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Assoc Prof Alwin Loh, Senior Consultant, Department of Anatomical Pathology, Singapore General Hospital

Dr Yap Jia Ying Celeste, Consultant, Department of Paediatrics, KK Women’s and Children’s Hospital

Dr Manu Chhabra, Senior Resident, Department of Paediatrics, National University Hospital

Dr Koh Chee Teck, Senior Resident, Department of Paediatrics, National University Hospital

Case 1

6 year old Indian boy

Trisomy 21 with autistic spectrum disorder  

• Painless specks of 
blood in urine 
with resolution

• Fever with cough  • Presented in clinic

• Gross haematuria, abdominal 
discomfort during urination (non‐
verbal) and fever

• No urinary symptoms

• No symptoms of hypertension or 
oliguria

• No autoimmune symptoms

• No family history of renal disease or 
hearing loss

On examination:

BP 105/68

Abdomen soft, non‐tender and no masses

No signs of fluid overload

1 Aug 23 11 Aug 19 Aug 20 Aug

Recurrent synpharyngitic gross haematuria

25 Aug

• Resolution of 
gross haematuria

Investigations

Haematuria and proteinuria
Urine RBCs 9/hpf (25% dysmorphic)
Urine protein/cr ratio 80mg/mmol
Urine albumin/cr ratio 42.5mg/mmol
Normal albumin

Raised creatinine
Creatinine 54umol/L (eGFR: 
78ml/min/1.73m2)

No anemia or cytopenias
Low C3 40mg/dL
Low C4 12mg/dL
Raised IgA 4.4g/L 
ASOT 200 IU/ml
ANA 1:80 (nucleolar)
Anti‐ds DNA and ANCA normal
Hepatitis B and C screen negative

KUB X‐ray: No radio‐opaque calculi
US kidneys: Right kidney 7.3cm and left 
kidney 6.8cm, normal

Whole exome sequencing: negative

• Parents were not keen for renal biopsy initially

• Had synpharyngitic gross haematuria in Dec 23

• Persistent mild renal impairment (Cr 50s), microscopic haematuria, proteinuria, low C3 and C4

Subsequent progress
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Diagnosis: C3 dominant mesangial and focal 
endocapillary proliferative glomerulonephritis

• Given 2 courses of IV pulse methylprednisolone

• Maintained on mycophenolate mofetil and oral prednisolone

• Had normalisation of creatinine and hypocomplementemia

• Had improvement in microscopic haematuria and resolution of 
proteinuria

• Subsequently defaulted follow‐up appointments

Subsequent progress

1. The renal biopsy 
from a child shows 
dominant glomerular 
C3 staining on 
immunofluorescence. 
Light and electron 
microscopic images 
are as shown. What is 
your diagnosis?

1. The renal biopsy 
from a child shows 
dominant glomerular 
C3 staining on 
immunofluorescence. 
Light and electron 
microscopic images 
are as shown. What is 
your diagnosis?

A. C3 glomerulonephritis
B. Post‐infectious glomerulonephritis
C. Dense deposit disease
D. Membranoproliferative 

glomerulonephritis
E. Lupus nephritis

1. The renal biopsy 
from a child shows 
dominant glomerular 
C3 staining on 
immunofluorescence. 
Light and electron 
microscopic images 
are as shown. What is 
your diagnosis?

A. C3 glomerulonephritis
B. Post‐infectious glomerulonephritis
C. Dense deposit disease
D. Membranoproliferative 

glomerulonephritis
E. Lupus nephritis

Glomerulonephritis with dominant C3

• C3 GN

• Infection‐related GN

• Atypical infection‐related GN

• MPGN with immune complex deposits

• Dense deposit disease

• Membranous‐like glomerulopathy with masked IgG‐kappa deposits

• FSGS with entrapped C3 in insudates
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Case 2

17 year old Malay girl 

Previously well

Acute nephritic syndrome with rapidly progressive 
glomerulonephritis

• Presented in May 24 with gross haematuria, 
oliguria, vomiting and intermittent 
headaches

• Systems review was unremarkable

• No family history of renal disease

• Had hypertensive urgency requiring IV 
labetalol and glyceryl trinitrate (GTN)

On examination:

BP: 180/116 mmHg 

Well thrived

Raised JVP

Hepatomegaly 2cm

Bilateral pedal edema up to shins

No rashes, lymphadenopathy or arthropathy

Haematuria and nephrotic‐range proteinuria
Urine RBC 29/hpf (33% dysmorphic)
Urine protein/cr ratio: 756mg/mmol
Urine albumin/cr ratio: out of detection limit
Albumin normal

Renal impairment
Urea 17.0mg/dL
Creatinine 729 umol/L
iPTH 44.1pmol/L

Hb 10.2 and no cytopenias
ESR 66  

C3 and C4 normal
ANA and anti‐ds DNA normal
ANCA negative
ASOT negative
Raised IgA: 4.6 g/L 
Anti‐GBM antibodies positive
Hepatitis B and C screen negative

CXR: normal
US kidneys: Right kidney 9.8cm and left 
kidney 10cm, increased echogenicity with 
loss of cortico‐medullary differentiation

Investigations

Underwent 
urgent diagnostic 

renal biopsy

IV pulse 
methylprednisolone
Rituximab
Plasmapheresis
IVIG
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IgA

Diagnosis: IgA nephropathy

Focal proliferative glomerulonephritis with 30% 
cellular/fibrocellular crescents and focal segmental 

glomerulosclerosis

• Received 3 doses of IV pulse 
methylprednisolone, 2 doses of IV 
rituximab and IVIG

• Received 6 sessions of plasmapheresis

• Maintained on mycophenolate mofetil 
and oral steroids

• Minimal improvement in serum 
creatinine ~700umol/L to  and 
proteinuria ~700mg/mmol

• Anti‐GBM subsequently negative

• Progressive renal failure with worsening 
fluid overload

• Initiated on intermittent haemodialysis 
in July 24
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Subsequent progress
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2. Which of the 
following is 
associated with 
dominant or co‐
dominant IgA 
immune deposits?

A. Primary IgA nephropathy
B. IgA vasculitis
C. Infection‐related glomerulonephritis
D. Hepatic glomerulosclerosis
E. All of the above 

2. Which of the 
following is 
associated with 
dominant or co‐
dominant IgA 
immune deposits?

A. Primary IgA nephropathy
B. IgA vasculitis
C. Infection‐related glomerulonephritis
D. Hepatic glomerulosclerosis
E. All of the above 

Factors associated with more aggressive disease or 
progressive renal injury

• MESTC

• Subendothelial deposits

• Positive glomerular IgG (co‐localisation with kappa associated with E1 & 
C1/2 lesions)

• Glomerular positivity for C4d

• Dysregulation of alternative complement pathway 

• Podocyte injury

• Hyperfiltration injury with glomerulomegaly

• Tubulointerstitial inflammation
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Case 3

13 year old Malay boy

Post‐renal transplant with end stage renal failure secondary to 
collapsing focal segmental glomerulosclerosis

• Diagnosed with 
nephrotic 
syndrome with late 
steroid resistance

• Progressive renal 
failure despite 
immunosuppressio
n (cyclosporine, 
mycophenolate 
mofetil and 
prednisolone)

• End‐stage renal 
failure

• Commenced on 
peritoneal dialysis

• Underwent cadaveric renal 
transplant in April 2016

• CMV positive to negative

• EBV positive to positive

2yrs old

Rising creatinine 4 years post‐transplant 

4yrs old 6yrs old

Post‐transplant complications

1. Acute tubular necrosis from reperfusion 
injury

2. Recurrence of FSGS: severe proteinuria 
and hypoalbuminemia immediately post‐

transplant
3. Antibody‐mediated injury

Highly sensitised pre‐transplant:

• 2 antigen matches

• Weakly positive B cell 
crossmatch

• 3 DSAs with MFIs ranging 
from 700 to 1800

• Given IV rituximab, IVIG 2g/kg 
and 10 cycles of 
plasmapheresis

Post‐transplant progress

UPCR
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Progress

Creatinine (umol/L) UPCR (mg/mmol)

Normalisation of creatinine: 57umol/L (eGFR: 
72ml/min/1.73m2) by POD 9

Initial proteinuria beyond detection limit > 24h UTP 
0.34g/day/1.73m2 on POD 46

7yrs old

Rising creatinine 4 years post‐transplant 

• 1 DSA (DR4 MFI 1800): 
received 3 doses of IVIG 
2g/kg from Jun to Oct 16

8yrs old

• 2 DSAs (DR4 and CW1: MFI 
1500‐3600): received 3 
doses of IVIG and IV 
rituximab from Aug to Sep 
17

Antibody‐mediated injury

11yrs old

• Rising creatinine from 

baseline of 60 to 85umol/L 

with no proteinuria

• Poor height velocity: plans to 

wean prednisolone to EOD

Concerns of chronic allograft 
rejection

Renal biopsy in Dec 
2020
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IgM/C3

Diagnosis: De novo pauci‐immune 
glomerulonephritis

• Given 6 courses of IV pulse methylprednisolone and IV rituximab

• Subsequent normalization of creatinine

Subsequent progress

3. Which of the 
following is most 
likely to produce 
lesion(s) that mimic a 
cellular crescent?

A. Polyomavirus nephropathy
B. Focal segmental glomerulosclerosis, tip 

variant
C. Focal segmental glomerulosclerosis, 

cellular variant
D. Collapsing glomerulopathy
E. Diabetic nephropathy 
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lesion(s) that mimic a 
cellular crescent?

A. Polyomavirus nephropathy
B. Focal segmental glomerulosclerosis, tip 

variant
C. Focal segmental glomerulosclerosis, 

cellular variant
D. Collapsing glomerulopathy
E. Diabetic nephropathy 
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Crescents in the renal biopsy

• Rare or few isolated crescents are fairly common

• Extracapillary proliferation of cells (parietal epithelial cells, podocytes, 
macrophages, fibroblasts) defines a crescent

• The 2003 ISN/RPS classification of lupus nephritis requires a cellular crescent 
to be 3 or more cell layers occupying 25% or more of the Bowman capsular 
circumference

• The 2016 revision of ISN/RPS lupus classification: extracapillary
hypercellularity involving 10% or more of Bowman capsular circumference

• Cellular crescent: more than 75% cells and fibrin, less than 25% fibrous matrix
• Fibrocellular crescent: 25 to 75% cells and fibrin, remainder fibrous matrix
• Fibrous crescent: more than 75% fibrous matrix, less than 25% cells and fibrin  

Crescents in the renal biopsy

• Crescentic glomerulonephritis defined as presence of crescents in ≥50% of 
glomeruli in a biopsy sample; constitutes an “urgent or significant 
unexpected diagnosis”

• Pauci‐immune GN 
• Most frequent cause in all age groups

• Anti‐GBM disease
• Most number of crescents which tend to be cellular and of similar age 

• Immune complex mediated
• Almost any immune complex mediated glomerulopathy can have crescents but 
glomeruli tend to be focally involved

• Lupus nephritis, IgA nephropathy/IgA vasculitis, post‐infectious GN, MPGN are 
common examples

Case 4

12 year old Chinese girl

Previously well

Microscopic haematuria and proteinuria with microangiopathic 
haemolytic anemia

• Presented in Jul 24 with fever, abdominal pain, 
vomiting, diarrhea, jaundice, dark‐coloured urine 
and gum bleeding

• Decrease in effort tolerance and lethargic

• No rashes, alopecia, joint pains

• No family history of renal, autoimmune or 
haematological conditions

On examination:

BP 120/70

Mild periorbital edema and facial swelling

Pale

Abdomen – soft, tender over peri‐umbilical area and 
no masses

Mild bilateral pedal edema

Haematuria and nephrotic‐range 
proteinuria
Urine RBCs 700 cells/Ul (36% 
dysmorphic)
Urine protein/cr ratio 320mg/mmol
Albumin 31g/L

Normal renal function

Investigations

Haemolytic anemia and thrombocytopenia
Anemia Hb 7.7g/Dl and thrombocytopenia 8 
x109/L
DCT 1+, raised LDH and low haptoglobin

ESR 85mm/hr
Low C3 34mg/dL
Low C4 4mg/dL
ANA >= 640 (homogeneous)
Anti‐ds DNA 70.0IU/ml
Anti‐Ro, anti‐La and anti‐Crithidia antibody
positive

Immune‐mediated thrombotic 
thrombocytopenic purpura

Low ADAMTS13 activity >2%
High antibodies to ADAMTS13 69

Renal biopsy in Jul 2024
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Diagnosis: Diffuse proliferative glomerulonephritis

consistent with diffuse (class IV) lupus nephritis.

Acute‐on‐chronic (organising) thrombotic 

microangiopathy. 

• Given 6 doses of IV pulse methylprednisolone, 5 sessions of plasmapheresis and 2 cycles of 
cyclophosphamide

• Maintained on hydroxychloroquine and oral prednisolone

• Normal C3 and improvement in C4 (10mg/L) with resolution of proteinuria

Subsequent progress

RBC

C4

UPCR

C3
200

700

4. Injury to which cell 
type is the most 
common cause of 
thrombotic 
microangiopathy?

A. Endothelial cell
B. Podocyte
C. Parietal epithelial cell
D. Mesangial cell
E. Smooth muscle cell 
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Pathophysiological approach to thrombotic 
microangiopathies

• Complement‐mediated

• Coagulation‐mediated

• Autoimmune‐mediated and transplant rejection‐related

• Metabolism‐associated

• Drug‐induced & radiation‐associated

• Shiga toxin‐associated

Pediatr Nephrol 26: 523–533, 2011
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Challenges in transplanting the young child: 

anaesthetic considerations

Dr Andrea Yap

Consultant Anesthesiologist

Al Jalila Children’s Hospital, Dubai

Content

• Case summary

• Management of intra‐operative issues

• MCQs

What makes this case so interesting?

1) Young child 

2) Aortic cross clamping

3) Significant blood loss (>1 circulating blood volume) and dilutional
coagulopathy

Case summary

Case summary

• 5 year old chinese female for living donor renal transplant (Donor 
characteristics: mother, weight 56.5kg, height 162cm)

• Weight: 13.5 kg (<3rd centile)

• Height: 98 cm (<3rd centile)

• Born at KKH at 34+1 weeks , BW 1910g

• Congenital nephrotic syndrome due to Denys‐Drash syndrome

Medical background

• Renal replacement therapy:

‐ Started on CRRT via right femoral line on D12 of life

‐ TK catheter insertion at 6 wks, initiated on PD 8 wks of life

• Developed peritoneal failure with initiation of haemodialysis by age 4

• Prophylactic bilateral nephrectomy at 1 year with PEG insertion
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Medical background

• Complications of CKD:

‐ Anaemia, on injectable erythropoietin and oral iron

‐ Mineral bone disease, on phosphate binders and oral calcijex

‐ Hypertension with early LVH, normal biventricular function

‐ Short stature, on growth hormone therapy

Investigations

• Hb 9.7 TW 9.6  Plt 226

• Na 136 K 4.0  Ur 14.2  Cr 549

• PT 9.9  PTT 22.7  INR 0.93

• Alb 33

• ECG: NSR

• CXR‐ no consolidation

ECHO 

• LVEF 65%

• Stable mild LVH

• Dilated aortic root

• Stable mild aortic and mitral regurgitation

Ultrasound abdominal vessels

• The infrarenal abdominal aorta measures 0.6 x 0.6 cm in axial dimension.

• The right CIA measures 0.5 x 0.4 cm in axial dimension.

• The abdominal aorta segment from inferior mesenteric artery (IMA) to 
aortoiliac bifurcation measures 7.6 x 6.7 mm in maximal axial dimension.

• The visualised infrarenal abdominal aorta, inferior vena cava, right 
common iliac artery and veins demonstrate normal Doppler waveforms.

Ultrasound peripheral vessels

• Features suggestive of partial / non‐occlusive thrombus around the 
vascular catheter in the right brachiocephalic vein.

• Right IJV is not visualised, probably occluded, with multiple venous 
collaterals noted in the vicinity, suggesting chronicity to the occlusion.

• Left IJV is small in calibre but grossly patent.
Intra‐op
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Anaesthesia

• Induced with propofol and fentanyl

• Paralysed with atracurium

• Maintenance anaesthesia with Propofol TCI and remifentanil

Airway and breathing

• Grade 1 intubation, size 5 cuffed ETT, cuff not inflated

• Secured at 14.5cm at lips

• Nil issues with ventilation intra‐op

Circulation

• Arterial and central line inserted

• BP 135mmHg at max (required vasopressors and vasodilators to 
support swings in BP)

• CVP maintained between 15‐20mmHg

Intra‐operative issues and management

1) Young child 

2) Aortic cross clamping

3) Significant blood loss (>1 circulating blood volume) and dilutional
coagulopathy

Summary of the surgical procedure done
• Living related renal transplant, retroperitoneal approach. 

• Vascular anastomosis ‐ The transplanted kidney was placed in the retroperitoneal space towards the empty right renal 
fossa. Graft renal vein (single) was anastomosed to the recipient common iliac vein with continuous sutures. The aorta 
below the takeoff of the inferior mesenteric artery and proximal to the bifurcation was utilised for the arterial 
anastomosis. Arterial anastomosis was performed end‐to‐side between the graft renal artery (single) to the recipient 
aorta with continuous sutures. 

• Ureteric anastomosis – The bladder was very small sized. Non tunnelled ureteric re‐implantation was performed full 
thickness ureter to full thickness bladder over a 4F DJ stent as there was no room on the bladder wall to tunnel the ureter. 
There was urine leak noted from the ureteric anastomosis and ureteric re‐implantation was re‐done immediately with no 
further leak. The transversus abdominus was not closed, only external and internal obliques were closed. 

• On table USG doppler showed good flow and waveforms in the renal vessels (main, upper and lower pole vessels).

• Ischemic times:
• Cold ischemic time: 110 min
• Warm ischemic time: 64 min

• Patient demonstrated urine output on table.

Aortic cross‐clamping

Cross clamp on increased afterload              hypertension             
vasodilators (e.g GTN)

Cross clamp release decreased afterload            hypotension, lactic 
acidaemia, myocardial ischaemia vasoconstrictors (e.g. Dopamine)
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Intra‐operative issues and management

1) Young child 

2) Aortic cross clamping

3) Significant blood loss (>1 circulating blood volume) and dilutional
coagulopathy

Massive blood loss

• Bleeding from veins in the perinephric fat of the graft kidney at the 
time of reperfusion and subsequently from another vein on the graft 

• Bleeding controlled surgically 

• Hb drop to 7

• PRBC and 5% albumin given to maintain haemodynamics Hb 9

Massive blood loss

• Later in the operation, there was diffuse oozing noted by surgeons

• ROTEM was done  Fibrinogen deficiency

• Total blood loss was estimated at around 1.7L

Fluids

• Total input 6.3L

• Output: blood loss 1.7L, urine output 1.5L

• Total intra‐op fluid balance +3.1L

What is a massive transfusion?

• Defined as replacement of >1 total circulating blood volume in 24 
hours, or

• >50% of total circulating blood volume in 4 hours

Treatment goals intra‐op

• Communication

• Know your thresholds (Hb drop targets, total blood volume)

• Early recognition of blood loss and intervention 

• Use of different blood products to correct coagulopathy
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Treatment goals

• Keep them warm

• Monitor acid‐base status

• Calcium (>1.1)

• Point of care testing

Rotational thromboelastometry

Calatzis, A et al. Rotem® Analysis Target Treatment of Acute Haemostatic Disorders 

How it works

Görlinger, K et al. Rotational Thromboelastometry (ROTEM®). P267‐298. Apr 2016

Post‐operative course

Post‐operative course

• Kept intubated post‐op (extubated on POD1)

• Borderline BP on arrival to PICU  190 ml 5% albumin given 

• Hb drop 7.8> 4.9, APTT 104.5, PT 19.3 PLT 52
Transfused 230ml FFP and 230ml platelet and 15ml/kg blood

• Post transfusion labs: Hb 7.5, PT 11.9, APTT 29.6, Plt 196
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Issues in PICU

• Post transplant ATN and tubulopathy (hypokalaemia, 
hypophosphataemia, hypomagnesaemia) 

• Brisk urine output requiring large volume urine replacement

• Required IV GTN infusion on POD2 and labetalol on POD4, weaned off 
by POD 7

• Duration of stay in PICU: 10 days

Post‐operative course

• Underwent bladder cycling followed by urinary catheter removal 4 
weeks later, no urine leak on US kidneys after catheter removal

• MAG3 scan 6 weeks post‐op showed well perfused, functioning 
kidney

Summary

1) Young child 

2) Aortic cross clamping

3) Significant blood loss (>1 circulating blood volume) and dilutional
coagulopathy

MCQs

MCQs

1. Which of the options below is not a physiological response to aortic 
cross‐clamp release?

a) profound hypotension

b) lactic acidaemia

c) myocardial ischaemia

d) an increase in mean arterial pressure

MCQs

1. Which of the options below is not a physiological response to aortic 
cross‐clamp release?

a) profound hypotension

b) lactic acidaemia

c) myocardial ischaemia

d) an increase in mean arterial pressure
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MCQs

2. What is the definition of a massive transfusion?

a) replacement of >50% total blood volume in 24 hours, or >50% of 
total blood volume in 4 hours 

b) replacement of >100% total blood volume in 24 hours, or >50% of 
total blood volume in 4 hours 

c) replacement of >50% total blood volume in 24 hours, or >25% of 
total blood volume in 4 hours 

d) replacement of >100% total blood volume in 24 hours, or >25% of 
total blood volume in 4 hours 

MCQs

2. What is the definition of a massive transfusion?

a) replacement of >50% total blood volume in 24 hours, or >50% of 
total blood volume in 4 hours 

b) replacement of >100% total blood volume in 24 hours, or >50% of 
total blood volume in 4 hours 

c) replacement of >50% total blood volume in 24 hours, or >25% of 
total blood volume in 4 hours 

d) replacement of >100% total blood volume in 24 hours, or >25% of 
total blood volume in 4 hours 
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Management of Vasculitis

Chapel Hill 2012; 1994
EULAR/PRINTO/PRES 2006; 2010

Suspecting vasculitis

• Fever, weight loss, fatigue

• Palpable purpura, fixed urticaria, 

livedo, nodules, ulcers

• Headache, mononeuritis multiplex, 

focal lesions

• Arthralgia/arthritis, myalgia, 

serositis

• Hypertension, hematuria, AKI

• Pulmonary infiltrate, hemorrhage

• Myocardial ischemia, arrhythmias

• High ESR, C-RP

• Leukocytosis, anemia, 

thrombocytosis

• Eosinophilia

• Hematuria, proteinuria

• Antineutrophil cytoplasmic 

antibodies

• High F-VIII antigen (vWF)

• Cryoglobulinemia

• Circulating immune complexes

#1. 11‐yr boy; fever 20 d, cola‐colored urine 5 days

Oliguria, anasarca 3 days

No sore throat; pyoderma; arthralgia

Cough 4 d; no hemoptysis; dyspnea

48 kg (1.4 SDS); 153 cm (1.2 SDS)

30 breaths/min; 136/84 mm Hg

Mammary, axillary crepitations

Soft liver 4 cm; span 12 cm

Hemoglobin 7 g/dl; no schistocytes; retics 4%

White cells; platelets 12,000; 436,000/mm3

Urea; creatinine 142; 4.1‐5.3 mg/dL

Na+; K+ 127; 4.9 mEq/L

Protein; albumin 5.1‐5.5; 2.7‐2.9 g/dL

Urinalysis 4+ protein; RBC; casts

Urine PCR 5.8‐6.8 mg/mg

C3; C4; ANA: 135; 38 mg/dL; negative

Viral serologies, SARS‐CoV2: Negative

c‐ANCA Positive; PR3‐ANCA 233 IU/mL 

P‐ANCA negative;MPO‐ANCA negative

Next most appropriate management?

Initiate hemodialysis, kidney biopsy &

1. IV methylprednisolone

2. IV cyclophosphamide

3. Plasma exchanges

4. Await biopsy results, decide

#1. 11‐yr boy; fever 20 d, cola‐colored urine 5 days

Oliguria, anasarca 3 days

No sore throat; pyoderma; arthralgia

Cough 4 d; no hemoptysis; dyspnea

48 kg (1.4 SDS); 153 cm (1.2 SDS)

30 breaths/min; 136/84 mm Hg

Mammary, axillary crepitations

Soft liver 4 cm; span 12 cm

Hemoglobin 7 g/dl; no schistocytes; retics 4%

White cells; platelets 12,000; 436,000/mm3

Urea; creatinine 142; 4.1‐5.3 mg/dL

Na+; K+

127; 4.9 mEq/L

Protein; albumin 5.1‐5.5; 2.7‐2.9 g/dL

Urinalysis 4+ protein; RBC; casts

Urine PCR 5.8‐6.8 mg/mg

C3; C4; ANA: 135; 38 mg/dL; negative

Viral serologies, SARS‐CoV2: Negative

c‐ANCA Positive; PR3‐ANCA 233 IU/mL 

P‐ANCA negative;MPO‐ANCA negative

Next most appropriate management?

Initiate hemodialysis, kidney biopsy &

1. IV methylprednisolone

2. IV cyclophosphamide

3. Plasma exchanges

4. Await biopsy results, decide

IgA IgG

IgM C3

Pauci‐immune necrotizing crescentic glomerulonephritis

IV Methylprednisolone 30 mg/kg for 6 d; prednisone 1 mg/kg/d
IV Cyclophosphamide 500 mg/m2 q 3‐4 wk x 6

PEX 1‐1.5 volumes; daily then alternate days (total 7)

Low dose prednisone x 6‐12 months
Mycophenolate mofetil (1000 mg/m2) x 3‐4 years

Granulomatosis with polyangiitis
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Trials in AAV Principles of therapy
2024

Relapse: Reinduction with RTX
Discontinue if dialysis ≥3 months & no extrarenal features
Transplant: Delay ≥6 months after remission, irrespective of ANCA

MTX
MMF

Plasma exchange: Creatinine >3.4 mg/dl; requires dialysis; diffuse 
alveolar hemorrhage with hypoxemia; overlap AAV & anti‐GBM 

disease

Medications for induction therapy
ANCA‐negative pauci‐immune crescentic GN (25%): Proteinuria, 
less extrarenal involvement, unsatisfactory outcome KI Reports 2023

Meta‐analysis (n=301; 14 studies): Similar data
UK. Kidney360 2023;4:69‐77

Pediatric AAV: Induction, maintenance

SHARE 2019 CARRA CTP 2021

Induction

Steroids Prednisone IV pulses; oral std. dose

Other
therapies

IV > oral cyclophosphamide (CYC) IV > oral CYC
RTX (refractory AAV, CYC 
toxicity); do not combine

PEX Yes Physician discretion

Maintenance 1st line 
2nd line

AZA/MTX/MMF/RTX
MMF/RTX/IVIG/TCZ/TNF block

AZA/MTX; RTX for 24-48 
months; discretion

Rheumatol 2019;58:656‐71
Arthritis Care Res 2022;74:1550‐58

IgA vasculitis: 14-20/100,000 school children

Palpable purpura 100%, arthritis 68%, abdomen pain 53%, 
nephritis 30-50%; recurrences 30-40%

Peak incidence 4-6 yrs (M:F 1.5:1)

Renal involvement in 6 months of onset ~95%; mild in most

Hematuria & proteinuria; nephritic, nephrotic syndrome <20%; 
ESKD 1-2%

Validated (N=872 <18-yr): 100% sensitivity & 87% specificity

Screen urine for 6‐12 months



Dr Arvind Bagga 6/9/2024

3

Management
Supportive…. analgesics

Corticosteroids: not indicated for mild cases

Indications for corticosteroids

• Severe GI disease, hemorrhage; orchitis

• Pulmonary hemorrhage, cerebral vasculitis

Prednisone 1-2 mg/kg/day for 2 weeks; taper 2 weeks

Prophylactic steroids do not prevent nephritis

Kidney biopsy

Significant proteinuria

Impaired GFR

#2. 6‐yr‐old girl; abdominal pain, melena 7‐d; rash 3 d

No hematuria, oliguria, arthralgia, rash

Heart rate 96/min; 126/84 mm Hg

Mild pallor; pedal edema

Hemoglobin 10 g/dl; normocytic

Platelets  538,000 /mm3

Urea, creatinine 16; 0.4mg/dL

Na+, K+ 130; 4 mEq/L

Protein, albumin   5.5; 3.0 g/dL

Urinalysis 1‐2+ protein; 5‐8 RBC

Urine PCR  0.6‐0.7 mg/mg

24‐hr protein  450‐500 mg/day

C3; C4  168; 19 mg/dL
ANA, HBsAg, anti‐HCV  Negative

Most appropriate next step?

1. Paracetamol; urinalysis q 2‐wk

2. Oral prednisolone x 2 weeks

3. Oral prednisone, ACEi

4. Kidney biopsy

#2. 6‐yr‐old girl; abdominal pain, melena 7‐d; rash 3 d

No hematuria, oliguria, arthralgia, rash

Heart rate 96/min; 126/84 mm Hg

Mild pallor; pedal edema

Hemoglobin 10 g/dl; normocytic

Platelets  538,000 /mm3

Urea, creatinine 16; 0.4mg/dL

Na+, K+ 130; 4 mEq/L

Protein, albumin   5.5; 3.0 g/dL

Urinalysis 1‐2+ protein; 5‐8 RBC

Urine PCR  0.6‐0.7 mg/mg

24‐hr protein  450‐500 mg/day

C3; C4  168; 19 mg/dL
ANA, HBsAg, anti‐HCV  Negative

Most appropriate next step?

1. Paracetamol; urinalysis q 2‐wk

2. Oral prednisolone x 2 weeks

3. Oral prednisone, ACEi

4. Kidney biopsy

#3. 6‐yr‐old girl; IgA vasculitis

What is the most appropriate management?

ISKDC Class IIIa focal 
mesangial proliferation 
with crescents, sclerosis

M1E1C1S1T0

1. Prednisolone, taper over 6‐months

2. Prednisolone + PO cyclophosphamide x 12‐wk

3. Prednisolone + cyclophosphamide; then 
azathioprine/MMF

4. IV methylprednisolone + rituximab (2 doses); 
then azathioprine/MMF

#3. 6‐yr‐old girl; IgA vasculitis

What is the most appropriate management?

ISKDC Class IIIa focal 
mesangial proliferation 
with crescents, sclerosis

M1E1C1S1T0

1. Prednisolone, taper over 6‐months

2. Prednisolone + PO cyclophosphamide x 12‐wk

3. Prednisolone + cyclophosphamide; then 
azathioprine/MMF

4. IV methylprednisolone + rituximab (2 doses); 
then azathioprine/MMF

Severity Definition SHARE 2019 KDIGO 2024

Mild IgAVN Normal eGFR, UPCr

<2.5; minimal change,

mesangial proliferation

1st Prednisone

2nd AZA/MMF/CsA if 

proteinuria >4‐wk

Up >0.5 g: ACEi/ARB

Proteinuria persists: 

Consider prednisone

Moderate 

IgAVN

<50% crescents; eGFR

<80, or UPCr >2.5 (>4 

weeks)

1st Prednisone, IV MP 

2nd AZA/MMF/CP 

(ISKDC class III, more)

Proteinuria: Steroids

Crescents & no RPGN: 

No more therapy 

Severe 

IgAVN

>50% crescents; eGFR

<80 or UPCr >2.5 (>4 

weeks)

Induction IV CP, IV MP

Maintenance

AZA/MMF, prednisone

Treat similar to ANCA 

associated vasculitis

IgA vasculitis with nephritis: Comparing guidelines

IPNA guidelines 2024
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#4. 12‐yr; fever, pain abdomen, weight loss 3 months

Myalgia, large joint arthralgia; blood pressure 130/86 mm Hg

Hb 11 g/dl, TLC 27000, platelets 620000/cu mm, ESR 50 mm

Urine: 1+ protein; hyaline casts

Creatinine 0.7 mg/dl; albumin 4 g/dl, SGOT, SGPT normal

Antinuclear factor, ANCA negative; C3 100 mg/dl

What diagnostic test would you perform?

1. Kidney biopsy

2. Standard skin punch biopsy

3. CT angiography

4. Sequencing ADA2, MEFV, SAVI

#4. 12‐yr; fever, pain abdomen, weight loss 3 months

Myalgia, large joint arthralgia; blood pressure 130/86 mm Hg

Hb 11 g/dl, TLC 27000, platelets 620000/cu mm, ESR 50 mm

Urine: 1+ protein; hyaline casts

Creatinine 0.7 mg/dl; albumin 4 g/dl, SGOT, SGPT normal

Antinuclear factor, ANCA negative; C3 100 mg/dl

What diagnostic test would you perform?

1. Kidney biopsy

2. Standard skin punch biopsy

3. CT angiography

4. Sequencing ADA2, MEFV, SAVI

Classification criteria for childhood polyarteritis nodosa

Necrotizing vasculitis in medium/small arteries, OR 
angiographic abnormalities (aneurysm, occlusion, stenosis) 
plus one of the following:

• Skin involvement (livedo reticularis, nodules, infarcts)

• Myalgia or muscle tenderness

• Systemic hypertension

• Peripheral neuropathy (sensory, motor)

• Kidney involvement (proteinuria, hematuria, eGFR <50%)

ADA2 associated PAN: Young age; family history; livedo +++; 

ischemic stroke; leukopenia, thrombocytopenia; low IgA, IgM, IgG

TNF‐inhibitors, thalidomide, early HSCT, gene therapy

AZA, MTX, 
MMF

FFS >1

Aspirin
6 months

18‐24 months

Adequate therapy of PAN: Satisfactory outcomes

Permanent cure can be anticipated in children

PVAS (pediatric vasculitis activity score) disease activity

Five factor score (FFS) predicts 5-yr mortality [severe GI 
involvement, creatinine >1.6 mg/dl, proteinuria >1 g/d, heart disease, CNS disease] 

0=12%; 1=26%; 2=46%

Steroid & cytotoxic therapy: 5-yr survival ~90%

Refractory disease: TNF-, IL-6 blockers; tofacitinib, 
IVIG
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Mandatory

Abnormalities (conventional, 
CT, MR angiogram)

One of 5 criteria

Pulse deficit, claudication 
extremities

Blood pressure discrepancy 
limbs >10 mm Hg

Bruit aorta, major branches

Systolic/diastolic hypertension

Elevated ESR or CRP

EULAR/PRES 2005

#5. 14-yr-old girl Takayasu arteritis; stage II 
hypertension, left ventricular hypertrophy

CBC, creatinine normal
Na 125-126; K 3.1-3.3 mEq/L
Tuberculin 18 mm
Urinalysis 1+ protein

Apart from antihypertensives, the most 
appropriate initial therapy is:

1. Prednisone & antitubercular agents

2. High dose prednisone & MMF/AZA/MTX

3. Low dose prednisone & tocilizumab

4. Low dose prednisone & TNF inhibitors

#5. 14-yr-old girl Takayasu arteritis; stage II 
hypertension, left ventricular hypertrophy

CBC, creatinine normal
Na 125-126; K 3.1-3.3 mEq/L
Tuberculin 18 mm
Urinalysis 1+ protein

Apart from antihypertensives, the most 
appropriate initial therapy is:
1. Prednisone & antitubercular agents
2. High dose prednisone & 

MMF/AZA/MTX
3. Low dose prednisone & tocilizumab
4. Low dose prednisone & TNF inhibitors

Managing childhood vasculitides

• Classification criteria, serology enable accurate 
diagnosis

• Therapies extrapolated from large studies in adults

• Recognition & appropriate therapy: Satisfactory 
outcomes

• IgA vasculitis, Kawasaki disease, PAN: Focused 
studies in children
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Difficult-to-Treat
Nephrotic Syndrome

#1. 2‐yr girl, onset of nephrotic syndrome

Oliguria, pedal edema, ascites

Pulse 94/minute; breaths 22/min; 90/70 mm Hg

Urine protein 3‐4+; no red cells or leukocytes; few hyaline casts

Urea 40, creatinine 0.34 mg/dl; albumin 1.9 g/dl; Na+ 134, K+ 3.8 mEq/L

Hb 13.0 g/dl, PCV 40; TLC 11800/cu mm, platelets 170000/cu mm

Further evaluation, include all EXCEPT:

1. Urine protein to creatinine ratio

2. Tuberculin test

3. Vaccination status, serology (if possible)

4. Ultrasound abdomen

#1. 2‐yr girl, onset of nephrotic syndrome

Oliguria, pedal edema, ascites

Pulse 94/minute; breaths 22/min; 90/70 mm Hg

Urine protein 3‐4+; no red cells or leukocytes; few hyaline casts

Urea 40, creatinine 0.34 mg/dl; albumin 1.9 g/dl; Na+ 134, K+ 3.8 mEq/L

Hb 13.0 g/dl, PCV 40; TLC 11800/cu mm, platelets 170000/cu mm

Further evaluation, include all EXCEPT:

1. Urine protein to creatinine ratio

2. Tuberculin test

3. Vaccination status, serology (if possible)

4. Ultrasound abdomen

Steroid sensitive Complete remission within 4‐6‐weeks’ prednisone treatment

Frequent relapses Relapses >2 in first 6‐months, >3 in any 12‐months

Dependence >2 consecutive relapses on/in <2‐wk of discontinuing prednisone

Significant toxicity Hyperglycemia; obesity; stunted; glaucoma, cataract; myopathy; psychosis

Difficult‐to‐treat Frequent relapses or significant toxicity & failing ≥2 strategies

Relapses in 72%; frequent in 50%
Prednisone 60 mg/m2/d till remission; 40 mg/m2/alt. d for 4 wk

No benefit of prolonged taper

PROPINE; AIIMS; RESTERN

CJASN 2020; KI 2020; Pediatr Nephrol 2021

LEARNS Consortium Pediatrics 2021

54 studies; relapse 72% (95% PI 39‐96)

1945 & 2011: Reduced risk 87.4% to 66.2%

Frequent relapses: Alternate-day prednisone
Concern in developed countries

Pediatr Nephrol 2019;34:829‐35

Satisfactory remission (remission; infrequent relapses): 43‐92%

Risk of corticosteroid toxicity 

Prednisone @ 0.5-0.7 mg/kg AD for 9-12 months

Intervention 0.26±0.02 mg/kg/d Control 0.5±0.1 mg/kg alt. day

CTRI/2019/01/017091
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Daily prednisone during infections
Author, yr Study Category N

Mattoo 2000 Non‐randomized, prospective Frequent relapses 36

Abeyagunawardena 2008 Placebo‐controlled cross‐over Infrequent 40

Abeyagunawardena 2017 Placebo‐controlled cross‐over ≥2 relapses per yr 48

AIIMS, 2011 Open label RCT Frequent relapses 100

*PREDNOS 2, 2021 Placebo‐controlled, multicenter ≥2 relapses per yr 365

Prednisolone 15 mg/m2 x 6 d during URTI *Adjusted risk difference: ‐0.024, 95% CI ‐0.14 to 0.095; P=0.7

Alkylating agents reduce relapses by ~56%
Cochrane 2020: RR 0.44; 0.32‐0.60

Better in FR & children >5‐8 yrReview 38 studies (n=1504)
Relapse free survival 2 yr 5 yr
Frequent relapses 72% 36%
Dependence 40% 24% Pediatr Nephrol 2001; CRD42021241332

Sustained remission & reduced relapses

Levamisole: Steroid sparing; safe
Cochrane 2020: 8 RCT [n=474]; RR 0.52 (95% CI 0.33, 0.82)

Better in frequent relapsers

N=99; Kidney Int 2018

Levamisole ADR with long term use
Psychiatric (OR 1.4); hepatobiliary (2); vasculitis (7); 
encephalopathy (22); hematological, rashes     VigiBase. Br J Clin Pharmacol 2022

Cocaine‐levamisole associated vasculitis Rheumatol Int 2019

Limb ischemia, gangrene; 
toe autoamputation
Indian J Rheumatol 2021

N=1391; 33 reports KI 2018

Leukopenia 3.7% 6%

GI upset 2.4%

Arthritis ‐ 2%

Other 5.7% 10%

J Clin Med 2019

MMF: Steroid sparing; use right dose
MMF not superior to levamisole

KI 2019;95:210

MMF more effective in young
Pediatr Nephrol (2016) 31:2095–2101

N=96; MMF 1063‐1100 mg/m2/day

Better: Young; short disease course

Larkins et al, 2020

6 RCTs; 269 participants

Reduced risk of relapse
@ 6‐months: RR 0.23 (0.1‐0.4)
@ 12‐months: RR 0.63 (0.4‐0.9)

Moderate certainty evidence

Two doses ~ optimal KI 2020;97:393

Age 11.2+4 yr

RTX : High likelihood of relapse at 6‐24 months

I. Add MMF: JSKDC07; RITURNS II; RITUXIVIG

II. Repeat @ CD19 recovery; sequential

III. Re‐dose @ relapse

Sequential Therapy

RTX 375 mg/m2 x 2 doses

SDNS q 12‐month

CNI dependence q 6‐month
Data from Korea; Multicenter survey
Pediatr Nephrol 2024; JASN 2022

Steroid and/or CNI‐dependent nephrotic syndrome

Steroid sensitive disease: Failed ≥2 alternative therapies [n=127]

Steroid resistance: Prolonged CNI therapy; CNI toxicity [n=123]

2015‐19 NDT 2022

Sustained remission

~3‐yr in steroid sensitive
~2‐yr in steroid resistant

Frequent relapses

~10% at 2‐yr; 25% at 5‐yr
More if steroid resistant (P=0.08)
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RTX associated low IgG 25‐35%; persistent 10‐15%

Overall  (I^2 = 97.7%, p = 0.000)

Chan  2019 (56/400)

Fujinaga 2010 (0/10)

Present work 2022 (62/177)

Fujinaga 2019 (4/6)

Kamei 2017 (0/51)

Guigonis 2008 (4/22)

Parmentier 2020 (46/107)

Fujinaga 2016 (9/60)

Delbe-Bertin 2012 (12/28)

Chan 2022 (147/250)

Fujinaga 2020 (20/74)

Study

Marzuillo 2019 (11/20)

Kimata 2013 (1/5)

Bertrand 2021 (1/24)

Ravani 2015 (8/15)

Bagga 2007 (0/5)

Inoki 2021 (45/90)
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0.00 (0.00, 0.28)

0.35 (0.28, 0.42)

0.67 (0.30, 0.90)

0.00 (0.00, 0.07)

0.18 (0.07, 0.39)

0.43 (0.34, 0.52)

0.15 (0.08, 0.26)

0.43 (0.27, 0.61)

0.59 (0.53, 0.65)

0.27 (0.18, 0.38)

ES (95% CI)

0.55 (0.34, 0.74)
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0.53 (0.30, 0.75)
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0.28 (0.17, 0.39)

0.14 (0.11, 0.18)

0.00 (0.00, 0.28)

0.35 (0.28, 0.42)

0.67 (0.30, 0.90)

0.00 (0.00, 0.07)

0.18 (0.07, 0.39)

0.43 (0.34, 0.52)

0.15 (0.08, 0.26)

0.43 (0.27, 0.61)

0.59 (0.53, 0.65)

0.27 (0.18, 0.38)

ES (95% CI)

0.55 (0.34, 0.74)

0.20 (0.04, 0.62)

0.04 (0.01, 0.20)

0.53 (0.30, 0.75)

0.00 (0.00, 0.43)

0.50 (0.40, 0.60)

100.00

6.67

6.57

6.52

3.61

6.71

5.80

6.38

6.40

5.58

6.57

6.32

Weight

5.22

3.85

6.46

4.85

6.19

6.31

  
000 .903

Important risk factors

• Pre-existing low IgG; low IgM, low IgA

• Steroid resistance; autoimmune CNS disease; GPA; stem cell Tx

• Younger age @ administering rituximab; <6-10 yr

• Prior cyclophosphamide & high steroids; later MMF, purine analogs

• Multiple RTX courses (>8 infusions)

Pediatr Nephrol 2019; Pediatr Nephrol 2022; Pediatr Nephrol 2023; Ann Allergy Asthma Immunol 2023; JASN 2022; Sinha. NDT 2022

Low IgG 62/177 (35%) n % (95% CI)
Moderate (100‐300 mg/dL) 11 6.2 (4‐11)

Severe (<100 mg/dL) 4 2.3 (1‐6)

8633 adults: 19% low IgG
JAMA Netw Open 2018

ESPN 2022; n=1328
47‐61% had low IgG; 33 severe infections
Pediatr Nephrol 2023;38:3035

Moderate, severe ~6%
Pediatr Nephrol 2023

ISPN 2021

Choice: Severity, AE, age, cost, parent preference

*Avoid cyclophosphamide: <5‐7 yr; peri‐pubertal boys

*Avoid RTX in the young

Difficult-to-treat disease

Attention to adverse effect monitoring

#2. 4‐yr boy; nephrotic syndrome @ 2‐yr of age

Frequent relapses (3 in 12 months); recent relapse; now remission

Compliance erratic; relapses @ 0.6‐0.8 mg/kg alt. day

92 cm (‐2.5); 16 kg (‐0.03); BMI 19 (2.2); Cushingoid; 108/68 mm Hg

No cataract; creatinine 0.33 mg/dl; albumin 2.5 g/dl

What is the next most appropriate therapy?

