat de begeleiding bij aan het werk blijven te 

wensen over laat.  

Het doel van het project is om arbeidsgerichte zorg voor nierpatiënten te ontwikkelen (BAAN). Het 

betreft nierpatiënten in alle stadia van ziekte, ook bij dialyse en transplantatie. BAAN beoogt een 

cultuur te creëren waarin het belang van arbeidsgerichte medische zorg door curatieve professionals, 

waaronder nefrologen, verpleegkundigen en maatschappelijk werkers, wordt gezien en waar aandacht 

voor werk een vanzelfsprekend deel van de zorg in het ziekenhuis wordt.  

Methoden  

Voor het uitvoeren van BAAN wordt gebruik gemaakt van de Adapted Intervention Mapping (AIM) 

methode. Dit is een systematische manier om in co-creatie met alle belanghebbenden een theoretisch 

en empirisch onderbouwd BAAN-aanbod te ontwikkelen. Volgens de principes van participatief actie 

onderzoek wordt het BAAN-aanbod ontwikkeld door met patiënten, curatieve en Arbogerelateerde 

professionals samen te werken, kennis uit te wisselen en onderzoek uit te voeren. Deze participatie 

van, en samenwerking met, alle belanghebbenden vergroot de kans op een aanbod dat passend, 

uitvoerbaar en effectief is. 

Het huidige project wordt gesubsidieerd door ZonMW en is een vervolg op een lopende 

wetenschappelijke studie (CKD@Werk). Het project maakt gebruik van bestaande kennis en ‘best 

practice’ vanuit onderzoek bij andere groepen chronisch zieken en vanuit nefrologische en 

Arbogerelateerde beroepsverenigingen en kennisinstellingen.  

Resultaten 

Dit project zal resulteren in een concreet, praktisch en uitvoerbaar BAAN-aanbod waarmee de 

arbeidsgerichte medische zorg in het UMCG kan worden vormgegeven. BAAN zal concrete adviezen 

bevatten, evenals hulpmiddelen waarmee patiënten vroegtijdig in het ziekteproces en op maat kunnen 

worden ondersteund om regie te nemen bij het duurzaam participeren in werk. BAAN zal ook  

adviezen opleveren voor professionals in het ziekenhuis bij het opstellen en uitvoeren van 

arbeidsgerichte zorg voor patiënten met een nierziekte of het verwijzen van patiënten naar 

gespecialiseerde Arbogerelateerde zorg. 

Conclusie 

Effectieve interventies om arbeidsparticipatie van patiënten met een nierziekte te vergroten zijn tot op 

heden nauwelijks voor handen. Dit project levert een concreet aanbod op waarmee de 

arbeidsparticipatie van nierpatiënten kan worden vergroot. Het levert ook kennis op over de 

uitvoerbaarheid en het nut van BAAN voor de implementatie in het UMCG. Hiermee wordt de kans op 

een succesvolle implementatie zowel in het UMCG als in andere ziekenhuizen vergroot.  
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Β-BLOCKERS ARE ASSOCIATED WITH REDUCED MORTALITY IN PATIENTS WITH HEART FAILURE 
WITH REDUCED EJECTION FRACTION AND ADVANCED CHRONIC KIDNEY DISEASE: A COHORT 
STUDY  
Edouard L. Fu1, BSc, Alicia Uijl2,3, MSc, Friedo W. Dekker1, PhD, Lars H. Lund3, MD PhD, Gianluigi 
Savarese3, MD PhD, Juan J. Carrero4, PharmD, PhD 
1 Department of Clinical Epidemiology, Leiden University Medical Center, The Netherlands 
2 Julius Center for Health Sciences and Primary Care, University Medical Center Utrecht, The Netherlands 
3 Division of Cardiology, Department of Medicine, Karolinska Institutet, Sweden 
4 Department of Medical Epidemiology and Biostatistics, Karolinska Institutet, Sweden 
 
Background: Beta-blockers reduce mortality and morbidity in patients with heart failure (HF) with reduced 

ejection fraction (HFrEF). However, patients with advanced chronic kidney disease (CKD) were 

underrepresented in landmark trials. We evaluated if beta-blockers are associated with improved survival in 

patients with HFrEF and advanced CKD.  