Counsel regarding compliance….

Taper corticosteroids; therapy with

1. Cyclophosphamide for 12 weeks

2. Levamisole for 1‐2 yr

3. Mycophenolate mofetil for 1‐2 yr

4. Tacrolimus for 1‐2 yr

#2. 4‐yr boy; nephrotic syndrome @ 2‐yr of age

Frequent relapses (3 in 12 months); recent relapse; now remission

Compliance erratic; relapses @ 0.6‐0.8 mg/kg alt. day

92 cm (‐2.5); 16 kg (‐0.03); BMI 19 (2.2); Cushingoid; 108/68 mm Hg

No cataract; creatinine 0.33 mg/dl; albumin 2.5 g/dl

What is the next most appropriate therapy?

Counsel regarding compliance….

Taper corticosteroids; therapy with

1. Cyclophosphamide for 12 weeks

2. Levamisole for 1‐2 yr

3. Mycophenolate mofetil for 1‐2 yr

4. Tacrolimus for 1‐2 yr

#3. 5‐yr; mycophenolate mofetil 1100 mg/m2/d

Prednisone off at 5‐months; 2 relapses in last 6‐months

Hospitalizations: Hypovolemia, peritonitis

95 cm (‐3.03); 20 kg (0.62); BMI 22.2 (3.48); subcapsular cataract

Creatinine 0.43 mg/dl; albumin 3.0 g/dl; glucose 88; IgG 188 mg/dl

MMF failure; difficult‐to‐treat nephrotic syndrome; dependence

What is the next most appropriate therapy?

1. Cyclophosphamide for 12 weeks

2. Daily therapy with levamisole

3. Tacrolimus for 2‐yr

4. Sequential rituximab doses

#3. 5‐yr; mycophenolate mofetil 1100 mg/m2/d

Prednisone off at 5‐months; 2 relapses in last 6‐months

Hospitalizations: Hypovolemia, peritonitis

95 cm (‐3.03); 20 kg (0.62); BMI 22.2 (3.48); subcapsular cataract

Creatinine 0.43 mg/dl; albumin 3.0 g/dl; glucose 88; IgG 188 mg/dl

MMF failure; difficult‐to‐treat nephrotic syndrome; dependence

What is the next most appropriate therapy?

1. Cyclophosphamide for 12 weeks

2. Daily therapy with levamisole

3. Tacrolimus for 2‐yr

4. Sequential rituximab doses
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Trautmann ’15 Sadowski ‘15 Bierzynska ‘17 Wang ’17 Warejko ‘18 Nagano ‘20 Cheong ‘20

277/1174

24%
526/1783

30%
49/187

26%
34/120

28%
85/300

28%
69/230

30%
127/291

43%
NPHS2 50% NPHS2 34% NPHS1 29% COQ8B 24% NPHS1 15% WT1 25% WT1 24%

WT1 17% NPHS1 25% NPHS2 25% NPHS1 21% PLCE1 13% NPHS1 12% COQ6 9%

NPHS1 15% WT1 16% WT1 8% WT1 21% NPHS2 9% INF2 12% NPHS1 9%

SMARCAL 4% PLCE1 7% NUP107 8% NPHS2 12% SMARCAL 9% TRPC6 10% NUP107 7%

PLCE1 4% LAMB2 4% TRPC6 6% LMX1B 6% LAMB2 7% LAMB2 9% COQ8 6%

Genetic basis ~25%

DRAGoN Network Clin Genet 2022

183 patients
Pathogenic variants 14%
COL4A4, COL4A5 5%

Nanjing Univ Kidney Dis 2024

114 patients; 2018‐22
Causative variants in 31%
WT1, NPHS1, ADCK4, ANLN

Pediatric Renal Biology Program
Monogenic cause [90/355] 25% (21, 30)
NPHS2, COL4A5‐A4, WT1, PLCE1, NPHS1, others 

#4. 4‐yr girl; onset @ 3‐yr; initial steroid resistance

Anasarca, oliguria; 110/76 mm Hg

Developmental delay; no hematuria

Urinalysis: 3+ protein, 3‐5 red cells

Urine PC 4.8 mg/mg; 24‐hr 2.1 g

Blood counts normal

Creatinine 0.5 mg/dl; albumin 2.4 g/dl

TSH 8 mU/L; LDL 170 mg/dl

Most appropriate therapy?

Alt. day prednisone, ACEi &

1. Rituximab 2‐4 doses

2. Tacrolimus orally

3. IV cyclophosphamide pulses

4. Mycophenolate mofetil

#4. 4‐yr girl; onset @ 3‐yr; initial steroid resistance

Anasarca, oliguria; 110/76 mm Hg

Developmental delay; no hematuria

Urinalysis: 3+ protein, 3‐5 red cells

Urine PC 4.8 mg/mg; 24‐hr 2.1 g

Blood counts normal

Creatinine 0.5 mg/dl; albumin 2.4 g/dl

TSH 8 mU/L; LDL 170 mg/dl

Most appropriate therapy?

Alt. day prednisone, ACEi &

1. Rituximab 2‐4 doses

2. Tacrolimus orally

3. IV cyclophosphamide pulses

4. Mycophenolate mofetil

CNI: 50‐70% complete, partial remission

Response by 8-12 weeks
Relapses ~70% on stopping therapy

KDIGO: Assess response @ 6‐months; stop if no response

Minimum 12‐months if response; usually 2‐3 years

Interventions for FSGS Cochrane 2022: CD003233

CsA + Prednisone: Complete remission (RR 2.3; 1.1, 4.7); 
remission (RR 1.6; 1.1, 2.4) [4 studies; n=231]

Efficacy CsA ~ tacrolimus

PodoNet (N=1354) JASN 2017

Referred back for no response @ 3, 6 months

Persistent proteinuria
Non‐response

Compliance checked
Trough levels fine

Steroid & CNI resistance

102 cm (‐2.8); 13.5 kg (‐2.7); BMI 13.5 (‐1.1)

Heart rate 94/min; 100/63 mmHg

Increased intercanthal distance, flat nasal bridge

Parental segregation was confirmed [exon 2 mum; exon 1 dad]

Rituximab ~35-40% partial, complete remission
Initial resistance 54/123 (44%); late 45/78 (58%)
FSGS 54/130 (42%); minimal change 49/77 (64%)

N=146; retrospective; 78 initial resistance; FSGS 57%
RTX: CR/PR 35% over 6‐12 months  Ped Nephrol 2020; Chan & Tullus 2024

Modest efficacy of RTX in CNI resistance

RTX in FSGS & MCD (adults) BMC Nephrol 2020

16 studies (221); remission FSGS 54%; MCD 80%
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Not promising yet, ….
ACTH For membranous nephropathy, FSGS

ATLANTIS (NCT02132195) CJASN 2018; 13 (12): 1859‐65

RCT (China, NCT02972346); 3‐12 yr for SDNS/SRNS

Abatacept (CTLA‐4‐Ig) Binds to CD80; inhibits T cell activation 

Remission (Yu 2013); not replicated 24/25; NCT02592798

Adalimumab FONT I & II BMC Nephrol 2015

LDL apheresis POLARIS benefit; needs confirmation

Dapagliflozin [CTRI/2022/04/042032] Limited efficacy in reducing 
proteinuria in adolescents with proteinuric CKD receiving ACEI

NCT02235857 Drug resistant, recurrent FSGS

Baseline evaluation
Genetic testing* in specific settings

Kidney biopsy, except specific settings

Monogenic# Non-genetic disease; genetic testing not indicated

ACE inhibitors, ARB
Supportive management

Counsel about high risk of kidney failure

Prepare for KRT^

#Genetic counseling for prenatal 
testing, donor evaluation

CNI + tapering steroids
ACE inhibitors; supportive management 

Non-response Complete, partial remission

CNI inhibitors for ~2-yr
Taper steroids over 6-9 months
Monitor eGFR, adverse effects

Disease relapses
Treat with steroids; titrate CNI
Switch to rituximab or MMF

Rule out genetic disease

Counsel family; consider 
rituximab, other options

Non-response Remission

Withdraw immunosuppression

Assess response @ 6 mo

Steroid resistant nephrotic syndrome
Indian Pediatrics 2021

CoQ10

SGLT2 inhibitors
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Beyond treatment plans………
Ms Cheng Peizhi, Senior Medical Social Worker

Ms Suraya Ya’akub, Senior Child Life Therapist

Content
• Introduction to the Patient Support Team

• Role & Intervention Models

• Case Study 1 ‐ Alfred

• Case Study 2 ‐ Nikki

Medical Social Work

Models:

• Bio‐psycho‐social‐spiritual model

• Systems Theory

• Ecological Model

• Life Development Theory

• Family Centered Approach

• Strengths‐based Approach

Role:

• Provision of ongoing and holistic case assessment and intervention

• Mitigate impact of end‐stage kidney disease and treatment upon patient and family

• Support treatment maintenance 

• Empower patient in the pursuit of life's goals and milestones

Visual example of step‐by‐step blood taking 

01
Purple strap wrapped around 
your preferred arm. 

It feels like a squash and a 
squeeze! 

EMLA or pain numbing cream is 
applied on different parts of 
your arms. 

Let’s wait for 30 minutes to let 
the cream work! 

Reference : www.emla.co.nz

02
Time’s up! 

The cream is removed with 
alcohol wet wipes. 

Euuugghhh… It smells… 

The nurse pats on the arms to 
find a good vein. 

Step by step blood taking 
03
Ah ha! We found a good vein. 

Keep your arm still while your 
mother hugs you. 

Going to feel some pain but it’s 
going to be a short while! 

Are we ready? 

Go watch videos on the phone. 

Let’s count together, 1 ..2…3! 

04
Hold your arm still! 

Sleepy medicine will be given 
with a syringe into the straw.

Thank you for being 
cooperative Jake!
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Case Study 01 : Alfred
Towards Living Donor Kidney Transplant

Diagnosis/Procedure Time Line 

2005

Birth

• Well Child

2018

Seronegative encephalitis – Febrile 
Infection‐Related Epilepsy Syndrome 
(FIRES)

• Seizures

• Behavioral outburts and physical aggression

2020

Started haemodialysis

• ESRF secondary to hyperoxaluria

2022

Cadeveric Liver Transplant

• Behavioral changes

2023

Living Donor Kidney Transplant 

Challenges
• Acquired cognitive impairment

• Assessed cognitive abilities around 7 years old
• Somewhat intact long‐term memory

• Aphasia (receptive and expressive)
• Frequent misunderstanding
• Difficulty expressing thoughts and ideas

• Grief and Loss (Unprocessed)
• Close family members
• Friends
• Life‐stage and milestones

• Emotion dysregulation / behavioral disruptions
• Difficulty recognizing and acknowledging emotions
• Fixation and demands (especially to familiar persons)

• Trauma 
• Procedures
• Behavioral

• Parenting Difficulties / Caregiver burnout

Preparation: Overall transplant plans

• Drawing out a visual estimated timeline and expectation of both 
transplants (liver & kidney)

• Includes phone call anytime (for cadevaric liver transplant)
• Patient will continue to require dialysis after liver transplant, until kidney 
transplant

Alfred's Daily Time Table  Alfred's Daily To‐Do Checklist 
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0
Not angry
Focus
Calm 

1                      2                       3
Little angry

Can be distracted with videos  

4                      5                       6
medium angry

Scream into my pillow 
Give me space 

7                      8                     9               10
big angry

Go to my room 
Punch/scream into my pillow 

Anger Score Chart : I am angry so what can I do? 
Family Discussions with parents

• Understanding the perspective from both parents, and helping them hear each 
other's hopes and concerns

• Facilitate a post‐transplant care plan: 
o If mother is unable to cope with patient's behavior, father agreeable to take over
o If both are unable to cope with patient's behavior, an external placement (eg. Disability 
home) will be considered

Case Study 02 : Nikki
Post Cadaveric Kidney Transplant Coping 

Diagnosis/Procedure Time Line 

2015

Birth ESRF

2015

Peritoneal dialysis 

• Had many painful infections, 
hospitalizations, procedures 

2018

Haemodialysis

2021

Deceased donor list for renal 
transplant

2024

renal  transplant

Challenges
Caregiver Issues:

• Nikki’s main caregivers : maternal grandparents 

• Main reason : parents’ young age, many children, incarceration
‐ Challenged with frequent medical appointments, hospitalizations 

• Nikki’s main medical team caregivers : 
- Medical team i.e doctors, dialysis nurses aka ‘god sisters, god aunts’ 
- Patient support team i.e MSW, CLT aka ‘god mothers’ 
- Art therapist 
- Transport volunteer (temporary) 
- School : school counsellor

Coping Style:

• sensitizer, avoidant, comfort food

• Well known for fretful++ behavior during hospitalization, procedures. Medical PTSD?

De‐escalation Protocol : The Angry Bird
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Establishing healthy food relationship

• Ward team to show physical food menu (pictures) to Nikki

• Use of phone app to monitor water, food and medicine intake  

• Medical team to show and explain how her food intake affects her blood test 
results

Key Takeaways

• Expect the unexpected

• Supporting patients in renal replacement therapy is a multi‐disciplinary team effort 

• Every patient and family are different with unique ways of coping and challenges. It is 
thus important to get to know them and involve them in designing the treatment 
plans

Thank you 
Renal Primer 2024

MSW Cheng Peizhi 

CLT Suraya Ya'akub
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aHUS & C3G
Christoph Licht

Division of Nephrology and RI Cell Biology Program

The Hospital for Sick Children

Toronto, ON

21.8.2024

5th Primer in Pediatric Nephrology for Asia (Singapore, 21.‐23.8.2024)

Disclosures

• Scientific advisor and/or speaker
‐ Alexion, AstraZeneca Rare Disease
‐ Apellis Pharmaceuticals, Inc.
‐ Catalyst Biosciences
‐ Eleva GmbH
‐ Novartis
‐ Oak Bay Biosciences
‐ Otsuka Pharmaceuticals, Inc.
‐ Pfizer Inc.
‐ Samsung Bioepis Co, Ltd.

• DSMB member
‐ Argenx – Axio Research
‐ Early Protect Alport / Double Protect Alport / EMPA Alport
‐ OPKO Health, Inc.

Overview

• Complement‐mediated diseases

• Pathogenesis

• Diagnosis

• Treatment

Complement‐mediated diseases

5th Primer in Pediatric Nephrology for Asia (Singapore, 21.‐23.8.2024)

Ricklin et al, Nat Rev Nephrol 2018Lemaire et al, Clin J Am Soc Nephrol 2021 Licht et al: UofT CFREF MbD Grand Question Program Competition (2020)
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Disease specific complement dysregulation

Zipfel et al, J Am Soc Nephrol 2020

Disease specific complement dysregulation

Mastellos et al, Nat Rev Drug Discov 2019

Servais et al, J Med Genet 2007

Question 1: Which answer is correct?

A. Complement‐mediated disease are always caused by genetic mutations or autoantibodies.

B. aHUS is caused by systemic complement dysregulation.

C. C3G is characterized by surface complement dysregulation.

D. Dysregulation of the alternative pathway is key in the pathogenesis of aHUS and C3G.

Pathogenesis

5th Primer in Pediatric Nephrology for Asia (Singapore, 21.‐23.8.2024)

Thrombotic microangiopathy

George and Nester,

N Engl J Med 2014

TMA defines a histological lesion in arterioles and capillaries characterized by:

‐ thickening and inflammation of the vascular wall

‐ detachment of the endothelial cells

‐ subendothelial widening due to accumulation of proteins and cellular debris

‐ platelet thrombi occluding the vascular lumen
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TMA is characterized by thrombocytopenia, microangiopathic hemolytic 
anemia (MAHA), and organ damage / dysfunction

Thrombocytopenia
Platelet count <150 000/mm3 or
>25% decrease from baseline

Microangiopathic haemolysis
Schistocytes and/or

Elevated LDH level and/or 
Decreased haptoglobin level and/or

Decreased haemoglobin level
and

Plus 1 or more 
of the following:

Renal impairment
Elevated creatinine level and/or

Decreased eGFR and/or
Elevated blood pressure and/or

Abnormal urinalysis results

Neurological symptoms
Confusion and/or
Seizures and/or
Stroke and/or

Other cerebral abnormalities

GI symptoms
Diarrhoea ± blood and/or
Nausea/vomiting and/or
Abdominal pain and/or

Gastroenteritis/pancreatitis 

Pulmonary symptoms
Dyspnoea and/or

Pulmonary haemorrhage and/or
Pulmonary oedema

CV symptoms
Myocardial infarction and/or

Hypertension and/or
Arterial stenosis and/or

Peripheral gangrene

Visual symptoms
Pain and blurred vision and/or 
Retinal vessel occlusion and/or 

Ocular haemorrhage

Azoulay et al, Chest 2017; Laurence et al, Clin Adv Hematol Oncol 2016;
Fremeaux‐Bacchi et al, Clin J Am Soc Nephrol 2013; Jamme et al, PLoS One 2017

aHUS – a complement‐mediated TMA

Brocklebank et al, Clin J Am Soc Nephrol 2018

Complement defects in aHUS
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18

Two (multiple) hit hypothesis of TMA manifestation

Modified from Riedl et al, Semin Thromb Hemost 2014

none mild severe

Secondary
HUS

Primary
HUS

TMA

Threshold
for TMA

Trigger
factors/conditions

Genetic
predisposition to
complement
hyperactivation

Mild triggering condition

Moderate triggering condition

Severe triggering condition

The role of complement in TMA pathogenesis

Praga and Rodriguez de Cordoba,
Kidney Int 2019

The role of complement in the pathogenesis of 2nd TMA

Teoh et al, Front Med 2023
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Epithelial (podocyte) VEGF determines endothelial homeostasis via 
glycocalyx dependent CFH deposition and complement control

Bowen et al, Med 2023

Complement is likely involved in HSCT related TMA

Jodele,
Seminars in Hematology 2018

Question 2: Which answer is incorrect?

A. Only 50‐60% of aHUS patients are positive for genetic mutations or autoantibodies.

B. CFH autoantibodies can be found in up to 50% of aHUS patients.

C. Secondary TMA can involve complement dysregulation.

D. aHUS is always preceded by a detectable trigger event.

Historical background

• Volhard and Fahr (1914): Die Brightsche Nierenkrankheit

“Camera lucida” drawing of lobular glomerulonephritis

• Habib and Hamburger (1960):

At the first worldwide Renal Biopsy Meeting, MPGN is first defined via a variety of findings made in patients with 

Bright's disease; MPGN becomes a formally named sub‐type of glomerulonephritis ("a disease").

• Clinical phenotype (1960's):

‐Mean age 10 (range 2‐17)

‐ Nephrotic syndrome (70%)

‐ Hematuria (90%)

‐ Renal function “low” (33%)

• Clark West (1965):

‐ Describes hypocomplementemia  in MPGN

‐ Complement defects (classical pathway) suspected

1918‐2014

Wolstenholme and Cameron, Editors (1961). CIBA Foundation Symposium on Renal Biopsy: Clinical and Pathological Significance.
West, J Pediatr 1965

Bright's disease

Volhard and Fahr (1914). Die Brightsche Nierenkrankheit

Historical vs. current classification of MPGN

Cook and Pickering, Nat Rev Nephrol 2015
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Riedl et al, Pediatr Nephrol 2017

MPGN C3GN DDD

IgG C3 C3

First biopsy: IC‐MPGN

IgG

Courtesy of Patrick Walker, Arkana Laboratories, Little Rock, AR

Second biopsy (+6 months): C3GN

C3

Courtesy of Patrick Walker, Arkana Laboratories, Little Rock, AR

Glomerular complement profile in C3G

Sethi et al, Kidney Int 2009; Sethi et al, Nephrol Dial Transplant 2017

Causes of secondary MPGN

Condition Diagnosis

Infections
(bacterial / viral / protozoal)

Hepatitis B / C
EBV
HIV
Malaria
Mycoplasma
Tuberculosis

Systemic immune disease Cryoglobulinemia
Systemic lupus erythematosus
Sjögren’s syndrome
Rheumatoid arthritis

Neoplasmas / dysproteinemias Plasma cell dyscrasia
Light / heavy chain disease
Leukemia / lymphoma / other malignancies
Waldenstrom macroglobulinemia

Chronic liver disease Hepatitis / cirrhosis
Alpha‐1‐antitrypsin deficiency

Miscellaneous (null C3 + null IgG) TMA (aHUS / TTP)
Radiation nephropathy
Antiphospholipid syndrome
Sickle cell disease
Transplant glomerulopathy

Riedl et al,
Pediatr Nephrol 2017

(modified)

Autoimmune causes for C3G

Incidence Co‐existing 
with C3Nef?

Effect on complement Routine
testing?

C3NeF Common ‐ Stabilizes AP C3 
convertase

Yes

C4NeF Rare Yes Stabilizes CP C3 & C5 
convertases

No

C5NeF Rare Yes Stabilizes AP C5 
convertase

No

Anti‐FB Ab Rare No Stabilizes AP C3 
convertase

No

Anti‐C3b Ab Rare No Stabilizes AP C3 
convertase

No

Anti‐FH Ab Rare Yes Fluid phase regulation Yes
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Genetic causes for C3G

Gene/Protein Mutation/SNP Function Phenotype

FH Homo‐/compound 
heterozygous SCRs 1–4 
(regulatory domain)

Intact surface binding 
Reduced C3b binding
Loss of FH cofactor and 
decay‐accelerating activity

C3G
IC‐MPGN

FI Homozygous
Heterozygous

Decreased FI mediated 
C3b degradation

C3G
IC‐MPGN

C3 Heterozygous C3mut – resistant to
cleavage by C3bBb
C3mut convertase –
resistant to FH inactivation
C3 binding with FI or FH

C3GN
IC‐MPGN

FB Heterozygous/
homozygous

Alters C3‐FB interaction C3G
IC‐MPGN

THBD Homozygous Not tested DDD

DGKE Homozygous
Heterozygous – unclear 
impact

Not complement mediated MPGN

C3G Pathogenesis ‐ Summary

ECs

BM

Podocytes

C3b iC3biC3b

C3

FH/FI

C3bBb

Autoantibodies
C3bBb components
‐ C3NeF etc.
‐ FB
‐ C3b

C3bBb regulators
‐ FH

Mutations
C3bBb components
‐ C3
‐ FB

C3bBb regulators
‐ FH
‐ FI
‐MCP/CD46
‐ THBD/CD141

C3 split products

• Cohort:
140 patients with idiopathic Ig‐MPGN (52%) and C3G (DDD 33%; C3GN 66%)

• Biochemical analysis:
‐ Ig‐MPGN vs C3G No difference in C3, C4, SC5b‐9 and C3NeF
‐ Ig‐MPGN vs DDD/C3GN C3NeF higher in DDD than in Ig‐MPGN / C3GN

C3 levels lower in DDD than in Ig‐MPGN / C3GN
‐Mutation ± C3NeF Associated with lower C3 and higher sC5b‐9 levels

• Genetic analysis:
‐Mutations Detected in Ig‐MPGN and C3G

Affect complement alternative pathway (C3bBb: C3, CFB)
‐ Susceptibility variants CD46 366A in Ig‐MPGN; CFH V62 and A473 in C3G
‐ Disease manifestation Only combination of mutation and susceptibility variant

increases risk of disease manifestation

• Clinical implications:
‐ Outcome No difference between Ig‐MPGN and C3G (DDD; C3GN)

Absence of mutation ± C3NeF predicts worse outcome 

Genetic causes for C3G – Susceptibility variants

Iatropoulos et al, Mol Immunol 2016

FH
 r
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ed

 p
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(F
H
R
s)

Zipfel et al, J Am Soc Nephrol 2020

Genetic causes for C3G – FH deregulation

FHR Fusion Proteins
Gene / Protein Mutation / SNP Function Phenotype

FHR3‐1 CNV
FHR3‐1 hybrid gene

Greater degree of FHR‐
mediated deregulation

C3GN

FHR2‐5 FHR2‐FHR5 hybrid 
gene

Stabilized C3 
convertase, reduced 
FH‐mediated decay

DDD

FHR5‐FHR5 CNV
Duplication in FHR5 
exons 2/3

Greater degree of FHR‐
mediated deregulation

C3G

FHR1‐FHR1 Internal duplication Greater degree of FHR‐
mediated deregulation

C3G

FHR5‐FHR2 FHR5‐FHR2 hybrid 
gene

Greater degree of FHR‐
mediated deregulation

C3GN

FHR1‐FHR5 FHR1‐FHR2 hybrid 
gene

Greater degree of FHR‐
mediated deregulation

C3G

Togarsimalemath et al, Kidney Int 2017
Smith et al,

Nat Rev Nephrol 2019

Genetic causes for C3G – FH deregulation
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FH deregulation in C3G via FHR multimers

Xiao et al, Mol Immunol 2016

Diagnosis

5th Primer in Pediatric Nephrology for Asia (Singapore, 21.‐23.8.2024)

Fakhouri and Fremeaux‐Bacchi, Nature Reviews Nephrology 2021
McFarlane et al, Canadian Journal of Kidney Health and Disease 2021

Ex vivo demonstration of complement activation
EC C3 and C5b‐9 deposition correlates with aHUS activity

Noris et al, Blood 2014; Galbusera et al, Am J Kidney Dis 2019; Palomo et al, Clin J Am Soc Nephrol 2019

C3 C5b‐9

Diagnostic workup for C3G patients

Riedl et al, Pediatr Nephrol 2017
Goodship et al, Kidney Int 2017 & Rovin et al, Kidney Int 2021 (modified)

Other
Nephritic factors

Genetic variants in
FHR locus
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Differential histopathology
Staining for AP vs. CP C3 convertase identifies active pathway

Zipfel et al, Cell and Tissue Research 2021

Cluster analysis identifies pathogenic patterns in C3G / IC‐MPGN

Iatropoulos et al, J Am Soc Nephrol 2018

Cluster 1 Cluster 2 Cluster 3 Cluster 4

N=62 N=32 N=33 N=46

High prevalence of 
LPVs and/or C3NeF

Low serum C3

Very high plasma 
SC5b‐9

Few crescents

Mesangial deposits 
(EM)

C3GN & IC‐MPGN

High prevalence of 
LPVs and/or C3NeF

Low serum C3

Very high plasma 
SC5b‐9

High prevalence of 
subendothelial 
deposits

Strong glomerular IgG 
/ IgA / C1q staining

Nephrotic syndrome 
at disease onset

DDD & IC‐MPGN

High prevalence of 
LPVs and/or C3NeF

Low serum C3

Significantly lower 
SC5b‐9 levels

Higher prevalence of 
crescents, intra‐
membranous electron 
dense deposits, fewer 
subendothelial 
deposits

DDD & IC‐MPGN

Lower prevalence of 
LPVs and/or C3NeF

Higher serum C3

Lower prevalence of 
microhematuria

More sclerotic 
glomeruli and 
arteriolar sclerosis, 
less endocapillary 
proliferation

C3GN & IC‐MPGN

Iatropoulos et al, J Am Soc Nephrol 2018

Apolipoprotein E (ApoE) in DDD vs. C3GN

Sethi et al, Kidney Int 2024
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Apolipoprotein E (ApoE) in DDD vs. C3GN

Sethi et al, Kidney Int 2024

C3GN DDD

C3

EM

ApoE

ApoE

C3GN DDD

Question 3: Which answer is correct?

A. aHUS and C3G are completely distinct diagnoses.

B. Autoimmune causes are more frequent in C3G than in aHUS.

C. CFHR mutations do not play a role in the pathogenesis of C3G.

D. Complement dysregulation is only involved in C3G but not in IC‐MPGN.

Treatment

5th Primer in Pediatric Nephrology for Asia (Singapore, 21.‐23.8.2024)
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Vivarelli et al,
Pediatr Nephrol 2022

Lemaire et al, Clin J Am Soc Nephrol 2021

C3G

aHUS

Danicopan (ACH‐0144471)
Vemircopan (ALXN2050)

Iptacopan (LNP023)

Pegcetacoplan (APL‐2)
AMY‐101

Pegcetacoplan (APL‐2)
AMY‐101

Narsoplimab (OMS721)

Avacopan (CCX168)

Eculizumab
Ravulizumab

Cemdisiran (ALN‐CC5)
Coversin / Nomacopan

Crovalimab

Modified from
Lemaire et al, Clin J Am Soc Nephrol 2021

Raina et al, Cells 2021
Smith et al, Nat Rev Nephrol 2019

Eculizumab:
‐ Monoclonal
‐ Humanized mouse
‐ Anti‐C5 antibody
‐ Blocking terminal pathway

Ravulizumab:
‐ Long‐acting C5 inhibitor
‐ Increased FcRn recycling
‐ Anti‐C5 monoclonal antibody
‐ Blocking terminal pathway

C3G

aHUS
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Antonucci et al,
Pediatr Nephrol 2024

Licht Lab 2024
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Transition: difficulties and successes
Christoph Licht

Division of Nephrology and RI Cell Biology Program

The Hospital for Sick Children

Toronto, ON

22.8.2024

5th Primer in Pediatric Nephrology for Asia (Singapore, 21.‐23.8.2024)

Disclosures

• Scientific advisor and/or speaker
‐ Alexion, AstraZeneca Rare Disease
‐ Apellis Pharmaceuticals, Inc.
‐ Catalyst Biosciences
‐ Eleva GmbH
‐ Novartis
‐ Oak Bay Biosciences
‐ Otsuka Pharmaceuticals, Inc.
‐ Pfizer Inc.
‐ Samsung Bioepis Co, Ltd.

• DSMB member
‐ Argenx – Axio Research
‐ Early Protect Alport / Double Protect Alport / EMPA Alport
‐ OPKO Health, Inc.

Case

• A 19‐year‐old female patient was referred to the Nephrology Department during late 2020 for 
transition of care.

• She was newly diagnosed with SLE three years prior to transition. Due to significant proteinuria 
and microscopic hematuria a kidney biopsy was performed, which revealed crescentic focal 
segmental glomerulonephritis (class III lupus nephritis with crescents according to WHO 
classification).

• She was initially managed with a combination of cyclophosphamide, corticosteroids and 
azathioprine, which was – due to poor response – modified to MMF and rituximab.

Case kindly provided by Dr. Rupesh Raina

Case (continued)

• However, despite the absence of extra‐renal manifestations of lupus, kidney function gradually 
deteriorated, and patient reached ESKD about 2 years after initiation of immunosuppression.

• Renal replacement therapy via peritoneal dialysis was initiated with the concomitant 
administration of hydroxychloroquine and low dose methylprednisolone.

• One year prior to transition, she received an LRD kidney transplant.

• Patient had poor medication compliance:
‐ Increase in creatinine (up to 250 𝜇mol/l)
‐ Proteinuria (2 g)
‐ ? Rejection

Case kindly provided by Dr. Rupesh Raina

Transitioning Kidney Transplant Care
The challenge

• Transition from pediatric to adult care occurs in different 
healthcare systems at different times (<16 vs. 18 vs. <21 years of 
age).

• Transition occurs at a vulnerable time and is associated with both 
age- and diagnosis-specific challenges:
- Challenging period of life:

Transition to adulthood; assuming responsibility; insecurity; major 
non-medical decisions;

high demand in education / job / personal life causing stress and 
distraction etc.
- Re-establishing medical care in a new (adult) healthcare framework 
(including coverage etc.)
- Re-establishing medical care working with less experienced providers:

Medical progress introduces rare pediatric diagnoses to adult 
healthcare providers

who lack expertise (insecurity; lack of trust etc.)Frederick, Pediatr Clin North Am 2016
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Learning objectives

• To recognize the need for structured transition of care in childhood‐onset
chronic illness

• To identify the key elements of a successful transition program

• To discuss strategies to operationalize a transition program

• Take home message

The need for structured transition of care in 
childhood‐onset chronic illness

5th Primer in Pediatric Nephrology for Asia (Singapore, 21.‐23.8.2024)

Association between age and graft failure rate

Foster et al, Transplantation 2011

Transition / Peri‐transfer

Adult CarePediatric  Care

Among first kidney transplant recipients <40 years,
older adolescents and young adults (17-24 years)

have the highest risk of graft failure, irrespective of age at transplant.

“High‐risk window” of 17‐24 years

N = 16,266 (SRTR 1987‐2010)

No recipient subgroup is exempt from the 
“high‐risk age window” for graft loss.

Age at tx Sex

Race Primary disease

Insurance type Pre‐tx dialysis hx

van Arendonk et al, Clin J Am Soc Nephrol 2013

Graft loss risk:
3‐17 yrs < 17‐24 yrs < above 24 yrs

Question 1:
Which factor is most important to define the risk of kidney graft loss 
during transition of care?

A. Age at TX

B. Type of TX (DD vs. LRD)

C. HLA‐match

D. Health care coverage

E. Transition of care (age window 17‐24 years)

Question 1:
Which factor is most important to define the risk of kidney graft loss 
during transition of care?

A. Age at TX

B. Type of TX (DD vs. LRD)

C. HLA‐match

D. Health care coverage

E. Transition of care (age window 17‐24 years)
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Key elements of a successful transition program

5th Primer in Pediatric Nephrology for Asia (Singapore, 21.‐23.8.2024)

Poor adherence

Risk factors:

• Patient‐related factors 

• Adolescence, gender,
race, immigrant status

• Condition‐related factors

• CKD / ESKD / Tx

• Treatment‐related factors

• Socio‐economic factors 

• Health literacy

• Health care system / team

• Insurance

World Health Organization 2003; Raina et al, Ann Transplant 2018

Patient

Provider

Health
system

Nevins et al,
J Am Soc Nephrol 2017

Major categories of risk factors for nonadherence in chronic kidney disease
based on reviews of the empirical literature and the WHO Question 2:

According to the WHO, which of the following factors contribute to non‐
adherence at time of transition of care?

1 Patient‐related factors
2 Condition/diagnosis‐related factors
3 Treatment‐related factors
4 Socio‐economic factors
5 Healthcare system‐related factors

A. 1
B. 1‐3
C. 2+4
D. 5
E. All of the above

Poor adherence

World Health Organization 2003;
Raina et al, Ann Transplant 2018 Osterberg and Blaschke, N Engl J Med 2005

Risk factors:

• Patient‐related factors 

• Adolescence, gender,
race, immigrant status

• Condition‐related factors

• CKD / ESKD / Tx

• Treatment‐related factors

• Socio‐economic factors 

• Health literacy

• Health care system / team

• Insurance

Patient

Provider

Health
system

Poor adherence

Risk factors:

• Patient‐related factors 

• Adolescence, gender,
race, immigrant status

• Condition‐related factors

• CKD / ESKD / Tx

• Treatment‐related factors

• Socio‐economic factors 

• Health literacy

• Health care system / team

• Insurance

Patient

Provider

Health
system

World Health Organization 2003; Raina et al, Ann Transplant 2018
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Neurocognitive and emotional maturation

• Physical development antedates emotional maturity.

• Most girls are physically mature by mid‐adolescence, although boys are often not fully grown until the older 
teenage years.

• Cognitive abilities are also well established by the mid‐teenage years.

• However, the development of emotional regulation, reflective judgment, and thus social maturity lag behind 
achievement of physical maturity and cognitive skills.

• Emotional and social factors may override more rational cognitive functions, leading to inconsistent choices 
and potentially dangerous risk taking. These influences continue at least into the mid‐20s.

• On tests of risk perception, sensation seeking, impulsivity, resistance to peer influence, and future 
orientation, scores are similar at 10 and 15 years of age; differences begin to emerge at age 16 to 17 years, 
with a progressively increasing level of function up to at least the age of 30 years.

• The complex interrelated skills of logical reasoning, reflective judgment, and emotional regulation evolve 
into adulthood.

Gogtay et al, PNAS 2004

Neurocognitive and emotional maturation

• Developmental changes in brain structure continue into the third decade of life.

• The subcortical limbic regions, such as the amygdala and the nucleus accumbens in the basal ganglia, 
important for emotion and reward seeking, mature early.

• In contrast, the prefrontal cortex and associated areas, responsible for executive brain functions such as 
foresight, planning, evaluation of risk and reward, and the capacity to dissociate decision making and strong 
emotion, are among the last to reach adult levels; moreover, functional connectivity between these two 
regions is delayed.

• The combination of heightened responsiveness to rewards and immaturity in brain areas for behavioral 
control may result in adolescents investing more in activities with immediate rather than long‐term gains 
and help explain their increase in risky decision making and emotional reactivity.

• Thus, there is some biologic basis for the emotional extremes and lack of mature executive planning that 
can be seen during adolescence and early adulthood.

Gogtay et al, PNAS 2004

The Wall Street Journal 2012
Gogtay et al, PNAS 2004

Right lateral and top views of the dynamic sequence
of GM maturation over the cortical surface

‐ Prospective neuroimaging study of healthy children ages 4 to 21 yrs
‐ Scanned with MRI every 2 yrs for 8‐10 yrs
‐ Remarkable heterogeneity
‐ Parts of the brain associated with more basic functions matured early,

and last to mature was the pre‐frontal cortex.
‐ Pre‐frontal cortex is involved in executive function, working memory, attention, and problem solving

‐ all neurocognitive functions that are essential for adherence.

Question 3:
Which statement is correct?

A. Boys mature faster than girls

B. Our brain is in all aspects fully developed at age 18.

C. Development of physical maturity and cognitive skills lag behind development of emotional 
regulation and reflective judgment (“social maturity”).

D. Different from the limbic system (“emotions”), which matures early, the pre‐frontal cortex 
(“executive functions”) is last to mature.

E. There is no biologic basis for the emotional extremes and lack of mature executive planning 
that can be seen during adolescence and early adulthood.

Poor adherence

Risk factors:

• Patient‐related factors 

• Adolescence, gender,
race, immigrant status

• Condition‐related factors

• CKD / ESKD / Tx

• Treatment‐related factors

• Socio‐economic factors 

• Health literacy

• Health care system / team

• Insurance

Patient

Provider

Health
system

World Health Organization 2003; Raina et al, Ann Transplant 2018

Themes reflecting challenges and decisions about
medication taking after kidney transplantation 

Nevins et al,
J Am Soc Nephrol 2017
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Cognitive deficits in CKD
N=368, ages 6‐16 yrs, median GFR 43 ml/minx1.73m2, median CKD 8 yrs

Hooper et al, Clin J Am Soc Nephrol 2011

Tests:
‐ WASI Intelligence
‐ WIAT‐II‐A Academic achievement
‐ CPT‐II Continuous performance
‐ BRIEF‐P Executive function

Key finding:
‐ Neurocognitive function within average
‐ Children with mild‐moderate CKD scored in up to 40%  at least 1 SD below

the average of their healthy peers for tests above
‐ Results showed positive correlation with degree of CKD
‐ Deficits are often subclinical and can be missed

Consequences:
‐ Poor understanding of disease & treatment
‐ Suboptimal adherence 

”Drugs don’t work in patients who don’t take them” 
C. Everett Koop, M.D.

• Patient (& family) education

• Improve dosing schedules
• Simplify frequency of dosing

as much as possible 
• Provide cues to remind patients

to take medication
• Simplify administration of medication 

(e.g., via pillboxes, blister packs etc.)