Methods: We identified 3906 persons with an ejection fraction <40% and advanced CKD (eGFR <30 

mL/min/1.73m2) enrolled in the Swedish Heart Failure Registry during 2001-2016. The associations between 

beta-blocker use, 5-year all-cause mortality, and the composite of time to cardiovascular (CV) mortality/first 

HF hospitalization were assessed by multivariable Cox regression. Analyses were adjusted for 36 variables, 

including demographics, laboratory measures, comorbidities, medication use, medical procedures, and 

socioeconomic status. To assess consistency, the same analyses were performed in a positive control 

cohort of 12,673 patients with moderate CKD (eGFR <60-30 mL/min/1.73m2). 

Results: The majority (89%) of individuals with HFrEF and advanced CKD received treatment with beta-

blockers. Median (IQR) age was 81 (74-86) years, 36% were women and median eGFR was 26 (20-28) 

mL/min/173m2. During 5 years of follow-up, 2086 (53.4%) individuals had a subsequent HF hospitalization, 

and 2954 (75.6%) individuals died, of which 2089 (70.1%) due to cardiovascular causes. Beta-blocker use 

was associated with a significant reduction in 5-year all-cause mortality [adjusted hazard ratio (HR) 0.86; 

95% confidence interval (CI) 0.76-0.96)] and CV mortality/HF hospitalization (HR 0.87; 95% CI 0.77-0.98). 

The magnitude of the associations between beta-blocker use and outcomes was similar to that observed for 

HFrEF patients with mild/moderate CKD, with adjusted HRs for all-cause mortality and CV mortality/HF 

hospitalization of 0.85 (95% CI 0.78-0.91) and 0.88 (95% CI 0.82-0.96), respectively.  

Conclusion: Despite lack of trial evidence, the use of beta-blockers in patients with HFrEF and advanced 

CKD was high in routine Swedish care, and was independently associated with reduced mortality to the 

same degree as HFrEF with moderate CKD.  
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Phase 1/2 Study of Lumasiran, Investigational RNAi Therapeutic, in Patients with Primary 
Hyperoxaluria Type 1 

 
Y. Frishberg1, G. Deschênes2, J. Groothoff 3, S. Hulton4, D. Magen5, J. Harambat6, B. Hoppe7, W. 
Van't Hoff8, D. Milliner9, J. Lieske9, P. Haslett10, S. Talamudupula10, D. Erbe10, T. Mcgregor10, P. 
Cochat11 
 
1Shaare Zedek Medical Center, Jerusalem - Israel, 2Hospital Robert Debre, Paris - France, 3Amsterdam 
UMC, Amsterdam - Netherlands, 4Birmingham Childrens' Hospital, Birmingham - United Kingdom, 
5Rambam Health Care Campus, Haifa - Israel, 6Bordeaux University Hospital, Bordeaux - France, 
7University Hospital Bonn, Bonn-Germany, 8Great Ormond Street Hospital, London - United Kingdom, 
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Background: PH1 is a rare recessive disorder characterized by persistent hepatic overproduction of 
oxalate. Oxalate crystalizes with calcium and leads to recurrent urolithiasis, nephrocalcinosis, 
progressive renal failure, and multiorgan damage from systemic oxalosis. Lumasiran is an investigational 
RNAi therapeutic specifically designed to decrease oxalate production. The objective is to present final 
results from the Phase 1/2 study of lumasiran. 

 
Methods: This is a Phase 1/2 randomized, placebo-controlled, single-blind, multicenter trial, evaluating 
subcutaneously administered lumasiran, in patients with PH1 ≥6 years old, urinary oxalate (UOx) 
≥0.7mmol/1.73m2/day, and eGFR >45mL/min/1.73m2. Patients received either 3 doses of 1mg/kg or 3mg/kg 
monthly or 2 doses of 3mg/kg every 3 months. One patient in each cohort was randomized to placebo and 
received lumasiran following unblinding. Endpoints include safety and change in 24-hour UOx. 

 
Results: Patients (N=20) had mean age 14.9 years (range: 6–43); mean baseline UOx 
1.69mmol/1.73m2/day (range 0.83–2.97). Interim results showed lumasiran was well tolerated, with no 
discontinuations or drug-related serious adverse events. Adverse events (AEs) were reported in 3/3 
patients on placebo, 19/20 patients after lumasiran. The majority of AEs were mild or moderate in 
severity and unrelated to study drug. Mean maximal reduction in UOx was 75% (range: 43-87%); mean 
reduction 28 days post last dose of lumasiran was 66%. All patients achieved a UOx level ≤1.5x upper 
limit of normal (0.69) and 13/20 patients achieved a UOx level within normal limits (≤0.46). Among 
patients receiving 3mg/kg doses of lumasiran, 10/12 achieved a UOx level within normal limits. All 
patients enrolled in an open-label extension study for long-term dosing. 