Osterberg and Blaschke, New Engl J Med 2005

TAKE IT TOO
‐ Implementation to real life
‐ Adapted intervention with
E‐pillbox
Companion adherence website

Poor adherence

Risk factors:

• Patient‐related factors 

• Adolescence, gender,
race, immigrant status

• Condition‐related factors

• CKD / ESKD / Tx

• Treatment‐related factors

• Socio‐economic factors 

• Health literacy

• Health care system / team

• Insurance

Patient

Provider

Health
system

World Health Organization 2003; Raina et al, Ann Transplant 2018

• 14 pediatric / 14 adult tx programs across Canada 

• 270 kidney, liver and heart tx recipients, 14‐25 yrs old, >3 mths post‐tx

• Median age 20.3 yrs, median time since tx 5 years

• Program‐level factors associated with adherence

• Adherence measured at 0, 3, and 6 months using BAASISⒸ

Dabirzadeh et al, Pediatr Transplant 2021

Care processes & structures affecting adherence Care processes & structures affecting adherence

Program‐level factors associated with 
better adherence:

• Greater frequency of routine blood 
testing / visits (+12%)

• More nurse time with patients 
(+15% for each 5‐min increment)

Dabirzadeh et al, Pediatr Transplant 2021
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Care processes & structures affecting adherence

Program‐level factors associated with 
better adherence:

• Greater frequency of routine blood 
testing

• More nurse time with patients 

Dabirzadeh et al, Pediatr Transplant 2021

Question 4:
Which factors impact medication adherence in kidney TX patients?

A. Support for CKD patients with cognitive impairment

B. Improved dosing schedules – less doses

C. Increased visit / blood draw frequency

D. Increased nurse time

E. All of the above

Strategies to operationalize a transition program

5th Primer in Pediatric Nephrology for Asia (Singapore, 21.‐23.8.2024)

What is the solution?

Structured Multidisciplinary Transition Programs

Transition

Goals of a transition program

Vaks et al, Healthcare 2016

• Building and supporting self management

• Neurocognitively appropriate education / skill development

• Engaging the receiver team

• Identify an adult champion

• Adaptation of adult care to YA / specialized YA TX clinic

• Providing check‐list driven guide

• Guiding patients & families through transition
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Transition team

• Pediatric nephrology nurse

• Pediatric nephrologist

• Adolescent medicine

• Renal pharmacist

• Renal dietician

• Social worker

• Adult nephrology team

• Transplant nurse and MD

Foster and Bell,
2015

Prepare for Transition Transition Adult Care

12 14 18 26 years

St
ru
ct
u
re
d
 T
ra
n
si
ti
o
n

Operationalizing a transition program

• Challenges

• Funding

• Access to resources

• Absence of shared access to same EMR

• Solutions

• Data to support the necessity of transition, and presenting the data to 

stakeholders (knowledge mobilization)

• Advocacy for resources with data in hand

• Identifying transition “champions”, both pediatric and adult, in a joint clinic

Does transition clinic make a difference?

Prestidge et al, Pediatr Nephrol 2011

PTC: 3 deaths (9%) & 7 graft losses (21%)

Outcome:
Before the TC, poor outcomes (death or allograft loss) in 24% of patients within two years of transfer,
compared to no death or allograft loss in the TC group during the study period.

Cost:
Average yearly cost per PTC patient who lost their graft during the 2‐year follow‐up
was significantly higher than the average yearly cost per patient for TC patients
($40,956 ‐ $61,470 vs. $11,380 ‐ $34,312)

Take home message

5th Primer in Pediatric Nephrology for Asia (Singapore, 21.‐23.8.2024)

Teoh and Licht, Nephrol Dial Transplant 2022
Modified from Matsuda-Abedini et al, Pediatr Nephrol 2023
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The (new) age of adolescence?

Sawyer et al,
The Lancet 2018

Licht Lab 2024

Thanks to
Dr. Mina Matsuda‐Abedini
and
Dr. Rupesh Raina
for having shared slides
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Latest updates on the clinical trials and 
treatment in Alport syndrome
Christoph Licht

Division of Nephrology and RI Cell Biology Program

The Hospital for Sick Children

Toronto, ON

20.8.2024

International Alport Syndrome Workshop (Singapore, 20.8.2024)

Disclosures

• Scientific advisor and/or speaker
‐ Alexion, AstraZeneca Rare Disease
‐ Apellis Pharmaceuticals, Inc.
‐ Catalyst Biosciences
‐ Eleva GmbH
‐ Novartis
‐ Oak Bay Biosciences
‐ Otsuka Pharmaceuticals, Inc.
‐ Pfizer Inc.
‐ Samsung Bioepis Co, Ltd.

• DSMB member
‐ Argenx – Axio Research
‐ Early Protect Alport / Double Protect Alport / EMPA Alport
‐ OPKO Health, Inc.

Overview

• Pathogenesis of Alport syndrome

• Therapeutic targets in Alport syndrome

• Impact of early diagnosis on Alport syndrome outcome Pathogenesis of Alport syndrome

International Alport Syndrome Workshop (Singapore, 20.8.2024)

The clinical course of Alport syndrome

Disease Progression

Birth Late childhood Early adolescence

Phase I

Hematuria

Phase II

Proteinuria
Hematuria

Phase III

↓ Renal Fx
Proteinuria
Hematuria

Phase IV

ESRD

Adulthood

Alport syndrome:
A disease progressing 

to ESRD

Progressive GBM damage in Alport syndrome

Normal Early AS Late AS
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Hudson et al, N Engl J Med 2003

112 345 556

During embryogenesis 
present in:

‐ All basement 
membranes

Replaces 112 
(partially) in:

‐ GBM

‐ Cochlea

‐ Eyes

‐ Testes

‐ Lung 

Replaces 11a2
(partially) in:

‐ Bowman’s capsule

‐ Distal renal tubule

‐ Skin

‐ Esophagus

‐ Smooth muscle

The genotype # phenotype spectrum in Alport syndrome

De Gregorio et al, Kidney Med 2023

The genotype # phenotype spectrum in Alport syndrome

Miner, Kidney Int 2014; Kashtan et al, Kidney Int 2018

Therapeutic targets in Alport syndrome

International Alport Syndrome Workshop (Singapore, 20.8.2024)

Alport Syndrome Workshop Community

Weinstock et al, Kidney Int 2020
Chavez et al,

Front Med 2022

√

√

√

√

√

√

√

√
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Treatment trials (selection)

ACE-inhibition
Phase 3 randomized, placebo-controlled EARLY PRO-TECT Alport trial (Ramipril)

Non-steroidal mineralocorticoid receptor antagonist 
Phase 3 randomized, placebo-controlled FIONA trial (Finerenone)

Gene therapy
Phase 2 open-label study ELX-02 in Alport Syndrome (“read-through”)

Metabolism / cell survival
Phase 2 open label study R3R01-ASFSGS-201 (lipid pathway podocyte)

SGLT2-inhibition
Phase 3 randomized, placebo-controlled DOUBLE PRO-TECT Alport trial (Dapagliflozin)

RAAS and RAAS inhibition

Romero et al, Nat Rev Endocrinol 2015

EARLY PRO-TECT Alport (NCT01485978)

100% risk of early renal failure

Validation of therapeutic target via registry data

22 25 40

???

283 patients, 3 generations, 
intra-familiar “controls”, mean 
duration of therapy >5 years, 
mean retrospective follow-up 
>20 years

DIAGNOSIS and early therapy
halt disease in heterozygous patients

Heterozygous Alports„Classical“ Alports 100% Risk of ESKD    1-30%

Gross / Licht et al, Kidney Int 2012 Early ACEi in Alport syndrome delays renal failure and improves life expectancy
Stock et al, Pediatr Nephrol 2019 Potential of RAAS-blockade to halt disease in Alport with heterozygous mutations

RAAS and RAAS inhibition

Romero et al, Nat Rev Endocrinol 2015

FIONA (Bayer; NCT05196035) [recruiting]

Bakris et al, N Engl J Med 2020 Benefit of MAR antagonist in DM Type II (FIGARO-DKD & FIDELIO-DKD)

Schaefer et al, Trials 2024 Study design for FIONA

Finerenone (Bayer) in children with proteinuric kidney diseases (many AS cases)

Primary endpoint:
Urinary protein / creatinine ratio reduction
of ≥30% from baseline on day 180

219 children with proteinuria on RAASi:
- 1-18 yrs eGFR ≥30 ml/min/1.73m2

- <6 mths crea ≤0.40 mg/dl or 35 umol/L

- Pre-clinical data, target engagement in humans

- Trial results expected 2026 

Key questions:
- Can we target aldosterone-escape?
- Less side effects than spironolactone?

Rubel & Gross, J Clin Med 2021

Combination of ACEi and aldosterone receptor antagonist
‐ significantly improved proteinuria,

matrix accumulation, and renal fibrosis
‐ significantly improved lifespan

(however, effect not‐superior to ACEi mono‐therapy)

RCT (2:1); double-blind; placebo controlled;
multi-center; phase III; superiority design
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ELX-02 open label Phase 2 (Eloxx; NCT05448755) [recruiting]

Yamamura et al, Nature Communications 2020

Normal Early AS Late AS

ELX-02 Open Label Phase 2 (Eloxx; NCT05448755) [recruiting]

Press release (8.2023):
N=3 patients treated with ELX-2 showed improvement in podocyte foot process effacement after 8 weeks

Phase 2 Clinical Study R3R01-ASFSGS-201 (River; NCT05267262)
[recruiting] DOUBLE PRO-TECT Alport

ClinicalTrials.gov Identifier: NCT05944016
EU Trial No. 2023-508502-18-00

A confirmatory, multicenter, randomized, double-blind, placebo-controlled clinical 
trial to assess the effect of Dapagliflozin on the progression of chronic kidney 

disease in adolescent and young adult patients with Alport syndrome

Prof. Dr. Oliver Gross
Nephrology and Rheumatology
University Medicine Goettingen, Germany
gross.oliver@med.uni-goettingen.de
www.alport.de

Dual SGLT2 and RAAS inhibition as new early & targeted approach for 
(glomerular) kidney diseases in children

• Intraglomerular pressure may be normalised

• Intraglomerular pressure may be further reduced

• May lead to long-term renal protection

SGLT2 inhibition and
RAAS blockade

Afferent narrowing and
Efferent widening 

Potential actions:

SGLT2 inhibition

Afferent arteriole 
narrowing

Potential clinical implications:

• Decreased glomerular pressure 

• Reduction in albuminuria

• Renal protection suggested

• Decreased glomerular pressure

• Reduction in albuminuria

• Renal protection proven in clinical trials

RAAS blockade

Efferent arteriole 
widening

C
O

N
C

E
P

T

Adapted from: Cherney et al, Circulation 2014; Lewis et al, N Engl J Med 2001; Kon et al, Kidney Int 1993

POWER SAVE MODE: Relevance of SGLT-2 for glucose reabsorption

Up to 600 g of glucose daily can be re-absorbed by SGLT-2 (using high amounts of energy and oxygen)
SGLT-2 inhibitors lead to reduction of work-load in the kidneys at various levels

Glucose-
Filtration

Glucose-
Re-absorption

SGLT-2 i

Oxygen-
consumption

Energy-
consumption

Inflammation/
Fibrosis

Glomerular
Hyperfiltration

Vallon and Thomson, Diabetologia 2017; Meng et al, J Med Chem 2008; Cherney et al, Nephrol Dial Transplant 2020; Vergara A, Clin Kidney J 2019; Gerich et al, Diabet Med 2010
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Gross et al, Nephrol Dial Transplant 2024

Primary endpoint: Change from baseline UACR after 48 weeks
Secondary endpoint: Key secondary endpoint change from baseline eGFR after 52 weeks. 
Assessment of safety: Adverse events (including serious adverse events), Adverse events (AE) of special interest are defined as:

(a) Ketoacidosis or symptomatic hypoglycemic event
(b) Hyperkalemia (potassium levelULNs ≥15% of)
(c) Decline in eGFR of ≥30% relative from baseline

Impact of early diagnosis on Alport syndrome 
outcome

International Alport Syndrome Workshop (Singapore, 20.8.2024)

Dialysis Dialysis Dialysis

Age at onset of end‐stage kidney failure

K
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n
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u
n
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100%

75%

50%

25%

10 20 30 40 50 60 70 80

untreated

very
late diagnosis

early diagnosis

ACE‐inhibition
nephrologist
nephro‐protection
lifestyle

unknown
20 years !!

late
diagnosis

22 25 40

???

???

DOUBLE PRO‐TECT Alport
Efficacy: Can SGLT2is further delay disease progression?
Safety: Are SGLT2is safe in children?
Global:   Generate further evidence for standard of care (ACE‐inhibition) 

earlier diagnosis: x years gain of kidney function

Yearly follow‐up:
up to 20 years gain
of kidney function

EARLY PRO‐TECT Alport population
Possible life‐long delay of renal failure in 

patients with co‐incidence of early 
diagnosis, missense‐mutations and 

upcoming new therapies                 

Therapeutic Targets ELX-02, R3R01, SGLT2

Kruegel, Rubel, Gross Nat Rev Nephrol 2013

22

2. 20 FSGS: protect the podocyte (angiotensin, cytoskeleton, ..)

443   +3   +

3. Hyperfiltration and increased Albuminuria

4. 20 events lead to tubulointerstitial fibrosis and glomerular scarring

11

1. Genotype-Phenotype correlation: the weaker the GBM

Ryu, J Pathol 2012

2  +2  +1  +1  + 443  +3  +

Therapeutic Targets in Alport syndrome: Summary

Kruegel, Rubel, Gross. Nat Rev Nephrol 2013; Torra, Furlano. Nephrol Dial Transplant 2019; Ryu et al., J Pathol 2012

Kruegel, Rubel, Gross Nat Rev Nephrol 2013

22

2. Alport‘s is a podocyte disease leading to 20 FSGS: protect the podocyte (angiotensin, cytoskeleton, ..)

443   +3   +

3. Remaining glomeruli try to compensate: hyperfiltration and increased albuminuria speed up the disease

4. 20 events lead to tubulointerstitial fibrosis and glomerular scarring via profibrotic / proinflammatory pathways

5. 1-4 together indicate that we need a multitargeted, stepwise approach for life-long solutions

11

1. Genotype-phenotype correlation: the weaker the GBM, the earlier ESKF and the less response to therapy

Ryu, J Pathol 2012

2  +2  +1  +1  + 443  +3  +
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“Add on” treatment approach for Alport syndrome

delay of renal failure
cardiovascular risk

hearing loss

ACE‐inhibitor
AT1‐antagonist

Finerenone??SGLT2‐inhibitors?

Endothelin receptor
antagonist

Atrasentan / Sparsentan
Statin

HMG‐CoA‐reductase‐inhibitor

Paricalcitol

Life‐style:
obesity & no sports

high (animal) protein intake
high sodium intake

High blood pressure
smoking

Analgetics (NSAR)
nephrotoxic medication

Additional (renal) disease
recurrent bacterial infections

poor dental health
? nephrotic range proteinuria ?

Severe genotype
(frameshift, large deletion, etc.)

Read through / 
Exon skipping therapy

negative effect
positive effect

small effect

intermediate effect

large effect

!Early diagnosis!

Licht Lab 2024
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Recurrence of native disease post‐transplant –
Transplant in patients with complement system 
dysregulation
Christoph Licht

Division of Nephrology and RI Cell Biology Program

The Hospital for Sick Children

Toronto, ON

23.8.2024

5th Primer in Pediatric Nephrology for Asia (Singapore, 21.‐23.8.2024)

Disclosures

• Scientific advisor and/or speaker
‐ Alexion, AstraZeneca Rare Disease
‐ Apellis Pharmaceuticals, Inc.
‐ Catalyst Biosciences
‐ Eleva GmbH
‐ Novartis
‐ Oak Bay Biosciences
‐ Otsuka Pharmaceuticals, Inc.
‐ Pfizer Inc.
‐ Samsung Bioepis Co, Ltd.

• DSMB member
‐ Argenx – Axio Research
‐ Early Protect Alport / Double Protect Alport / EMPA Alport
‐ OPKO Health, Inc.

Overview

• Introduction

• Transplant in aHUS

• Transplant in C3G

• Conclusion

Introduction

5th Primer in Pediatric Nephrology for Asia (Singapore, 21.‐23.8.2024)

Ricklin et al, Nat Rev Nephrol 2018Lemaire et al, Clin J Am Soc Nephrol 2021

Disease specific complement dysregulation

Mastellos et al, Nat Rev Drug Discov 2019
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Question 1: Which answer is incorrect?

A. aHUS and C3G patients carry a significant  risk of disease recurrence in native kidneys and 
kidney grafts.

B. The concepts of complement‐modulating treatment are equal pre‐ and post‐TX.

C. Plasma treatment (infusion / exchange) remains a viable option for aHUS and C3G patients.

D. Combined liver # kidney TX can be considered for all types of genetic mutations in aHUS.

Transplant in aHUS

5th Primer in Pediatric Nephrology for Asia (Singapore, 21.‐23.8.2024)

Kidney TX in aHUS – the pre‐eculizumab era

Noris and Remuzzi, Am J Transplant 2010

Historical graft survival in kidney TX in aHUS patients

Le Quintrec et al, Am J Transplant 2013

• 57 aHUS patients
• 71 kidney TX
• 68% complement mutation
• Mutations were associated with recurrence risk
• Recurrence was associated with graft loss

Complement blockade via eculizumab

Rother et al, Nat Biotechnol 2007

Eculizumab in kidney TX
1st adult & 1st pediatric patient

Nurnberger et al, N Engl J Med 2009
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Eculizumab in kidney TX

Eculizumab treatment (months)Time since aHUS diagnosis (months)
7525

Patient Abnormality

CFH

ND

CFI

ND

CFH

ND

ND

C3, CFI

CFH, CFI, CFHR3/1
CFH, CFHR3/1

CFI
CFI
CFI
C3
C3

CFHR3/1
CFHR3/1

ND
ND
ND
ND
ND
ND
ND
ND

*5
6
7
8
9

10
11
12
13
14

20
21

4
3
2

15
16
17
18
19

22
23
24
25
26
27 ND

300 0150200250 100 50 50

***

***

***
***

***
***

***
***

***

***

CFH autoantibodies1 ** Time from aHUS diagnosis to 
eculizumab treatment 

Time from transplant to 
eculizumab treatment 

Known time on eculizumab 
treatment

Kidney transplant

Legendre et al, Transplant Int 2017

‐ 26 aHUS patients received a total of 38 grafts before initiating eculizumab.

‐ No patient experienced graft loss after commencing eculizumab.

‐ Median (range) duration of eculizumab treatment was 71 (0‐186) weeks.

‐ One patient with ESRD for >4 months before inclusion into the study.

received a kidney transplant 217 days after initiation of eculizumab.

‐ Complete TMA response, TMA‐event free status, and hematologic normalization

were achieved in 65%, 88% and 85% of patients, respectively.

Nationwide French study

1‐ aHUS involving native kidneys
2‐ Complete aHUS work‐up at the French reference laboratory
3‐ At least one kidney transplantation during adulthood in a French transplant center after 12/31/2006

135 KTX performed in 125 recipients 
from 31 transplant centers

126 KTX performed 
since 01/01/2007 in 

116 recipients

Questionnaire sent out 

9 KTX / 9 
recipients left out 

because of 
missing data

aHUS patients in the French aHUS registry 

Zuber et al, J Am Soc Nephrol 2019

Compliance with risk stratification

Complicated by aHUS
recurrence (%)

With eculizumab
prophylaxis (%)

%
 k
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n
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n
sp
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n
ts
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Zuber et al, J Am Soc Nephrol 2019
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Kidney Transplantation
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Zuber et al, J Am Soc Nephrol 2019

Risk stratification in kidney TX

Zuber et al, Nat Rev Nephrol 2012 Goodship et al, Kidney Int 2017

Donor risk assessment in LRD:

‐ Inacceptable risk:
Confirmation of disease‐causing complement mutation in LRD

‐ Acceptable risk:
Absence of disease‐causing complement mutation recipient (and LRD)

IPNA aHUS CPR ‐ unpublished
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Kidney TX in aHUS patients

Post‐transplant TMA

De novo TMA Recurrent TMA

High risk Moderate risk Low risk

• Previous 
recurrence

• Complement 
gene mutation 
(CFH, C3, CFB)

• No pathogenic 
CG mutation 
identified

• Isolated CFI
• Low CFH 
antibodies

• Isolated MCP 
mutation

• Persistent 
negative CFH 
antibodies

Prophylactic 
eculizumab

Consider
prophylactic 
eculizumab

No prophylaxis

Endothelial protective regimen:
1. Avoid high risk donors (ECD, preformed DSA),        2. Avoid mTOR inhibitors (early), low‐dose CNI or belatacept, 

3. Viral prophylaxis (CMV prophylaxis, vaccination)

Consider & treat underlying etiology 

Persistent/recurrent TMA despite 
resolution of underlying etiology

Consider investigating for underlying 
complement gene mutation & 
anti‐complement therapy

Complement‐TMA

Consider & treat underlying etiology 

Persistent/recurrent TMA despite 
resolution of underlying etiology

Consider investigating for underlying 
complement gene mutation & 
anti‐complement therapy

Adapted from Zuber et al, Am J Transplant 2012; Goodship et al, Kidney Int 2017; Zuber et al, Transplant Rev 2013

Eculizumab (prophylactic) discontinuation post kidney TX

Zuber et al, J Am Soc Nephrol 2019

Treatment duration post kidney TX

Java, Adv Chronic Kidney Dis 2020

An alternative approach… (CUREiHUS)

• Due to the high cost of eculizumab, alternative strategies were explored
aiming to minimize the burden of endothelial injury and thus TMA triggers.

• Strategies included:
‐ Living donation
‐ Low‐dose CNI
‐ Aggressive BP management

• Eculizumab‐free protocol, except for
use for treatment in patients with post‐TX recurrence

• Patients & outcome:
‐ 17 (12 F) LRD transplants in aHUS patients
‐ 15/17 met high‐risk criteria
‐ Only one patient experienced TMA recurrence

Duineveld et al, Am J Kidney Dis 2017

An alternative approach… (CUREiHUS)

• Since 2016, kidney TX in aHUS patients in The Netherlands without eculizumab prophylaxis.

• Eculizumab used for treatment of post‐TX recurrence only.

• 1.2016‐10.2020, 15 adult aHUS patients (12 F) with post‐TX recurrence.

• Time interval to recurrence bimodal:
‐ 7 patients presented early within median of 3 months (0.3‐8.8)
‐ 8 patients presented late within median of 46 months (18‐69)
(3 with TMA, 5 without TMA but with chronic deterioration of eGFR)

• Eculizumab treatment resulted in improvement or stabilization of eGFR in 14/15.

• After F/U of 29 median of months (3‐54):
‐ 6 patients had eGFR <30 ml/min x 1.73 m2

‐ Graft loss in 3 patients
‐ Overall recurrence rate 23%

Duineveld et al, Kidney Int Rep 2023
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Outcome of aHUS patients on eculizumab post TX – a meta‐analysis

• 18 studies (13 cohort studies and 5 case series).

• N=380 adult aHUS patients.

• Eculizumab for prevention vs. treatment of post kidney TX aHUS recurrence.

• Eculizumab for prophylaxis:
Incidence rates of TMA and graft loss due to TMA were 6.3% and 5.5%, respectively.

• Eculizumab for treatment of recurrence:
Estimated rates of graft loss due to TMA was 22.5% (22.6% in patients with genetic mutations).

• Most frequently found mutations in patients with TMA recurrence were CFH > CFI > C3.

Gonzalez Suarez et al, J Clin Med 2019; Tang et al, Ren Fail 2023

Question 2: Which answer is incorrect?

A. Kidney transplant in aHUS patients should consider recipient and donor risk.

B. CFH, C3 and CFB mutations along with high titer CFH autoantibodies are considered high 
recipient risk conditions.

C. The absence of a genetic mutation defines an exclusion criteria for an LRD.

D. Post‐TX eculizumab treatment is informed by genetics, CFH autoantibody titers, and the history 
of relapses.

Transplant in C3G

5th Primer in Pediatric Nephrology for Asia (Singapore, 21.‐23.8.2024)
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Vivarelli et al,
Pediatr Nephrol 2022

Outcome of C3G and IC‐MPGN patients ‐ Histology

Lomax‐Browne et al, Clin J Am Soc Nephrol 2022

Outcome of C3G and IC‐MPGN patients ‐ Treatment

Caravaca‐Fontan et al, Clin J Am Soc Nephrol 2020
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Graft survival in kidney TX in C3G patients ‐ cohorts

• 32.4% risk of graft loss from recurrence at 5 years post TX in children with MPGN.
(Van Stralen et al, Nephrol Dial Transplant 2013 – ESPN/ERA‐EDTA registry)

• Greater risk of graft loss from recurrence in children with DDD.
(Braun et al, J Am Soc Nephrol 2005 – NAPRTCS registry)

• 66.7% risk of graft loss from recurrence in C3G patients with median time to graft failure of 6.4 years.
(Zand et al, J Am Soc Nephrol 2014)

• Cohort of n=35 C3G patients:
Recurrence risk of 43% in MPGN, 55% in DDD, and 60% in C3GN patients.
(Servais et al, Kidney Int 2012 – French cohort)

• Cohort of n=13 C3G patients (6 DDD; 7 C3GN):
‐ 69% overall graft survival at 5 years.
‐ All 6 DDD recurred, and 3 (50%) failed due to recurrence.
‐ 4/7 (57%) C3GN recurred, and 3/4 (75%) failed due to recurrence.
(Medjeral‐Thomas et al, J Am Soc Nephrol 2014 – English cohort)

High risk of disease recurrence and graft failure due to recurrence
in patients with MPGN < DDD < C3GN.

Graft survival in kidney TX in C3G patients after relapse

Alasfar et al, BMC Nephrology 2016
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Smith et al, Nat Rev Nephrol 2019

C3 amplification loop Terminal pathway

Iptacopan (Novartis) in C3G patients (Phase 2)
Factor B inhibitor

Wong et al, PO2536 (ePoster), ASN Kidney Week 2021; Wong et al, Kidney Int Reports 2023

Native kidneys

TX kidneys

C3

AP

sC5b‐9

Baseline Bx Week 12 Bx

Week 12 C3 Deposit Score

Iptacopan (Novartis) in C3G patients (Phase 2) – Cohort A

Nester et al, WCN23‐0403 (Abstract)

12 months outcome

Iptacopan (Novartis) in C3G patients (Phase 2) – Cohort B

Nester et al, J Am Soc Nephrol 2022 (Supplement; Abstract TH‐PO505);
Nester et al, TH‐PO505 (Poster), ASN Kidney Week 2022

Baseline Month 3 Month 12

Median 24h UPCR 18.4 g/mol (9-445) 34% reduction  

CI: (0.40,1.08), p=0.0879

21% reduction 

CI: (0.48,1.31), p=0.3151Mean 24h UPCR 121.0 g/mol (188.29)

• Most patients with recurrent C3G post kidney TX had proteinuria within normal range, which 
remained low after iptacopan treatment.

• UPCR values were available for 8/10 patients at baseline.

• Of these 8 patients, 6 had proteinuria within the normal range at baseline, which remained 
low after 1 year of iptacopan treatment.

• The remaining 2 patients had elevated UPCR at baseline (404.2 g/mol and 53.5 g/mol), 
which decreased by 25% and 66%, respectively, at 1 year.
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Iptacopan (Novartis) in C3G patients (Phase 2) – Cohort B

Nester et al, TH‐PO505 (Poster), ASN Kidney Week 2022
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eGFR was stable in C3G patients with post kidney TX recurrence at 12 months.

Pegcetacoplan (Apellis‐Sobi) in post‐TX recurrence in IC‐MPGN and C3G 
(Phase 2; NOBLE study)
C3 inhibitor

At Week 12, of the 10 patients (IC‐MPGN: n=2; C3G: n=8) treated with pegcetacoplan:

• Eight (80%) patients showed a reduction in C3c staining (reflective of damage‐causing deposits) 
by one or more orders of magnitude of intensity from baseline.

• Five (50%) patients showed a reduction in C3c staining by two or more orders of magnitude of 
intensity from baseline. 

• Four (40%) patients showed zero staining intensity, indicating that C3 deposits were cleared. 

• Additionally, in a subgroup of patients with high baseline levels (≥1g per day) pegcetacoplan
showed a mean reduction of proteinuria (39.2% change from baseline).

• Other biomarkers also improved, including an increase in mean serum C3, reduction in mean 
serum C5b‐9 and stabilization of kidney function (eGFR).

Sobi Press Release (17.10.2023)
Dixon et al, ASN Kidney Week (Abstract; Poster #SA‐PO923)

Question 3: Which answer is incorrect?

A. Historically, C3G / IC‐MPGN comes with a high risk of post‐TX recurrence.

B. Post‐TX recurrence comes with a high risk of graft loss.

C. Terminal complement pathway blockade (e.g. via eculizumab) significantly improves the 
outcome of TX in C3G / IC‐MPGN patients.

D. Treatment targeting C3 activation (anti C3; anti CFB) holds promise to improve the outcome of 
TX in C3G / IC‐MPGN patients.

Conclusion

5th Primer in Pediatric Nephrology for Asia (Singapore, 21.‐23.8.2024)

Take home messages

• Historically, aHUS and C3G / IC‐MPGN come with a high risk of post‐TX recurrence.

• Today, kidney TX in aHUS with terminal complement pathway blockade is safe.

• Optimal treatment duration is still debated and depends on genetics, autoantibodies, and 
recurrence history.

• In C3G / IC‐MPGN TX, today best outcomes are achieved with prednisone & MMF.

• Blockade of (alternative pathway) C3 convertase holds promise to significantly improve outcomes 
in C3G / IC‐MPGN both in native kidneys and in kidney grafts.

Lemaire et al, Clin J Am Soc Nephrol 2021

C3G

aHUS
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Danicopan (ACH‐0144471)
Vemircopan (ALXN2050)

Iptacopan (LNP023)

Pegcetacoplan (APL‐2)
AMY‐101

Pegcetacoplan (APL‐2)
AMY‐101

Narsoplimab (OMS721)

Avacopan (CCX168)

Eculizumab
Ravulizumab

Cemdisiran (ALN‐CC5)
Coversin / Nomacopan

Crovalimab

Modified from
Lemaire et al, Clin J Am Soc Nephrol 2021

Raina et al, Cells 2021
Smith et al, Nat Rev Nephrol 2019

Eculizumab:
‐ Monoclonal
‐ Humanized mouse
‐ Anti‐C5 antibody
‐ Blocking terminal pathway

Ravulizumab:
‐ Long‐acting C5 inhibitor
‐ Increased FcRn recycling
‐ Anti‐C5 monoclonal antibody
‐ Blocking terminal pathway

C3G

aHUS

Antonucci et al,
Pediatr Nephrol 2024

Antonucci et al, Pediatr Nephrol 2024
Antonucci et al,

Pediatr Nephrol 2024

Licht Lab 2024

Autoimmune aHUS – first manifestation

IPNA aHUS CPR ‐ unpublished
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Autoimmune aHUS – relapse

IPNA aHUS CPR ‐ unpublished
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Renoprotective strategies:
Controversies

Dr David Lu
National University Hospital

Introduction

• Marked heterogeneity in 
progression of CKD to kidney 
failure.

• Risk of progression is predicted by 
underlying diagnosis (glomerular/ 
non‐glomerular), proteinuria, 
baseline eGFR

• Easily applied to individual patients

• Renoprotective strategies delay 
the progression of CKD

• Less complications of CKD
• Later onset of renal replacement 
therapies

Furth et al. (2018)

Endpoint: 50% reduction in eGFR, eGFR<15 or 
starting renal replacement therapy

Introduction

• Marked heterogeneity in 
progression of CKD to kidney 
failure.

• Risk of progression is predicted by 
underlying diagnosis (glomerular/ 
non‐glomerular), proteinuria, 
baseline eGFR

• Easily applied to individual patients

• Renoprotective strategies delay 
the progression of CKD

• Less complications of CKD
• Later onset of renal replacement 
therapies

Furth et al. (2018)

https://jotform.com/form/81565256783164

Contents

• Blood pressure control
• Which patients

• What targets

• Proteinuria control
• RAAS blockade

• SGLT2 inhibition

• Novel agents

• Other modifiable risk factors

Question

John is an 8 year old boy with CKD secondary to hypoplastic dysplastic 
kidneys who is newly referred. His eGFR is 55ml/min/1.73m2 and has 
no proteinuria. His office blood pressure is 108/71. His blood pressure 
centiles are as shown.

What is the most appropriate next course of action?
a) Review in 1 year

b) Review in 3 months, checking blood pressure at each visit

c) Perform 24h ambulatory blood pressure measurement

d) Start Amlodipine

Centile BP

50th 96/57

90th 108/70

95th 112/73

Question

John is an 8 year old boy with CKD secondary to hypoplastic dysplastic 
kidneys who is newly referred. His eGFR is 55ml/min/1.73m2 and has 
no proteinuria. His office blood pressure is 108/71. His blood pressure 
centiles are as shown.

What is the most appropriate next course of action?
a) Review in 1 year

b) Review in 3 months, checking blood pressure at each visit

c) Perform 24h ambulatory blood pressure measurement

d) Start Amlodipine

Centile BP

50th 96/57

90th 108/70

95th 112/73
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Blood pressure – Diagnosis

• Regular ambulatory blood pressure measurement (ABPM) is vital in 
the care of the CKD patient regardless of office blood pressure.

European Society for Hypertension, 2016

American Academy of Paediatrics, 2017

KDIGO, 2021

Blood pressure – Diagnosis

• High prevalence of masked 
hypertension in Paediatric CKD

• 38%masked hypertension in CKiD study 

• ~3x more than those with manifest HTN 
on office BP

• Non‐dipping is a prominent feature of 
early hypertension

• Nocturnal hypertension cannot be 
diagnosed on office BP.

• Masked hypertension produces at 
least as severe target organ damage 
as office‐diagnosed hypertension.

Mitsfenes et al. (2010)

Blood pressure – Diagnosis

• High prevalence of masked 
hypertension in Paediatric CKD

• 38%masked hypertension in CKiD study 

• ~3x more than those with manifest HTN 
on office BP

• Non‐dipping is a prominent feature of 
early hypertension

• Nocturnal hypertension cannot be 
diagnosed on office BP.

• Masked hypertension produces at 
least as severe target organ damage 
as office‐diagnosed hypertension.

Tang et al. (2023)

Blood pressure – Diagnosis

• High prevalence of masked 
hypertension in Paediatric CKD

• 38%masked hypertension in CKiD study 

• ~3x more than those with manifest HTN 
on office BP

• Non‐dipping is a prominent feature of 
early hypertension

• Nocturnal hypertension cannot be 
diagnosed on office BP.

• Masked hypertension produces at 
least as severe target organ damage 
as office‐diagnosed hypertension.

Mitsfenes et al. (2010)

Blood pressure – Diagnosis

• Similar results in 
subsequent meta‐
analysis.

• Prevalence ~20%

• Risk ratio 2.44 (95% 
CI: 2.29‐2.59) 
compared to general 
population.

• At higher risk… 
and
… with more 
consequences

Chung et al. (2023)

Blood pressure – Diagnosis

• What if ABPM is not 
available?

• Standardised office BP may 
be an alternative

• Protocolised

• Quiet room without talking

• Preceding rest for at least 5 
minutes

• No caffeine or exercise for 
30min prior

KDIGO (2021)
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Blood pressure – Diagnosis

• What if ABPM is not 
available?

• Standardised office BP may 
be an alternative

• Protocolised

• Quiet room without talking

• Preceding rest for at least 5 
minutes

• No caffeine or exercise for 
30min prior

Ku et al. (2018)

Prediction of LVH (n=513)

Prediction of ESKD (n=513)

Blood pressure – Diagnosis

• What if ABPM is not 
available?

• Standardised office BP may 
be an alternative

• Protocolised

• Quiet room without talking

• Preceding rest for at least 5 
minutes

• No caffeine or exercise for 
30min prior

KDIGO, 2021

All centres may need to develop this local 
workflow regardless of ABPM availability.
 Potential nurse‐led quality improvement programme.

Question

John is a 8 year old boy with CKD secondary to hypoplastic dysplastic 
kidneys who is newly referred. His eGFR is 55ml/min/1.73m2 and has no 
proteinuria. His office blood pressure is 108/71. His 24h ambulatory blood 
pressure is 117/75 with centiles as shown.

Should we consider anti‐hypertensive therapy?
a) Yes

b) No

Centile 24h 
Ambulatory BP

50th 107/66

75th 112/70

90th 117/73

95th 120/75
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proteinuria. His office blood pressure is 108/71. His 24h ambulatory blood 
pressure is 117/75 with centiles as shown.

Should we consider anti‐hypertensive therapy?
a) Yes

b) No

Centile 24h 
Ambulatory BP

50th 107/66

75th 112/70

90th 117/73

95th 120/75

Blood pressure – Treatment aims

KDIGO, 2021

AAP, 2017

ESH, 2016

Blood pressure – Treatment aims

• In children with CKD and hypertension, controlling mean ambulatory 
blood pressure to <50th centile improves kidney survival (ESCAPE, 
2009).

• Inclusion criteria
• Children 3‐18 years old with eGFR 15‐80 ml/min/1.73m2, AND

• 24h mean ambulatory BP was elevated (>95th centile) or on anti‐hypertensive 
medication

• Intervention
• ALL were started on Ramipril to maximum dose (6mg/m2), THEN

• Randomly assigned to BP aim based on 24h mean ambulatory BP
• Conventional: 50‐90th centile

• Intensified: <50th centile
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Blood pressure – Treatment aims

ESCAPE (2009)

Endpoint: 50% reduction in eGFR, 
progression to eGFR<10, or start of 
renal replacement therapy

• Hazard ratio= 0.65 (95% 
CI: 0.44‐0.94)

• Difference of 12% 

• Bigger effect in those 
with glomerulopathy vs 
hypoplasia‐dysplasia 
(p=0.009)

• Trend towards bigger 
effect in those with 
proteinuria (p=0.06)

Blood pressure – Treatment aims

• Hazard ratio= 0.65 (95% 
CI: 0.44‐0.94)

• Difference of 12%

• Bigger effect in those 
with glomerulopathy vs 
hypoplasia‐dysplasia 
(p=0.009)

• Trend towards bigger 
effect in those with 
proteinuria (p=0.06)

mg/g

ESCAPE (2009)

Blood pressure – Treatment aims

• Intervention
• ALL were started on Ramipril to 
maximum dose (6mg/m2), THEN

• Randomly assigned to BP aim 
based on 24h mean ambulatory BP

• Conventional: 50‐90th centile

• Intensified: <50th centile

On Ramipril alone, >50% of patients 
already had 24h mean ambulatory BP 
<50th centile

The randomised intervention was on a 
cohort that was at that point mainly 
non‐hypertensive.
E.g. In our case, a child with CKD and 
with 24h MAP 50th – 95th centile.

Blood pressure – Treatment aims

• Intervention
• ALL were started on Ramipril to 
maximum dose (6mg/m2), THEN

• Randomly assigned to BP aim 
based on 24h mean ambulatory BP

• Conventional: 50‐90th centile

• Intensified: <50th centile

On Ramipril alone, >50% of patients 
already had 24h mean ambulatory BP 
<50th centile

Conventional: 0.5 ± 0.9 additional pills
Intensified: 0.9 ± 1.1 additional pills

STRICT blood 
pressure control 
does not require 
Superhuman efforts.

Blood pressure – Treatment aims

• Fixed dose combinations 
(Single pill combinations)

• Recommended as first line 
therapy in adults due to 
greater efficacy

• Very limited Paediatric data

• BUT may at least improve 
compliance when on 
combination therapy 
(especially when on stable 
doses)

ESH (2023)

Blood pressure – Treatment aims

• 24h ABPM aims are not easily 
translatable to office BP (even 
protocolized).

• CKID study: Risk of progression 
lowest for 50‐75th for non‐
glomerular but wide confidence 
intervals means difficult to 
compare between group.

• KDIGO recommendations are 
reasonable for in‐office 
titration  ABPM to confirm 
control.

KIDGO (2024)

Flynn et al. (2021)
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Question

Karen is a 16 year old girl with CKD secondary to genetic FSGS. She has 
nephrotic range proteinuria of 300mg/mmol (3000 mg/g) and her BP is at 
the 50th centile. Her eGFR is 60ml/min/1.73m2.

What is the most appropriate next step?
a) Start Amlodipine

b) Start Carvedilol

c) Start Dapagliflozin

d) Start Ramipril

e) Start Spironolactone

Question

Karen is a 16 year old girl with CKD secondary to genetic FSGS. She has 
nephrotic range proteinuria of 300mg/mmol (3000 mg/g) and her BP is at 
the 50th centile. Her eGFR is 60ml/min/1.73m2.

What is the most appropriate next step?
a) Start Amlodipine

b) Start Carvedilol

c) Start Dapagliflozin

d) Start Ramipril

e) Start Spironolactone

Proteinuria – RAASi

• ACEi/ARBs are the recommended 
therapy for proteinuric
(microalbuminuric) CKD even in 
children.

• ESCAPE study: Reduction in 
proteinuria following Ramipril 
predicted prognosis.

KIDGO (2024)

Proteinuria – RAASi

• ACEi/ARBs are the recommended 
therapy for proteinuric
(microalbuminuric) CKD even in 
children.

• ESCAPE study: Reduction in 
proteinuria following Ramipril 
predicted prognosis.

• But what if there is residual 
proteinuria?

Van den Belt (2018)

Proteinuria – RAASi

• ACEi/ARBs are the recommended 
therapy for proteinuric
(microalbuminuric) CKD even in 
children.

• ESCAPE study: Reduction in 
proteinuria following Ramipril 
predicted prognosis.

• But what if there is residual 
proteinuria or if, as in ESCAPE, 
proteinuria returns?

ESCAPE (2009)

Proteinuria – RAASi

• “Aldosterone escape”
• Compensatory upregulation of 
aldosterone or other vasoactive 
mediators

• Should lead to salt and water 
retention

• Best evidence is in adults with 
T2DM, where finerenone
reduced admission for heart 
failure and reduced the risk of 
eGFR decline.

• Is this a direct effect or due to 
improved cardio‐renal axis?