 
Conclusion:  In this Phase 1/2 study, lumasiran demonstrated an acceptable safety profile and clinically 
significant UOx reduction in patients with PH1. A Phase 3 program evaluating efficacy and safety of 
lumasiran in patients with PH1 is ongoing. 
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TRANSPLANTATION OUTCOMES IN PATIENTS WITH PRIMARY HYPEROXALURIA TYPE I: 
RESULTS OF THE OXALEUROPE DATABASE 
 
E. L. Metry1, S. F. Garrelfs1, G. Rumsby2, B.B. Beck3, M.J.S. Oosterveld1, , P. Cochat4, E. Salido5, 

G. W. Lipkin6, B. Hoppe7, S. Hulton8, L. Collard9, G. Mandrile10, N. Mohebbi11, L. Prikhodina12, R. 

Topaloglu13, J. Bacchetta4, M. J. Kemper14,15, J. Oh14, C. F. Franssen16, J.W. Groothoff1 on behalf 

of the OxalEurope consortium18 

 
Background: 
Primary Hyperoxaluria (PH) type I is a rare inborn error of glyoxylate metabolism characterized by an 
increased endogenous oxalate production, which leads to renal stone formation, nephrocalcinosis and 
ultimately renal failure. While there are new promising treatments on the horizon, organ 
transplantation remains the only definitive solution for patients with PH. For most patients a combined 
liver- and kidney transplantation (CLKT) is recommended, but there is an ongoing debate regarding 
the merits of a sequential liver-kidney transplantation (SLKT) and the use of isolated kidney 
transplantation (KTx) for patients who respond well to pyridoxine. Data on long-term outcome, 
treatment policies and associations between possible predicting factors (e.g. plasma oxalate) and 
outcome are missing.  
 
Methods:  
We retrospectively collected data from the OxalEurope registry, which now contains data on more 
than 1100 PH1 patients from 23 European countries. OxalEurope is an international, European 
network of specialists involved in the treatment and research of PH. For this study data of nine 
European countries were included. PH1 patients were selected based on transplant status (e.g. 
kidney, liver or both).  
  
Preliminary results:   
We have analyzed data on 308 transplantations in 222 PH1 patients, some additional data will be 
added soon. In most cases, the first transplant was a CLKT (n = 113), followed by an isolated KTx (n = 
81), a SLKT (n = 22) and a pre-emptive liver transplant (n = 6). Transplantation took place between 
1974 and 2019. Median (range) age at time of transplantation was 16.5 years (0.6 – 69.6). A second 
transplant was needed in 70 cases, most often an isolated kidney transplant (n = 34). Median duration 
of follow up was 7,0 years. Five-year patient survival and kidney graft survival were 79% and 76%, 
respectively, for SLKT, 79% and 63% for CLKT and 78% and 27% for isolated KTx. Ten-year kidney 
graft survival rates were 53% for CLKT and 13% for isolated kidney transplants. Overall, kidney graft 
survival was superior in patients who received a CLKT compared to isolated kidney recipients (p < 
0.001). Differences between a combined and sequential procedure were not statistically significant (p 
= 0.699). Separate analyses in pyridoxine responsive patients yielded a similar kidney graft survival in 
CLKT and isolated KTx (p = 0.694) with a trend of better patient survival in isolated kidney recipients.  
 
Conclusion:  
Our results showed that liver-kidney transplantation remains the transplantation modality of choice in 
pyridoxine unresponsive PH1 patients with severe renal failure. We found no apparent advantage of 
SLKT over CLKT with respect to outcome. In pyridoxine responsive PH1 patients with renal failure, a 
solitary KTx seems a save option. Data analysis of the complete dataset will be completed before the 
congress, including the association between possible predicting factors and the occurrence of kidney 
graft failure.  
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CLASSICAL PATHWAY ACTIVATION IN A PATIENT WITH LIGHT CHAIN 

DEPOSITION DISEASE AND ANGIOEDEMA 

Kathleen Claes1, Michel Delforge2, Hanna Peeters1, Thea van der Velden3, Joop 

Goertz4, Bert van den Heuvel3,4,5, Elena Volokhina3,4  

1Departments of Nephrology and 2Hematology, University Hospitals Leuven, 

Belgium; 3Department of Pediatrics and 4Laboratory Medicine, Radboud university medical 

center, Nijmegen, The Netherlands; 5 Department of Pediatric Nephrology and Department of 

Growth and Regeneration, University Hospitals Leuven, Belgium. 

Introduction: B-cell lymphoproliferative disorders are often associated with acquired 

angioedema (AAE). In particular, paraproteins have been suggested to play a role in 

pathogenesis via activation of classical pathway (CP) and depletion of C1 inhibitor. Serum 

analyses of C1 inhibitor and C4 are important in the diagnosis of AAE. Here we describe a male 

patient with light chain deposition disease (LCDD), renal insufficiency and angioedema. Initial 

laboratory workup revealed increased concentrations of monoclonal serum IgG lambda (20 g/L; 

normal 8 ‐ 16), lambda free light chains (196 mg/L; normal 10 ‐ 34) and normal functional and 

quantitative testing of C1 inhibitor. C1 inhibitor complex was not increased (22 CAU/mL; 

normal <56), however C4d (430 CAU/mL; normal <164) and other complement activation 

markers (C3bBbP (31 CAU/mL; normal <15), C3bc (31 CAU/mL; normal <12) and sC5b-9 

(2.0 CAU/mL; normal <0.5)) were strongly elevated. We further investigated whether 

paraprotein could have caused CP activation in this patient, despite conflicting results of C1 

inhibitor and C4d and downstream markers.  

Results: We purified paraprotein-containing immunoglobulin (Ig) fraction from patient plasma 

using Protein A/G column. When incubated with normal human serum (NHS), Ig from the 

patient induced a profound time-dependent generation of both C1 inhibitor complex and C4d, 

while these markers in NHS and NHS supplemented with Ig from pooled normal plasma did 

not increase. Furthermore, generation of alternative pathway markers C3bBbP, C3bc and sC5b-

9 in the presence of patient Igs was also more pronounced. 

Conclusion: Our results indicate that paraprotein in the LCDD patient with angioedema causes 

activation of CP. This may lead to the local C1 inhibitor consumption which was not reflected 

in initial laboratory workup  and via this way contribute to AAE and possibly renal damage in 

this patient. Analysis of purified Ig may provide evidence for the role of paraproteinemia in 

pathogenesis of AAE with initially normal C1 inhibitor tests and facilitate choice of treatment. 
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BOTH HYDROCHLOROTHIAZIDE AND METFORMIN AMELIORATE AQUARETIC SIDE-EFFECTS 

IN ADPKD PATIENTS THAT ARE TREATED WITH TOLVAPTAN 
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Introduction 

The vasopressin V2 receptor antagonist tolvaptan is the first drug that was proven to ameliorate 

kidney function decline in ADPKD. Blockade of the vasopressin V2 receptor, however, also results in 

nephrogenic diabetes insipidus (NDI), limiting its clinical use. Hydrochlorothiazide (HCT) is an 

established treatment in NDI, but has never been tested in combination with with tolvaptan. 

Importantly, this combination could cause electrolyte disturbances, and HCT treatment could 

theoretically increase vasopressin, which might accelerate ADPKD disease progression. Recently, 

metformin has been shown to ameliorate aquaresis in an animal model of NDI, but has never been 

investigated for this indication in humans. We aimed to investigate efficacy and safety of 

hydrochlorothiazide and metformin treatment to ameliorate the aquaretic side-effects of tolvaptan.  

Methods 

This is an investigator driven, double-blind, randomized, controlled cross-over trial. ADPKD patients 

were eligible for inclusion if they were 18-55 years of age, had an eGFR ≥ 30 mL/min/1.73m2 and were 

treated with a stable dose of tolvaptan. Patients were treated for three 2-week periods with HCT 25 mg 

(12.5 mg in the first week) , metformin 2000 mg (1000 mg in the first week) or placebo (half dose in the 

first week), in random order. Primary outcome was change in 24-hour urine volume (average of 2 

collections) compared to baseline. Key secondary outcomes were measured GFR (mGFR), plasma 

copeptin (the stable precursor of vasopressin), quality of life and electrolytes. 