KIDGO (2024)
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Proteinuria – RAASi

• But in the non‐DM CKD 
population

• Significant 
heterogeneity in terms 
of proteinuria reduction

• In exchange for risk of 
hyperkalaemia and AKI 
(no heterogeneity)

• No evidence showing 
improvement in long‐
term outcomes

• Paediatric trials awaited

Chung et al., Cochrane (2020)

Proteinuria – RAASi

• But in the non‐DM CKD 
population

• Significant 
heterogeneity in terms 
of proteinuria reduction

• In exchange for risk of 
hyperkalaemia and AKI 
(no heterogeneity)

• No evidence showing 
improvement in long‐
term outcomes

• Paediatric trials awaited

Schaefer et al. (2024)

Question

• Karen is a 16 year old girl with CKD secondary to genetic FSGS. She 
has nephrotic range proteinuria of 300mg/mmol (3000 mg/g) and her 
BP is at the 50th centile. Her eGFR is 60ml/min/1.73m2. You have 
started her on Ramipril 10mg, but her proteinuria remains at 
200mg/mmol (2000mg/g). 
Her elder brother with the same condition has been put on SGLT2 
inhibitors by his adult nephrologist, and her mother asks if you can do 
the same.

Question

• Which of the following is false?
a) The renoprotective effect of SGLT2 inhibitors in adults with diabetic CKD 

depends on the level of proteinuria.

b) The renoprotective effect of SGLT2 inhibitors in adults with non‐diabetic 
CKD depends on the level of proteinuria.

c) SGLT2 inhibitors are licensed in children for diabetes.

d) SGLT2 inhibitors are licensed in children for CKD.

Question

• Which of the following is false?
a) The renoprotective effect of SGLT2 inhibitors in adults with diabetic CKD 

depends on the level of proteinuria.

b) The renoprotective effect of SGLT2 inhibitors in adults with non‐diabetic 
CKD depends on the level of proteinuria.

c) SGLT2 inhibitors are licensed in children for diabetes.

d) SGLT2 inhibitors are licensed in children for CKD.

Proteinuria – SGLT2 inhibition

• A magic bullet in adult CKD, but no evidence in children (non‐diabetic CKD).

• Patient selection to minimize the risk‐benefit ratio is a prudent approach.

KDIGO (2024)
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Proteinuria – SGLT2 inhibition

• In adult CKD, biggest renoprotective benefits were seen in 
proteinuric CKD. 

Mean annual rate of change of eGFRRenal endpoint: RRT, eGFR<10 or reduced by 40%

EMPA‐Kidney Collaborative Group (2023)

Dapagliflozin was only tested in patients with proteinuria, 
i.e. UACR 200‐5000 mg/g.

Proteinuria – SGLT2 inhibition
• In adult CKD, biggest renoprotective benefits were seen in 
proteinuric CKD. 

• This partly because like ACEi/ARB, SGLT2 inhibition reduces 
intraglomerular pressure and thus reduces proteinuria, e.g. IgA 
subgroup in DAPA‐CKD (270/1398 non‐DM participants).

Wheeler et al. (2021) UACR=900 (IQR: 539‐1515) mg/g

Proteinuria – SGLT2 inhibi on 

Renalfellow.org

1) Decreased Na 
re‐absorption in 
PCT 2) Increased Na 

delivery distally 
including macula 
densa

3) Increased
tubuloglomerular
feedback reducing 
intraglomerular 
pressure and single 
nephron GFR

Proteinuria – SGLT2 inhibition

• Early data suggest that 
these anti‐proteinuric
benefits are also present in 
the pediatric population 
for heavy proteinuria.

• Pilot study
• Children with genetic 
glomerulopathy on ACEi
with residual proteinuria

• Dapagliflozin 5mg (≤30kg) 
or 10mg (>30kg)

Liu et al. (2022)

Average proteinuria: 2.86g/m2/day= 4.94g/1.73m2/d

Proteinuria – SGLT2 inhibition

• Early data suggest that 
these anti‐proteinuric
benefits are also present in 
the pediatric population 
for heavy proteinuria.

• Pilot study
• Children with genetic 
glomerulopathy on ACEi
with residual proteinuria

• Dapagliflozin 5mg (≤30kg) 
or 10mg (>30kg)

Liu et al. (2022)

Reduction in proteinuria 33.3% (95% CI: 23%‐43%) at 4 weeks and 
22.6% (95% CI: 8%‐37%) at 12 weeks.

Proteinuria – SGLT2 inhibition

UACR: 1213  972 mg/g (p=0.068)
Dapagliflozin 5‐10mg

Van Reeth et al. (2024)

UPCR: 600mg/g  700 mg/g (p=0.4)
Dapagliflozin 5‐10mg

Choi et al. (2024)
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Proteinuria – SGLT2 inhibition

• Safety: Recent large trials in pediatric T2D.

Age: 10‐17 years
Age: 10‐24 years

Proteinuria – SGLT2 inhibition

• Can consider off‐label use with 
appropriate counselling in

• Children ≥ 10 years old

• Severe nephrotic range proteinuria 

• Consider enrolling in a clinical trial

• Watch this space
• Sparsentan

• Novel ARB + Endothelin‐1 
antagonist

• Already licensed for adult IgA 
nephropathy

Genetic FSGS
UPCR>1500mg/g
8.7% were children 
(youngest 9yo)

Rheault et al. (2023)

Question

John (CKD secondary to hypoplastic dysplastic kidneys) is now 13 years 
old and his eGFR has fallen to 25ml/min/1.73m2. He does not want any 
more medication for renoprotection. 

Treating which of the following CKD complications may also slow the 
rate of CKD progression?

a) Acidosis
b) Anaemia
c) Hyperphosphataemia
d) Vitamin D deficiency
e) None

Question

John (CKD secondary to hypoplastic dysplastic kidneys) is now 13 years 
old and his eGFR has fallen to 25ml/min/1.73m2. He does not want any 
more medication for renoprotection. 

Treating which of the following CKD complications may also slow the 
rate of CKD progression?

a) Acidosis
b) Anaemia
c) Hyperphosphataemia
d) Vitamin D deficiency
e) None

Pleiotropic effects

• Many many associations
Which is causative?

• But this is not why we 
treat CKD complications …

Anaemia, dyslipidaemia

Pleiotropic effects

• Overall benefit
• But statistically significant 
heterogeneity

• Due to trial quality or 
presence of placebo

• Restriction to placebo‐
controlled trials: NS

Hultin et al. (2021)

KDIGO (2024)

Outcome: Differential change in eGFR or CrCl
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Conclusions

1. All CKD patients should undergo ABPM at least annually.
• Use standardized office blood pressure measurement every 3‐6 months.

2. Hypertensive patients should be treated till ambulatory mean arterial 
pressure is ≤ 50th centile.
• Titrate control to 50‐75th centile using standardized office BP measurements.

• Fixed combination pills may promote compliance in adolescents needing a 2nd

agent.

3. Strongly consider treating even non‐hypertensive patients if their 
ambulatory mean arterial pressure is >50th centile.

Conclusions

4. RAAS inhibition using ACEi/ARBs must be initiated in proteinuric
patients.
• The overall benefits of adding on mineralocorticoid receptor antagonists, 
especially readily available spironolactone, is uncertain.

5. Consider SGLT2 inhibition only in children ≥10 years old, with high 
nephrotic proteinuria at high risk of progression
• Such use is off‐label and requires shared decision making with the family.

6. Correcting metabolic acidosis may confer additional renoprotective
benefits.

7. Do not forget preventative advice: AVOID AKI
• Early IV hydration during intercurrent illness
• Counsel on nephrotoxin exposure (over the counter medication, while in‐
hospital, traditional medications)

Thank you.
Questions?
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Cystic Kidney Diseases: 
Diagnosis, Management and Outcomes

Franz Schaefer

Division of Pediatric Nephrology
Center for Pediatrics and Adolescent Medicine

University of Heidelberg, Germany 

Cystic Kidney Diseases in Children
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Case 1

You are called by a gynecologist in your hospital who has identified kidney cysts 
in a 20‐week fetus at routine prenatal screening.  

The mother‐to‐be is a healthy 25‐year‐old woman in her first pregnancy. There is no 
history of kidney disease in her or her husband‘s family.  

Ultrasound shows multiple small cysts in both kidneys without any other fetal anomalies.

‐> What are the most likely differential diagnoses? 

‐> What is the prognosis for this child? 

Prenatally Diagnosed Cases per Disease

0%

10%

20%

30%

40%

50%

60%

70%

Counseling Regarding Prognostic Spectrum
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Single cyst with normal parenchyma

Unilateral multiple cysts or hyperechogenicity

Bilateral multiple cysts or hyperechogenicity

Morphological Classification of Cystic Kidney Disorders Single Cyst

Likely diagnosis: Single cortical cyst

Differential diagnoses: 
• Duplex urinary tract with dilated pelvis, segmental multicystic dysplasia
• Extrarenal cyst (e.g. adrenal)
• Cystic tumor
• Initial lesion of polycystic kidney disease

Prenatal prognosis: very good (90% resolve, 4% other diagnosis) 

Imaging:           Prenatally:   US follow‐up after 4‐6 weeks
Postnatally:  US within first 4 weeks

Genetics:  not required (neither pre‐ nor postnatally)

Unilateral Cysts / Hyperechogenicity

Likely diagnosis: Multicystic dysplastic kidney

Differential diagnosis:
Cystic dysplasia (± obstruction)
Unilateral origin of bilateral cystic nephropathy

Prognosis: mixed ‐ 13 % mortality (from extrarenal anomalies)

Imaging:   Screen contralateral kidney & other organs

Prenatally:  US after 4 weeks, then guided by findings
MRI if MCDK is ectopic (exclude teratoma)

Postnatally:  US on day 3‐7

Genetic testing: only in case of extrarenal manifestaions

Bilateral Cysts/Hyperechogenicity

Likely diagnosis:  Bilateral cystic dysplasia 
(30% HNF1B nephropathy) 

Likely diagnosis:  ARPKD

Differential diagnoses: 
ADPKD 
Bardet‐Biedl, Meckel‐Gruber, other syndromic diseases
Infantile nephronophthisis  
Chromosomal aberrations 
LUTO 
Tubular dysgenesis 
Inborn errors of metabolism
Prenatal drug exposure (ACEi/ARB)

+ Oligohydramnios

- Oligohydramnios

Prognosis

TOP frequent
CKD in 70%

- Oligohydramnios

Prenatal mortality:  9%
CKD in 34 %
Spontaneous improvement in 31%

+ Oligohydramnios

+ extrarenal
anomalies 

TOP very frequent 
CKD in 100%

TOP very frequent 
CKD in 86%

Bilateral Cysts/Hyperechogenicity Prenatal Risk Classification

Oligohydramnios: important prognostic marker

Prenatal kidney function tests ‐> postnatal kidney function

• Fetal urine markers: low evidence, only in LUTO

• Serum: β2‐microglobulin ‐ glomerular marker with insufficient predictive power
Risk of cordocentesis

Prenatal lung evaluation ‐> postnatal lung function

• 2D/3D lung volume not superior to oligohydramnios state
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Burgmaier et al., J Peds 2019

Prenatal Findings Predict Dialysis Risk at Age 1 Year 
in Children with ARPKD
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Risk Prediction Score for Infants with ARPKD

Burgmaier et al. KI in revision

<8     8‐10   10‐13   >13

Burgmaier et al. Kidney Int 2021

Genotype Associates with Organ‐Specific Outcomes 
in Children with ARPKD  

Time without KRT Time without substantial hepatic complication

eGFR Course in HNF1B Nephropathy

Buffin‐Meyer et al. KI Reports 2024

GFR evolution in childhood Progression to CKD stage 3

Prenatal Therapies

Glucocorticoids for lung maturation clearly indicated until 34th gestational week

Thereafter: 1 treatment cycle „reasonable“ 

Repeated amnio‐infusions for renal anhydramnios: 

• Small case series suggest positive effect on pulmonary development 

• Risk of iatrogenic amnionic infection / membrane rupture / hemorrhage

Postnatal Management of Cystic Kidney Diseases

Perform imaging, consider genetic testing

• If compensatory hypertrophy present: 
kidney function exams not necessarily indicated

• Occasional clinical checkup recommended

• Check urine output

• Check kidney function

• Involve pediatric nephrologist if kidney function compromised

+ Oligohydramnion
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Dialysis in Neonates

Recommendation 4.5 (strength: level 2, evidence: level B):

Renal replacement therapy should be offered to neonates 
with life‐threatening kidney failure due to cystic renal disease.

Depending on individual circumstances, it can be appropriate to opt against renal 
replacement therapy and to pursue a palliative care plan.

• Neonatal dialysis well established therapy with comparable mortality as in older infants 
and children

• Neonatal age per se does not justify withholding therapy

• Comorbidities (and underlying disease) should be considered

• Joint decision‐making with parents

Burgmaier et al. Sci Rep 2020

Severe neurological complications: 
• CNS ischemia, infarction,

hypoxic encephalopathy 
• Optical nerve atrophy 

with loss of vision

Increased Risk of Neurological Complications 
After Bilateral Nephrectomy in First 3 Months of Life

Case 2

A young mother of two infants who herself is affected by ADPKD (but asymptomatic) asks her 
pediatrician to explore  whether she has transmitted the disease to the children. 

Her father just became dialysis dependent at age 58.  

 Should the pediatrician serve this request? 

 How can this be done?  

Radiological Diagnosis of ADPKD

• In a fetus or neonate with a positive family history, 
hyperechogenic and/or enlarged kidneys (>2 SD) on ultrasound are suggestive of ADPKD. 

• In a child under 15 years with a positive family history, 
sonographic detection of one or more kidney cysts is highly suggestive of ADPKD.

• Normal ultrasound in an at‐risk child does not exclude ADPKD. 
However, it is not necessary to rescreen at intervals shorter than 3 years. 

Neocyst Consensus Statement, Nat Rev Nephrol 2019

Diagnosis of Children at Risk of ADPKD ADPKD in Children: Diagnostic Practice Patterns
2,154 children from ADPedKD, ERKReg, RaDaR registries 

• 50‐60% of children diagnosed asymptomatically by family screening 

• Increasing rate of prenatally diagnosed children

• Large country variability of genetic diagnostic confirmation, 
use closely related to national health expenditure 
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Mekahli et al. CJASN 2023; 18: 36–46

Adverse Effects of Aquaretic Treatment 

Tolvaptan Placebo

24h urine volume (n=12/8) 7.2 ± 2.8 L 2.5 ± 2.1 L

Nocturia 7/48 (15%) 3/43 (6%)

Pollakiuria 9/48 (19%) 0/43 (0%)

Polydipsia 5/48 (10%) 1/43 (2%)

Polyuria 13/48 (27%) 2/43 (4%)

Orthostatic hypotension 5/48 (10%) 0/43 (0%)

Serum sodium increase 2/48 (4%) 0/43 (0%)

Serum creatinine increase 9/48 (19%) 2/43 (4%)

Any aquaretic treatment emergent AEs  31/48 (65%) 7/43 (16%)

Any deydration‐related AEs 17/48 (35%) 6/43 (14%)

Novel molecular therapies 
for cystic kidney diseases 
under development 

Question 1

A. ARPKD

B. ADPKD

C. HNF1B nephropathy

D.Multicystic kidney dysplasia

E. Nephronophthisis

Which is the most common cystic kidney disease in children? 

Question 1

A. ARPKD

B. ADPKD

C. HNF1B nephropathy

D.Multicystic kidney dysplasia

E. Nephronophthisis

Which is the most common cystic kidney disease in children? 

Question 2

A. ARPKD

B. ADPKD

C. HNF1B nephropathy

D.Multicystic kidney dysplasia

E. Nephronophthisis

Which is the most common etiology of bilateral fetal kidney cysts?
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Question 2

A. ARPKD

B. ADPKD

C. HNF1B nephropathy

D.Multicystic kidney dysplasia

E. Nephronophthisis

Which is the most common etiology of bilateral fetal kidney cysts?

Question 3

A. Postnatal kidney function can be reliably predicted from serum B2M in chord blood

B. Oligoanhydramnios and fetal nephromegaly reliably predict ESKD within the 1st year of life

C. Most patients with HNF1B nephropathy will remain in CKD stage 3 throughout childhood

D. Whole HNF1B gene deletions are associated with earlier kidney disease progression than 
point mutations 

E. Bilateral nephrectomy for ‚malignant‘ ARPKD in the first three months of life increases the 
risk of neurological complications 

Which of the following statements is correct?

Question 3

A. Postnatal kidney function can be reliably predicted from serum B2M in chord blood

B. Oligoanhydramnios and fetal nephromegaly reliably predict ESKD within the 1st year of life

C. Most patients with HNF1B nephropathy will remain in CKD stage 3 throughout childhood

D. Whole HNF1B gene deletions are associated with earlier kidney disease progression than 
point mutations 

E. Bilateral nephrectomy for ‚malignant‘ ARPKD in the first three months of life increases the 
risk of neurological complications 

Which of the following statements is correct?

Question 4

A. Hyperechogenic kidneys in a fetus with a family history of ADPKD. 

B. A single kidney cyst in a child under 15 years of age with a family history of ADPKD

C. A 30% decrease of urine osmolality in response to Tolvaptan 

D. A and B are correct.

E. B and C are correct.

Which of the following findings is sufficient to make the diagnosis of ADPKD? 

Question 4

A. Hyperechogenic kidneys in a fetus with a family history of ADPKD. 

B. A single kidney cyst in a child under 15 years of age with a family history of ADPKD

C. A 30% decrease of urine osmolality in response to Tolvaptan 

D. A and B are correct.

E. B and C are correct.

Which of the following findings is sufficient to make the diagnosis of ADPKD? 

Question 5

A. Isolated cortical cysts are always indicative of ADPKD 

B. Normal ultrasound findings rule out ADPKD in adolescents

C. At least 50% of children with ADPKD are diagnosed electively in the asymptomatic stage 

D. A prenatal diagnosis of ADPKD justifies termination of pregnancy 

E. Tolvaptan does not decrease urine osmolality in children younger than 12 years

Which statement is correct? 



6/9/2024

7

Question 5

A. Isolated cortical cysts are always indicative of ADPKD 

B. Normal ultrasound findings rule out ADPKD in adolescents

C. At least 50% of children with ADPKD are diagnosed electively in the asymptomatic 
stage 

D. A prenatal diagnosis of ADPKD justifies termination of pregnancy 

E. Tolvaptan does not decrease urine osmolality in children younger than 12 years

Which statement is correct? 
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ISPD Clinical Practice Recommendation:  Prevention and Management 
of Peritonitis and Catheter Related Infections in Children

PICO Questions

1 Duration of training longer vs shorter

2 Home visits vs no home visits

3 Retraining frequency vs another

4 Formal vs Informal training assessment

5 Repeat competency testing vs. none

6 Use of adult learning principles vs none

7 Tenchknoff characteristic vs another characteristic

8 Laparoscopic vs open catheter placement

9 Prophylaxis Antibiotic therapy vs none

10 Topical antimicrobial agent at exit site vs none

11 Once weekly dressing change vs more

12 Daily exit site care vs 3 times a week

13 Topical antibiotic prophylaxis vs not

14 Flush before fill design vs. Traditional spike system

15 Gastrostomy Before/After PD

16 Open vs laparoscopic gastrostomy

17 Using prophylactic antibiotics and antifungals for gastrostomy placement

18 Adjunctive antifungal with antibiotics

19 Prophylactic antibiotic for invasive procedures (dental or GI/GU)

20 MRSA suspected, vanco+cefepime vs cefepime alone

21 Aminoglycoside vs cefepime or ceftazidime

22 Two vs three weeks duration of treatment

23 For gram positive infection, adding rifampin vs not

24 For gram positive infection, antibiotic X vs Y

25 For MRSA, antibiotic X vs Y

26 If infection susceptible to cefazolin, using cefazolin vs other beta lactam ab

27 For pseudomonas, single agent vs two

28 For gram negative infection, cefazolin vs cefepime or ceftazidime

29 Negative culture, two weeks treatment vs less

30 Negative culture, discontinue glycopeptide vs not

31 Fungal peritonitis, catheter removal vs treatment and removal

32 Fungal peritonitis, amphotericin B vs fluconazole or echinocandins

33 Fungal peritonitis, catheter removal time X vs Y

34 Fungal peritonitis, catheter replacement time X vs Y

35 With relapsing peritonitis, catheter removal time X vs Y

36 With relapsing peritonitis, standard treatment vs based on previous peritonitis 

37 With relapsing peritonitis, catheter removal vs conservative  treatment alone

38 With relapsing peritonitis,  immediate vs delayed catheter replacement after removal

39 With relapsing peritonitis, fibrinolytic agent vs none

40 With relapsing peritonitis, urokinase vs rTPA/Taurolodine

41 With relapsing peritonitis, same or longer duration of treatment as initial episode

42 PD + hypogammaglobulinemia, using IVIG vs not

43 Exit site with granulation, silver nitrate vs not

44 Exit site with granulation, topical antibiotic vs not

45 With refractory exit‐site or tunnel infection, catheter removal and replacement vs antibiotics

46 With refractory exit‐site or tunnel infection with staph or pseudomonas, catheter removal vs ab

47 With refractory peritonitis, catheter removal vs not 

48 With surgical peritonitis, catheter removal vs not 

49 With mycobacterial peritonitis, catheter removal vs not 

50 Diagnosis of infection with presence of purulent discharge alone vs objective scoring

51 Diagnosis of infection with clinical assessment and ultrasound vs clinical assessment alone

52 With intractable CRTI, cuff shaving vs catheter removal 

53 With uncomplicated exit site infection, empiric therapy vs not

54 With APD +PD, short vs prolonged dwell time

54 PICO (population-intervention-comparator-outcomes) questions, covering all aspects of PD associated infections in 
children Literature 

Search
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Evidence Rating: 
Grade 
Methodology

Bias 
Assessment

Author, Year Bias due to 
confounding

Bias in selection of 
participants into the 
study

Bias in 
classification of 
interventions

Bias due to deviations 
from intended 
interventions

Bias due to missing 
data

Bias in 
measurement of 
outcomes

Bias in selection 
of the reported 
result

Alhameedi, 2006 Serious Serious Low Low Low Low Serious

Auron, 2006 Critical Low Low Low Low Low Low

Chan, 2019 Serious Low Critical Low Critical Low Low

Furth, 2000 Low Low Low Low Low Low Low

Garcia-Lopez, 
1994

Critical Low Serious Serious Low Low Low

Hoshii, 2006 Low Low Low Low Low Low Low

Jones, 1995 Critical Critical Critical Critical Serious Low Low

Lane, 2010 Serious Low Low Low Low Low Low

Lalan, 2017 Critical Critical Low Serious Critical Low Serious

Ledermann, 2002 Serious Serious Low Low Low Low Low

Lindley 2012 Low Low Low Serious Low Low Low

Macchini, 2006 Critical Critical Low Serious Serious Low Serious

Nguyen, 1987 Serious Serious Low Serious Low Low Low

Ponce, 2018 Low Low Low Low Low Low Low

Prestidge, 2015 Serious Low Serious Critical Critical Low Low

Ramage, 1999 Critical Serious Low Low Low Low Low

Robitaille, 1995 Critical Low Low Serious Low Serious Low

Sardegna, 1998 Critical Critical Low Low Low Low Low

Teo, 2020 Serious Low Critical Serious Serious Low Low

von Schnakenburg, 
2006

Serious Serious Low Low Serious Low Low

Warady, 2003 Low Low Low Low Low Low Low

Yoshino, 2004 Low Critical Low Low Low Low Low

Evidence 
Summary 
Tables

PICO Questions

Insufficient 
pediatric evidence 
(0 or 1 published study) 
for 36 of 54 PICOs

PICO # Short Description Published studies 

1 Duration of training longer vs shorter 3

2 Home visits vs no home visits 2

3 Retraining frequency vs another 3

4 Formal vs Informal training assessment 1

5 Repeat competency testing vs. none 0

6 Use of adult learning principles vs none 0

7 Tenchknoff characteristic vs another characteristic 12

8 Laparoscopic vs open catheter placement 2

9 Prophylaxis Antibiotic therapy vs none 4

10 Topical antimicrobial agent at exit site vs none 3

11 Once weekly dressing change vs more 3

12 Daily exit site care vs 3 times a week 3

13 Topical antibiotic prophylaxis vs not 3

14 Flush before fill design vs. Traditional spike system 2

15 Gastrostomy Before/After PD 6

16 Open vs laparoscopic gastrostomy 3

17 Using prophylactic antibiotics and antifungals for gastrostomy placement 3

18 Adjunctive antifungal with antibiotics 1

19 Prophylactic antibiotic for invasive procedures (dental or GI/GU) 0

20 MRSA suspected, vanco+cefepime vs cefepime alone 0

21 Aminoglycoside vs cefepime or ceftazidime 0

22 Two vs three weeks duration of treatment 0

23 For gram positive infection, adding rifampin vs not 1

24 For gram positive infection, antibiotic X vs Y 1

25 For MRSA, antibiotic X vs Y 1

26 If infection susceptible to cefazolin, using cefazolin vs another beta lactam antibiotic 1

27 For pseudomonas, single agent vs two 1

28 For gram negative infection, cefazolin vs cefepime or ceftazidime 0

29 Negative culture, two weeks treatment vs less 0

30 Negative culture, discontinue glycopeptide vs not 0

31 Fungal peritonitis, catheter removal vs treatment and removal 1

32 Fungal peritonitis, amphotericin B vs fluconazole or echinocandins 1

33 Fungal peritonitis, catheter removal time X vs Y 1

34 Fungal peritonitis, catheter replacement time X vs Y 0

35 With relapsing peritonitis, catheter removal time X vs Y 0

36 With relapsing peritonitis, standard treatment vs based on previous peritonitis  1

37 With relapsing peritonitis, catheter removal vs conservative treatment alone 0

38 With relapsing peritonitis, immediate vs delayed catheter replacement after removal 0

39 With relapsing peritonitis, fibrinolytic agent vs none 2

40 With relapsing peritonitis, urokinase vs rTPA/Taurolodine 0

41 With relapsing peritonitis, same or longer duration of treatment as initial episode 0

42 PD + hypogammaglobulinemia, using IVIG vs not 2

43 Exit site with granulation, silver nitrate vs not 0

44 Exit site with granulation, topical antibiotic vs not 1

45 With refractory exit‐site or tunnel infection, catheter removal and replacement vs antibiotics 0

46 With refractory exit‐site or tunnel infection with staph or pseudomonas, catheter removal vs antibiotics 0

47 With refractory peritonitis, catheter removal vs not  2

48 With surgical peritonitis, catheter removal vs not  0

49 With mycobacterial peritonitis, catheter removal vs not  1

50 Diagnosis of infection with presence of purulent discharge alone vs objective scoring 1

51 Diagnosis of infection with clinical assessment and ultrasound vs clinical assessment alone 0

52 With intractable CRTI cuff shaving vs catheter removal 1

PICO Questions
PICO # Short Description Published studies  SCOPE  IPPN

1 Duration of training longer vs shorter 3 Yes Yes

2 Home visits vs no home visits 2 Yes Yes

3 Retraining frequency vs another 3 Yes

4 Formal vs Informal training assessment 1 Yes

5 Repeat competency testing vs. none 0

6 Use of adult learning principles vs none 0

7 Tenckhhoff characteristic vs another characteristic 12

8 Laparoscopic vs open catheter placement 2 Yes

9 Prophylaxis Antibiotic therapy vs none 4

10 Topical antimicrobial agent at exit site vs none 3

11 Once weekly dressing change vs more 3

12 Daily exit site care vs 3 times a week 3

13 Topical antibiotic prophylaxis vs not 3

14 Flush before fill design vs. Traditional spike system 2

15 Gastrostomy Before/After PD 6 Yes

16 Open vs laparoscopic gastrostomy 3

17 Using prophylactic antibiotics and antifungals for gastrostomy placement 3

18 Adjunctive antifungal with antibiotics 1 Yes Yes

19 Prophylactic antibiotic for invasive procedures (dental or GI/GU) 0 Yes

20 MRSA suspected, vanco+cefepime vs cefepime alone 0 No cefepime

21 Aminoglycoside vs cefepime or ceftazidime 0 Yes

22 Two vs three weeks duration of treatment 0 Yes

23 For gram positive infection, adding rifampin vs not 1 Yes

24 For gram positive infection, antibiotic X vs Y 1 Yes

25 For MRSA, antibiotic X vs Y 1 Yes

26 If infection susceptible to cefazolin, using cefazolin vs another beta lactam antibiotic 1 Yes

27 For pseudomonas, single agent vs two 1 Yes

28 For gram negative infection, cefazolin vs cefepime or ceftazidime 0 Yes

29 Negative culture, two weeks treatment vs less 0 Yes

30 Negative culture, discontinue glycopeptide vs not 0 Yes

31 Fungal peritonitis, catheter removal vs treatment and removal 1

32 Fungal peritonitis, amphotericin B vs fluconazole or echinocandins 1

33 Fungal peritonitis, catheter removal time X vs Y 1

34 Fungal peritonitis, catheter replacement time X vs Y 0 Yes

35 With relapsing peritonitis, catheter removal time X vs Y 0 Yes

36 With relapsing peritonitis, standard treatment vs based on previous peritonitis  1

37 With relapsing peritonitis, catheter removal vs conservative treatment alone 0 Yes

38 With relapsing peritonitis, immediate vs delayed catheter replacement after removal 0 Yes

39 With relapsing peritonitis, fibrinolytic agent vs none 2

40 With relapsing peritonitis, urokinase vs rTPA/Taurolodine 0

41 With relapsing peritonitis, same or longer duration of treatment as initial episode 0

42 PD + hypogammaglobulinemia, using IVIG vs not 2

43 Exit site with granulation, silver nitrate vs not 0

44 Exit site with granulation, topical antibiotic vs not 1

45 With refractory exit‐site or tunnel infection, catheter removal and replacement vs antibiotics 0

46 With refractory exit‐site or tunnel infection with staph or pseudomonas, catheter removal vs antibiotics 0

47 With refractory peritonitis, catheter removal vs not  2

48 With surgical peritonitis, catheter removal vs not  0 Yes

49 With mycobacterial peritonitis, catheter removal vs not  1

50 Diagnosis of infection with presence of purulent discharge alone vs objective scoring 1

51 Diagnosis of infection with clinical assessment and ultrasound vs clinical assessment alone 0

52 With intractable CRTI cuff shaving vs catheter removal 1

Unpublished data from 
SCOPE initiative 
and IPPN registry 
informing 25 PICOs, 
leaving only 9 PICOs 
without any evidence 

Bias 
Assessment

Training Recommendations

 Formalized teaching program

 Training session length and total duration tailored to needs 
(>20 hours per caregiver associated with lower peritonitis rates in children)

 Formal assessment, including post‐training 
written and demonstration competency testing

Home visit

Regular retraining/reassessment of all children on PD and/or their caregivers
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Catheter Type and Placement,
Early Exit Site Care

Use of double‐cuff Tenckhoff catheter with downward or lateral exit‐site orientation

PD catheter placement technique based on patient suitability and surgeon expertise

Perioperative intravenous antibiotics be provided prior to insertion of PD catheter

Delay first PD catheter dressing change for at least 7 days post‐PD catheter insertion

Bias 
Assessment

Chronic Exit Site Care

Routine PD catheter exit site care to be conducted 
with sterile cleansing solution 2‐3 times per week

Topical antibiotic to be applied to PD catheter exit‐site 
as part of routine exit site care

Ostomy Patients

Place gastrostomy tube either prior to or concurrently with PD catheter

In children not yet receiving PD: 
Place gastrostomy either by open or laparoscopic surgical technique or by 
percutaneous endoscopic technique (PEG).

In children receiving PD: 
place gastrostomy tube by open surgical procedure or laparoscopically

Provide prophylactic antibiotic and antifungal therapy 
to children on PD in association with gastrostomy placement

Adjunctive Prophylactic Antimicrobial Therapy

 Prophylactic nystatin or fluconazole therapy for children on PD 
receiving intraperitoneal or systemic antibiotic therapy

 Using prophylactic antibiotics for certain GI (eg. colonoscopies) or GU
procedures (eg. invasive gynecological), in accordance with local guidelines.

 Do NOT use prophylactic antibiotics for dental procedures. 

Start intraperitoneal antibiotics as soon as possible
Allow to dwell for 3‐6 hours

Ensure gram‐positive and gram‐negative coverage
Base selection on historical patient and local antibiotic susceptibility patterns

Monotherapy with cefepime*

If cefepime is not available:

Gram‐positive coverage:
Either first‐generation

cephalosporin or vancomycin

Gram‐negative coverage:
Either ceftazidime
or aminoglycoside

Empiric Antibiotic Therapy

• If center’s MRSA rate exceeds 10% or patient has history of MRSA colonization: 
add vancomycin to cefepime or replace first gen. cephalosporin by vancomycin for gram‐positive coverage.

Gram‐positive bacteria on culture

Streptococcus spp.

• Cefazolin‐susceptible: 
cefazolin 

• Cefazolin‐resistant: 
vancomycin

Duration: 2 weeks

Modification for Gram‐Positive Bacteria

Other gram‐positive 
bacteria, including 
coagulase‐negative 

Staphylococci

• Treat according to 
susceptibilities

• Use narrowest 
available agent

Duration: 2 weeks

MSSA

• Cefazolin

• Consider adding 
rifampin if poor 
initial response

Duration: 2 weeks

Enterococcus spp.

• Ampicillin 
susceptible: 

PO amoxicillin
• Ampicillin resistant 

but vancomycin‐
susceptible: 
vancomycin

• Vancomycin resistant 
(VRE): IP daptomycin 

or PO linezolid

Duration: 2 weeks 

MRSA

• Vancomycin

• Consider adding 
rifampin if poor 
initial response

Duration: 2 weeks
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Gram‐negative Enterobacterales (E. coli, Klebsiella spp., Proteus spp., etc)

Not otherwise specified

• Cefazolin or
• Ceftazidime

Duration: 2 weeks

AmpC beta‐lactamase 
producing organisms
Enterobacter cloacae, 
Klebsiella aerogenes, 
Citrobacter freundii

• Cefepime‐susceptible: 
cefepime 

• Cefepime‐resistant: 
meropenem or oral 

ciprofloxacin

Duration: 2 weeks

Extended‐spectrum beta‐
lactamase producing 

Enterobacterales (ESBL‐E) a

• Meropenem
or

• Oral ciprofloxacin 
if susceptible

Duration: 2 weeks 

Carbapenem‐resistant 
Enterobacterales (CRE)

• Consult infectious 
diseases expert

• Treat according to 
antibiotic susceptibilities

Duration: 2 weeks

Note: all antibiotics listed in order of preference,  if organism is susceptible
a Enterobacterales that are not susceptible to a 3rd generation cephalosporin (ceftriaxone, cefotaxime, ceftazidime) should be presumed to be ESBL‐E

Modification for Gram‐Negative Enterobacterales

Non‐fermenting gram‐negative organisms

Pseudomonas aeruginosa

• Ceftazidime or

• Cefepime or

• Meropenem or

• Oral ciprofloxacin

Duration: 3 weeks

Stenotrophomonas maltophilia

• Trimethoprim‐
sulfamethoxazole

Duration: 2‐3 weeks

Acinetobacter spp.

• Cefepime or

• Ceftazidime or

• Meropenem

• For carbapenem‐resistant 
Acinetobacter baumanii : 
IP amikacin or IP colistin + 

high‐dose ampicillin‐sulbactam

Duration: 2‐3 weeks 

Modification for Non‐Fermenting  
Gram‐Negative Organisms

Candida spp.

• Fluconazole‐susceptible: 
fluconazole

• Fluconazole‐resistant: 
IV echinocandin, 
amphotericin B, 
or voriconazole 

according to antifungal 
susceptibilities

Duration: at least 2 weeks 
after removal of catheter

Fungus isolated on stain or culture

Remove PD catheter as soon as possible

Mold

Aspergillus spp.

• Oral voriconazole, 
Posaconazole, 
isavuconazole

or IV amphotericin B 
according to antifungal 

susceptibilities

Duration: at least 2 weeks 
after removal of catheter

Others

• IV amphotericin B

• Narrow therapy as 
appropriate according to 
antifungal susceptibilities

Duration: at least 2 weeks 
after removal of catheter

Modification for Fungal Peritonitis

Clinical and lab 
improvement

• Discontinue vancomycin, 
cefepime, or gentamicin

• Treat with IP cefazolin

Duration: 2 weeks

Culture negative at day 3

Clinical Assessment
Repeat PD fluid white cell count and differential

Not improved clinically or by laboratory criteria
Repeat cultures; include fungal, mycobacterial cultures

Culture positive

Treat according to identified 
organism and antimicrobial 

susceptibilities 

Refer to appropriate treatment 
algorithm for antimicrobial 

choice and duration

Cultures remain negative at day 5

Clinical improvement

• Continue antibiotics

Duration: at least 2 weeks

No clinical improvement

• Remove catheter
• Continue antibiotics

Duration: at least 2 weeks after 
removal of catheter

Modification for Culture‐Negative Peritonitis

Diagnosis of ESI

Swab culture   Gram stain, Tunnel examination  Ultrasonography 

Tunnel infection

if good clinical response 
within 7 days:

Treat at least 3 weeks
with effective antibiotic

Catheter removal 
if concomitant 
peritonitis

If refractory: simultaneous catheter exchange 
or salvage (cuff shaving, catheter relocation)

Isolated ESI 
Catheter removal if 

concomitant peritonitis 
due to same organism

*Initiate empiric oral antibiotic therapy with 1st gen Cephalosporin or anti‐Staphylococcal Penicillin
If known history of P. aeruginosa: Empiric IP, IV or oral antipseudomonal antibiotic 

If known MRSA carrier:  IP Vancomycin

Adjust based on culture results and susceptibilities

Assess clinical response regularly

If refractory:
simultaneous

catheter exchange

Pseudomonas: 
Treat at least 3 weeks
with effective antibiotic

Non‐pseudomonal organisms**: 
Treat 7‐14 days with effective antibiotic, 
depending on clinical resolution rate

Catheter Removal and Replacement

Catheter should be removed in the following circumstances: 

 Refractory bacterial peritonitis

 Fungal peritonitis

Two‐stage catheter exchange for fungal and refractory bacterial peritonitis 

Simultaneous catheter exchange for relapsing peritonitis and 
refractory exit‐site or tunnel infection
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Question 1

A. The first PD catheter dressing change should be delayed for at least 1 week 
post PD catheter insertion 

B. Routine PD catheter exit site care to be conducted daily with sterile cleansing solution

C. Prophylactic antibiotics should be administered within 6 hours of dental procedures

D. In children on PD, percutaneous gastrostomy placement is the method of choice

E. All of the above

Which statement regarding prophylaxis of PD‐associated infections is correct? 

Question 1

A. The first PD catheter dressing change should be delayed for at least 1 week 
post PD catheter insertion 

B. Routine PD catheter exit site care to be conducted daily with sterile cleansing solution

C. Prophylactic antibiotics should be administered within 6 hours of dental procedures

D. In children on PD, percutaneous gastrostomy placement is the method of choice

E. All of the above

Which statement regarding prophylaxis of PD‐associated infections is correct? 

Question 2

A. 2 weeks for Pseudomonas

B. 3 weeks for S.aureus

C. 1 week for S.epidermidis

D. 1 week for Enterococcus faecium 

E. 2 weeks for Enterobacter cloacae

The duration of appropriate antibiotic therapy for PD‐associated peritonitis should be 

Question 2

A. 2 weeks for Pseudomonas

B. 3 weeks for S.aureus

C. 1 week for S.epidermidis

D. 1 week for Enterococcus faecium 

E. 2 weeks for Enterobacter cloacae

The duration of appropriate antibiotic therapy for PD‐associated peritonitis should be 

Question 3

A. ... after 3 days, all antibiotic therapy can be discontinued

B. ... after 3 day and if there is clinical improvement, 
antibiotic treatment should be changed to cefazoline monotherapy

C. ... after 5 days, all antibiotic therapy can be discontinued

D. ... after 5 days, the catheter should always be removed 

If dialysate culture remains sterile ... 

Question 3

A. ... after 3 days, all antibiotic therapy can be discontinued

B. ... after 3 day and if there is clinical improvement, 
antibiotic treatment should be changed to cefazoline monotherapy

C. ... after 5 days, all antibiotic therapy can be discontinued

D. ... after 5 days, the catheter should always be removed 

If dialysate culture remains sterile ... 
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Question 4

A. no clinical improvement is observed within 2 days

B. dialysate culture remains sterile for 5 days

C. fungi are detected by stain or culture 

D. pseudomonas is grown in culture

E. All of the above

In children with PD associated peritonitis, the PD catheter should be removed if ...

Question 4

A. no clinical improvement is observed within 2 days

B. dialysate culture remains sterile for 5 days

C. fungi are detected by stain or culture 

D. pseudomonas is grown in culture

E. All of the above

In children with PD associated peritonitis, the PD catheter should be removed if ...

Question 5

A. refractory peritonitis

B. refractory tunnel infection

C. relapsing peritonitis

D. Any of the above

Simultaneous removal and re‐insertion of the PD catheter is NOT recommmended for ...

Question 5

A. refractory peritonitis

B. refractory tunnel infection

C. relapsing peritonitis

D. Any of the above

Simultaneous removal and re‐insertion of the PD catheter is NOT recommmended for ...
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ABMR Established and New 
Therapies
Paul C. Grimm MD,
Prof. Of Pediatrics
Stanford University

Cell Free DNA

Combine cfDNA and Gene Expression CTOT-8 COMBINED –428 Bx from 208 Patients

Rejection No Rejection

Dd‐cfDNA +

Gene Expression +

CTOT-8 
COMBINED

CTOT-8 
COMBINED
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Omnigraf- Combined TruGraf and Cell Free DNA Omnigraf- Combined TruGraf and Cell Free DNA 

Question
 Patient 5 years old waiting 3 years for kidney on HD.

Flow cross match T cell + 40 channel shift (positive is>70) NEGATIVE
Flow cross match B cell + 70 channel shift (positive is>110) NEGATIVE
Current bead testing shows Class I DSA low level 900 MFI.
Serum from 3 years ago shows same DSA with MFI of 15,000
Plan-5 day Thymoglobulin induction, tacrolimus, mycophenolate, & steroid based. In addition:

– a) “Chill baby” what’s past is past, treat the patient like any other
– b) Rituximab 1 dose ~10 days later
– c) Increase thymoglobulin to 7-10 days of 1.5mg/kg/dose
– d) Plasmapheresis of 1 plasma volume immediately prior to transplant

Question
 Patient 5 years old waiting 3 years for kidney on HD.

Flow cross match T cell + 40 channel shift (positive is>70)
Flow cross match B cell + 70 channel shift (positive is>110)
Current bead testing shows Class I DSA low level 900 MFI.
Serum from 3 years ago shows same DSA with MFI of 15,000
Plan-5 day Thymoglobulin induction, tacrolimus, mycophenolate, & steroid based. In addition:

– a) “Chill baby” what’s past is past, treat the patient like any other
– b) Rituximab 1 dose ~10 days later
– c) Increase thymoglobulin to 7-10 days of 1.5mg/kg/dose
– d) Plasmapheresis of 1 plasma volume immediately prior to transplant

Rituximab for cryptic (past positive, current negative) sensitization Rituximab for cryptic (past positive, current negative) sensitization
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Cornerstones of DSA Management

Prevention

Surveillance

Prevention-MMF discontinuation
 288 Pediatric patients, 7 centers

Prevention-MMF discontinuation
 288 Pediatric patients, 7 centers

Higher minimum MMF levels protect from dnDSA
Retrospective study of 32 pediatric renal allografts

 9.4 years of followup

 84% developed DSA

Mean tacrolimus or MMF levels did not predict DSA

Higher minimum MMF levels protect from dnDSA Lessons Learned

 After recovering from a bad infection (BK or adenovirus) or being 
cured from PTLD, the clinician will tend to keep the 
immunosuppression lighter than they normally would for fear of 
recurrence.

DON’T succumb to this fear

 In most patients, that graft will develop DSA± ABMR if you don’t 
return to normal immunosuppression
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DSA Prevention-Tacrolimus Intra-patient Variability 

 Intrapatient variability of tacrolimus  calculated using the coefficient of 
variation (CV) according to the equation CV = SD / Mean x 100%

Newly transplanted

Stable post transplant Early nonadherence

Stable for 10 years Tacrolimus CV
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Tacrolimus CV Tacrolimus CV

Tacrolimus Variability Unexpected deterioration-> changed caretaker

Major life event Recurrent diarrhea
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Change in life circumstances Once Daily Observed Dose

Envarsus vs Immediate release tacrolimus

 24

Once a day observed therapy

 Steroid, Envarsus® and Myfortic® 

 Any time that works!

 A single reliable person

 Parent, Grandparent, older sib or relative, neighbor

 School or school teacher, coach or nurse during school days

Surveillance

DSA monitoring
– Monthly for the first year
– Quarterly for the second year
– Yearly thereafter
– Increase frequency if clinical suspicion or life changes
 Suggestion of nonadherence
 Moving away from home, school
 Confessional

Question
 A teenaged patient receives an uneventful kidney transplant with a negative 

crossmatch. 2 years later, his creatinine increases, he admits he has been 
missing a lot of medications, and his biopsy shows acute antibody mediated 
rejection (small amount of tubulitis but lots of microvascular disease PTC2 
and glomerulitis). His DSA testing reports a DSA against DQ7 with an MFI of 
20,000. However, your records show his (recipient) HLA typing also includes 
DQ7. What is the most likely explanation?
– a) the lab must have mixed up the typing

– b) he has developed an autoantibody against DQ7

– c) he has developed a DSA against an unshared DQ alpha chain epitope

– d) this is an example of the PROZONE effect
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Question
 A teenaged patient receives an uneventful kidney transplant with a negative 

crossmatch. 2 years later, his creatinine increases, he admits he has been 
missing a lot of medications, and his biopsy shows acute antibody mediated 
rejection (small amount of tubulitis but lots of microvascular disease PTC2 
and glomerulitis). His DSA testing reports a DSA against DQ7 with an MFI of 
20,000. However, your records show his (recipient) HLA typing also includes 
DQ7. What is the most likely explanation?
– a) the lab must have mixed up the typing

– b) he has developed an autoantibody against DQ7

– c) he has developed a DSA against an unshared DQ alpha chain epitope

– d) this is an example of the PROZONE effect

DSA against an unshared DQ alpha chain epitope
DQ antigens have 2 polymorphic chains 
 and 
DQ serotyping only reports the  chain

 An unshared  chain can be the source 
of a DQ7 antibody. 

DSA against an unshared DQ alpha chain epitope
DQ antigens have 2 polymorphic chains  and 
DQ serotyping only reports the  chain

 An unshared  chain can be the source of a DQ7 antibody. 

 You can detect with higher resolution (molecular) tissue typing, or testing the 
DSA with Single Antigen Beads

DSA against an unshared DQ alpha chain epitope
DQ antigens have 2 polymorphic chains  and 
DQ serotyping only reports the  chain

 An unshared  chain can be the source of a DQ7 antibody. 

 You can detect with higher resolution (molecular) tissue typing, or testing the 
DSA with Single Antigen Beads

Complement Binding DSA
 Anti-HLA antibodies can bind complement

– IgM isotype
– Some IgG isotypes

Complement

activation

IgG1 IgG2 IgG3 IgG4

++ + +++ -

Loupy et al
 1016 patients, Paris 2005-2011

 If IgG DSA detected, serum sent to Pittsburgh for C1q using 
One Lambda reagents (Zeevi)

 Follow-up mean 4.8 years

 Antibody Status
– None- 69%
– IgG but no C1q- 24%
– C1q binding- 8%

NEJM 2013:369;1215-1226
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Biopsies in First Year

 kjh

Graft Survival 
by antibody 
status



 193 consecutive patients with no anti HLA sensitization transplanted 2000 - 2008

 19.2% developed de novo DSA
– 43% OF THOSE were C1q positive

 Most steroid free, protocol biopsies

 Followup 53±29 months

 Median time to onset of de novo DSA was 28.7±27 months

C1q DSA Stanford Pediatrics

 5 Year Graft Survival
– Cohort >90%
– DSA+  71.4%

 Of those DSA+ patients?
– C1q positive 53.3%
– C1q negative 85%

C1q DSA (2)

Treating DSA is useful

Retrospective

Transplant International 1 March 2022 | Volume 35 | Article 10158

Standardized Protocol for de novo DSA or AMR

 Biopsy
– If any cellular rejection, treat with steroid pulse and/or thymoglobulin if severe

 IVIG
– 2g/kg/dose monthly X 4 doses
– IF MFI is falling, continue monthly until C1q- (or MFI<5000)

Rituximab
– 500mg/M2 X1
– Follow B cell flow cytometry
– Repeat Rituximab if B cells repopulate while treating DSA

 If steroid free -> make steroid based

Optimize MMF dosing
 Target trough level is normally 2-4 but we increase ->4-6
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Escalation of MMF to treat DSA’s
Clinical Transplants 2014

 30 patients selected to undergo stepwise increase in 
Mycophenolate dose to a maximum of 3g/day. Limited by patient 
tolerance

Concurrent cohort

Escalation of MMF to treat DSA
 Lower rates of graft loss

No difference in viral infection

Question
 Dear Dr Grimm, …17year old male, 8 years post-transplant who developed mild proteinuria in the past few 

months  and creatinine increased to 150 from 180 after enalapril. His class II DSA came back positive for 
HLA-DQ2 > 6000 which is considered strong. DSA negative 1 year ago.
Biopsy showed Patchy peritubular capillaritis (ptc1-2), no glomerulitis (g0), negative C4d. The 
pathologist called probable AMR.
…would you do pheresis?  What dose IVIG would you use?
Next steps
– a) Plasmapheresis followed by IVIG
– b) Rituximab and 4 monthly doses of 2g/kg IVIG, then reassess
– c) Plasmapheresis with a proteosome inhibitor like bortezomib
– d) Since the C4d is negative, continue the patient on current therapy

Question
 Dear Dr Grimm, …17year old male, 8 years post-transplant who developed mild proteinuria in the past few 

months  and create went up to 150 from 180 after enalapril. His class II DSA came back positive for HLA-
DQ2 > 6000 which is considered strong. DSA negative 1 year ago
Biopsy showed Patchy peritubular capillaritis (ptc1-2), no glomerulitis (g0), negative C4d. The 
pathologist called probable AMR.
…would you do pheresis?  What dose IVIG would you use?
Next steps
– a) Plasmapheresis followed by IVIG
– b) Rituximab and 4 monthly doses of 2g/kg IVIG, then reassess
– c) Plasmapheresis with a proteosome inhibitor like bortezomib
– d) Since the C4d is negative, continue the patient on current therapy

Banff 2017-ABMR

C4d staining: immunohistochemistry vs. immunocytochemistry/immunofluorescence

C4d 2 detection techniques
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Discussion
 Dear Dr Grimm, …17year old male, 8 years post-transplant who developed mild proteinuria in the past few months  and create went up to 150 

from 180 after enalapril. His class II DSA came back positive for HLA-DQ2 > 6000 which is considered strong. DSA negative 1 year ago
Biopsy showed Patchy peritubular capillaritis (ptc1-2), no glomerulitis (g0), negative C4d. The pathologist called probable AMR.
…would you do pheresis?  What dose IVIG would you use?

 Questions to direct management
– Graft dysfunction?
– Concomitant Cellular Rejection?
– Cause of immunosuppression failure?

Does isolated ABMR really exist?

Doesn’t the B cell and plasma cell need T cell cytokines and help to trigger 
their program of antibody production?

 If the biopsy only shows pure AMR have you just missed the patches of 
TCMR?

 Should you take more cores? Another biopsy? Or just treat with IV 
methylprednisolone or similar?

Plasmapheresis

Have transplanted and managed ~ 600 pediatric patients @ Stanford

Have used post transplant plasmapheresis for DSA/AMR 5-6 times.

When Standard Protocol Fails
 Plasma Cell Memory

– Long lived Plasma Cells may survive for decades

– Immunologic “Tick-Over”
 Continuous repopulation of Plasma Cells by Memory B cells

When Standard Protocol Fails
 Plasma Cell Memory

– Long lived Plasma Cells may survive for decades

– Immunologic “Tick-Over”
 Continuous repopulation of Plasma Cells by Memory B cells

When the standard protocol fails
 Alternative B cell agents

– Obinituzumab ?

We have used tocilizumab (IL6 directed therapy) ~ a dozen times
– 1 or 2 have had dramatic response, the rest, stabilized their antibody status

 Plasma cell directed therapy
– Plasmapheresis with bortezomib-transient effect, neurotoxicity
– Plasmapheresis with carfilzomib-irreversible plasma cell agent, cardiomyopathy

 Imlifidase

Daratumumab

 Belatacept
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CD20 agents (Rituximab) target B 
cells, but leave plasma cells behind When the standard protocol fails

 Alternative B cell agents
– Obinituzumab ?

We have used tocilizumab (IL6 directed therapy) ~ a dozen times
– 1 or 2 have had dramatic response, the rest, stabilized their antibody status

 Plasma cell directed therapy
– Plasmapheresis with bortezomib-transient effect, neurotoxicity
– Plasmapheresis with carfilzomib-irreversible plasma cell agent, cardiomyopathy

 Imlifidase

Daratumumab

 Belatacept

When the standard protocol fails
 Alternative B cell agents

– Obinituzumab ?

We have used tocilizumab (IL6 directed therapy) ~ a dozen times
– 1 or 2 have had dramatic response, the rest, stabilized their antibody status

 Plasma cell directed therapy
– Plasmapheresis with bortezomib-transient effect, neurotoxicity
– Plasmapheresis with carfilzomib-irreversible plasma cell agent, cardiomyopathy

 Imlifidase

Daratumumab

 Belatacept

Proteasome Inhibition
When the standard protocol fails
 Alternative B cell agents

– Obinituzumab ?

We have used tocilizumab (IL6 directed therapy) ~ a dozen times
– 1 or 2 have had dramatic response, the rest, stabilized their antibody status

 Plasma cell directed therapy
– Plasmapheresis with bortezomib-transient effect, neurotoxicity
– Plasmapheresis with carfilzomib-irreversible plasma cell agent, cardiomyopathy

 Imlifidase

Daratumumab

 Belatacept



6/9/2024

12

When the standard protocol fails
 Alternative B cell agents

– Obinituzumab ?

We have used tocilizumab (IL6 directed therapy) ~ a dozen times
– 1 or 2 have had dramatic response, the rest, stabilized their antibody status

 Plasma cell directed therapy
– Plasmapheresis with bortezomib-transient effect, neurotoxicity
– Plasmapheresis with carfilzomib-irreversible plasma cell agent, cardiomyopathy

 Imlifidase

Daratumumab

 Belatacept

CD38 Daratumumab When the standard protocol fails
 Alternative B cell agents

– Obinituzumab ?

We have used tocilizumab (IL6 directed therapy) ~ a dozen times
– 1 or 2 have had dramatic response, the rest, stabilized their antibody status

 Plasma cell directed therapy
– Plasmapheresis with bortezomib-transient effect, neurotoxicity
– Plasmapheresis with carfilzomib-irreversible plasma cell agent, cardiomyopathy

 Imlifidase

Daratumumab

 Belatacept

Belatacept might be very important to prevent 
and reduce DSA
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Immunosuppression 
Strategies

Paul C. Grimm MD,

Prof. Of Pediatrics

Stanford University

Question
 Patient is a teenager with BMI of 35, receives living donor kidney transplant 

from parent. Immunosuppression is thymoglobulin induction with tacrolimus
and mycophenolate, steroid free. 
In the second postoperative week, his blood sugars are consistently 200-300. 
What is the best immunosuppressive option?
– a) maintain on tacrolimus

– b) switch from tacrolimus to cyclosporine

– c) start belatacept protocol and stop tacrolimus

– d) switch to sirolimus, cellcept, prednisone

Question
 Patient is a teenager with BMI of 35, receives living donor kidney transplant 

from parent. Immunosuppression is thymoglobulin induction with tacrolimus
and mycophenolate, steroid free. 
In the second postoperative week, his blood sugars are consistently 200-300. 
What is the best immunosuppressive option?
– a) maintain on tacrolimus

– b) switch from tacrolimus to cyclosporine

– c) start belatacept protocol and stop tacrolimus

– d) switch to sirolimus, cellcept, prednisone

Diabetes is bad for young kidney transplant patients

New onset Diabetes Mellitus after transplant (NODAT)

 African or Central/South American genetic endowment

 Family History

Genetic Predisposition, i.e. MODY5, 17q12 microdeletion, HNF1
Obesity

Hepatitis C Virus infection

 Pre-existing glucose intolerance

High steroid dose

Incidence of Pediatric NODAT
 20-35% for TAC

 2-9% for Cyclosporine 

Reviewed by Garro et al. Ped. Neph 2015;30:405-416 

IGT = Impaired 
Glucose Tolerance
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Immunosuppressive Rx Side Effects Adult NODAT
Retrospective review of 54 adult renal allograft recipients with 

NODAT on TAC/MMF/Pred

 34 patients switched to cyclosporine
– 42% (14) recovered from NODAT

 20 patients stayed on tacrolimus
– No recovery

Pediatric NODAT
Retrospective study of 45 pediatric and young adult cases of 

NODAT

 In 6 cases, TAC was switched to cyclosporine
– 3 of those (50%) recovered from NODAT

Twist Study

NODAT
Rather than converting from TAC to cyclosporine, consider converting to 

Belatacept

Costimulation Story

Signal 1

CD 154

CD 40
CD 80/86

CD 28

Signal 2

CTLA4
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Belatacept (Nulojix)

Costimulation blocker does not deplete immune cells

CTLA-4 IgG chimeric molecule

 IV dose every 4 weeks

 Some easily treatable rejections in comparison to CNI

Much higher risk of PTLD if primary EBV disease

How does Belatacept fit in?
Nonadherent teenagers and families?

 Sensitized? DSA?

 Post Transplant Diabetes?

Belatacept Learning Curve
 Early rejection, especially predominantly memory cells

Approach to NODAT- Early Basal Insulin Rx?

 50 Post kidney transplant adult RCT
– Experimental-Basal insulin treatment was initiated with a morning 

dose of 6, 8, or 10 IU of isophane insulin if blood glucose on the 
previous evening was >7.8, 10, or 13.3 mmol/L, respectively.

– Standard of care-Treatment @ blood glucose >10 mmol/L with 
sulfonylurea gliclazide, blood glucose levels >14 mmol/L corrected 
with short-acting insulin

– 12 Month Outcome- all patients in the treatment group were insulin-
independent, whereas 7 (28%) of 25 controls required antidiabetic 
agents.

Early Basal Insulin Therapy Decreases New‐Onset Diabetes after Renal Transplantation. M 
Hecking et al. JASN 23: 2012. doi: 10.1681/ASN.2011080835

Approach to NODAT- Verapamil Approach to NODAT- Verapamil
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Approach to NODAT-SGLT2 inhibitor?
Converted 14 insulin dependent patients to SGLT2 alone 

”cold turkey”

 Positive
– All patients lost weight
– No renal AE, ketosis nor excess infections
– Improved insulin sensitivity

Negative
– 1 balanitis
– Hgb A1c deteriorated 

Am J Transplant. 2019;1–13.

Question
 You are reviewing your transplant induction protocol and the sales 

representative for basiliximab just visited. You are thinking of using 
basiliximab (Simulect ®) for induction immunosuppression:
– a) choice of induction agents does not affect choice of chronic 

immunosuppression, so you can use steroid free immunosuppression after 
basiliximab

– b) Induction with Thymoglobulin ® may lead to overimmunosuppression because 
you must use 7 days of 1.5mg/kg/day for induction.

– c) your protocol includes checking CD3+ cell counts. When the count is less than 
50 cells/mm3 you can stop administering Thymoglobulin because there are no 
more cells to kill

– d) In the USA, most pediatric kidney transplants receive Thymoglobulin induction

Question
 You are reviewing your transplant induction protocol and the sales 

representative for basiliximab just visited. You are thinking of using 
basiliximab (Simulect ®) for induction immunosuppression
– a) choice of induction agents does not affect choice of chronic 

immunosuppression, so you can use steroid free immunosuppression after 
basiliximab

– b) Induction with Thymoglobulin ® may lead to overimmunosuppression because 
you must use 7 days of 1.5mg/kg/day for induction.

– c) your protocol includes checking CD3+ cell counts. When the count is less than 
50 cells/mm3 you can stop administering Thymoglobulin because there are no 
more cells to kill

– d) In the USA, most pediatric kidney transplants receive Thymoglobulin induction

Basiliximab
 IL-2R blockade by receptor saturation

– Lasts 36 days without and 59 days with mycophenolate

Reduces incidence of acute rejection in the first 6 months 
compared to placebo

No evidence of long term effect on graft nor patient survival in 
adults.

No significant differences in limited pediatric studies

 Perhaps improves success of corticosteroid withdrawal

Thymoglobulin
 Polyclonal IgG from rabbits immunized with human thymus 

obtained at cardiac surgery

 Batch to batch variability in efficacy and adverse effects

Comparison between studies is difficult because induction 
courses vary from 2 to 7 days.

Choice of induction agent may affect subsequent 
immunosuppressive protocol
 106,061 received basiliximab

 76,837 received ATG (mostly Thymoglobulin)
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Low dose vs high dose Thymoglobulin®
Thymoglobulin Current protocol

LOW RISK 1mg/kg/dose X 3 days= 3mg/kg total dose

Steroids 
–Dose 1 Intraoperative solumedrol 10mg/kg max 200mg
–Dose 2-3 0.5 mg/kg

High RISK 1mg/kg/dose X 5 days= 5mg/kg total dose

Steroids 
–Dose 1 Intraoperative solumedrol 10mg/kg max 200mg
–Dose 2-5 0.5 mg/kg

Cohort Study
 2013-2016 Simulect® n=113

 2016-2018 Thymoglobulin® n=114

Cohort Study
 2013-2016 Simulect® n=113

 2016-2018 Thymoglobulin® n=114

Campath-1h (Alemtuzumab)

CD52

 T & B cell depletion

 Profound Immune Cell 
Depletion

 Long Lasting

Alemtuzumab
 First pediatric experience Bartosh 2005

– 40% AMR, poor outcomes

Multiple small reports as induction in pediatrics

 Some programs (Pittsburgh) embraced

Moudgil (Ped Trans 2011) reported pediatric rejection 
treatment

 14% of all transplants done in USA 2000-2010 (UNOS)
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Alemtuzumab induction
 101 consecutive living donor pediatric transplants

 2 doses of 30mg alemtuzumab

 3 year outcome
– 89% graft survival
– 93% patient survival (4 deaths due to nonvaccination)

 84% of patients steroid free, 26% CNI free

NO PTLD

Alemtuzumab learning curve
Mycophenolate dosing

– During early experience, dose lowered due to neutropenia and 
raised slowly after bone marrow recovered

– During later experience dose lowered less and for shorter period 
of time

Indication for Steroid Free
• Infant or child, less so benefit for the older child or teen?

• Low immunologic risk of rejection
• PRA?
• Presence of historic or current antibody

• Underlying disease is nonimmunologic or has low risk of 
recurrence

• Decision to maintain a child on steroid free is continuously 
reassessed
• Rejections?
• DSA’s
• Adherence?

Steroid Avoidance Randomized 
Trial

 130 children

Rejections 16.7% SF and 17.1% SB

Graft survival 95% SF, 90% SB

Steroid Avoidance RCT

 Lower cholesterol (p=0.034)

 Lower systolic blood pressure (p=0.017

Mean 
Prednisone 
Doses by Time
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Question
 You are preparing to transplant a patient who has Systemic Lupus 

Erythematosus. At the time she presented, she was urgently started on 
dialysis and did not recover kidney function. Initial treatment of the SLE was 
with steroids, mycophenolate and Benlysta®. She developed severe colitis 
that improved once she stopped the mycophenolate. The family do not want 
mycophenolate to be used because of this experience. You:
– a) encourage the family to try mycophenolate because it is less likely to cause 

side effects after a successful transplant
– b) start Myfortic®, as the problem was local effects of MMF. Myfortic is enteric 

coated so likely to have fewer side effects
– c) avoid mycophenolate because it is likely to cause colitis again, start 

azathioprine
– d) avoid mycophenolate because it is likely to cause colitis again, start an mTOR 

inhibitor

Question
 You are preparing to transplant a patient who has Systemic Lupus 

Erythematosus. At the time she presented, she was urgently started on 
dialysis and did not recover kidney function. Initial treatment of the SLE was 
with steroids, mycophenolate and Benlysta®. She developed severe colitis 
that improved once she stopped the mycophenolate. The family do not want 
mycophenolate to be used because of this experience. You:
– a) encourage the family to try mycophenolate because it is less likely to cause 

side effects after a successful transplant
– b) start Myfortic®, as the problem was local effects of MMF. Myfortic is enteric 

coated so likely to have fewer side effects
– c) avoid mycophenolate because it is likely to cause colitis again, start 

azathioprine
– d) avoid mycophenolate because it is likely to cause colitis again, start an mTOR 

inhibitor

Cellcept, Myfortic, Mycophenolate, MMF



4

CNI Toxicity IMPROVES Long Term Graft 
Survival after FOR CAUSE BX

Question
 13 year old boy, kidney transplant 11 years ago (tacrolimus/MMF/Steroid). 

Developed fevers, weight loss and high inflammatory markers. 
Lymphadenopathy. EBV PCR is negative. Got a kitten 6 months ago.

– Choose 1

– a) not likely to be PTLD because EBV is negative and the kidney tx was 11 years ago 

– b) a tissue biopsy is needed to differentiate PTLD from Bartonella

– c) an empiric course of azithromycin is indicated for now

– d) empiric lowering of immunosuppression is indicated for now

Question
 13 year old boy, kidney transplant 11 years ago (tacrolimus/MMF/Steroid). 

Developed fevers, weight loss and high inflammatory markers. 
Lymphadenopathy. EBV PCR is negative. Got a kitten 6 months ago.

– Choose 1

– a) not likely to be PTLD because EBV is negative and the kidney tx was 11 years ago 

– b) a tissue biopsy is needed to differentiate PTLD from Bartonella

– c) an empiric course of azithromycin is indicated for now

– d) empiric lowering of immunosuppression is indicated for now
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Long term outcome of Pediatric Kidney Transplant
 All SOT Hospital for Sick Children, Toronto 1991-2014, 42% kidney

Ontario Cancer Registry does NOT include non-melanoma skin cancer 

PROBLEM

 Immunosuppression prevents rejection 

 Immunologic processes that cause rejection are the same ones that 
protect from infection and cancer

Since rejection is mediated by immune circuits that 
are important for other functions, a SPECIFIC drug 
is unlikely to be found
Discover new techniques and rediscovering old ones that may REPROGRAM 

the immune system

J Heart Lung Transplant 2002;21:667– 673

J Clin Apher. 2022;37:197–205. Clinicaltrials.gov

The Clinician
We don’t know what, or why, we are doing

We don’t have definitive studies (protocol biopsies, steroid free vs 
steroid based, post rejection biopsies, cell free DNA, circulating or 
urinary transcripts, usefulness of treating DSA)

 The immune system is a fluid network that is changing in response 
to infections, stress, drugs, nonadherence

We DON’T have definitive rejection diagnostics… yet.

The Clinician

 Put the whole picture together. Rely on YOUR in-depth knowledge of;
– That patient and their unique past
– That graft
– Your local resources, especially your pathologist
– Your support group “phone a friend”

I'll take a competent, caring, professionally ethical, and personally moral 
physician over 10,000 guidelines every time.

Dr George Lundberg

I feel more like a cook in clinic
Russian physicians
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Understanding Transplant 
Immunology

5th Primer on Paediatric Nephrology

Dr Hersharan Kaur Sran

Senior Consultant

National University Centre for Organ Transplantation

1

Overview

2

• Alloimmune response to organ transplant

• Pre‐transplant evaluation of alloimmune risk

• HLA typing

• HLA antibody testing
• Crossmatch tests

• HLA‐antibody identification

• Future directions

3

• Innate immunity 

• Adaptive immunity

• Different molecular transcripts, variable patterns of 
immune cell infiltrates – complexity of the immune 
response not only explained by “T” or “antibody”‐
mediated rejection

• Additional mechanisms via NK cells, monocytes, 
myeloid cells

• Mechanisms not involving HLA antibodies

The alloimmune response

Callemeyn et al. KI 2022, 101:692. 4

• Mismatches in HLA or non‐HLA antigens

• Direct cytotoxicity 

• Production of donor specific antibodies, 
complement, cytokines

• Synergism between several effector 
mechanisms to cause graft injury

• Further release of pro‐inflammatory stimuli, 
perpetuated local inflammatory response

Cross‐talk of pathways

Callemeyn et al. KI 2022, 101:692.

5

• Undetectable HLA abs – adsorption to graft

• Ab against minor histocompatibility antigens, self‐
epitopes e.g. angiotensin II type 1 receptors, 
endothelin type A, perlecan, etc..

• Memory B‐cell activation, plasma cell 
differentiation; circulating DSA may disappear, but 
memory B cells persist

• Chronic inflammation, ectopic germinal centres 
within the allograft, local DSA production

HLA‐negative ABMR

Callemeyn et al. KI 2022, 101:692.

Pre‐transplant assessment of risk of alloimmune response 

6

Historical perspective 

1930’s

Discovery of 
mouse MHC

1952

Discovery of 
human MHC

1960’s

HLA 
antibodies 
recognized as 
cause of 
rejection

1970’s 

CDC 
crossmatch 
standard 
protocol for 
renal 
transplant 
eligibility 

1980’s

Flow 
cytometry 
crossmatch 
increased 
sensitivity 

Recognition 
of changes in 
HLA 
antibodies –
importance of 
current 
crossmatch

1990’s

Advances in 
HLA typing 
(SSP, rSSOP –
DNA typing of 
alleles)

Multiplex 
beads for 
antibody 
identification

2000’s

Facilitation of 
desensitizatio
n protocols to 
overcome 
positive 
crossmatch

Paired kidney 
exchange 
programmes
with virtual 
crossmatch

current

Multiple 
developments 
in technology, 
assay 
understanding 
interpretation 
standardization 

Future research 
avenues
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HLA molecule and typing 

7

Typing techniques: 

• Serologic

• Molecular (SSP, SSOP, RT‐PCR, SBT)

• Next generation sequencing

11 loci typing: HLA A, B, C, DRB1, DRB3/4/5, DQA, DQB, DPA, DPB

NGS vs SSOP procedure

8

• NGS provides more accurate 
high resolution typing at 
least 3 fields, can identify 
novel sequences

• SSOP prone to ambiguities at 
high resolution especially at 
highly polymorphic antigens

• SSOP may take longer to 
resolve ambiguities, may 
require additional testing

Smith et al. HLA 2019, 94: 296.

Opelz, Trasplantation 1985
Williams, Transplantation 2016

9

Incidence and forest plots of the adjusted hazard ratios of timing and types of acute rejection 
after kidney transplantation stratified by HLA-DQ matched and mismatched kidney transplants 

adjusted for donor and recipient age, race, donor type, body mass ind...

Wai H. Lim et al. CJASN doi:10.2215/CJN.11641115

©2016 by American Society of Nephrology
10

CDC crossmatch
• Recipient serum centrifuged, lymphocyte 

suspension

• Add donor lymphocytes (time sensitive) (T 
+ B cells separately)

• Add rabbit complement, incubate, add dye

• Read under microscope

• DTT to break disulphide bonds (IgM)

• AHG to enhance binding

• Titration to dilute serum to determine 
“strength” of antibody

11

• Caveats in interpretation: 

• Subjective (visual analysis) 

• Auto‐antibodies

 Perform auto‐crossmatch

• Rituximab effect – false +ve BCXM

• Low level class I abs

 B cells have higher class I expression 
than T cells 

• BCXM should be interpreted with 
SAB assay as 50% “false positive”

Interpretation of CDC XM

Mulley, Kanellis. Nephrology 2011, 16: 125. 12



6/9/2024

3

Flow cytometry crossmatch

13

• Recipient serum mixed with 
donor lymphocytes + 
fluorescent antihuman‐IgG 
antibody

• T & B cells distinguished with 
different fluorochrome labels

• Can identify IgG subtypes

• Intensity of fluorescence 
above  control, measured as 
mean channel shift, or by 
serial dilutions

• Lab‐defined cutoff for positive 
response

Flow XM interpretation

• IgG antibody present, more sensitive than CDC XM
• Dependent on cut‐off level – lab variation

• Class I ab bind T cells + B cells, class II bind B cells
• But some activated T cells may express class II antigen..

• May not be HLA antibody, may not be complement binding, may be 
due to “auto‐antibodies”

• Rituximab > false positive tests
• Pronase treatment – peptidase to cleave Fc receptors from T/B cells, 

reduce false‐ positive results, but can interfere with donor HLA expression 
so may be unreliable

14

Single‐antigen bead assay

15

• Microspheres coated with single HLA antigen mixed with 
recipient serum

• Fluorescent labeled IgG antibodies bind to anti‐HLA antibody 
bound to bead

• Laser beams detect bound IgG fluorescence and identify the 
bead specificity 

Interpretation of HLA antibodies
• Caveats

• semiquantitative
• interference by IgM, complement, “background”, lab factors
• bead saturation “prozone effect”
• variations in HLA density on beads
• incomplete representation of antigens on beads (“missing antigens”)
• shared epitopes  represented on several HLA antigens, beads – “diluted” strength
• denatured antigens > not clinically relevant

• Add C1q to assess complement binding .. But binding may be related to antibody 
strength

• In context of ABMR  
• low level (<1400 or 1000 MFI) HLA DSA ? Causal in AMR
• Memory B cells in sensitized recipients – absent circulating DSA until re‐challenge 

with antigen – antibodies may come & go
• adsorption to graft? 
• Local DSA production, ectopic germinal centres within the allograft

16

Relevance of histocompatibility testing
• Increasing risk of graft loss

 Positive Luminex / negative FXM

 Positive FXM / negative CDC XM

 Positive CDC XM

 Strength of DSA

Orandi AJT 2014
Gloor et al AJT 2010

No DSA

DSA <5000
DSA 5000‐10,000

DSA >10,000

17

Spectrum of risk for alloimmune response

18
Bestard et al. Transpl Intl, May 2022.
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Interpretation of histocompatibility testing

19

Assay  Interpretation

DSA FXM CDC

T B T B

+ + +/‐ + +/‐ High burden of DSA likely complement fixing, high risk hyperacute rejection, 
contraindication to transplantation 

+ + +/‐ ‐ ‐ Moderate burden of DSA, non‐complement fixing
Active memory, at risk for ABMR / TCMR

+ ‐ + ‐ + Class II ab (or low titre Class I Ab), moderate risk of ABMR
False positive from monoclonal/polyclonal abs e.g. Rituximab

+ ‐ ‐ ‐ ‐ Lowest burden of DSA, active memory and at risk of ABMR/TCMR
DSA sample different from XM (historical DSA)
False positive DSA 
‐ overcalling (MFI threshold too low)
‐ high background due to binding of serum factors
‐ binding to denatured antigens

20

Assay  Interpretation

DSA FXM CDC

T B T B

‐ + +/‐ + +/‐ Non‐HLA IgG binding to lymphocyte cell surface antigens
Drug interference (e.g. rituximab, IVIG, ATG, Alemtuzumab) 
Missing antigens on SAB assay
Temporally disparate samples – new DSA after sensitizing event, historical 
sample used for DSA testing 
False negative SAB
‐ donor Ag not represented on bead panel
‐ prozone effect, presence of inhibitors in serum
‐ IgM/IVIG binding to beads interfering with detection of IgG
‐ complement components binding to HLA ab preventing detection
‐ shared epitopes diluting MFI strength

‐ + +/‐ ‐ +/‐ Moderate risk
Non‐complement fixing HLA ab
Low level IgG non‐HLA ab
False negative SAB

‐ ‐ ‐ + +/‐ IgM antibody

21Schinstock et al. Transplantation 2016, 100: 1619 22

56 year old woman

Married with 4 daughters

CKD due to presumed chronic 
glomerulonephritis, initially presented with 
haematuria >25 years ago

Subsquent proteinuria, declining eGFR –
currently 10ml/min/1.73m2

Keen for pre‐emptive living kidney transplant 
from her husband

No history of blood transfusions

Underwent initial CDC crossmatch 

Case Mrs V

CDC Crossmatch

Normal T‐cell crossmatch Negative

Normal B‐cell crossmatch  Negative

23

MCQ 1
Case Mrs V

56 year old woman
Married with 4 daughters
CKD due to presumed chronic glomerulonephritis, initially 
presented with haematuria >25 years ago
Subsquent proteinuria, declining eGFR – currently 
10ml/min/1.73m2

Keen for pre‐emptive living kidney transplant from her 
husband
No history of blood transfusions
Underwent initial CDC crossmatch 

How would you characterise her immunological 
risk?

a) Low risk 

b) Moderate risk 

c) High risk 

d) Unable to comment
CDC Crossmatch

Normal T‐cell crossmatch Negative

Normal B‐cell crossmatch  Negative

Polling will open on the next slide

Thank you.

24
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Thank you.

25

Thank you.

26

27

56 yo woman

Married with 4 daughters

CKD due to presumed chronic 
glomerulonephritis, initially presented with 
haematuria >25 years ago

Subsquent proteinuria, declining eGFR –
currently 10ml/min/1.73m2

Keen for pre‐emptive living kidney transplant 
from her husband

No history of blood transfusions

Case Mrs V

CDC Crossmatch

Normal T‐cell crossmatch Negative

Normal B‐cell crossmatch  Negative

DTT‐treated T‐cell crossmatch Negative

DTT‐treated B‐cell crossmatch Negative

AHG DTT‐treated T‐cell crossmatch Negative

AHG DTT‐treated B‐cell crossmatch Negative

HLA antibody screen

Class I % PRA 6%

Class II % PRA 44%

28

56 yo woman

Married with 4 daughters

CKD due to presumed chronic glomerulonephritis, initially presented 
with haematuria >25 years ago

Subsquent proteinuria, declining eGFR – currently 10ml/min/1.73m2

Keen for pre‐emptive living kidney transplant from her husband

No history of blood transfusions

MCQ 2
Case Mrs V

CDC Crossmatch

Normal T‐cell crossmatch Negative

Normal B‐cell crossmatch  Negative

DTT‐treated T‐cell crossmatch Negative

DTT‐treated B‐cell crossmatch Negative

AHG DTT‐treated T‐cell crossmatch Negative

AHG DTT‐treated B‐cell crossmatch Negative

HLA antibody screen

Class I % PRA 6%

Class II % PRA 44%

What is a possible explanation for these results?

a) False negative CDC crossmatch

b) Non‐complement fixing HLA antibodies are 
present 

c) Positive antibody screen due to  Rituximab 
treatment

d) Bead saturation (“prozone effect”)

Polling will open on the next slide

Thank you.

29

Thank you.

30
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Thank you.

31 32

56 yo woman

Married with 4 daughters

CKD due to presumed chronic 
glomerulonephritis, initially presented with 
haematuria >25 years ago

Subsquent proteinuria, declining eGFR –
currently 10ml/min/1.73m2

Keen for pre‐emptive living kidney transplant 
from her husband

No history of blood transfusions

Case Mrs V

Flow Crossmatch

IgG T‐cell crossmatch Positive
Channel shift 113

Cut‐off for T cell 60

IgG B‐cell crossmatch  Positive
Channel shift 193

Cut‐off for B‐cell 90

33

56 yo woman

Married with 4 daughters

CKD due to presumed chronic 
glomerulonephritis, initially presented with 
haematuria >25 years ago

Subsquent proteinuria, declining eGFR –
currently 10ml/min/1.73m2

Keen for pre‐emptive living kidney transplant 
from her husband

No history of blood transfusions

MCQ 3
Case Mrs V

Which of the following BEST decribes the 
immunological risk?

a) High risk for hyperacute rejection

b) At risk for latent memory with recall B and T cell 
response

c) Active memory and at risk for TCMR / ABMR

d) Increased risk for de novo alloimmune response

Polling will open on the next slide

Thank you.

34

Thank you.

35

Thank you.

36
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37

50 year old woman, single 

ESKD due to lupus nephritis

Planned for pre‐emptive kidney transplant from 
her sister

History of blood transfusion 

These are the CDC crossmatch results 

MCQ 4

How would you interpret the crossmatch results?

a) Low level class I and II antibodies present

b) Low level class II antibodies present 

c) Presence of non‐complement fixing antibodies

d) Presence of IgM antibodies 

Polling will open on the next slide

Thank you.

38

Thank you.

39

Thank you.

40

41

21 year old male 

ESKD due to IgA nephropathy

No history of transfusions or transplants

Planned for ABO incompatible transplant from father

Initial crossmatch result: 

Repeated 1 week before transplant

MCQ 5

What is the likely explanation for 
these results? 

a) Mix‐up in patient samples

b) Recent sensitising event

c) Rituximab treatment

d) Thymoglobulin treatment 

Polling will open on the next slide

Thank you.

42
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Thank you.

43

Thank you.

44

45

43yo man

ESKD due to presumed diabetic nephropathy

No history of transfusions or transplants

What is a possible explanation for presence of 
HLA antibodies on the single antigen bead 
panel?

a) Missing antigen on Luminex panel

b) Prozone effect is present

c) Denatured antigen on Luminex panel

d) Presence of autoantibodies 

MCQ 6

Polling will open on the next slide

Thank you.

46

Thank you.

47

Thank you.

48
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Summary & future directions

49

• The age of precision medicine in transplantation

• Improved technology in histocompatibility testing, differentiation of 
immunological risk

• Greater understanding of the mechanisms of the alloimmune response

• Allow tailored strategies for induction & maintenance immunosuppression, 
treatment of rejection

• Overall aim of improving allograft survival 

Summary & future directions

50

• Refinements in current histocompatibility testing

• Validation and standardization of assays

• Development of assays to  measure immune memory

• Better predictors of de novo alloimmune response

• Molecular mismatch

• Better understanding of the role of non‐HLA antibodies

• Genetic testing 

• Cost concerns

Thank you.

51

Any Questions? 
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Challenges in Paediatric Kidney Transplantation
‐The Surgeon’s Perspective

A/Prof Mali Vidyadhar

Surgical Director, Paediatric Transplantation

National University Hospital

Singapore

Preoperative

Recipient preoperative evaluation

• The ‘urological’ bladder

• Vascular access issues‐ evaluate for thrombosis of intra‐
abdominal vessels

• Previous abdominal  operations if considering 
intraperitoneal placement of transplant kidney

• Need an adequate functional or low‐pressure reservoir

• Bladder dysfunction requiring bladder augmentation and 
continent stoma creation for clean intermittent 
catheterisation

• Mitrofanoff and augmentation cystoplasty should be 
performed ~ 3‐6 months before transplant

Preoperative

Recipient preoperative evaluation

• The ‘urological’ bladder

• Vascular access issues‐ evaluate for thrombosis of neck and 
intra‐abdominal vessels

• Previous abdominal  operations if considering 
intraperitoneal placement of transplant kidney

• Recipient size

Preoperative

Recipient preoperative evaluation

• The ‘urological’ bladder

• Vascular access issues‐ evaluate for thrombosis of intra‐
abdominal vessels

• Previous abdominal  operations (CAKUT) (considerations for 
siting the transplant kidney)

• Recipient size

Preoperative

Recipient size‐Transplant operation

Children > 30kg

• Technical details are generally similar to adult kidney transplants

• Retroperitoneal exposure

• Anastomoses to external iliac vessels

Children 10‐30kg

• Retroperitoneal vs intraperitoneal approach

• Common iliac vessels

Children < 10kg

• Midline laparotomy

• Anastomoses to inferior vena cava and aorta

Preoperative

Transplantation of an adult‐size kidney into a small child
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Pre/intraoperative

Pediatr Nephrol (2018) 33:947–955

Pre/intraoperative

• Extraperitoneal renal transplantation is technically feasible in children who weigh less than 15 kg 

• Limits potential gastrointestinal complications 

• Allows the confinement of potential surgical complications, such as bleeding and urinary leakage

• Preserves the peritoneal cavity

• Provides complete access to the retroperitoneum to enable concurrent retroperitoneal surgery, such 
as nephrectomy, to be performed safely.