Results 

All 13 patients that were included were able to complete every treatment period in the trial. Their mean 

age was 45±8 years, 54% was female and mGFR was 55±11 mL/min/1.73m2 (Table).  At baseline 

urine volume was 6.9±1.4 L/24h. On HCT treatment urine volume decreased with -25±13% (p<0.001) 

and on metformin with -22±10% (p<0.001). Metformin treatment induced no change in mGFR and 

copeptin compared to baseline. During HCT treatment however, both mGFR and copeptin were lower 

(p=0.002 and p=0.001, respectively). There were no adverse events that required dose reductions. 

Quality of life was found to be equal on metformin and borderline better (p=0.06) on HCT treatment 

when compared to tolvaptan only. Plasma sodium was similar during all three treatment periods. 

Plasma potassium was significantly lower during HCT treatment (p=0.01), but in only three cases mild 

hypokalemia was noted (plasma potassium 3.0-3.5 mmol/L). 

Conclusion 

This is the first study to show that metformin can ameliorate aquaresis in NDI, and that HCT improves 

tolvaptan-caused NDI. Both treatments were well tolerated and safe during short-term use. The fact 

that copeptin is not increased suggests that these treatments will not negatively impact renoprotection 

by tolvaptan. These data provide an evidence base to test metformin and especially HCT in a real life 

setting to improve aquaresis and tolerability in patients with tolvaptan induced NDI.
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URINE-TO-PLASMA UREA RATIO, AS SURROGATE MARKER FOR UIRNE CONCENTRATING 

CAPACITY, IS ASSOCIATED WITH DISEASE PROGRESSION IN ADPKD 
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Department of Nephrology, University Medical Center Groningen, University of Groningen, 

Groningen, The Netherlands. 

 

Introduction Predicting disease progression in autosomal dominant polycystic kidney disease 

(ADPKD) patients poses a challenge, especially in early stage disease when renal function is not yet 

affected. The ongoing cyst growth causes the urine concentrating capacity to decrease from early on 

in the disease. We therefore hypothesized that the urine-to-plasma urea ratio (UPU ratio), which is 

assumed to be surrogate for maximal urine concentrating capacity, can be used as marker to predict 

disease progression in ADPKD.  

Methods The UPU ratio was calculated by dividing urea concentration in a fasting morning spot urine 

sample by plasma urea concentration adjusted for plasma creatinine concentration. First, we validated 

the UPU ratio in 30 ADPKD patients who underwent a prolonged water deprivation test to measure the 

maximal urine concentrating capacity. Thereafter, the association of the UPU ratio with renal outcome 

was evaluated in 583 ADPKD patients participating in the DIPAK observational cohort (inclusion 

criteria: age>18 years, eGFR >15 mL/min/1.73m2, no concomitant diseases affecting eGFR, without 

V2 receptor antagonist prescription).  

Results In the water deprivation test participants (n=30), the UPU ratio was strongly correlated with 

maximal urine concentrating capacity (R = 0.67, p<0.001). This association remained significant after 

correcting for sex, age, height adjusted total kidney volume (htTKV) and eGFR (st. β = 0.53, p = 

0.007). In these subjects maximal urine concentrating capacity as well as UPU ratio were associated 

with the rate of eGFR decline during a median follow-up of 6.3 yr (12 eGFR assessments per patient) 

assessed using linear mixed modeling, also when corrected for sex, baseline age and eGFR (β = 

0.009, p = 0.04, and β = 5.56, p<0.001, resp.). We subsequently corroborated in the larger DIPAK 

observational cohort (n=583, 58% female, mean age 47 yr median eGFR 60 mL/min/1.73m2 and 

htTKV 898 ml/m), that the UPU ratio was significantly associated with rate of eGFR decline during a 

median follow-up of 4.0 yr (6 eGFR assessments per patient): β = 0.23, p = 0.005. This association 

remained significant when corrected for sex, baseline age and eGFR (β =  0.32, p<0.001) and even 

when additionally corrected for Mayo class, PDK mutation and copeptin (β = 0.40, p <0.001). Stepwise 

backward multivariate regression analysis resulted in a final model including the UPU ratio, PKD 

mutation, Mayo Class and copeptin. Cox survival analysis showed that a lower baseline UPU ratio 

(indicating less urine concentrating capacity) was significantly associated with a higher risk to develop 

the combined renal endpoint of incidence of start of kidney replacement therapy, eGFR <15 

mL/min/1.73m2 or eGFR decrease >40% during follow-up (adjusted Hazard Ratio per SD = 1.39, p = 

0.007). Limiting the aforementioned analyses to the subgroup of patients with relative early stage 

disease (n=122, age <40 yr and eGFR >60 mL/min/1.73m2) rendered essentially similar results, with 

an adjusted β for UPU ratio in the final model of 0.33 (p = 0.04). In this subgroup with a limited number 
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of events (N=10), Cox survival analysis did not reach formal significance (adjusted HR per SD: 2.67, p 

= 0.055).    

Conclusion The UPU ratio, which is calculated from routine laboratory measurements, predicts renal 

prognosis in ADPKD in addition to other, more laborious to measure and expensive risk markers. 

Notably, this marker of urine concentrating capacity also shows promise in early-stage disease. 
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INCIDENCE OF GALLSTONES AND ASSOCIATED COMPLICATIONS WITH USE OF THE 

SOMATOSTATIN ANALOGUE LANREOTIDE FOR POLYCYSTIC KIDNEY AND LIVER DISEASE.  
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1 University Medical Center of Groningen, Department of Nephrology, 2 University Medical Center of 
Groningen, Department of Radiology, 3 Radboud University Medical Center Nijmegen, Department of 
Gastroenterology and Hepatology.  
 

Background:   Recently, we performed a large randomized-controlled trial to assess the effects of the 
somatostatin analogue lanreotide on kidney function and kidney and liver volume in autosomal dominant 

polycystic kidney disease (ADPKD), the DIPAK-1 trial. Lanreotide had no effect on rate of kidney function 
decline, but slowed kidney and especially liver growth and is used for this indication in clinical practice1,2. A 

higher incidence of gallstones has been suggested with lanreotide use, but the exact size and implications of 

this problem are unknown. Therefore, we systematically studied the incidence of gallstones with lanreotide 
in ADPKD patients.  

 
Method: In the DIPAK-1 trial, 305 ADPKD patients (age 18-60 years and eGFR 30-60 ml/1.73m2/min) were 

randomized to lanreotide or standard of care. MRIs were performed at baseline and end of study (120 

weeks). For this post-hoc study, patients with a medical history of cholecystectomy (n=7) or absence of a 
MRI at the end of study (n=28) were excluded. For the remaining study population (n=270), all MRIs were 

assessed for presence of gallstones by two trained investigators blinded for study treatment and study 
period and in case of disagreeing results, an abdominal radiologist was consulted for a final assessment. For 

patients with gallstones additional follow up after the end of the trial was obtained. 
 

Results: In 2 baseline and 8 end-of -study MRIs, it was not possible to identify the gallbladder, due to 

multiple adjacent liver cysts. Of the remaining 260 patients (age 48.5 years, female 49.6%, eGFR 50.0 
ml/min/1.73m2), 14 patients (5,4%) had gallstones at baseline, of whom 5 were randomized to lanreotide 

and 9 to standard care. At the end of study, 32 patients (12,3%) had gallstones, of whom 21 patients had 
received lanreotide and 11 standard care. During the 120 week lasting study, new gallstones occurred in 17 

out of 128 patients receiving lanreotide (13.3%) and 3 out of 132 patients receiving standard care (2.3%), 

rendering an adjusted Odds Ratio for gallstone formation with lanreotide use of 6.9 (95% Confidence 
Interval 1.9-24.7) p<0.005). The only other significant risk factor for gallstone formation was female gender 

(OR 3.5, CI 1.2-10.6, p<0.05). Age, body-mass-index and importantly liver volume were not associated with 
gallstone formation.  

Of the 32 patients with gallstones at the end of study, seven experienced gallstone-associated 

complications. Three experienced a biliary pancreatitis (1 during and 2 after the study). Another one had 
signs of a chronic pancreatitis as accidental finding on imaging during the study, without having had 

symptoms. Furthermore, another 3 patients underwent a cholecystectomy for symptomatic gallstones after 
the study. Importantly, all patients with gallstone-associated complications were part of the subgroup of 

patients that developed de novo gallstones during lanreotide use in the study.  
 