NUH Children’s Kidney Centre 
experience

• Study period 1989‐2023

• N=12 (10 living‐related donors) 

• Median age at transplant 62 months        
(IQR 43‐68)

• Median weight at transplant 13.8kg         
(IQR 10‐14.2)

• Median follow‐up 8 years (IQR 0.75‐33)

• Transperitoneal=6 (early era until 2008)

• Retroperitoneal=6

• Graft loss=2                                            
(vascular thrombosis, BK nephropathy)

1‐year graft 

survival (%)

3‐year graft 

survival (%)

Paediatric Kidney Transplantation in NUHa

(a) Living‐donor

(b) Deceased donor

(c) Living donor‐‐recipient < 15kg (n=10)

98.1

90.3

100

93.9

76.7

90

NAPRTCSb

(a) Living donor

(b) Deceased donor

94.0

88.0

88.0

78.0

Preoperative

Donor selection

Living donor kidneys

• Reduced waiting time‐may limit dialysis related complications

• Allows for pre‐emptive transplantation‐ avoid dialysis

• Superior outcomes for paediatric recipients‐long‐term graft 
survival longer

• Gold‐standard‐ HLA‐identical adult siblings aged 19‐45 years‐ 23.3 yrs graft 
survival

• Projected half‐lives of living donor kidneys in young recipients (after 1st yr
post‐tx)

• 26.3 years for recipients aged 0‐2.5 years

• 29.3 years for recipients aged 2.5‐5years

• Transplantation of a pediatric recipient, with an excellent quality adult‐sized 
kidney, without acute tubular necrosis‐‐distinct and significant survival 
advantage, particularly for the young recipient less than 6 years old.*

Ann Acad Med Singapore 2009;38:300-8

SarwalMM, Cecka JM, Millan MT, et al. Adult‐size kidneys without acute tubular necrosis provide exceedingly 
superior long‐term graft outcomes for infants and small children: a single center and UNOS analysis. United 
Network for Organ Sharing. Transplantation 2000;70:1728–36.

Preoperative

Donor selection

Living donor Deceased donor

Shorter ischaemia times Longer ischaemia times

Shorter blood vessels on the graft  Longer blood vessels

Planned “Emergency”

Ann Acad Med Singapore 2009;38:300-8

SarwalMM, Cecka JM, Millan MT, et al. Adult‐size kidneys without acute tubular necrosis provide exceedingly 
superior long‐term graft outcomes for infants and small children: a single center and UNOS analysis. United 
Network for Organ Sharing. Transplantation 2000;70:1728–36.

Post‐operative

Doppler ultrasound for post‐transplant surgical monitoring and complications

• Doppler USG allows rapid visualization of the kidney, the 
collecting system, and the vessels.

Vascular complications

• Vascular thrombosis – hypercoagulable states, 
intraoperative hypotension, multiple arteries

• Graft loss‐ especially younger recipients

• Surgical re‐exploration, thrombectomy and 
revascularisation

Other surgical complications

• It also aids in the detection of obstruction 
(hydronephrosis), lymphocele and urine leakage 
(perinephric fluid collection) –may need intervention/ 
re‐exploration
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Post‐operative

MAG3 scans in the early period following kidney transplantation

• Although ultrasonography can be useful, it 
provides no indication of renal function. 

• Nuclear renography provides an accurate 
representation of perfusion, tubular function, and 
drainage of the kidney transplant. 

• Mercaptotriglycylglycine (MAG‐3), demonstrates 
both glomerular filtration and tubular excretion 

• Delayed or decreased perfusion to the kidney may 
indicate acute rejection or compromise of arterial 
inflow

• Decreased tubular excretion may be due to acute 
or chronic rejection or acute tubular necrosis 
(ATN)

• Perinephric urine leak
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• Nuclear renography provides an accurate 
representation of perfusion, tubular function, and 
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indicate acute rejection or compromise of arterial 
inflow
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• Perinephric urine leak

Question 1: Abrupt drop in urine output post‐kidney transplant

A 6 year old child received a kidney transplant from a brain‐deceased donor. The transplant 
operation went well with prompt perfusion of the transplant kidney. There is good urine output 
as the child leaves OT and arrives in the ICU.. On the 1st postoperative night, you are called for an 
abrupt drop in urine output.

Initial treatment strategy should be:

A. Flush the urine catheter to ensure that it is patent

B. Evaluate the fluid status and volume resuscitate as necessary

C. Arrange for an urgent doppler ultrasound to evaluate the renal blood vessels

D. All of the above

Question 1: Abrupt drop in urine output post‐kidney transplant

A 6 year old child received a kidney transplant from a brain‐deceased donor. The transplant 
operation went well with prompt perfusion of the transplant kidney. There is good urine output 
as the child leaves OT and arrives in the ICU.. On the 1st postoperative night, you are called for an 
abrupt drop in urine output.

Initial treatment strategy should be:

A. Flush the urine catheter to ensure that it is patent

B. Evaluate the fluid status and volume resuscitate as necessary

C. Arrange for an urgent doppler ultrasound to evaluate the renal blood vessels

D. All of the above

Question 2: Abrupt increase in drain output – mainly clear

A 10‐year‐old 22 kg child received a living‐donor kidney transplant. The transplant operation went 
well with prompt perfusion of the transplant kidney. On postoperative day 2, the child develops a 
fever. The output from the drain adjacent to the transplant operation increases suddenly to 200ml 
over a few hours. The urine output which has been good so far drops to less than 1ml/kg/h. The 
drain fluid was sampled, demonstrating a creatinine of 700umol/L. The serum creatinine is 
240umol/L.

Management strategy should include:

A. Prepare for re‐exploration for vascular thrombosis.

B. Initiation of broad‐spectrum antibiotics

C. Continued Foley bladder decompression

D. Ultrasound to evaluate presence of fluid collection adjacent to the transplant kidney or 
hydronephrosis

E. B, C and D
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Question 2: Abrupt increase in drain output – mainly clear

A 10‐year‐old 22 kg child received a living‐donor kidney transplant. The transplant operation went 
well with prompt perfusion of the transplant kidney. On postoperative day 2, the child develops a 
fever. The output from the drain adjacent to the transplant operation increases suddenly to 200ml 
over a few hours. The urine output which has been good so far drops to less than 1ml/kg/h. The 
drain fluid was sampled, demonstrating a creatinine of 700umol/L. The serum creatinine is 
240umol/L.

Management strategy should include:

A. Prepare for re‐exploration for vascular thrombosis.

B. Initiation of broad‐spectrum antibiotics

C. Continued Foley bladder decompression

D. Ultrasound to evaluate presence of fluid collection adjacent to the transplant kidney or 
hydronephrosis

E. B, C and D

Thank you for your attention!
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Challenges in Dialysing Infants

Nephrotic syndrome 
from birth

© Copyright National University of Singapore. All Rights Reserved. 

11‐13% of children started 
in dialysis were infants 

NAPRTCS 2022

ESPN/ERA‐EDTA 1991‐2013

How common in infant dialysis?

© Copyright National University of Singapore. All Rights Reserved. 

Peritoneal Dialysis
Continuous Renal Replacement Therapy
Intermittent haemodialysis

Nutrition
Psycho‐socio‐emotional development

What’s in this talk?

Walk through the journey of a patient

© Copyright National University of Singapore. All Rights Reserved. 

“Can you see this lady urgently?”

© Copyright National University of Singapore. All Rights Reserved. 

Antenatal counselling

• Etiology

• What to expect: antenatal, postnatal

• Types of treatment

• Financial counselling

• Genetics referral

• Palliative referral; peer family support
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© Copyright National University of Singapore. All Rights Reserved. 

Survival: 2‐year 81%, 5‐year 76% 
After 2 years: 

Growth retardation (63%)
Anemia (55%)
Hypertension (57%) 

Stralen, KI, 2014: 168

264 patients from 32 countries (ESPN/IPPN/Japan/ANZDATA)
Between 2000 and 2011
53% started in first week of life 

8
Pediatr Nephrol. 2019:155

1723 infants initiated chronic dialysis between 1990 to 2014.

Patient survival:
1 year 87% ; 5 years 74.6% (initiated as neonates)
1 year 89.6%; 5 years 79.3% (initiated as infants)
No difference

Common causes of death:
“Cardiac arrest” (congestive heart failure or electrolyte imbalance) (26%)
Infection (23%)

© Copyright National University of Singapore. All Rights Reserved. 

Planning before delivery

Obstetrician

Neonatologist

Surgeon

Nephrologist

NICU/ PICU team

Palliative care physician

PD / HD catheters

Y connectors / other consumables

Dialyzers

Machines

© Copyright National University of Singapore. All Rights Reserved. 

• Stabilise the baby

• Wait for 1-2 days

• FiO2

• PIP/PEEP

• Chest X ray

• Correct electrolytes

• Judicious fluids / IV frusemide

• BP control

• Urine output vs fluid requirements

• Serum creatinine 

• Serum potassium/ acidosis

Lungs Kidneys

“How are the lungs?”

© Copyright National University of Singapore. All Rights Reserved. 

Should we dialyse this baby?

Beneficence Nonmaleficence

Distributive justice

• Risks of hypotension, 
electrolyte anomalies
• Multiple procedures
• Infections
• Financial burden
• Psychological burden

• Needed for survival.
8-10% can resolve 
(CJASN 2018:1510)

• Bridge to transplant

Autonomy

Local resources
Co‐morbidities

Expected survival and QOL
Family’s values

Is it a physician’s or 
family’s decision?

© Copyright National University of Singapore. All Rights Reserved. 

When do we start dialysis?

• Anhydramnios, agenesis, anuria

• Acid-base electrolyte imbalance

• Fluid overload state

• Fluid requirement: Nutrition, blood products

Kidney’s trajectory

Patient’s trajectory
Line access will be a problem

Plan early

eGFR?
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© Copyright National University of Singapore. All Rights Reserved. Stralen, KI, 2014: 168

264 patients from 32 countries (ESPN/IPPN/Japan/ANZDATA)
Dialysis in the neonatal period

Which modality should we choose?

HD/CRRT 
Hyperoxaluria
Hyperammonemia
Abdominal surgery

© Copyright National University of Singapore. All Rights Reserved. 

Why PD first?

• Preserves vascular access

• Preserves residual kidney function

Less UF control

© Copyright National University of Singapore. All Rights Reserved. 

Talk to the 
surgeon! 

Exit above diaper line, away from stomas
Downward and lateral exit

Measure and plan 
cuffs and holes!

© Copyright National University of Singapore. All Rights Reserved. 

Image source: Medscape Reference

Abdominal wall

Epidermis

Subcutaneous cuff

Deeper cuff

Skin puncture, not incision

Tissue glue

© Copyright National University of Singapore. All Rights Reserved. 

Work processes in your programme

• Dedicated surgeon
• Nurse in operating theatre

Who handles the catheter?
• Immobilise
• Dressing

© Copyright National University of Singapore. All Rights Reserved. 

Prescribing the manual PD

• Set up Y connector

• 1.5% and 2.5% 

• 10-15 ml/kg dwell

Half hourly cycles

• Inflow 1min

• Dwell 20-25min

• Drain 5-10min

Hourly cycles

• Inflow 1min

• Dwell 30-50min

• Drain 15-20min

Trial and error

Adjust accordingly
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© Copyright National University of Singapore. All Rights Reserved. 

Tips

• IP Heparin 250-1000U/L

• IP Potassium 2-4 mmol/L

• Warming the dialysate

© Copyright National University of Singapore. All Rights Reserved. 

Fill volume- go easy

If exit site is wet…
If leak happens‐ stop PD. Put tissue glue. Antibiotics

Leak = game over

© Copyright National University of Singapore. All Rights Reserved. 

Question

Baby X is having PD for the second day.
Your nurse noted the gauze at exit site is wet.
You did a dipstick on the fluid- glucose +++

What is the ideal next step?
1) Decrease the fill volume
2) Start IP antibiotics
3) Decrease fill volume and start IP antibiotics
4) Stop PD, convert to CRRT / HD

© Copyright National University of Singapore. All Rights Reserved. 
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© Copyright National University of Singapore. All Rights Reserved. 

Transiting to chronic PD

Fill volumes
• Age <2y: 800ml/m2
• Age >2y: 1100-1400ml/m2

Raised intraperitoneal pressures: 

GERD, hernias

Image: wikipedia

© Copyright National University of Singapore. All Rights Reserved. 

Automated PD

When fill volumes >60ml
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© Copyright National University of Singapore. All Rights Reserved. 

Transiting to chronic PD

• Fluid balance, parental empowerment
• Hypotension is common and dangerous. 
• Salt supplements

© Copyright National University of Singapore. All Rights Reserved. 

Continuous kidney replacement therapy
Haemodialysis

Carpe Diem AquadexConventional 

© Copyright National University of Singapore. All Rights Reserved. 

Filters Surface 
area 
(m2)

ECV (ml) Blood flow 
(ml/min)

UF (ml/h) Accuracy

Prismaflex
HF20 (PAES)
M60 (AN69)

0.2
0.6

60
93

10‐100 (+2)
50‐200 (+10)

0‐500 (+10) 10% of set 
UF

Aquadex 0.12 33 10‐40 (+5) 0‐500 (+10) 10%

Carpediem 0.075
0.15
0.25

27
33
41

2‐50 (+1) 0‐150
0‐240
0‐600

1g/h 

© Copyright National University of Singapore. All Rights Reserved. 

Question
You are starting CRRT for a 3kg baby. You have this dialyzer in your centre.

Dialyzer Material SA 
(m2)

Fill volume
(ml)

Dialyzer Dialyzer + 
Tubing

Prismaflex HF20 PAES 0.2 17 60

Hint: Patient’s blood volume = 80ml/kg

What percentage of the patient’s blood volume is the 
extracorporeal volume?
1) 5%
2) 14%
3) 20%
4) 25%

© Copyright National University of Singapore. All Rights Reserved. 
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Dialyzer Dialyzer + 
Tubing

Prismaflex HF20 PAES 0.2 17 60

Hint: Patient’s blood volume = 80ml/kg

What percentage of the patient’s blood volume is the 
extracorporeal volume?
1) 5%
2) 14%
3) 20%
4) 25%

© Copyright National University of Singapore. All Rights Reserved. 

Priming fluid
i. ECV <10% of blood volume: 0.9% saline.

ii. ECV 10-15% of blood volume:
 Normal Hb and BP/HR ok: 0.9% saline or 5% albumin.
 Low Hb (<7 g/dL) or BP/HR ok: diluted packed cells or whole blood.

iii. ECV >15% of blood volume: diluted packed cells or whole blood.

Diluting packed red cells 
1: 1

Sodium bicarbonate solution 140mmol/L

Normal saline  Dialyse RBC

Give calcium! AN69!
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© Copyright National University of Singapore. All Rights Reserved. 

Closed circuit dialysis of RBC

Dialysis 
machine

Priming 
solution

© Copyright National University of Singapore. All Rights Reserved. 

Closed circuit dialysis of RBC

Dialysis 
machine

Diluted 
RBC

Dialysate flow (ml/h): ECV (ml) x 24
Blood flow (ml/min): dialysate flow (convert to ml/min) x 3 (at least) 
5‐10min 
Bolus heparin at 2U/ml of ECV , deduct from bolus at CRRT initiation

© Copyright National University of Singapore. All Rights Reserved. 

Closed circuit dialysis of RBC

Dialysis 
machine

Diluted 
RBC

© Copyright National University of Singapore. All Rights Reserved. 

Tips at starting CRRT / HD

• Start at low blood flow

Recommended target

blood flow

Blood flow rate (Qb) 

(ml/kg/min)

Typical blood flow 

(Qb) ranges (ml/min)

Neonates and infants 10‐12 <8 kg: 30‐80

≥8 kg: 50‐100

Adjust blood flow to achieve pressures:
 Access pressure: 0 to -150 mmHg (ideally near 0)
 Venous return pressure: 0 to +150 mmHg (ideally near 0)

© Copyright National University of Singapore. All Rights Reserved. 

Avoiding hypotension at CRRT initiation

• Ionised calcium level >1.1 mmol/L

• Fluid flushes, inotropes

• Blood, dialysate or replacement flow

• Check microelectrolytes early

© Copyright National University of Singapore. All Rights Reserved. 

Avoiding clotting of circuit

• CVVHDF pre-filter if possible

• Post-filter replacement of 50ml/h

• Heparin adjustments

• Trial and error, use previous doses
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© Copyright National University of Singapore. All Rights Reserved. 

Ultrafiltration tips

• Hourly UF based on hourly continuous infusion rates

• Ad hoc fluids like antibiotics

• Net UF:  Target <5% of body weight loss a day; max 10%

Is everyone on the same page?

© Copyright National University of Singapore. All Rights Reserved. 

Vascular catheters

4 chances only

© Copyright National University of Singapore. All Rights Reserved. 

Strategise and preserve vessels for future AVF and 
transplants Body

Weight
Catheters

<4 kg 6.5-7 F

4-10 kg 8 F

10-20 kg 9-10 F

Preferred: Right internal jugular vein
Avoid: Right femoral vein

Catheter: Fattest and shortest possible
Puncture, not cut‐down

Citrate lock if possible 

© Copyright National University of Singapore. All Rights Reserved. 

Ending the circuit

• RBC prime: do not return blood- why?

• If saline prime: return blood up to dialyzer (~2/3)- why?

Slow blood flow rate

© Copyright National University of Singapore. All Rights Reserved. 

Filters Surface 
area 
(m2)

ECV (ml) Blood flow 
(ml/min)

UF (ml/h) Accuracy

Prismaflex
HF20 (PAES)
M60

0.2
0.6

60
93

10‐100 (+2)
50‐200 (+10)

0‐500 (+10) 10% of set 
UF

Aquadex 0.12 33 10‐40 (+5) 0‐500 (+10) 10%

Carpediem 0.075
0.15
0.25

27
33
41

2‐50 (+1) 0‐150
0‐240
0‐600

1g/h 

Aquadex
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© Copyright National University of Singapore. All Rights Reserved. 

44Courtesy of transmedic

Replacement fluid 
volume is not 
included in UF

UF is stopped when 
haematocrit reaches 
target

© Copyright National University of Singapore. All Rights Reserved. 
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Baseline hematocrit
Set upper limit: 4‐10% above baseline
UF is stopped when hematocrit reaches 
upper limit

Ideal: 1% rise per hour (patient specific)

© Copyright National University of Singapore. All Rights Reserved. 
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Rapidly rising hematocrit

‐ UF is too fast
‐ Packed cell transfusion

© Copyright National University of Singapore. All Rights Reserved. 
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Decreasing hematocrit

‐ UF is too slow
‐ Ongoing blood loss

© Copyright National University of Singapore. All Rights Reserved. 
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Flat hematocrit

‐ UF can be optimised 
further
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Question
You are providing CVVH using Aquadex, an 
ultrafiltration device for a 3kg baby.
Blood flow: 30ml/min
Replacement flow: 80ml/h
UF: 85ml/h

Your resident has stopped the UF because BP 
has become 68/30 mmHg. She is giving normal 
saline flush at 10ml/kg over 10min.
What should you do now?
1) Watch for patient’s response
2) Stop replacement fluid
3) Decrease blood flow
4) Check vascular access

Question
You are providing CVVH using Aquadex, an 
ultrafiltration device for a 3kg baby.
Blood flow: 30ml/min
Replacement flow: 80ml/h
UF: 85ml/h

Your resident has stopped the UF because BP 
has become 68/30 mmHg. She is giving normal 
saline flush at 10ml/kg over 10min.
What should you do now?
1) Watch for patient’s response
2) Stop replacement fluid
3) Decrease blood flow
4) Check vascular access

© Copyright National University of Singapore. All Rights Reserved. 

Transiting to chronic HD

© Copyright National University of Singapore. All Rights Reserved. 

Nutritional needs

• Gastrostomy

• Caloric density

• Timing/amount of feeds with dialysis

© Copyright National University of Singapore. All Rights Reserved. 

CRRT

Intermittent HD, 4h

Prolonged 
intermittent HD

© Copyright National University of Singapore. All Rights Reserved. 

Balancing HD burden with nutritional 
needs

Frequent long dialysis 

Nutritional needs
Psychological burden

Costs
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© Copyright National University of Singapore. All Rights Reserved. 

Taking care 
of the family

Image from https://www.beautifulgatesouthafrica.org/ © Copyright National University of Singapore. All Rights Reserved. 

© Copyright National University of Singapore. All Rights Reserved. 

Take home messages

Peritoneal dialysis is the preferred mode of dialysis in infants
Preservation of vascular access is important

Conventional HD/CRRT machines are not designed for babies.
Aquadex is a promising mode of modality but there are many pitfalls.

Having standardised protocols and work processes are paramount for 
good outcomes

© Copyright National University of Singapore. All Rights Reserved. 

Thank you

© Copyright National University of Singapore. All Rights Reserved. 

Causes of kidney failure in neonates

Neonates
• Congenital anomalies of kidneys and urinary tract
• Autosomal recessive polycystic kidney disease
• Bilateral renal vein thrombosis
• Congenital nephrotic syndrome 
• Inherited renal tubular dysgenesis
• Primary hyperoxaluria

Others
• Cortical necrosis
• Other genetic causes
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Ng Kar Hui
Associate Professor
Paediatrics, Yong Loo Lin School of Medicine, National University of Singapore

Senior Consultant
Division of Paediatric Nephrology, Dialysis and Renal Transplantation
Khoo Teck Puat – National University Children’s Medical Institute
National University Hospital

Renal Alliance for PrecIsion
Diagnosis in SingaporeGenetics for the 

Practising Nephrologist
Genetics for the 
Practising Nephrologist

Knows how and when it can guide management
Understands the use of LM, IMF, EM
Reads the biopsy report /histology images with confidence
Calls the pathologist to discuss complex cases

Kidney biopsy

Genetics for the 
Practising Nephrologist

Knows how and when genetic tests can guide management
Understands the use of panels, WES, WGS, CMA
Reads the genetics report /genetics details with confidence
Calls the geneticists to discuss complex cases

Genetics testing

Renal Alliance for PrecIsion
Diagnosis in Singapore

Genetics for the 
Practising Nephrologist

Nephrologists don’t understand 
Genetics very well

How do I make sense 
of Genetics to survive

© Copyright National University of Singapore. All Rights Reserved. 

DNA → RNA → protein

I am assuming you know

© Copyright National University of Singapore. All Rights Reserved. 

Spectrum of genetic kidney disease

Utility of genetic testing

Types of genetic tests

Basic reading of a genetics report

What’s in this talk?
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© Copyright National University of Singapore. All Rights Reserved. 

Spectrum of genetic kidney 
diseases

Category
Childhood onset 
CKD <18 years

Adult onset CKD 
≥ 18 years

Number of 
genes

Kidney tubulopathies 70% 83% 50

Chronic glomerulonephritis 67% 79% 20

AD tubulointerstitial disease NA 45% 5

CKD of unknown cause ‐ 40% NA

Cystic kidney disease 50% 17% 92

Congenital anomalies of kidney and 
urinary tract (CAKUT)

17% 22%
40 isolated

153 syndromic

Steroid resistant nephrotic synd 26% 14% 59

Nephrolithiasis / calcinosis 25% 11% 38

Overall diagnostic yield 30% 5‐30% (enriched for 
familial cases)

457

Diagnostic yield with genetic testing in patients

Connaughton, Hildebrandt. NDT (2020) 35: 390Panel / ES

Groopman, N Engl J Med 

3315 patients with chronic kidney disease
Mostly adults (92%)

Mostly with no family history (72%)

1 in 10 had a monogenic disorder.

ADPKD and Alport is commonest genetic cause

ADPKD 31%N=307 
patients with 

genetic 
diagnosis

COL4A4, 
7%COL4A5, 

14%

COL4A3, 
9%

Alport 30%

PKD1, 
24%

PKD2, 
7%

Remaining 60 
genes, 37%

© Copyright National University of Singapore. All Rights Reserved. 

Utility of genetic tests

© Copyright National University of Singapore. All Rights Reserved. 

32 weeks 

Infantile 
nephronophthisis

20 week

Hepatorenal 
fibrosis

22 week

Hepatorenal 
fibrosis

32 week

HNF1BADPKD

32 weeks 

The Unborn Child with 
Echogenic kidneys

© Copyright National University of Singapore. All Rights Reserved. Groopman, NEJM, 2019

Diagnostic Utility and Clinical Implications 
of a Genetic Diagnosis

N=167 diagnosed patients
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0 5 10 15 20

Guide extrarenal surveillance
No need for biopsy

Alter treatment strategies
Guide antiproteinuric treatment

Guide kidney donor selection
Better predict transplant recurrence

Provide diagnosis/end diagnostic odyssey
Guide prognosis

Guide reproductive decsions (proband / family)

Number

Alport Other  diagnosis (non‐Alport) "Hot" VUS Healthy carrier Negative /cold VUS

The clinical impact of doing a genetic test

Confidential, unpublished

© Copyright National University of Singapore. All Rights Reserved. 

Syndrome Gene
Age of index 
patients at 
diagnosis

Extra‐renal clinical features

Charcot Marie Tooth INF2 40y Peripheral neuropathy

Lowe syndrome OCRL 24y Intellectual disability, eye 

McCune Albright 
syndrome

GNAS 60y Multiple endocrinopathies

Kleefstra syndrome KMT2C 56y
Chronic headache, intermittent 
hemianopia, seizures, encephalopathy

MELAS MT‐TL1 52y
Transient ischaemic accidents, 
retinopathy, diabetes mellitus

Frasier WT1 3y, 31y
FSGS, poor response to 
immunosuppressants

N=200

Gross, Kidney Int 2012:494
Gross Kidney Int 2020:1275

No ACEi

220
Time to dialysis (years)

40 5020 3010
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~20yrs

ACEi from Stage 
3‐4 CKD

ACEi from Stage 1‐2 CKD 
with proteinuria

??
ACEi at no/minimal 
hematuria/microalbuminuria

When early diagnosis can lead to early intervention and 
improved prognosis 

X‐linked Alport males

Ubiquinol 3826

Enalapril 0.3

0.43 0.44

0.16
0.1

0.04 0.03

0

0.1

0.2

0.3

0.4
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Nephrotic‐
range

Sub‐
nephrotic 
range

Genetic diagnosis allows specific treatment targeted 
to the genetic disease

Kidney International (2022) 102, 604–612

treated
treated

treated
treated

Kidney Biopsy 
Genetic testing

OR

E.g. 
Nephritic syndrome

Rapidly progressing GN
Lupus

Degree of fibrosis

E.g.
Proteinuria of unknown cause

CKD of unknown cause
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Guided decisions

Extrarenal surveillance Kidney donor

Glomerulocystic 
disease? HNFB1?

Even a negative genetic report is helpful!

Immunosuppression

5 
year

25 
year

60 
year

10 
year

40 
year

Autosomal 
recessive

COL4A3/4

Sex‐linked males

COL4A5

Deltas, Nephron. 2015;130:271

50% 
ESKD

Microscopic/ 
gross 

haematuria

Proteinuria
Nephrotic 

Synd

100%
ESKD

Haematuria Proteinuria
30% 
ESKD

Deltas, 
Nephron. 2015;130:271

NATURAL HISTORY OF ALPORT SYNDROME

Informing disease trajectory 

5 
year

25 
year

60 
year

10 
year

40 
year

Sex‐linked females

COL4A5
Haematuria Proteinuria

30% 
ESKD

Autosomal 
dominant

COL4A3/4

Haematuria Haematuria

Proteinuria ProteinuriaHaematuria

Proteinuria 28% ESKDHaematuria

Deltas, Nephron. 2015;130:271

Thin membrane disease 
(~40%)

Hirabayashi Y. Genes (basel). 2022):1779. 
Savige J. Kidney int. 2003:1169NATURAL HISTORY OF ALPORT SYNDROME

Informing disease trajectory 

© Copyright National University of Singapore. All Rights Reserved. 

A 15‐year‐old girl has microscopic haematuria and subnephrotic proteinuria. 
Normal kidney function. 

Hearing test normal
No family history:  Well 6‐year‐old brother. All first‐degree family members 
were recently tested with urine dipstick. 

Initial evaluation: no apparent cause.
Biopsy diagnosis: Alport syndrome‐ lamination and scalloping of GBM.

Should a genetic test be performed?
1) Yes
2) No

A 15‐year‐old girl has microscopic haematuria and subnephrotic proteinuria. 
Normal kidney function. 

Hearing test normal
No family history:  Well 6‐year‐old brother. All first‐degree family members 
were recently tested with urine dipstick. 

Initial evaluation: no apparent cause.
Biopsy diagnosis: Alport syndrome‐ lamination and scalloping of GBM.

Should a genetic test be performed?
1) Yes
2) No
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© Copyright National University of Singapore. All Rights Reserved. 

Types of genetic tests

Basic structure of a gene

Exon 
2

Exon 
3

Exon 
1

Intron 
1

Intron 
2

Intron 
3

Promoter

Can variants in non-coding areas cause disease?

Intron 
1

Intron 
2

Intron 
3

5’ UTR

3’5’

3’ UTR

Non‐coding regions

Does not affect sequence of the 
amino acids

May alter protein function through other ways:
‐ altering the level of gene expression
‐ splicing

6 billion nucleotides
>25 million nucleotides (0.4%) are different

All of us have >5 million genetic variants

Image source: https://www.genome.gov/

Indels

Image source: https://www.genome.gov/

THE OWL HIT THE RAT BUT THE RAT DID NOT RUN OUT.

THE OWL BIT THE RAT BUT THE RAT DID NOT RUN OUT. Missense 

THE OWL HIT THE RAT BUT BUT THE RAT DID NOT RUN OUT. Inframe

THE OUT. THE RAT DID NOT RUN OUT Frameshift (nonsense)

THE OWL HIT THE RAT BUT THE RAT DID NOT RUN OUT. Inframe

THE OOOWLH ITT HER ATB UTT HER ATD IDN OTR UNO Frameshift

THE RAT DID NOT RUN OUT. THE OWL HIT THE RAT BUT Translocation

TUO NUR TON DID TAR EHT TUB TAR EHT TIH LWO EHT Inversion

THE OWL HHI TTH ERA TBU TTH ERA TDI DNO TRU NOU Insertion

THE OWL ITT HER ATB UTT HER ATD IDN OTR UNO UT Deletion
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Introns

Panel/
WES

Del/Dup
CNV

WGS Multiplex ligation 
dependent probe 

amplification (MLPA)

WGS Sang
er

Short read NGS Long read NGS Single gene

Image source: https://www.genome.gov/ © Copyright National University of Singapore. All Rights Reserved. 

Comparing panel / WES / WGS

Less 
Panel

All genes
WGS

Breadth

Depth
(coverage)

More
WES

Notorious genes
PKD1
HNFB1
MUC1

Incidental 
findings

Ambiguous 
phenotype

© Copyright National University of Singapore. All Rights Reserved. 

46-year-old lady

Presented at 40years old with A2 albuminuria and microscopic haematuria

Hypertension, preeclampsia

eGFR normal

Very strong family history

Mother (66y): Alport and CKD stage 4, hearing loss

Brother (29y): Hematuria since 22y

Maternal grandma: Hematuria and proteinuria since 70y+, dialysis since 80y+, neurosensory hearing loss

Maternal aunt (71y): Hematuria and proteinuria, nephrotic syndrome, impaired kidney, hearing loss

Mother’s mother’s father: high bp/DM/gout <40y, hematuria and proteinuria since ?age, impaired kidney no RRT, d. 50y+ 
kidney issues

Maternal cousin (43y): Hematuria, proteinuria and nephrotic syndrome since 8y

Maternal aunt (70y): Hematuria since 20y+, recent hearing loss

Maternal uncle (68y): Hematuria since 20y+, recent hearing loss

© Copyright National University of Singapore. All Rights Reserved. 

Panel of glomerular and cystic genes 
was done

Result: No genetic variant found

This patient may still have genetic kidney disease. Why?

1) Gene causing kidney disease has not been discovered.

2) Pathogenicity determination was inaccurate.

3) Genetic variant is in the intron.

4) Genetic variant cannot be picked up by the technique used.

5) All of the above.

© Copyright National University of Singapore. All Rights Reserved. 

Panel of glomerular and cystic genes 
was done

Result: No genetic variant found

This patient may still have genetic kidney disease. Why?

1) Gene causing kidney disease has not been discovered.

2) Pathogenicity determination was inaccurate.

3) Genetic variant is in the intron.

4) Genetic variant cannot be picked up by the technique used.

5) All of the above.

Introns

Panel/
WES

Del/Dup
CNV

WGS Multiplex ligation 
dependent probe 

amplification (MLPA)

WGS Sang
er

Short read NGS Long read NGS Single gene

Image source: https://www.genome.gov/

COL4A3 deletion 
of exons 10‐11



6/9/2024

7
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Basic reading of genetic 
reports

Modern terminology

based on a set of criteria 

5 categories

1. Pathogenic

2. Likely pathogenic

3. Uncertain significance

4. Likely benign 

5. Benign 

Genetic 
variants

Is the variant causing the disease?

Gene‐phenotype

Functional studies

Mode of inheritance

Population frequency

In silico tools

Hot spot

Previous reported cases

Nearby variants

Family segregation

De novo

p y
Phenotype 
specificity

Nature of variant

Biopsy report Genetics report
• 3 year old boy 

• Microscopic haematuria and subnephrotic proteinuria 

• Normal eGFR
• No extrarenal manifestation
• No family history
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What genetic test is this?
What genes are covered?

What genes are not covered well?

Does this gene concur with 
the disease manifestation?

Do the mode of inheritance 
and zygosity concur?
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GnomAD = Genome Aggregation Database
Gene-specific
In general,
Recessive: Absent ≤0.00007 
(0.007%)

Dominant ≤0.00002 (0.002%)

https://gnomad.broadinstitute.org/ In silico tools

REVEL >=0.7

CADD >25

Is the variant causing the disease?

Gene‐phenotype

Functional studies

Mode of inheritance

Population frequency

In silico tools

Hot spot

Previous reported cases

Nearby variants

Family segregation

De novo

p y
Phenotype 
specificity

Nature of variant

Rule out

Rule in

• 15 years old, Chinese boy

• Persistent isolated haematuria with no albuminuria

• Mother has microscopic haematuria

Is this variant explaining the disease of the patient?
1) Yes
2) No
3) Maybe, needs further evaluation

• 15 years old, Chinese boy

• Persistent isolated haematuria with no albuminuria

• Mother has microscopic haematuria

Is this variant explaining the disease of the patient?
1) Yes
2) No
3) Maybe, needs further evaluation
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• 15 years old, Chinese boy

• Persistent isolated haematuria with no albuminuria

• Mother has microscopic haematuria

7 month old girl with mild edema and nephrotic range proteinuria.

Search : DDC gene OMIM

7 month old girl with mild edema and nephrotic range proteinuria.

Is this variant explaining the disease of the patient?
1) Yes
2) No
3) Maybe, needs further evaluation

Dopa decarboxylase (DDC)
Autosomal recessive
Aromatic L‐amino acid decarboxylase 
deficiency

7 month old girl with mild edema and nephrotic range proteinuria.

Is this variant explaining the disease of the patient?
1) Yes
2) No
3) Maybe, needs further evaluation

Dopa decarboxylase (DDC)
Autosomal recessive
Aromatic L‐amino acid decarboxylase 
deficiency

7 month old girl with mild edema and nephrotic range proteinuria.

Dopa decarboxylase (DDC)
Autosomal recessive
Aromatic L‐amino acid decarboxylase 
deficiency

Gene-specific allele frequencies
In general,
Recessive: Absent ≤0.00007 
(0.007%)
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7 month old girl with mild edema and nephrotic range proteinuria.

Is this variant explaining the disease of the patient?
1) Yes
2) No
3) Maybe, needs further evaluation

7 month old girl with mild edema and nephrotic range proteinuria.

Is this variant explaining the disease of the patient?
1) Yes
2) No
3) Maybe, needs further evaluation

7 month old girl with mild edema and nephrotic range proteinuria.

Gene-specific
In general,

Dominant ≤0.00002 (0.002%)

© Copyright National University of Singapore. All Rights Reserved. 

Take home messages

Nephrologists need to believe the utility of genetic testing, and then 
articulate it well.

Appreciating the pros and cons of different genetic tests (Panels, WES, 
WGS) allows one to know which tests to order, and appreciate false 
negatives.

Nephrologists can read genetic reports at a very basic level. 
But the provision of genetic services requires multiple stakeholders.

© Copyright National University of Singapore. All Rights Reserved. 

Thank you
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The Hostile Bladder 
for the nephrologist

Nyo Yoke Lin

Paediatric Surgery and Paediatric Urology

1

SELECT ONE:
Restricted, Sensitive (High)

Restricted, Sensitive (Normal)
Restricted, Non‐Sensitive

Unclassified, Non‐Sensitive

[Insert data classification]

Overview

Terminology

Context

Function of the bladder

Basic Science

Classifications

Recommendations

Case studies

2

What is a Hostile Bladder? 

[Insert data classification]

3

Bladder “hostility”
Terminology

Predates: EAU/ESPU guidelines 2019, UMPIRE protocol paper 2021

Other similar terms – end stage bladder, bladder failure, high risk bladder

End stage bladder – usually used in context of intractable LUTS symptoms, treatment refractory 
interstitital cystitis and end stage bladder cancers

Bladder failure – suggested terminology in International Neurourology Journal (INJ) in 2012, similar 
group that we are defining in terms of the functions of storage and voiding.

High Risk bladder – UMPIRE 2021

[Insert data classification]

4

Bladder “hostility”
My preference

Enemy of the state (the kidneys)

Justification of a lot of “resources and energy”, attention

“Crisis‐mode” mentality

Helps parents understand 

Yet… 

Not an enemy till it becomes an enemy

[Insert data classification]

5

What is the context? 
Primarily a bladder issue then later a renal issue

Majority would be neurogenic

Causes of neurogenic bladder: 

‐myelodysplasia eg myelomeningocoele

‐ spinal cord injury/trauma

‐ transverse myelitis

‐ cerebral palsy

Others: 

Posterior urethral valves

Not: CAKUT

[Insert data classification]

6
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Function and basic science
What is the function and how this is achieved by the anatomy and physiology 
(and the cellular anatomy and physiology)?

[Insert data classification]

8

Function of the bladder

[Insert data classification]

9

Function of the bladder

[Insert data classification]

10

Storage VoidingA
t 
lo
w
 p
re
ss
u
re
s

To
 co

m
p
le
tio

n

Function of the bladder

Storage Voiding

[Insert data classification]

11

Seamless transition

Seamless transition

[Insert data classification]

12
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[Insert data classification]

13

[Insert data classification]

14

Function of the bladder
What we know now

Importance of cycling of the bladder –
mechanotransduction –

Extracellular matrix (ECM) and its remodelling

Role of the urothelium as a sensory organ

Neurotransmitters and neurotrophic factors

Triple innervation of the bladder – sympathetic, 
parasympathetic, somatic

Etc

[Insert data classification]

Instructions to change image:
1. Right click on image and 

select ‘Format Picture’.
2. Under the ‘Fill’ tab, select 

‘Insert picture from file’.
3. Select an image to insert.
4. Ensure the ‘Tile picture as 

texture’ checkbox is ticked.
5. In the ‘Scale’ X and Y fields, 

input ‘100%’. Then, adjust 
the figures in ‘Offset’ X and 
Y fields until the image is 
aligned properly.

15

Summary

It (the bladder’s situation) is not “cast in stone”. 

And our understanding is still quickly evolving. 

“watch this space”

[Insert data classification]

16

Can we predict hostility? 
Which of these bladders will become hostile? 

How long before the hostility begins? 

UMPIRE protocol

‐ “safe” & “normal” – out of the equation

‐ Is low risk always low risk? 

[Insert data classification]

17

UTI
HN

UDS classification

Detrusor
Overactivity (DO)

Detrusor
Underactivity (DU)

Sphincter
Overactivity (SO)

SO/DO
Detrusor/sphincter
dyscoordination
(deleterious for kidney renal
function)

SO/DU 
Incomplete bladder emptying
(may be deleterious to kidney 
function)

Sphincter
Underactivity (SU)

SU/DO 
Urinary inconmtinence
(not deleterious to kidney 
function)

SU/DU 
Urinary incontinence with 
incomplete bladder emptying
(risk of kidney impairment 
induced by UTI)

[Insert data classification]

18



9/6/2024

EAU/ESPU guideline

Proactive vs reactive strategy

[Insert data classification]

Instructions to change image:
1. Right click on image and 

select ‘Format Picture’.
2. Under the ‘Fill’ tab, select 

‘Insert picture from file’.
3. Select an image to insert.
4. Ensure the ‘Tile picture as 

texture’ checkbox is ticked.
5. In the ‘Scale’ X and Y fields, 

input ‘100%’. Then, adjust 
the figures in ‘Offset’ X and 
Y fields until the image is 
aligned properly.

19

Logic of the proactive approach
If there are enemy boots on our shore, the war is lost

Early initiation of CIC

Early use of antimuscarinics

Prevention of UTI

Managing constipation

Regular follow up with imaging and UDS as 
necessary

[Insert data classification]

20

Case reviews

[Insert data classification]

21

[Insert data classification]

Case 1: Princess Elsa

5 year old girl

Lipomyelomeningocele and tethered cord

Underwent cord de‐tethering 7mths old. Complicated by CSF leak and wound infection. 

Neurogenic bladder followed up with Paeds Uro and Paeds Nephro

On clean intermittent catherisation (CIC) since 8 months old

Noted constipation since 9 months old

Social: 

Both parents working, father has long shifts 

Difficulty in adherence to frequent CIC. Only coping with 3x a day. 

Not adherent / willing to take anticholinergics

22

[Insert data classification]

23

[Insert data classification]

UDS 2023
4 years old, no sedation, cooperative

24

166ml

25 cmH2O

No Leak

No 
overactivity

Polling will open on the next slide
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[Insert data classification]

Q: Is this a hostile bladder? 

A. Yes

B. No

25

[Insert data classification]

Q: Is this a hostile bladder? 

A. Yes

B. No

26

[Insert data classification]

VUDS 2024

27

Detrusor overactivity
No leak

120ml
43cmH2O

[Insert data classification]

Case 2: Robin Hood

17 year old male

Fell from height 4 years ago. 