Conclusion: Lanreotide increases the risk of gallstone formation in ADPKD sevenfold. Gallstones were 

associated with severe complications, most occurring after the end of the trial. The benefit of somatostatin 
analogues to reduce kidney and liver size in ADPKD should therefore be weighed against the higher 

incidence of these adverse events, and patients and doctors should be aware of the risk of (symptomatic) 
gallstones with use of these drugs.   
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Background: Renovascular hypertension in children is a rare disease, with an estimated incidence of 

30 patients per year in the Netherlands. Stroke, cardiac failure and chronic kidney disease are common 

complications due to our limited understanding of the disease, a disease with a notoriously difficult 

diagnostic work-up and treatment. Large studies are needed to guide clinicians in choosing the best 

diagnostic trajectory for these children. The aim of this study was to investigate the value of exome 

sequencing in finding genetic contributors in children with renovascular hypertension.  

 

Methods: In a large cohort of 37 unrelated children from a single tertiary referral center in London, 

exome sequencing was performed. We assessed variants in recognized and suspected disease genes 

and searched for novel ones with a gene-based variant-burden analysis. 

 

Results: We identified (likely) pathogenic variants in seven patients. Five of these were in recognized 

associated disease genes (three pathogenic variants in NF1 consistent with neurofibromatosis type 1, 

one in ELN consistent with abnormal elastin production, and a deletion of chromosome 7q11.23, 

consistent with Williams Syndrome). In two other patients, (likely) pathogenic variants were found in 

putative renovascular hypertension genes (SMAD6 and GLA). Finding these variants in a vasculopathy 

gene and the Fabry disease gene, respectively, has implications for genetic counseling and treatment 

decisions in these patients. Ten additional patients carried variants of uncertain significance (VUS) in 

known (n=4) or putative (n=6) renovascular hypertension disease genes. Rare variant burden analysis 

yielded no further candidate genes.  

 

Conclusion: Recognized genetic contributors could be identified in 5 out of 37 children (14%) with 

renovascular hypertension, and included germline mutations in NF1, ELN and a deletion of 7q11.23. 

An additional 12 children (32%) had potentially causal variants identified. The study suggests that non-

genetic factors or mosaic mutations may play a larger role in the etiology of pediatric renovascular 

hypertension than genetic factors, and touches upon the benefits of centralizing the diagnostic work-up 

for this difficult disease. 
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Background 
Parathyroid hormone (PTH) is a key regulator of bone turnover. PTH can be oxidized in vivo, which 
impacts biological activity. Variable PTH oxidation may be hypothesized to contribute to the rather 
poor correlation of PTH with indices of bone turnover. Non-oxidized PTH may better reflect the 
hormonal function than currently measured intact PTH (iPTH). Therefore, we investigated whether n-
oxPTH would be superior compared to iPTH as indicator of bone turnover in ESRD. 
 
Methods 
Thirty patients with a wide range of bone turnover, as assessed by bone histomorphometry (BHM), 
were selected from an ongoing, prospective observational study in patients with ESRD 
(NCT01886950), that underwent bone biopsy. Both iPTH (Cobas, Roche Diagnostics, Rotkreuz, 
Switzerland) and n-oxPTH (A1112; Immundiagnostik AG, Bensheim, Germany) and in addition bone 
turnover markers (bone-specific alkaline phosphatase (BSAP), P1NP and tartrate-resistant acid 
phosphatase 5b (TRAP5b)) were assessed in blood samples taken at the time of the bone biopsy. 
Descriptive statistics, Pearson correlation, regression analysis and ROC curves were used to assess 
the discriminative ability of n-oxPTH vs iPTH to detect bone turnover. 
 
Results 
n-oxPTH and iPTH were strongly correlated (r=0.96; p<0.001) and n-oxPTH values were on average 
87% lower than iPTH values. Bone turnover, assessed by BHM (both static and dynamic measures) 
were strongly correlated with n-oxPTH and iPTH, e.g. bone formation rate r=0.65; p<0.001 and r=0.69; 
p<0.001, respectively. Bone turnover markers (BSAP, P1NP and TRAP5b) were also strongly and 
similarly associated with n-oxPTH and iPTH. The AUROC values for discriminating between low/non-
low turnover for n-oxPTH and iPTH were 0.81; p<0.01 and 0.86; p<0.01, respectively (Figure 1A). For 
high/non-high turnover the AUROC was 0.88; p<0.01 and 0.90; p<0.01, respectively (Figure 1B). 
 
Conclusions 
n-oxPTH was not superior compared to iPTH in discriminating between high/non-high and low/non-low 
turnover and also showed no stronger correlation to biomarkers of bone turnover. Therefore, we 
conclude that there is no added value of n-oxPTH for evaluating bone disease in ESRD patients 
receiving dialysis, using the currently available method. Since this method cannot distinguish partially 
form completely oxidized PTH, we cannot definitely rule out the possibility that oxidation of PTH has 
impact on bone turnover. 
 
Figure 1. 
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Background 
Alport syndrome (AS) is caused by mutations in the COL4A3-5 genes. X-linked AS (XLAS), due to 
mutations in COL4A5, is present in 65%, making it a predominantly male disease. XLAS carrier females 
can show a phenotype, 12% reaches end-stage renal disease (ESRD) at the age of 40 years, though 
disease severity is variable. Of the remaining patients, 15% have autosomal recessive (ARAS) and 20% 
dominant (ADAS) disease. 
In general, chronic kidney disease (CKD) increases the risk of pregnancy complications, e.g. 
preeclampsia, fetal growth restriction and (temporary) renal function decline. Reports on pregnancy 
outcomes in AS women are anecdotal, making pre-pregnancy counselling imprecise. Here, we present 
the first data of the largest case series on this topic to date (‘ALPART study’), which soon will include 
data of ~120 pregnancies from 15 centers worldwide. 
  
Methods 
We performed a retrospective cohort study of women with pathogenic mutations in COL4A3-5 who have 
been pregnant at least once. Data was retrieved from the patients’ files in three Dutch tertiary centers 
(UMCU, UMCG and AMC). We compared the pregnancy outcomes to a cohort of n=457 Italian patients 
weighed for CKD stage (Piccoli et al., 2015) and the perinatal registry in the Netherlands (n=159,924, 
2018). 
 
Results 
Table 1 shows data on the first 32 pregnancies from 18 women included in the ALPART study. Sixty-
nine percent (n=9) of the pregnancies started in CKD stage 1 and 31% (n=4) in stage 2. As for 
genotypes, 65% (n=11) had XLAS, 24% (n=4) ARAS, 12% (n=2) ADAS.  
Compared to the Italian general CKD population more women had a CKD stage shift, doubling of 
proteinuria and/or new-onset hypertension. Regarding fetal outcome, more babies were small for 
gestation age (SGA), though prematurity and NICU rates were lower. Notably, the prematurity and NICU 
admission prevalence were not significantly different in the general Dutch population. 
 
Table 1 - Maternal and fetal pregnancy outcomes of n=32 pregnancies (in n=18 women) with 
pathogenic mutations in COL4A3-5 compared to the matched Italian CKD stage 1-2 population 
and compared the general Dutch population.   

 Alport (%) (n / n reported 
in medical file) 

CKD stage 1 and 2 
(% out of n=457)  

General Dutch population 
(% out of n=159,924) 

Maternal outcomes during pregnancy    

CKD stage shift 36% (n= 4/11)  9%**  NR 

New onset or doubling of proteinuria 67% (n=6/9) 26%**  NR 

New-onset of hypertension 
(>140/>90mmHg)  

35% (n=7/20) 11%***  5%***  

Pre-eclampsia* 31% (n=9/29) NR 0.5%***  

Fetal outcomes    

Preterm delivery (<37 weeks GA) 13% (n=4/32) 32%*  7% (NS)   

SGA (birth weight <p10) 28% (n=9/32) 15%*  10%***  

Low Apgar score (<7 after 5 minutes) 0%   (n=0/29) NR 2% (NS)  

NICU admission (>48 hours) 0%   (n=0/29) 16%*  3% (NS)  

* = p < 0.05, ** p < 0.01, *** p < 0.001, statistical test: chi-square, CKD = chronic kidney disease, GA = gestational age, NICU = 
neonatal intensive care unit, NR = not reported, NS = not significant, SGA = small for gestational age, *pre-eclampsia defined as 
new onset of hypertension after gestational age >20 weeks and proteinuria of >0.3g/24u or according to the new ACOG 
definition (January, 2019).   
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Conclusion 
AS women more often have renal function decline during pregnancy compared to the Italian general 
CKD stage 1-2 population. SGA was more frequent than in other CKD patients, despite lower 
prematurity rates. One should note that our retrospective population consists of genetically diagnosed 
AS women, likely resulting in an overrepresentation of patients with a clinical phenotype (e.g. diagnosed 
with CKD or with clinically relevant hematuria). The ALPART study will allow for more tailored pre-
pregnancy counselling of women with AS in CKD stage 1-2. 
  
 
 
 
 