Spinal injury, paraplegic since

Followed up for neurogenic bladder

Permanent colostomy

28

[Insert data classification]

US 2021

29

[Insert data classification]

VUDS 2021

30

541 ml

1 cmH2O

dLPP 1cmH2O

No overactivity
Leaked at the 
end
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[Insert data classification]

Case 2: Robin Hood

3 years later

He is well, confident

Motivational speaker

Competitive sportsman

31

[Insert data classification]

32

[Insert data classification]

VUDS 2024

33

Detrusor overactivity. 
Leaked at the end, 
dLPP 34cmH2O

320ml, 
22cmH2O

[Insert data classification]

Q: Is this a hostile bladder? 

A. Yes

B. No

34

[Insert data classification]

Q: Is this a hostile bladder? 

A. Yes

B. No

35

[Insert data classification]

Case 3:  The Negotiator

17 year‐old male

Bright, studious

Understands his problem and negotiates

Spinal cord lipoma excised 1 year old

Paraparesis

Neurogenic bladder and neurogenic bowel

CIC from 3 hourly to 2 hourly 

36
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[Insert data classification]

UDS 

37

235ml
10cmH2O

Detrusor 
overactivity
No leak 

[Insert data classification]

Q: Is this a hostile bladder? 

A. Yes

B. No

38

[Insert data classification]

Q: Is this a hostile bladder? 

A. Yes

B. No

39

[Insert data classification]

VUDS

40

Summary

Hostile bladder demands attention

Many times it is not a matter of “if it is hostile” but “when it becomes hostile”

Vigilance is key 

There are many things of the bladder we are yet to discover

[Insert data classification]

41

Thank you.

42

[Insert data classification]
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Challenges in transplanting the young child:
Post‐op Medical Management

1

Dr Perry Lau
Senior Consultant 
Division of Paediatric Nephrology, Dialysis and Kidney Transplantation
KTP‐NUCMI

Outline

Fluid Management

Immunosuppression

 Infectious risks

2

Transplanting adult‐sized kidney (ASK) into a small recipient

3

Large blood flow demand from 
an ASK in a small child with a 
small blood volume

• Acute tubular necrosis
• Especially around time of 
reperfusion of ASK when 
clamp released

Relative state of intravascular 
hypervolemia desirable during 
transplantation surgery and early post‐op 
period

Pre‐op: do not UF excessively

Op:
• Raise CVP to between 13‐15 mmHg just 
before reperfusion

• Volume expansion with whole blood 
(especially if Hb <10 g/dL), 5% albumin or 
0.9% N/S before release of vascular clamp

• Consider dopamine infusion if SBP cannot 
be maintained despite adequate volume 
infusion (CVP not low). Keep SBP >100 mm 
Hg even in small children

Transplanting 
adult‐sized 
kidney (ASK) into 
a small recipient

Post‐op: 

Meticulous fluid 
management by 
replacing 

• Insensible losses

• Naso‐gastric 
losses and 

• Urine losses ml 
for ml for first 3‐5 
days especially in 
patients <30 kg 

4

Why prevent ATN?

5
Sarwal et al. Adult-size kidneys without ATN provide exceedingly superior long-
term graft outcomes for infants and children. Transplantation 2000;70:1728-1736.

• Superb long‐term graft survival 
potential of ASKs without ATN 
transplanted into infants and small 
children

• Presence of ATN following 
transplantation results in a 20‐35% 
inferior graft survival rate in 
comparison to recipients without 
ATN at all time points following 
transplantation

No ATN

No ATN

ATN

ATN

Perioperative fluid management and associated 
complications in children receiving kidney transplants 

6

Natalie Wyatt et al collected data from 5 UK paediatric kidney transplant centres on perioperative 
fluid volumes administered and explored associations between fluid volume administered, graft 
function and fluid‐related adverse events.  

Median volume 66 ml/kg Median volume 
148 ml/kg

Median volume 
70 ml/kg

Pediatr Nephrol 2023; 38:1299

Median total volume of fluid administered in 72 h was 377 ml/kg (IQR 
149 ml/kg) with a high degree of variability.
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2

Perioperative fluid management and associated 
complications in children receiving kidney transplants 

7Pediatr Nephrol 2023; 38:1299

No significant difference between fluid volumes received in children who did or did not 
experience these adverse events was found.

Perioperative fluid management and associated 
complications in children receiving kidney transplants 

8

Characteristic <20 kg group
N = 28

≥20 kg group
N = 74

Overall
N = 102

Age at transplant, years
Median (IQR)

4 (2) 14 (4) 12.5 (9)

Weight, kg
Median (IQR)

14.5 (4.5) 45.4 (23) 39.8 (30.9)

Total fluid administered ml/kg
Median (IQR)

507 (225.5) 356 (139) 374.5 (148)

Occurrence 
of adverse 
events
N (%)

Pulmonary edema
Hypertension
Oxygen requirement
Unplanned PICU admission
Delayed graft function

3 (10.7)
13 (4.6)
6 (21.4)
3 (10.7)
1 (3.5)

11 (14.8)
40 (54)
25 (33.7)
6 (8.1)
2 (2.7)

14 (13.7)
53 (52)
31 (30.4)
9 (8.8)
3 (2.9)

Day 7 eGFR, ml/min/1.73m2

Median (IQR)
135 (60.3) 69.9 (42.7) 84.1 (57.6)

Length of stay
Median (IQR)

10 (4) 10 (6) 10 (5)

Incidence of adverse events 
similar in children < 20 kg and 
those ≥ 20 kg. 

A significant difference
in day 7 graft function was 
noted between these
groups with smaller recipients 
having higher eGFR. 
• Due to a greater relative 

size mismatch of adult 
donor kidneys in smaller 
recipients

Pediatr Nephrol 2023; 38:1299

Choosing type of IV fluid to reduce risk of delayed 
graft function

9

Saline solution 
(0.9% sodium chloride)
• Supraphysiological 

chloride concentration 
(154 mmol/L)

 Hyperchloraemic
metabolic acidosis

 Reduced kidney 
perfusion and acute 
kidney injury

Balanced crystalloid solution
• Chloride concentrations 

that approximate human 
plasma

• Potassium 4‐5 mmol/L
 Can exacerbate 

hyperkalaemia in the 
setting of poor kidney 
allograft function

 Cardiac arrhythmia, 
haemodynamic instability, 
need for acute dialysis

Systematic reviews and meta‐analyses of balanced low chloride 
solutions versus normal saline in kidney transplantation (published 
in 2016 and updated in 2021) found uncertain effects on the risks 
of DGF and effects on graft function   10

• Adults and children of any age receiving a deceased donor 
kidney transplant

• Multi‐organ transplant or <20 kg weight excluded
• Participants randomized to balanced crystalloid solution 

(Plasma‐Lyte 148) or saline during surgery and up until 48 
hour after transplantation

• Primary outcome : DGF (need for dialysis within 7 days)
Findings:
• DGF occurred in 121 (30%) of 404 participants in the 

balanced crystalloid group versus 160 (40%) of 403 in the 
saline group (adjusted relative risk 0∙74 [95% CI 0∙66 to 0∙84; 
p<0∙0001]; adjusted risk difference 10∙1% [95% CI 3∙5 to 
16∙6]).

• Secondary outcomes (kidney functional recovery based on 
serum creatinine, hyperkalaemia, graft function from 12 to 
52 weeks, graft failure, mortality, length of hospital stay ) did 
not differ between the groups

Balanced crystalloid solution 
should be the standard‐of‐care 
IV fluid used in deceased donor 
kidney transplantation.

Lancet 2023; 402:105

Immunosuppression

11

Immunosuppression 

12

Immunosuppressive protocols for paediatric kidney transplant:

• Induction: 
• Interleukin 2 receptor antagonists (eg basiliximab) for low immunological risk 

children
• Lymphocyte‐depleting agent (eg ATG) for high immunological risk children

• Maintenance:
• Combination of 3 drugs: 

• Steroid 
• Calcineurin inhibitor eg cyclosporine, tacrolimus
• Antiproliferative agent eg azathioprine, mycophenolate mofetil 

Variation between children and adults in immunosuppressive metabolism can vary 
significantly, especially in those <2 years old.
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Tacrolimus

13

• In paediatric renal transplant recipients 

TAC has been shown to be more effective 

than CsA‐based regimens in preventing 

acute rejection and improving long‐term 

graft survival.

• TAC has narrow therapeutic index in 

which toxicity can appear with slightly 

higher concentration than therapeutic 

ones.

• Therapeutic Drug Monitoring ensures 

efficacy of tacrolimus while minimizing 

its toxicity.

Period post‐transplant Tac trough level (mg/L)

1st 2 weeks 10‐12

2 weeks to 3 months 8‐10

4‐6 month 7‐9

>6 month 5‐7 (minimum 4)

Challenges in achieving desired TAC levels

14

Oral absorption of TAC in children is 
incomplete and highly variable, with a 
reported bioavailability of immediate 
release formulations ranging from 5% to 
70%

• TAC best administered on an 
empty stomach as the absorption 
decreases in the presence of food, 
particularly high‐fat meals

Distribution, absorption and metabolism of tacrolimus

Studies demonstrate that younger children require significantly higher mg per kg TAC doses compared to 

adolescents and adults.

• Explanation not entirely clear
• Variability in pharmacokinetics between children and adults eg intestinal uptake, hepatic blood flow, 

proportion of liver to body weight, immature CYP3A4/5 enzymatic pathways etc
• Suggested initial dose for immediate‐release TAC in pediatric kidney transplant recipients 0.2‐0.3 

mg/kg per day divided every 12 hours (recommended initial dose 0.1 mg/kg per day in adults)

Prytula A, et al. Pediatr Nephrol 2019;34:1201

Challenges in achieving desired TAC levels

15

If difficulty in achieving 
desired TAC levels, 
consider:
• Add diltiazem or 

fluconazole
• ? 8‐hourly dosing 

instead of 12‐hourly 
dosing

Pediatr Transplant 2020;24(6):e13733

W, C. Wright.; et al. 2019
16

Rationale for routine CYP3A5*1*3 testing to guide TAC dose in transplant recipients:

• Tacrolimus is metabolised in the liver and intestine by the CYP3A isoforms CYP3A4 and CYP3A5

• Polymorphisms of the CYP iso‐enzymes 3A4 and 3A5 have been extensively studied in adults 

with regard to TAC pharmacokinetics

• CYP3A5 expressers (genotype CYP3A5*1/*1 or CYP3A5*1/*3) require higher TAC doses 

to achieve a given TAC concentration. 
• Recommendation for adult SOT recipients is to increase the standard TAC dose by 1.5‐ to 2‐fold in CYP3A5 

expressers, but not to exceed the daily dose of 0.3 mg/kg, followed by strict TDM.

• CYP3A5 non‐expressers (genotype CYP3A5*3 homozygotes) 

• Children with the CYP3A5*1 allele have higher TAC dose requirements than CYP3A5 non‐

expressers. 

• For children and adolescents with at least one CYP3A5*1 allele, a 1.5‐ to 2‐fold increase in 

dose followed by TDM is recommended.

Tacrolimus: Pharmacogenomics

To date: there is no evidence that routine CYP3A5  genotyping 
can positively impact patient outcomes

17

Factors:

• Poor therapy adherence

• Concomitant medications eg
antibiotics, CYP3A4/A5 
inducers and inhibitors

• Concomitant food ingestion

• Diarrhoea

Tacrolimus: Intra‐patient variability

Consequences of high intra‐
patient variability in TAC 
exposure:

• Increased risk of late acute 
rejection and allograft loss

• Increased risk of pathologic 
changes: fibrosis and tubular 
atrophy

• Development of HLA‐
antibodies 

18

Giving medications via gastrostomy tube (G‐
tube)

Many children with chronic kidney disease are 
reliant on enteral tube feeds to achieve 
adequate nutritional intake.  Following a 
successful kidney transplant, G‐tube feeding 
continues for ensuring fluid and medication 
intake.

Method of administering the Tacrolimus must 
be consistent:

• If medication in tablet formulation, tablet 
has to be crushed. Use a pill crusher to grind 
it to a fine powder and mix it with 30 to 50 
ml of water. 

Challenges in achieving desired TAC levels
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Avoiding steroid side effects in children

19

Steroid therapy has been a cornerstone of immunosuppressive 
therapy in kidney transplantation for >40 years

Marked growth retardation in children

Efforts to withdraw (early or late) or avoid steroid therapy in 
paediatric kidney transplantation
• Initial studies of SW/avoidance conducted in the setting of CSA 

and AZA:
• Increased incidence of AR but no increase in graft loss or 

mortality
• Studies performed under modern immunosuppression 

(induction therapy, Tac, and MMF):
• No significant increase in AR or graft loss with 

SW/avoidance immunosuppression
• SW/avoidance immunosuppression associated with significant 

improvement in growth, BMI, BP control, and lipid profile in 
paediatric kidney transplant recipients

Infectious Disease 
Risks

Younger age at 
transplantation may increase 
the risk of viral infections 

• Incomplete immunization 
schedule

• Seronegative for CMV, EBV 
and BKPyV when they 
undergo transplantation. 

20

Infectious Disease Risks
• Appropriate preventive measures:

• Vaccinations 
• Immunization responses pre‐transplant are more robust than primary vaccinations 
initiated post‐transplant 

• Pre‐transplant immunization is associated with increased memory responses with post‐
transplant booster dosing

• Should we delay transplantation till appropriate vaccinations completed?

• For children who completed national immunization schedule, serologic assessment for 
vaccine responses to measles, hepatitis B, varicella can guide pre‐transplant immunization 
recommendations

• Vaccination post‐transplant: 

• Ideal time around 3‐6 months when immunosuppression tapered to maintenance  levels

• Although small studies in paediatric liver transplant recipients have suggested the safety of 
using live vaccines such as measles, mumps, rubella, and varicella, the consensus remains to 
avoid live vaccines post‐transplant due to the potential risk of disseminated disease

• Vaccination of recipients AND their close contacts 21

Infectious Disease Risks

22

Appropriate preventive measures:
• Regular monitoring of CMV, EBV and BKV by PCR

Monitoring post‐transplant

CMV PCR Seronegative recipients: weekly for Month 1 
Then 2 weekly for Month 2 
Then monthly till 1 year

After 1 year post‐transplant:
yearly

Seropositive recipients: monthly

EBV PCR Seronegative recipients: monthly After 1 year post‐transplant:
3‐monthly for first 2 years 
Then 6‐monthly till seroconversion 
Then yearly

Seropositive recipients: 3‐monthly

BKPyV PCR Monthly for first 9 months After 9 months:
3‐monthly for first 2 years
Then yearly

Infectious Disease Risks

23

Appropriate preventive measures:
• Use of preventive medications eg valganciclovir prophylaxis, IVIG 

CMV status ATG IVIG IV Ganciclovir Valganciclovir

Negative donor to negative recipient 
+ blood transfusion

Y/N N 3 months

Positive donor to positive recipient  Y N 3 months

Positive donor to positive recipient  N N 3 months

Negative donor to positive recipient  Y N 3 months

Negative donor to positive recipient  N N 3 months

Positive donor to negative recipient  Y Y 10 days 6 months (Prolong to 1 year if 
lymphopenic)

Positive donor to negative recipient  N Y 6 months

Negative donor to negative recipient 
on mTORi

Y N 3 months

Infectious Disease Risks

24

Appropriate preventive measures:
• Use of preventive medications eg valganciclovir prophylaxis, IVIG 

EBV status ATG CMV 
Hyperimmune 
globulin

IV 
Ganciclovir

Valganciclovir

Negative donor to negative recipient 
+ blood transfusion

Y Y 
(single dose)

Positive donor to positive recipient  Y Y 
(single dose)

3 months

Negative donor to positive recipient  Y Y 
(single dose)

3 months

Positive donor to negative recipient  Y/N Y 
2‐weekly for total 
of  6 doses 
followed by 1 
dose at Week 16

10 days 6 months (Prolong to 1 
year if lymphopenic)
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Summary

25

 Transplanting an adult‐sized kidney into a small child has unique challenges: 
vessel anastomosis, placement, risk of acute tubular necrosis 

 Improved kidney graft survival and patient survival in a young kidney transplant 
recipient with time due to advances in surgical techniques, anaesthetic care 
and immunosuppression management

Post‐transplant care in children challenging in terms of pharmacokinetic 
differences, drug dosing and administration

Viral infections are problematic for children relative to adult kidney transplant 
recipients, needing routine monitoring and prophylaxis

Thank you.
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[Input data classification]
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Tubulopathies

1

Dr Perry Lau
Senior Consultant 
Division of Paediatric Nephrology, Dialysis and Kidney Transplantation
KTP‐NUCMI

Outline

 Function of kidney tubules

 When do we suspect tubulopathy?

Diagnostic kit 

Cases : diagnostic and management challenges

2

• Preservation of fluid, electrolyte and 
acid‐base homeostasis

• Complex transport function mostly 
performed by specialized proteins 
distributed along kidney tubules

• Active and passive mechanisms

• Divided into 4 broad segments based 
on anatomical and functional 
characteristics

• Dysfunction of any of these tubular 
mechanisms  Tubulopathy

• Inherited or acquired etiologies
3

Kidney tubules Proximal 
convoluted 
tubule

Thick 
ascending 
loop of 
Henle

Distal 
convoluted 
tubule

Collecting 
duct

Clinical Presentation of 
Tubulopathies
• Polyuria and polydipsia
• Irritability
• Recurrent dehydration
• Growth failure
• Developmental delay
• Rickets
• Nephrocalcinosis 
• Muscle weakness or cramps
• Abnormalities in BP

• Hypertension
• Hypotension

4

5

Initial Investigations

Blood

Electrolytes: sodium, potassium, 
chloride, bicarbonate
Calcium, phosphate, magnesium
Uric acid
Urea, creatinine
Venous blood gas

Urine

Urine dipstick for glucose, protein
Urine  microscopy
Urine protein/creatinine ratio

Distinctive biochemical abnormalities may 
localize which tubular segment are implicated
• Hypernatraemia with low urine specific gravity
• Hypokalaemic metabolic acidosis
• Hypokalaemic metabolic alkalosis
• Hyperkalaemic metabolic acidosis
• Glycosuria and proteinuria 6

Further Investigations

Blood

Electrolytes: sodium, potassium, chloride, 
bicarbonate
Calcium, phosphate, magnesium
Uric acid
Urea, creatinine
Venous blood gas

Osmolality
Renin, aldosterone

Urine

Urine dipstick for glucose, protein
Urine  microscopy
Urine protein/creatinine ratio

Urine osmolality
Urine pH
Urine sodium, potassium, chloride
Urine calcium/creatinine ratio
Urine phosphate, magnesium
Urine creatinine
Urine 𝛃2 microglobulin

Paired urine and serum samples 
are obtained to enable calculation 
of fractional excretion of solute/ 

tubular handling of solute



6/9/2024

2

Assessment of tubular handling of acid and solutes

7

Formula Normal value Interpretation

Urine pH Urine pH <5.5
in the setting of severe 
metabolic acidosis

Urine pH >5.5 in the setting of severe 
metabolic acidosis Defect in distal 
acidification mechanism (type 1 RTA)

Urine 
anion gap

Urine Na + K ‐Cl Negative urine AG 
in presence of acidosis

Normal acidification of urine.
Rules out type 1 and type 4 RTA.

FeNa Na(urine) x Cr(serum) x 100
Na(serum) x Cr(urine)

FeNa <1% 
(with normal salt load & 
normal GFR)

If >1% 
‐ Kidney salt wasting
‐ Appropriate natriuresis in the context 
of salt loading

FeMg Mg(urine) x Cr(serum)……. x 100
Mg(serum) x Cr(urine) x 0.7

FeMg <4% If >4% 
‐ Kidney magnesium wasting in setting of 
hypomagnesaemia

TTKG K(urine) x Osmolality(serum) x 100
K(serum) x Osmolality(urine)

TTKG 4‐6%
(interpretation dependent 
on kalaemic state)

In hypokalaemic states:
<2%  appropriate kidney handling
>4%  kidney losses

TmP/GFR PO4(Serum) x [1 ‐ PO4(urine) x Cr(serum)]
[      PO4(serum) x Cr(urine)]

Range varies with age
Birth: 1.43‐3.43 mmol/L
3 mths: 1.48‐3.30 mmol/L
6 mths: 1.15‐2.60 mmol/L
2‐25yrs: 1.15‐2.44 mmol/L

Less than lower limit of range for age
 Kidney phosphate wasting

Assessment of tubular handling of acid and solutes

8

 Urine osmolality = 100 mmol/kg

Serum Na 135 mmol/L  ➜ Psychogenic polydipsia

Serum Na 145 mmol/L  ➜ Diabetes insipidus

 Urine pH 7

Serum HCO3 14 mmol/L  ➜ Distal RTA

Serum HCO3 20 mmol/L  ➜ Distal or proximal RTA

 Hypokalaemic alkalosis 

FeCl > 0.5% ➜ Bartter syndrome

FeCl < 0.1% ➜ Cystic fibrosis

Always analyze urinary data with serum levels!

Evaluation

9

• Any previous normal biochemical 
profile

• Drug history

• Family history

• Extra‐kidney manifestations:

• Eye eg cataracts

• Sensorineural hearing loss

• Kidney ultrasound

• Genetic test 
10

Children with clinically suspected tubulopathy underwent WES.

Suspected phenotype 
(Total 77)

Clinical implications of genetic testing

Revision of diagnosis: 14 (18%) Impact on clinical Management: 24 (31%)

Distal RTA 
n= 25

None Identification of co‐morbidities: SNHL 4, Hemolytic anemia 
2, dental problems 1 (Total 7)

Bartter Syndrome
n=18

Non tubulopathy: 5
Another type of tubulopathy: 1

Identification of congenital chloride diarrhoea and cystic 
fibrosis facilitated specific treatment: 5

Hypophosphataemic rickets
n=6

None None

Proximal Tubular Dysfunction
n=12 

Total: 3 Facilitated specific treatment: cystinosis 4 and tyrosinemia 2

Nephrogenic DI
n=6

Non tubulopathy: 1
Another type of tubulopathy:1

Identification of dRTA allowed treatment with alkali: 1
Dx of nephronophthisis changed Mx plan : 1

Isolated kidney stone or 
nephrocalcinosis

n=6

Diagnosed as Bartter syndrome: 1 Dx of Bartter syndrome helped in appropriate Mx planning: 
1
Identification of HOGA variant helped in prognostication: 1

Others
n=4

Non tubulopathy: 1
Another type of tubulopathy:1

Identifying HNF1B phenotype helped in prognostication: 1
Audiological assessment conducted post availability of 
genetic result diagnosed SNHL: 1

Total number of children: 77
Total number of variants: 68
Total number of pathogenic or likely 
pathogenic variants: 55
Novel pathogenic/likely pathogenic 
variants: 24
Positive yield of WES: 70%  (n=54)

WES had a definite 
impact on clinical 
management  in nearly 
one third (31%) of 
children with clinically 
suspected tubulopathy 
from Eastern India

Pediatr Nephrol 2022; 
37(8): 1811

Case 1

11

A 2‐year old Chinese boy was referred for 
assessment of isolated gross motor delay 
and failure to thrive. 

Height: 77.5 cm (<<3 %tile)
Weight: 10 kg (3‐10 %tile)
Genu valgum
Eyes normal
Heart and lungs examination 
unremarkable 
Abdomen : hepatomegaly (5cm felt, firm), 
no splenomegaly 
Neurological examination normal

Case 1: 2‐year old boy with gross motor delay and FTT

12

Blood investigations Reference range Results

Urea 3.2‐7.9 mmol/L 4.6

Creatinine 15‐35 umol/L 10  (eGFR 283)
(0.11 mg/dL)

Sodium 132‐147 mmol/L 137

Potassium 3.5‐5.5 mmol/L 3.8

Chloride 95‐110 mmol/L 108

Bicarbonate 22‐31 mmol/L 12

Anion gap 10‐14 mmol/L 17

Total calcium 2.20‐2.70 mmol/L 2.37

Phosphate 1.40‐2.33 mmol/L 0.92

ALP 160‐380 U/L 707

Magnesium 0.75‐1.07 mmol/L 0.9

Uric acid 100‐290 umol/L <89

Glucose 4.0‐7.8 mmol/L 3.4

25OH vitamin D 30‐100 ug/L 19.8

PTH 1.3‐9.3 pmol/L 12.4

Urine dipstick:
Specific gravity 1.003
pH 5
Leukocyte esterase  Negative
Nitrite Negative
Glucose 3+
Ketone 2+
Protein 3+
Hb Trace

Question 1:
What is the possible diagnosis 
in this boy?
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Proximal 
Tubular Cell

13

Reabsorption of majority of 
water and solutes:
• Sodium
• Glucose 
• Amino acids
• Low‐molecular‐weight 

proteins (LMWPs)
• Bicarbonate 
• Phosphate Albuquerque et al. World J Pediatr. 2023;19(7):619

Proximal 
Tubular Cell in 
Fanconi 
syndrome

14

Isolated apical
transporter defects

: Rarely

Mutations of
transcription factors

: Rarely

Isolated baso‐lateral
transporter defects

: Possible

Energy depletion / 
metabolic failure

: Frequent

Impaired receptor‐mediated 
endocytosis
‐ Receptor mutations : Mild/No
‐ Intracellular trafficking defects
: Frequent

Thanks to Francesco Emma
(Bambino Gesu Children Hospital)

Causes of Fanconi syndrome

15

PRIMARY FANCONI SYNDROME

FRTS1 (GATM mutations, AD)
FRTS2 (SLC34A1 mutations, AR)
FRTS3 (EHHADH mutations, AD)
FRTS4 (HNF4𝝰 mutations, AD)
FRTS5 (NDUFAF6 mutations, AR)
Mitochondrial DNA deletion
Idiopathic Fanconi syndrome 
(unknown genetic mechanism)

FRTS: Fanconi renal tubular 
syndrome

SECONDARY TO HEREDITARY 
DISORDERS

Cystinosis (CTNS)
Lowe syndrome (OCRL1)
Dent disease (CLCN5, OCRL1)
ARC syndrome (VPS33B, VIPAR)
Fanconi‐Bickel (GLUT2)
Lysinuric protein intolerance 
(SLC7A7)
Mitochondrial myopathies

Metabolic diseases
Galactosemia (GALT)
Hereditary fructose intolerance 
(ALDOB)
Tyrosinemia type 1 (FAH)
Wilson’s disease (ATP7B)

ACQUIRED

Antiretroviral drugs (tenofovir, 
lamivudine, didanosine, stavudine)
Anticancer drugs (ifosfamide, 
cisplatin, immune checkpoint 
inhibitors, tyrosine kinase inhibitors)
Antibiotics (aminoglycosides, 
expired tetracyclines)
Anticonvulsants (topiramate, 
valproate)
Bisphosphonate (zolendronate)
Iron‐chelating agents (defarosirox)
Heavy metals (lead, mercury, 
copper, cadmium)
Aristolochic acid (Chinese herb 
nephropathy)
TIN with uveitis

Albuquerque et al. World J Pediatr. 2023;19(7):619

Treatment of Fanconi syndrome

16

1. Management of underlying cause
• Cystinosis: oral cysteamine to reduce intralysosomal cystine stores

• Medication‐induced Fanconi syndrome: stop medication

2. Correction of electrolyte disorders and acidosis
• Bicarbonate requirements 10‐20 mmol/kg/day in divided doses (6‐8 hourly): sodium 

bicarbonate,  sodium citrate, potassium citrate 

• Phosphate solution 

• Calcium lactogluconate

• Calcitriol

• Potassium phosphate 

• Magnesium sulphate 0.1 to 0.2 mmol/kg/d

3. Carnitine supplementation

17

Treatment of Fanconi syndrome

• Case series of 7 persons from 5 families (5 males, 2 females; 3 
children, who were 14y5m, 2y9m, and 1y6m old) with genetically 
confirmed Fanconi‐Bickel syndrome, off‐label treated with 
empagliflozin.

• Biochemical parameters of tubular cell integrity (urinary N‐acetyl‐
glucosaminidase) and/or tubular functions (including urinary α1‐
microglobulin) improved in all.

• Clinically, supplementations (i.e., phosphate, alkali, carnitine, and 
alfacalcidol) could be completely discontinued in the 3 children 
whereas results in the 4 adult patients were more variable and not 
as significant.

• Well tolerated. No significant hypoglycaemia.

TUSOM/PharmWiki

Case 2

18

A Indian boy was referred at 1‐year‐3‐month old (chronological 
age) for evaluation of failure to thrive. 
He was born at 28 weeks gestation. Antenatally there was 
severe polyhydramnios. There was AKI secondary to 
hypotension at birth. This was managed conservatively and 
kidney function recovered to almost normal with no electrolyte 
or acid‐base abnormalities at discharge from neonatal unit at 3 
months (chronological age) old and weight of 2kg. 
He was on total breastfeeding and weaned to semi‐solids and 
formula milk at 7 months old. He had a preference for plain 
water to formula milk. Parents also noted more wet diapers 
since after weaning.
Height: 68 cm (<3 %tile)
Weight: 6.3 kg (<3 %tile)
BP 90/50 mmHg
No pallor or rickets
Cardiac, respiratory, abdomen and neurological examination 
normal Height chart

Weight chart
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Case 2: 1‐year old boy with FTT

19

Blood 
investigations

Reference range Results
At 3 mo

Results 
At 15 mo

Urea 1.5‐5.5 mmol/L 7.2 6.2

Creatinine 23‐46 umol/L 35 42
0.48 mg/dL

Sodium 132‐147 mmol/L 141 153

Potassium 3.5‐5.5 mmol/L 3.6 2.9

Chloride 98‐107 mmol/L 101 109

Bicarbonate 18‐29 mmol/L 28 28

Anion gap 10‐14 mmol/L 12 16

Total calcium 2.05‐2.85 mmol/L 2.67 2.71

Phosphate 1.64‐2.47 mmol/L 2.11 1.84

ALP 70‐350 U/L 430 373

Magnesium 0.75‐1.07 mmol/L 1.10

Uric acid 80‐310 umol/L 258 125

Question 2: 
What do you suspect 
this boy has?

Thick 
ascending 
Loop of Henle

20Konrad et al. KI 2021;99:324

Reabsorb about 25% filtrate
• Active sodium reabsorption via NKCC2
• Potassium recycled to tubular lumen via 

KCNJ1 channel
• Chloride exits to interstitial space via 

chloride channels CIC‐Ka and CIC‐Kb, 
both of which require a ß‐subunit called 
barttin

• Contributes to Ca and Mg homeostasis 
via paracellular mechanisms

Bartter 
syndrome

21

• Urinary NaCl losses

• Hypercalciuria & 
Hypermagnesuria
(due to ↓ voltage‐driven 
paracellular reabsorption of Ca2+

and Mg2+)

• Polyuria 
 Volume contraction
 ↑ Renin, ATII, aldosterone, PGE2

Koulouridis E et al. World J Pediatr 2015;11(2):113

Bartter 
syndrome

22

• Urinary NaCl losses

• Hypercalciuria & 
Hypermagnesuria
(due to ↓ voltage‐driven 
paracellular reabsorption of Ca2+

and Mg2+)

• Polyuria 
 Volume contraction
 ↑ Renin, ATII, aldosterone, PGE2

NaCl delivery to distal nephron 
+ aldosterone 
 H+ and K+ secretion

• Metabolic alkalosis

• Hypokalaemia
 Impaired vasopressin‐stimulated 
urinary concentration

Koulouridis E et al. World J Pediatr 2015;11(2):113

Bartter syndrome

23

Type Channel 
/Protein

Genes Inherit
ance

Site in 
kidney 
tubule

Bartter I 
(antenatal Bartter)

NKCC2 SLC12A1 AR TAL

Bartter II
(antenatal Bartter)

KCNJ1 
(ROMK or 
Kir1.1)

KCNJ1 AR TAL

Bartter III 
(classic Bartter)

ClC‐Kb CLCNKB AR TAL/DCT

Bartter IV
(antenatal Bartter 
with sensorineural 
deafness)

IVa: Barttin
IVb: CIC‐Ka
+ClC‐Kb

IVa: BSND  
IVb: 
CLCNKA
+CLCNKB

AR TAL/DCT
/ear

Bartter V
(transient antenatal 
Bartter)

MAGE‐D2 MAGED2 XLR TAL/DCT

Nunez‐Gonzalez et al. Int J Mol Sci 2021;22:11414

Bartter syndrome

24

Type Channel 
/Protein

Genes Inherit
ance

Site in 
kidney 
tubule

Clinical features Hypercalciuria and 
nephrocalcinosis

Bartter I 
(antenatal Bartter)

NKCC2 SLC12A1 AR TAL Polyhydramnios, preterm Very frequent

Bartter II
(antenatal Bartter)

KCNJ1 
(ROMK or 
Kir1.1)

KCNJ1 AR TAL Polyhydramnios, preterm
Transient neonatal hyperkalemia

Very frequent

Bartter III 
(classic Bartter)

ClC‐Kb CLCNKB AR TAL/DCT Term
Present in childhood with FTT
Mild hypomagnesemia in 20%

+/‐

Bartter IV
(antenatal Bartter 
with sensorineural 
deafness)

IVa: Barttin
IVb: CIC‐Ka
+ClC‐Kb

IVa: BSND  
IVb: 
CLCNKA
+CLCNKB

AR TAL/DCT
/ear

Polyhydramnios, preterm
Deafness
Risk for CKD, ESKD

+/‐

Bartter V
(transient antenatal 
Bartter)

MAGE‐D2 MAGED2 XLR TAL/DCT Polyhydramnios (very severe), 
preterm, large for gestational age
Transient disease

Hypercalciuria but 
nephrocalcinosis rare 
or mild



6/9/2024

5

Bartter syndrome Type I presenting as 
nephrogenic DI

25

• Bockenhauer et al. described the occurrence 
of NDI in four patients with inherited 
tubulopathy, including one case in a child 
with Bartter syndrome [Nephron Physiology 2010, 
116(4):23‐29]

• Molecular analysis of the AVPR2 and AQP2 
genes was unremarkable  in all patients, 
suggesting that NDI was a secondary 
complication rather than an incidentally 
second inherited disease

• Postulated mechanisms: 
• Hypokalaemia associated with 

decreased AQP2 expression, 
• Hypercalciuria affects renal 

concentrating ability via activation of 
the calcium‐sensing receptor

• Nephrocalcinosis may impair water 
reabsorption

• Bartter syndrome is a salt wasting disorder 
and requires supplementation with large 
amount of salt, whereas in NDI, salt 
restriction is crucial to minimize renal solute 
load and thus urine output.

• NDI requires treatment with thiazide 
diuretics that can be very dangerous in 
patients with BS.

EARLY recognition of underlying BS and 
appropriate management is important

Recommendations for therapy of Bartter syndrome

26

Postnatal period
• Consider pharmacologic doses (5‐10 mmol/kg/d) of NaCl supplementation in patients with BS.
• Do not recommend salt supplementation in patients with BS and secondary nephrogenic 

diabetes insipidus (weak recommendation)
• Use  KCl for potassium supplementation
• Do not recommend aiming for complete normalization of plasma potassium levels. (weak 

recommendation)
• Whenever needed, use oral magnesium supplements, at best organic magnesium salts owing to 

their better bioavailability
• Recommend spreading out salt and electrolyte supplements throughout the day as much as 

possible
• Recommend considering treatment with NSAIDs in symptomatic patients with BS, especially in 

early childhood
• Recommend using gastric acid inhibitors together with nonselective cyclooxygenase inhibitors
• Do not recommend routine use of potassium‐sparing diuretics, ACE inhibitors, or angiotensin 

receptor blockers in BS (weak recommendation)
• Do not recommend the use of thiazides to reduce hypercalciuria in BS (weak recommendation)

Executive summary of the consensus and recommendations from the European Rare Kidney 
Disease Reference Network Working Group for Tubular Disorders. KI (2021) 99:324

Case 3

27

A 13‐year old Chinese girl was 
diagnosed with DM 3 years ago 
when she presented with diabetic 
ketoacidosis. She was non‐adherent 
to the insulin injections.

She is currently admitted for 
weakness, dizziness, polyuria, 
polydipsia and severe dehydration.

Blood 
investigations

Reference range Results

Urea 2.0‐6.5 mmol/L 17.6

Creatinine 50‐90 umol/L 192 (eGFR 30)
2.17 mg/dL

Sodium 135‐150 mmol/L 111

Potassium 3.5‐5.5 mmol/L 2.9

Chloride 98‐107 mmol/L 60

Bicarbonate 22‐31 mmol/L 24

Anion gap 10‐14 mmol/L 27

Total calcium 2.15‐2.55 mmol/L 2.43

Phosphate 0.85‐1.45 mmol/L 1.87

Magnesium 0.75‐1.07 mmol/L 0.53

Uric acid 150‐370 umol/L 962

Glucose 4.0‐7.8 mmol/L 85.8

Case 3: Diabetic girl with electrolyte abnormalities 
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Blood 
investigations

Reference range Results

Urea 2.0‐6.5 mmol/L 17.6

Creatinine 50‐90 umol/L 192 (eGFR 30)
2.17 mg/dL

Sodium 135‐150 mmol/L 111

Potassium 3.5‐5.5 mmol/L 2.9

Chloride 98‐107 mmol/L 60

Bicarbonate 22‐31 mmol/L 24

Anion gap 10‐14 mmol/L 27

Total calcium 2.15‐2.55 mmol/L 2.43

Phosphate 0.85‐1.45 mmol/L 1.87

Magnesium 0.75‐1.07 mmol/L 0.53

Uric acid 150‐370 umol/L 962

Glucose 4.0‐7.8 mmol/L 85.8

Serum ketones elevated BUT apparently 
normal serum bicarbonate 
High anion gap of 27
Delta Ratio AG / HCO3

‐ = 15 (1‐1.6)
 Presence of concurrent metabolic alkalosis

Question 3: 
What is the explanation 
of the hypokalaemia, 
hypochloraemia and 
metabolic alkalosis?

Distal 
Convoluted 
Tubule

29

Bhat et al. Int J Pediatr 2012; doi:10/1155/2012/857136

Thiazide‐sensitive NaCl cotransporter 
reabsorbs 5‐10% filtered Na

Ca and Mg homeostasis via transcellular 
mechanisms

Gitelman
syndrome

30

• Urinary NaCl losses

• Hypocalciuria (chronic)

• Hypermagnesuria (chronic) 
Hypomagnesemia

• ± preserved urine concentration 
ability

NaCl delivery to distal nephron 
+ aldosterone 
 H+ and K+ secretion

• Metabolic alkalosis

• Hypokalaemia

SLC12A3 mutations
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Diagnostic criteria for Gitelman syndrome (GS)

31

Criteria for suspecting a diagnosis of GS

• Chronic hypokalaemia (<3.5 mmol/L) with 

inappropriate renal potassium wasting (spot 

K/Cr ratio > 2.0 mmol/mmol [> 18 mmol/g])

• Metabolic alkalosis

• Hypomagnesemia (<0.7 mmol/l [<1.70 mg/dl]) 

with inappropriate renal magnesium wasting 

(fractional excretion of magnesium >4%)

• Hypocalciuria (spot calcium‐creatinine ratio 

<0.2 mmol/mmol [<0.07 mg/mg])

• High plasma renin activity or levels

• Fractional excretion of chloride > 0.5%

• Low or normal‐low blood pressure

• Normal renal ultrasound

Features against a diagnosis of GS
• Use of thiazide diuretics or laxatives
• Family history of kidney disease transmitted in an 

autosomal dominant mode
• Absence of hypokalaemia (unless renal failure)
• Absence of metabolic alkalosis (unless coexisting 

bicarbonate  loss or acid gain)
• Low renin values
• Urine: low urinary potassium excretion (spot K/Cr 

ratio <2.0 mmol/mmol [<18 mmol/g])
• Hypercalciuria
• Hypertension
• Renal ultrasound: nephrocalcinosis, nephrolithiasis, 

unilateral kidneys, cystic kidneys
• Prenatal history of polyhydramnios, hyperechogenic 

kidneys
• Presentation before age 3 years

Consensus from KDIGO. KI 2017; 91:24

Differential Diagnoses of Gitelman syndrome (GS)

32

Features against a diagnosis of GS
• Use of thiazide diuretics or laxatives
• Family history of kidney disease transmitted in 

an autosomal dominant mode
• Absence of hypokalaemia (unless renal failure)
• Absence of metabolic alkalosis (unless 

coexisting bicarbonate  loss or acid gain)
• Low renin values
• Urine: low urinary potassium excretion (spot 

K/Cr ratio <2.0 mmol/mmol [<18 mmol/g])
• Hypercalciuria
• Hypertension
• Renal ultrasound: nephrocalcinosis, 

nephrolithiasis, unilateral kidneys, cystic 
kidneys

• Prenatal history of polyhydramnios, 
hyperechogenic kidneys

• Presentation before age 3 years

Consensus from KDIGO. KI 2017; 91:24

Distal Convoluted Tubule

Classic BS

Differential Diagnoses of Gitelman syndrome (GS)

33

Features against a diagnosis of GS
• Use of thiazide diuretics or laxatives
• Family history of kidney disease transmitted in 

an autosomal dominant mode
• Absence of hypokalaemia (unless renal failure)
• Absence of metabolic alkalosis (unless 

coexisting bicarbonate  loss or acid gain)
• Low renin values
• Urine: low urinary potassium excretion (spot 

K/Cr ratio <2.0 mmol/mmol [<18 mmol/g])
• Hypercalciuria
• Hypertension
• Renal ultrasound: nephrocalcinosis, 

nephrolithiasis, unilateral kidneys, cystic 
kidneys

• Prenatal history of polyhydramnios, 
hyperechogenic kidneys

• Presentation before age 3 years

Consensus from KDIGO. KI 2017; 91:24

Distal Convoluted Tubule

HNF1𝞫 gene mutations
Some inactivating mutations can inhibit the Na‐K‐ATPase and 
Kir5.1, thereby causing hypomagnesemia/Gitelman‐like syndrome

Management of Gitelman syndrome

34

1. Ad libitum NaCl intake

2. Potassium supplements (KCl)
• Starting dose of ≥ 40 mmol (1‐2 mmol/kg in children) in divided doses throughout the day

• K supplements should not be taken on an empty stomach to minimize GI irritation or damage

• Reasonable target for K may be 3.0 mmol/L

3. Magnesium supplements
• Starting dose of 300 mg/day (12.24 mmol) of elemental Mg; 5 mg/kg (0.2 mmol/kg) in children. 

Supplementation divided into 2 to 4 doses, preferably with meals

• Reasonable target for Mg may be 0.6 mmol/L (1.46 mg/dl)

• Persistent diarrhoea may mandate a drop in dosage, which paradoxically may improve serum levels due to 
increased bioavailability or decreased intestinal transit time

4. Potassium sparing diuretics eg amiloride, spironolactone, eplerenone

5. Renin angiotensin system inhibitors eg ACE inhibitors, angiotensin receptor blockers
• Both K sparing diuretics and RAS inhibitors aggravate renal salt wasting and increase risk of symptomatic 

hypovolaemia

• To stop when there is concurrent acute salt‐losing conditions such as vomiting, diarrhoea

6. NSAIDs eg indomethacin
• Rarely used in GS, because urinary prostaglandin E2 levels in GS are usually normal

Case 4

35

A 6‐month old boy was admitted for elective 
MCUG. He had 2 febrile UTIs previously. 

On admission, he had fever and dehydration. 
Mother gave a history of polydipsia in her 
family. 

Length: 63 cm (3 %tile)
Weight: 5 kg (<3 %tile)
OFC: 41cm (3 %tile)
Irritable
Evidence of dehydration: eyes sunken, dry 
oral mucosa dry, delayed capillary refill

Blood 
investigations

Reference range Results

Urea 1.3‐6.0 mmol/L 4.3

Creatinine 25‐46 umol/L 24

Sodium 132‐147 mmol/L 158

Potassium 3.6‐5.8 mmol/L 4.4

Chloride 95‐110 mmol/L 123

Bicarbonate 17‐29 mmol/L 22

Anion gap 10‐14 mmol/L 13

Total calcium 2.00‐2.80 mmol/L 2.73

Phosphate 1.52‐2.92 mmol/L 1.74

Magnesium 0.75‐1.07 mmol/L 1.07

Uric acid 90‐380 umol/L 373

Case 4: Boy with hypernatraemic dehydration

36

Blood 
investigations

Reference range Results

Urea 1.3‐6.0 mmol/L 4.3

Creatinine 25‐46 umol/L 24

Sodium 132‐147 mmol/L 158

Potassium 3.6‐5.8 mmol/L 4.4

Chloride 95‐110 mmol/L 123

Bicarbonate 17‐29 mmol/L 22

Anion gap 10‐14 mmol/L 13

Total calcium 2.00‐2.80 mmol/L 2.73

Phosphate 1.52‐2.92 mmol/L 1.74

Magnesium 0.75‐1.07 mmol/L 1.07

Uric acid 90‐380 umol/L 373

Further investigations:

Serum osmolality 339 mmol/kg (275‐300)
Urine osmolality   117 mmol/kg (100‐1200)
Urine sodium <10 mmol/L

Vasopressin test showed no response to 
ADH (rise in urine osmolality <10%)

Blood for genetic test sent.
He was started on 
• Hydrochlorothiazide 1mg/kg/dose BD
• Amiloride 0.1 mg/kg/dose BD
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Case 4: Boy with hypernatraemic dehydration

37

Blood 
investigations

Reference range Results
Admission

Results
Discharge

Results 
2 weeks

Urea 1.3‐6.0 mmol/L 4.3 0.9 4.3

Creatinine 25‐46 umol/L 24 20 18

Sodium 132‐147 mmol/L 158 141 133

Potassium 3.6‐5.8 mmol/L 4.4 3.9 5.1

Chloride 95‐110 mmol/L 123 106 99

Bicarbonate 17‐29 mmol/L 22 24 18

Anion gap 10‐14 mmol/L 13 16

Total calcium 2.00‐2.80 mmol/L 2.73 3.06

Phosphate 1.52‐2.92 mmol/L 1.74 1.84

Magnesium 0.75‐1.07 mmol/L 1.07

Uric acid 90‐380 umol/L 373 363

Question 4: 
What is the cause 
of the 
hypercalcaemia?

Weight decreased by 
170 grams over 2 weeks

Collecting Duct

38

Principal cells facilitate water 
reabsorption (10‐12% of 
glomerular‐filtered volume) via
water channel aquaporin‐2 
(AQP2)
which is stimulated by the 
binding of antidiuretic hormone 
arginine vasopressin (AVP) to 
the receptor AVPR2 Marguerite Hureaux et al. Mol Cell Endocrinol. 2023;560:111825

Nephrogenic 
DI
(resistance to 
AVP)

39

X‐linkedAR
(exceptional : AD)

Polyuria
Hypernatraemic dehydration

Causes:
Hereditary
• Mutations in AVPR2 (90% cases), AQP2
Acquired (decreased AQP2 expression)
• Drug exposure eg lithium
• Electrolyte disorders eg hypoK, hyperCa
• Medullary damage eg obstructive uropathy, infiltrative disease 

(amyloidosis, sarcoidosis), sickle cell disease

Marguerite Hureaux et 
al. Mol Cell Endocrinol. 
2023;560:111825

Management of congenital nephrogenic DI

40

Early recognition in infants is crucial since treatment can enable normal growth and 
appropriate development. 

1. Decreased dietary solute
• Reduced osmotic load, hence amount of water to excrete this osmotic load
• Low protein (but meets RDA requirements), low salt diet

• Stimulate isotonic proximal tubular reabsorption, thereby reducing solute delivery 
to distal nephron

2. Diuretics
• Thiazide with potassium‐sparing diuretic
• Hydrochlorothiazide 2mg/kg/day in 2 divided doses
• + Amiloride 0.1‐0.3 mg/kg/day 

3. NSAIDs
• Indomethacin 1‐3 mg/kg/day in 3 or 4 divided doses

Management of 
congenital 
nephrogenic DI

41

Thiazides 
• Inhibit the NCC in the distal 

convoluted tubule 
 Decreasing the intravascular 

volume 
 Upregulating the renin‐angiotensin 

system (RAS) 
 Diminishing GFR 
 Increasing proximal reabsorption of 

sodium (Na) and water
Vaz de Castro PAS et al. J Pediatr
Endocrinol Metab 2022;35(4):421

Management of 
congenital 
nephrogenic DI

42

NSAIDs
• Inhibit cyclooxygenase, decreasing 

prostaglandin synthesis, including 
prostaglandin E2 (PGE2)

 PGE2 not available to inhibit 
adenylate cyclase (AC) and to 
reduce NKCC expression

 Enhance the AVP signaling pathway 
and the medullary osmotic 
gradient. 

• Decreases GFR by preventing 
afferent arteriole vasodilation

Vaz de Castro PAS et al. J Pediatr
Endocrinol Metab 2022;35(4):421
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Case 5

43

A 1‐year old boy was investigated for poor feeding and 
poor weight gain. 
He was on total breast‐feeding and growing well along 
10th percentile till 6 months old when he was  weaned to 
rice porridge. Since 6 months old, he was noted to have 
marked preference for drinking plain water and wet 
heavy diapers every 30 minutes. 
In the ward, he was dehydrated and irritable. BP was 
180/100 mmHg.

Blood 
investigations

Reference range Results 

Urea 1.5‐5.5 mmol/L 1.8

Creatinine 23‐46 umol/L 35
0.4 mg/dL

Sodium 132‐147 mmol/L 122

Potassium 3.5‐5.5 mmol/L 2.9

Chloride 98‐107 mmol/L 86

Bicarbonate 18‐28 mmol/L 28

Anion gap 10‐14 mmol/L 8

Total calcium 2.05‐2.85 mmol/L 2.65

Phosphate 1.64‐2.47 mmol/L 1.84

Magnesium 0.75‐1.07 mmol/L

Urine dipstick Hb1+, 
protein 2+

UFEME 7 RBC/hpf
12 WBC/hpf

UPCr <0.06 g/mmol 1.06

Approach to hypokalaemic metabolic alkalosis

44

Hypokalaemic metabolic alkalosis

HypertensionNo Yes

Age of onset

Neonatal/Infancy

Hyper
magnesaemia

HELIX 
syndrome

Hypo
magnesaemia

EAST syndrome
(neurological 
extrarenal 

manifestations)

Normo
magnesaemia
(or mild hypo
magnesaemia)

Bartter syndrome
(Type III/IV 

associated with mild 
hypomagnesaemia)

Early childhood/ 
adolescence

Gitelman
syndrome

↓Renin
↓Aldosterone

↓Renin
↑Aldosterone

↑Renin
↑Aldosterone

Liddle syndrome 
or Apparent 

Mineralocorticoid 
Excess

Primary 
Hyper

aldosteronism

Hyponatraemic‐
Hypertensive

Syndrome sec to
RAS

Summary

45

 Tubulopathies can present with a variety of non‐specific clinical features and 
can be diagnostically challenging.

 The biochemical presentation of tubulopathies is an important diagnostic tool 
which can guide further investigations and management.

 Early recognition of tubulopathy in infants and children is crucial since 
treatment can enable normal growth and appropriate development. 

Thank you.

46

[Input data classification]
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CKD – MBD
– an update

Disclosures and declarations

• Pharmaceutical Industries:
– Research grants from Fresenius Medical Care

– Scientific advisor to Amgen, Astra Zeneca and Fresenius Medical Care. 

– Lecture fees from Amgen, Vifor and Fresenius Medical Care. 

• Membership: 
• KDIGO Executive Committee

• KDIGO committee for the CKD‐MBD guideline

• NICE committee for the CKD‐MBD guideline

• ESPN working group on CKD‐MBD (chair) and Dialysis (board)

• Paediatric Renal Nutrition Taskforce (chair)

Too little Ca

Too much Ca
• Vascular calcification
• Cardiovascular mortality

CKD‐MBD in children – managing Ca and P

• Bone pain 
• Rickets / osteopenia
• Fractures

CKD‐MBD – aims of management

 Prevent skeletal deformities, bone pain, fractures

 Maintain normal growth

 Prevent secondary hyperparathyroidism 

 Prevent vascular calcifications

 Decrease cardiovascular mortality

Outline

CKD‐MBD management

‐ Case based study

‐Monitoring – biomarkers vs DXA
‐ Dietary requirements for Ca and P
‐ Vitamin D – native vit D and vit D analogues
‐ Phosphate binders – types, pros and cons
‐ Calcimimetics

‐ Practical tips

Q 1 – the neonate with CKD 

John is a 2‐week old term baby diagnosed with posterior urethral valves. 
His creatinine is 210µMol/L. Ca and P levels are normal.
He has persistent vomiting and requires nasogastric tube feeds. 

What Ca, phosphate and PTH levels should we aim for in a neonate. Which 
ONE is correct?

A. Same levels as for all healthy children

B. Same as for healthy adults

C. Lower than requirements for healthy infants

D. Higher than requirements for healthy infants

E. You should not measure PTH levels in newborns
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Q 1 – the neonate with CKD 

John is a 2‐week old term baby diagnosed with posterior urethral valves. 
His creatinine is 210µMol/L. Ca and P levels are normal.
He has persistent vomiting and requires nasogastric tube feeds. 

What Ca, phosphate and PTH levels should we aim for in a neonate. Which 
ONE is correct?

A. Same levels as for all healthy children

B. Same as for healthy adults

C. Lower than requirements for healthy infants

D. Higher than requirements for healthy infants

E. You should not measure PTH levels in newborns √

Q 2 – the neonate with CKD 

John requires nasogastric tube feeds. 

The dietitian asks you how much Ca and P to provide in baby John’s feeds.

A. Same requirement for all healthy children

B. Same as for healthy infants

C. Same as for healthy adults

D. Lower than requirements for healthy infants

E. Higher than requirements for healthy infants

Q 2 – the neonate with CKD 

A. Same requirement for all healthy children

B. Same as for healthy infants

C. Same as for healthy adults

D. Lower than requirements for healthy infants

E. Higher than requirements for healthy infants

√

John requires nasogastric tube feeds. 

The dietitian asks you how much Ca and P to provide in baby John’s feeds.

Calcium requirements at different ages

Matkovic et al. Am J of Clin Nut. 1992Baxter‐Jones et al; J Bone Miner Res. 2011

Age Balance Ca/day

Infancy and 
Childhood

+ + (200-300 
mg/d)

250-1000 mg

Adolescent and 
Young adults + (10-50 mg/d) 1000-1300 mg

Mature adults 0 800-1000 mg

Elderly negative 800-1000 mgGrowing children need calcium!

CKD-MBD in infants: a highly vulnerable population

Infants with CKD are especially prone to MBD

Period of the most rapid growth
High demands of Ca and phosphate
To obtain a positive mineral balance and adequate
endochondral ossification
But this is a fine balance to avoid vascular calcifications

Infants are particularly vulnerable for complications 
such as rickets, skeletal deformaties, bone pain, 
and growth retardation

Secondary hyperparathyroidism
May really be tricky…
Calcium deficiency may worsen SHPT
Feeding difficulties

Beware of CAKUT, TCF2/HNF1β and severe SHPT…
Ferré JCEM 2013

Reference values must be adapted to age, sex and CKD stage

based on the CALIPER study.
https://caliper.research.sickkids.ca/#/
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Fractures in Children & Young AdultsFractures in children with CKD

Denburg, et al.  
JASN 2016

537 children 
Mild ‐moderate CKD (83% in CKD stages 2‐3)
~4 year follow‐up

2-3 fold higher fracture risk in boys and girls with CKD 
compared to their healthy peers

Bone pain and fractures in children with CKD

58% reported bone pain 
and 10% had fractures

Bone pain:
 Lower limbs & back

 Mild exercise, walking
 Required use of 

analgesics

Lalayiannis A et al; NDT 2021
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Q 3 – evaluation of CKD-MBD

John is now 4 years old and is in CKD stage 3.

How do you evaluate for mineral bone disease in children?
Select TWO correct answers

A. Follow trends in serial measures of Ca, P, PTH, ALP and 25‐hydroxyvitamin D

B. Follow trends in serial measures of Ca, P, PTH, ALP and 1,25‐dihydroxyvitamin D

C. Check serum bicarbonate levels with every blood test

D. Annual x‐ray of the wrist

E. Annual DXA (dual energy x‐ray absorptiometry) scans

Q 3 – evaluation of CKD-MBD

John is now 4 years old and is in CKD stage 3.

How do you evaluate for mineral bone disease in children?
Select TWO correct answers

A. Follow trends in serial measures of Ca, P, PTH, ALP and 25‐hydroxyvitamin D

B. Follow trends in serial measures of Ca, P, PTH, ALP and 1,25‐dihydroxyvitamin D

C. Check serum bicarbonate levels with every blood test 

D. Annual x‐ray of the wrist

E. Annual DXA (dual energy x‐ray absorptiometry) scans

√

√

How to evaluate MBD in daily practice?

The treatment(s) of CKD‐MBD should be based on serial assessments of 
calcium, phosphate, PTH, alkaline phosphatase and vit D considered together, 
following trends in levels.

ESPN guidelines; Bakkaloglu et al, NDT 2020

There is no benefit from performing routine DXA scans in children with CKD

– 2D image, cannot distinguish between cortical and trabecular bone

– No evaluation of geometry, microarchitecture and mineralization

– Systematic underestimation of BMD in children with poor growth

Follow trends in levels – AUC approach

DOPPS data; NDT 2020



06/09/2024

4

Acidosis and the risk of CKD progression in children

Harambat Kidney Int 2017; Brown cJASN 2020

North-American CKID study
Threshold here 22 mmol/L

Only 36% of patients with acidosis were supplemented

European 4C study; n = 704
Threshold 18 mmol/L
No association with longitudinal growth.

Kato, BioScience Trends 2013c

Kraut, Kidney International 1986

Acidosis can promote bone
demineralisation

Role of biomarkers, radiology and histology
Shifts of Ca from the skeletal store can be assessed by considering skeletal remodeling 
rates and bone demineralization. 

Real-time (short-term) 
Ca efflux from bone

Long-term 
Ca efflux from bone

Results- Baseline

Do not perform routine DXA scans in children 
with CKD stages 4‐5 and 5D

Lalayiannis et al, NDT 2020

Routine biomarkers more useful than DXA Q 4 – bone disease

John is now 10 years old. The family stopped all medical care and tried herbal remedies  
for several years. His weight and height are at ‐4 SDS. 
His blood results show:

- serum Ca (total)          1.8 mMol/L
- serum phosphate        1.6 mMol/L
- PTH                             125 pMol/L (normal <6 pMol/L)
- 25-hydroxyvitamin D    25 nMol/L (= 10 ng/ml)

Growth chart, images and x‐ray ‐

Q 4 – bone disease
John is now 10 years old. The family stopped all medical care and tried herbal remedies  
for several years. His weight and height are at ‐4 SDS. 
His blood results show:

- serum Ca (total)          1.8 mMol/L
- serum phosphate        1.6 mMol/L
- PTH                             125 pMol/L (normal <6 pMol/L)
- 25-hydroxyvitamin D    25 nMol/L (= 10 ng/ml)

Which one of the following medications will you start first?

A. Cholecalciferol

B. Alfacalcidol

C. Paricalcitol

D. Cinacalcet

E. Pamidronate
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Q 4 – bone disease

John is now 10 years old. The family stopped all medical care and tried herbal remedies  
for several years. His weight and height are at ‐4 SDS. 
His blood results show:

- serum Ca (total)          1.8 mMol/L
- serum phosphate        1.6 mMol/L
- PTH                             125 pMol/L (normal <6 pMol/L)
- 25-hydroxyvitamin D    25 nMol/L (= 10 ng/ml)

Which one of the following medications will you start first?

A. Cholecalciferol

B. Alfacalcidol

C. Paricalcitol

D. Cinacalcet

E. Pamidronate

√

 Calcium, PTH, vitamin D

The metabolic mayhem of untreated CKD-MDB

Effective treatment!

Vitamin D guidelines

We suggest that serum 25(OH)D levels are maintained above 
75nMol/L (>30ng/ml) in children with CKD stages 2 – 5D.

We classify vitamin D status as follows:
– sufficiency > 75 nMol/L  (>30 ng/ml) 
– insufficiency    50 – 75 nMol/L  (20 – 30 ng/ml)
– deficiency 12- 50 nMol/L  (5 – 20 ng/ml)
– Severe deficiency  <12 nMol/L  (<5 ng/ml)

Frequency of monitoring: no more than 3 monthly

Aim for levels: 75 – 120nMol/L

25(OH)D 
(nmol/L*)

Rickets or osteomalacia, severe 
hyperparathyroidism, Ca 
malabsorption

< 10

PTH stimulation, reduced calcium 
absorption

10 - 30

Sometimes mildly raised PTH 30 - 50

No increase in 1,25(OH)2D 
production or increased calcium 
absorption

> 75

Abolition of seasonal variations in 
PTH level

>100

Hypercalcaemia >>> 250

Vitamin D delays the onset of secondary hyperparathyroidism
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Children with CKD require higher doses of 
colecalciferol to achieve adequate 25(OH)D levels
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Shroff; JASN 2008

Shroff; Ped Nephrol 2010 

Active vit D 
Risk of toxicity? A biphasic dose –response curve

Deficiency
- PTH
- rickets
? vascular calcification
? LVH
? proteinuria
? Inflammation 
? Reduced immunity

High doses
- hypercalcaemia
- vascular calcification
- adynamic bones
- nephrocalcinosis

Active vit D analogues

To D or not to D? Personal practice

• Monitor 25(OH)D levels at baseline, 3-months, 
then annually

• If deficient OR high PTH /low serum calcium:
give cholecalciferol supplementation for patients 

with CKD 2-3 and transplants in CKD 2-3

• Aim for levels:
‘Adequate levels’ > 75nmol/L (= 30ng/ml)
Stop treatment at 120nmol/L
Risk of toxicity >>>250nmol/L

• In CKD 4, 5 and dialysis –
Combine cholecalciferol with active vit D analogue  

Q 5 – medications

John is 10 years old and has been started on PD. His blood results show:
- serum Ca                   2.3 mMol/L
- serum phosphate       2.9 mMol/L
- PTH                            37 pMol/L (normal <6pMol/L)
- 25-hydroxyvitamin D  82 nMol/L

Which of the following medications will be most appropriate for him?

A. Cholecalciferol

B. Alfacalcidol

C. Calcium carbonate

D. Sevelamer carbonate

E. Cinacalcet

Q 5 – medications

John is 10 years old and has been started on PD. His blood results show:
- serum Ca                   2.3 mMol/L
- serum phosphate       2.9 mMol/L
- PTH                            37 pMol/L (normal <6pMol/L)
- 25-hydroxyvitamin D  82 nMol/L

Which of the following medications will be most appropriate for him?

A. Cholecalciferol

B. Alfacalcidol

C. Calcium carbonate

D. Sevelamer carbonate

E. Cinacalcet

√

In children with CKD Stages 3a–5D, base the choice of phosphate‐
lowering treatment on serum calcium levels.

Guideline recommendations: phosphate binders

Use a calcium‐based phosphate binder as the first‐line phosphate 
binder to control serum phosphate in addition to dietary management.

Maintain serum calcium in the age‐appropriate normal range. 
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Types of P‐binders

Compound  Formulation(s) 
available

Calcium 
content 
(%)

Calcium 
absorbed 

(%)

Phosphate 
bound per mg 
Ca++ absorbed

Comments

Calcium
Carbonate

250mg, 500mg, 1.25g,
2.5g tablets or as
250mg/5ml liquid

40 20‐30 ≈ 1 mg / 8 mg High Ca load, cheap, few GI side effects

Calcium Acetate 475mg or 950mg
tablets

25 22 ≈ 1 mg / 3 mg Less Ca load than CaCO3, inexpensive, GI side effects more
common particularly in infants

Sevelamer
hydrochloride
or Sevelamer
carbonate

800mg tablets for
both or 2400mg
sachet (for sevelamer
carbonate only)

0 0 NA Ca++ and Al+++ free, acts as cholesterol binding resin and
lowers serum cholesterol, binds fat soluble vitamins,
expensive, difficult to administer to younger children,
metabolic acidosis (with hydrochloride preparation)

Aluminium
containing
binders

100mg capsules 0 0 NA Very effective P binding but risk of aluminium toxicity; can be
used short‐term under close monitoring of aluminium levels;
recommended for ‘rescue therapy’ from severe
hyperphosphatemia only

Mg + Ca
carbonate

variable strength
tablets

variable 20‐30 % of
Ca

≈ 1 mg / 2.3 mg Less Ca++ load, GI side effects, long term effects?

Lanthanum
carbonate

chewable tablets or
sachets with 500mg,
750mg or 1000mg

0 0 NA Gastrointestinal side‐effects are very common; accumulates
in bone and long‐term effects in the growing bone are
unknown; expensive.

Sucro‐ferric
oxyhydrixyde

500mg chewable
tablets

0 0 NA Gastrointestinal side‐effects – diarrhea, nausea.

RCTs in children comparing P binders

Sevelamer hydrochloride was as effective as calcium acetate in 
lowering phosphate levels but was associated with a higher rate 
of metabolic acidosis (34.4% vs. 3.3%) 

Sevelamer carbonate now available.

Ca-based P-binders – practical points
CaCO3 Ca acetate

Elemental calcium content 40% 25%

Solubility Low pH Wider range

mg P bound/mg Ca absorbed 1:8 1:3

% Ca absorbed 20-30% 20%

mg P bound by 1gm 39 45

Cost £ £££

- Should be given with meals and high P snacks, never on an
empty stomach (else more Ca is absorbed)

• Requires an acidic pH to dissociate – don’t give with ranitidine, 
omeprazole

• Ca can precipitate in the duodenum as CaCO3 – don’t give with 
bicarb supplements

• May forms insoluble compounds in the gut – don’t give with 
iron preparations, phytates or oxalate

KDOQI CKD-MBD Guideline Adherence Rates

n = 890 patients
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81
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40%
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High P levels in 45% of PD patients

Phosphate toxicity

Phosphate 
toxicity

Vascular damage 
and calcification

Increased 
tumorigenesis

Premature 
ageing

Increased 
cell death

Impaired cell 
signalling

Progression 
of CKD

Impaired 
fertility

Impaired bone
mineralisation

Increased P is associated with a higher mortality risk even in 
the healthy population                                      Melamad; cJASN 2010

Q 6 – dietary management
John is now 13 years old and remains on dialysis. 
His blood results show:

- serum Ca                     2.1 mMol/L
- serum phosphate         3.2mMol/L
- PTH                             125 pMol/L (normal <6 pMol/L)
- 25-hydroxyvitamin D    55nMol/L 

Which one of the following is the most appropriate advise for him?

A. Stop eating chocolates

B. Stop all dairy products, meat, fish, eggs and pulses 

C. Stop drinking coffee

D. Stop drinking coca cola

E. Stop eating potatoes
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Q 6 – dietary management

John is now 13 years old and remains on dialysis. 
His blood results show:

- serum Ca                     2.1 mMol/L
- serum phosphate         3.2mMol/L
- PTH                             125 pMol/L (normal <6 pMol/L)
- 25-hydroxyvitamin D    55nMol/L 

Which one of the following is the most appropriate advise for him?

A. Stop eating chocolates

B. Stop all dairy products, meat, fish, eggs and pulses 

C. Stop drinking coffee

D. Stop drinking coca cola

E. Stop eating potatoes

√

Dietary phosphate

• Organic – bioavailability 30- 70%    

• Inorganic – bioavailability ~100%

Phosphate additives
- raising agents, extend shelf-life, improve colour / flavour / moisture
- Can increase P content by > 50%
- Manufacturers are not legally required to list the total P content
- Not included in nutrient databases/dietary assessment software packages
- Avoid processed foods

E33
8

Phosphoric acid E452 Polyphosphate

E33
9

Sodium phosphate E541 Sodium aluminium
phosphate

E34
0

Potassium 
phosphate

E141
0

Monostarch phosphate

E34
1

Calcium phosphate E141
2

Distarch phosphate

E34
3

Magnesium 
phosphate

E141
3

Phosphated distarch 
phosphate

E45
0

Diphosphate E141
4

Aceylated distarch 
phosphate

E45
1

Triphosphate E144
2

Hydroxyl propyl distarch 
phosphate

Practical tips for dietary management

n = 46

Reduced dietary Ca intake with a PO4 restricted diet

McAlister et al; Ped Nephrol 2020

McAlister et al (2020) Pediatric Nephrology

Depends on:
- Age
- Food preferences
- Food fortification (national guidelines)

30% of dietary Ca is absorbed (5 ‐ 82%)

Depends on source (e.g. oxalate and phytic 
acid content), intake, vitamin D status, age

% total daily Ca

Foods contributing to calcium intake in healthy people Dietary intake of calcium shows regional variability
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Ca balance and its determinants

PPIs!

Calcium bioavailability is impaired in 
CKD, averaging 15%.

Reduced bioavailability of Ca balance in CKD 

What are the determinants of Ca balance in CKD? 

External
sources of Ca Internal shifts

of Ca

External
losses of Ca

What really matters is the movement into and out of bone, 
where > 99% of calcium is stored

Cross-sectional 
- 171 patients, age 5-21 yrs
- CKD 2-5D                                                         


(95% CI)

p-value

Calcium 
(per 1 mg/dl)

0.31
(0.08, 0.54)

0.01

25(OH)D 
(per 10 ng/ml)

0.18
(0.01, 0.34)

0.04

1,25(OH)2D 
(per 10%)

-0.07
(-0.10, -0.04)

< 0.001

PTH 
(per 10%)

-0.02
(-0.04, -0.01)

0.002

FGF23, underlying renal disease and acidosis 
were not significant.

Denburg, et al. JCEM 2013

Decline in cortical BMD Z-
scores:

Higher baseline 1,25(OH)2D

PTH

 Calcium -  cortical BMD

(especially in growing children)

Longitudinal
- After 12 months
- 89 patients

1 SD decrease in BMD → 2‐fold increase in fracture risk 

Growing bones need calcium – radiology studies

Wesseling-Perry et al; cJASN 2012

N=14 N=24 N=14

PTH

FGF23

Mineralization

Turnover

Bone biopsies in 52 children with CKD 2-4
Age - 2 to 21 years

Abnormal mineralization 

 serum calcium
 PTH

Defective mineralization present in:
- 29% of patients with stage 2
- 42% with stage 3
- 79% with stage 4/5 CKD 

Growing bones need calcium – bone biopsy studies

USRDS 2011 report

BUT – too much Ca can cause vascular calcification!
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Q 7 – medications
John is now 16 years old and sadly returns to dialysis after a failed kidney transplant. 
His blood results show:

- serum Ca                     2.8 mMol/L
- serum phosphate         3.2mMol/L
- PTH                             125 pMol/L (normal <6pMol/L)
- 25-hydroxyvitamin D    25nMol/L (=10ng/ml)

Which of the following medications will be most appropriate for him?

A. Cholecalciferol

B. Alfacalcidol

C. Calcium carbonate

D. Calcium acetate

E. Cinacalcet

Q 7 – medications

John is now 16 years old and sadly returns to dialysis after a failed kidney transplant. 
His blood results show:

- serum Ca                    2.8 mMol/L
- serum phosphate        3.2mMol/L
- PTH                             125 pMol/L (normal <6pMol/L)
- 25-hydroxyvitamin D    25nMol/L (=10ng/ml)

Which of the following medications will be most appropriate for him?

A. Cholecalciferol

B. Alfacalcidol

C. Calcium carbonate

D. Calcium acetate

E. Cinacalcet √

Use of calcimimetics (cinacalcet) 

• Increases Ca sensing receptor sensitivity to ionized calcium

• Dose dependent suppression of PTH up-to 80%

• Increase therapeutic window for vitamin D / Ca based P binder therapy

• Cinacalcet is licensed in children > 3 yrs on dialysis; 

• BEWARE OF HYPOCALCAEMIA - Corrected serum calcium should be in the upper 
normal range prior to administration

• Keep corrected calcium and ionized calcium within the normal range 
by reducing cinacalcet dosage or additional vitamin D/ calcium medication

Bacchetta et al, Nephrol Dial Transplant 2019 ESPN guideline; NDT 2020

Don‘t forget other factors affecting renal bone disease!

• Metabolic acidosis

• Malnutrition – obesity, sarcopenia, obese sarcopenia

• Disturbances of the growth hormone axis

• Corticosteroid therapy (osteoporosis)

• Hypophosphatemia (diet, intensive dialysis, P‐binders)

• Hypocalcaemia (infants, at periods of rapid growth, ‶crash landers″)
• Reduced physical activity, poor muscle strength

Haffner & Leifheit-Nestler, Pediatr Nephrol 2017 

PTH 
secretion 

Phosphate 
load 

Calcium 
intake 

Klotho 
deficiency 

Activated 
RAAS 

Iron 
deficiency Inflammation 

FGF23 

FGF23 
FGF23 

Non-functioning 
kidney 

Hyperplastic 
parathyroid gland 

Impairment 
of host defense 

Endothelial dysfunction 
Atherosclerosis 

Cognitive 
dysfunction 

Left ventricular 
hypertrophy 

Stimulation of 
phosphate excretion 
and inhibiton of 
CYP27b1  

Inhibiton of PTH 
secretion 

Inhibition of 
CYP27b1 in 
monocytes 

Impairment 
of neutrophil 
recruitment 

Modulation 
of balance 

between NO 
and ROS 

Alteration of 
neuronal 

morphology and 
synaptic density 

Induction of myocyte 
hypertrophy via 

activation of FGFR4 

Klotho-dependent Klotho-dependent and 
Klotho-independent 

FGF23 
FGF23 

FGF23 

FGF23 
FGF23 

FGF23 
FGF23 

FGF23 
Circulation 

Osteocytes 

Klotho-independent 

FGF23 

FGF23 

Increased 
FGF23 expression 

Increased 
FGF23 levels 

PMN 

PBMCm 

Active 
vitamin D 

FGF23:
The future targret?

Leifheit-Nestler, Pediatr Nephrol 2017 

KEY MESSAGES

 Interdependency of serum calcium, phosphate, PTH and vit D for clinical 
therapeutic decision‐making. 

 There is a fine balance between enough calcium for bone mineralisation vs 
too much calcium causing vascular calcification. 
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What the guidelines say

Control 
hyperphosphataemia

….and avoid hypo or 
hypercalcaemia!

Thank you!
.
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Rukshana Shroff

Great Ormond Street Hospital for 
Children and Institute of Child 

Health, London, UK.

Cardiovascular sequaele
in CKD

Artificial Intelligence is not yet a solution

“If you want to optimize fluid removal in 
children on HD contact a pediatric

nephrologists or an expert in pediatric dialysis
for proper evaluation and guidance” 

If you want to manage CVD 
in CKD contact an expert in 
paediatric nephrology.

Bones demineralise & vessels calcify 

Gansevoort et al. Lancet 2013

Life expectancy and causes of death 
in patients with CKD

USRDS 2018 Annual Report

Children and young 
adults on dialysis

Q 1 – CVD in children with CKD 

Is CVD in a child with end‐stage kidney disease 
preventable?

A. No

B. Yes, but only by kidney transplantation

C. Yes, but only with expensive medications

D. Yes, it is preventable in ALL children

Q 1 – CVD in children with CKD 

Is CVD in a child with end‐stage kidney disease 
preventable?

A. No

B. Yes, but only by kidney transplantation

C. Yes, but only with expensive medications

D. Yes, it is preventable in ALL children! √
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Outline

• Pathophysiology of CVD and bone disease in 
CKD

‐modifiable risk factors

• Bone – vascular cross‐talk 

• The role of ‘inflammaging’

• Can we do better ‐ improving CVD and bone 
outcomes 

Prevention vs damage limitation

- Can we prevent the development of CVD?

- Can we halt the progression of CVD?

- Can we reverse cardiovascular damage?

Q 2 – Which one of these is not a risk 
factors for CVD in children with CKD 
are:

A. Hypotension

B. Hypertension

C. Calcium

D. 25‐hydroxyvitamin D

E. 1,25‐dihydroxyvitamin D

Q 2 – Which one of these is not a risk 
factors for CVD in children with CKD 
are:

A. Hypotension

B. Hypertension

C. Calcium

D. 25‐hydroxyvitamin D

E. 1,25‐dihydroxyvitamin D

√

Law JP et al. Hypertension and cardiomyopathy associated with CKD:. J Hum Hypertens. 2023

Hypertension and CVD damage

Nature Rev Neph; 2021

Nature Rev Neph; 2021
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‘Traditional’ Framingham 
risk factors and 
CKD – related risk factors

• Abnormal Ca & Phosphate 

• Hyperparathyroidism

• Vitamin D

• Oxidative stress

• Hyperhomocysteinemia

• Albuminuria

• Malnutrition

• Dialysis

Medial vascular calcification in CKD CVD begins early in CKD

Khandelwal, Shroff et al.
Lancet eClin Health 2024

Increased cIMT in early CKD

Brady et al; CJASN 2012

• 100 children with a median GFR 43 ml/min/1.73 m2

• Increased cIMT was associated with HT and dyslipidemia

Phosphate and mortality risk

‘Safe’ P levels 3.6 - 5.0 mg/dL (0.84 - 1.62 mmol/L)

n = 25,500
All-cause deaths – 5857
CV deaths - 1930

Tentori et al; AJKD 2008

Coronary calcification in children and 
young adults

Goodman et al; NEJM 2000

Serum P and the Ca x P
positively correlated with 
change in calcification
scores at follow‐up

Authors / 
Journal

Number of 
dialysis pts

Vascular 
measures

Clinical / biochemical 
associations with cIMT

Oh / 

Circulation  2002

39 cIMT

CAC

- dialysis duration

- mean serum P

- PTH levels

Litwin / 

JASN 2005

37 cIMT - dialysis duration

- mean serum P

- Mean calcitriol dose

Mitsnefes / 
JASN 2005

16 cIMT

distensibility

- dialysis duration

- mean serum Ca x P

- Mean calcitriol dose

- mean PTH levels

Shroff / 

JASN 2007

85 cIMT

PWV

CAC

- dialysis duration

- mean serum P and Ca x P

- Mean calcitriol dose

- mean PTH levels

Civilibal / 

Ped Neph 2007

37 cIMT

FMD

ECHO

- mean serum P

- total & LDL cholesterol

- mean calcitriol dose

Reusz / 

Ped Neph 2009

11 PWV - mean serum Ca x P

- mean calcitriol dose
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Vascular calcification – arterial biopsy model

Shroff R, et al: Circulation 2008; JASN 2010; Nat Rev Nephrol 2011; JASN 
2013; Circ Res 2013; PLoS One 2015; JASN 2016; Kidney Int 2019

Calcification in bones and vessels 
is a similar process

Duer MJ, et al.; ATVB 2008

GAG, glycosaminoglycan; NMR, nuclear 
magnetic resonance; SEM, scanning 

electron microscopy; 
XRPD, X-ray powder diffraction.

Jamal SA, et al. Lancet 2013

Calcium is ‘bad’

‘Bad’ for:
 which patients?
 in what dose?
 in what circumstances?

Skeletal mineralization

T (yrs)

Bone 
mass 
peak

15 30-35 

10%  peak bone mass


50% risk of fracture after 
menopause

Age Balance

Infancy and 
Adolescence

+ + (200-300 mg/d)

Young adults + (10-50 mg/d)

Mature adults 0

Elderly negative

Moe and Nickolas, cJASN 2016
Alem, et al.  Kidney Int 2000

Incidence of hip fractures 
increases as GFR declines

1-year hip fracture mortality:
20% in the general 

population

50% in dialysis 
patients

4.5-fold higher risk of hip fractures in dialysis 
patients compared to the general population

HR (95% CI) per SD lower Femoral 
Neck BMD T-score

Interaction 
p-value

No CKD CKD

Unadjusted 2.45 (2.13, 2.82) 2.32 (1.79, 3.01) 0.72

Adjusted 2.14 (1.80, 2.55) 2.69 (1.96, 3.69) 0.70

PTH & Vit D 2.15 (1.80, 2.57) 2.74 (1.99, 3.77) 0.68

Yenchek, et al. CJASN 2012

CKD patients fracture at a greater BMD

N = 2750; CKD stage 3 – 5 (non‐dialysis)
Hip BMD measured by DEXA
11‐year follow‐up
Only incident fractures recorded
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537 children 
Mild ‐moderate CKD (83% in CKD stages 2‐3)
~4 year follow‐up

2-3 fold higher fracture risk in boys and girls with CKD 
compared to their healthy peers

Denburg, et al.  JASN 2016

58% reported bone pain and 
10% had fractures

Bone pain:
 Lower limbs & back
 Mild exercise, walking
 Required use of analgesics

Lalayiannis A et al; NDT 2021

Fractures in CKD children

Bone–vascular link?

Osteoporosis was a significant predictor 
of CAC progression  

N=213 HD patients

In adults with CKD:  
the worse the bone, the worse the vessel

Malluche HH, et al. JASN 2015 
Chen et al, 
Bone 2016

Low vertebral body BMD strongly associated with CAC

Predictive of mortality even after adjusting for age, 
diabetes, gender, inflammation

n= 231 
CKD5/5D/Tx patients

CAC, vertebral BMD and death

Calcium fluxes – internal vs external

External losses

What really matters is the movement into and out of 
bone, where > 99% of calcium is stored

Too little Ca

Too much Ca
• Vascular calcification
• Cardiovascular mortality

CKD-MBD management

• Bone pain 
• Rickets / osteopenia
• Fractures
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Recommended calcium intake in adults and children with chronic 
kidney disease – a European consensus statement

Nephrol Dial Transplant. Sept 2023 

We suggest not to exceed 
a total Ca intake of 1500 
mg/d to avoid 
hypercalcemia and risk of 
vascular calcification. 

Ageing

Hypertension
Vascular Calcification Osteoporosis

CKD

The concept of ‘inflammaging’

• Elevated Phosphate/FGF23/Klotho
• Low Vitamin D
• DNA damage
• Oxidative Stress
• Systemic Inflammation

Evenepoel et al; ACKD 2019

Inflammation drives bone resorption and vascular 
calcification

Oxidative DNA damage & vascular senescence

p = 0.08

Normal

p = 0.001

Dialysis
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Shroff  et al; in press

DNA-damage markers

Shroff et al. 

Circulation 2010

Controls         Dialysis

Senescence drives osteogenic differentiation

Premature ageing of dialysis vessels

Control

Dialysis

Adv

M

Adv

M

Oxidative stress
8-oxo-dG

Ragnauth et al; Circulation 2009

Downregulation 
of FACE1

Mutant nuclear protein
Prelamin

Control

Dialysis

Ragnauth CD, et al. 

Circulation 2010
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Mcfarlane, Seminars in dialysis, 2009

Transplant                   50%

PD, 3/wk HD               15%

Transplant                   50%

Home nocturnal HD   40%

Short daily HD            25%

PD, 3/wk HD               15%

Dialysis - can we do better?

What about HDF?

HDF attenuates the progression of cIMT
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   Baseline     Follow-up       Baseline      Follow-up

   HD                            HDF

 p = 0.02

p = 0.009

p = 0.36

 p = 0.89

Also, HDF is associated with:

- Improved BP control
- Less LVH
- Reduced inflammation
- Increased bone formation
- Increased clearance of FGF23

Shroff et al; JASN 2019

• Serum calcium levels are <0.1% of total body calcium
• No non‐invasive tools to assess changes in bone calcium
‐ bone biopsies – invasive
‐ radiological changes – single site, slow to change 
‐ biomarkers – reflect bone turnover, not mineralisation

The importance of bone calcium balance

Ca balance studies
– Radioactive calcium; given IV
– ‘Metabolic cage’ setting
– Only 2 studies with 14 adult CKD patients, mean age 65 

years

Hill KM, et al. Kidney Int 2013
Spiegel DM, et al. Kidney Int 2012

Calcium isotope studies

44Ca
40Ca

= δ44/40Ca [‰]    

N = 19 dialysis patients; median age = 59.8 yrs; median dialysis vintage 3.4 yrs
Compared with 10 adults with hip fractures (median age = 84 yrs) 

δ
44

/4
2 C

a 
(‰

)

Ca isotope fractions in serum and bone

Shroff, Evenepoel et al;  In press

Assessing bone mineral balance

Shroff et al, J Bone Min Res 2021
Shroff et al, Kidney Int 2022

Shroff et al, KI Reports 2024
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Q 3 – In a child on dialysis which factor 
will not affect the progression of CVD:

A. Lipid levels

B. Bone health

C. Dialysate Calcium 

D. Serum Calcium

E. Serum Magnesium

Q 3 – In a child on dialysis which factor 
will not affect the progression of CVD:

A. Lipid levels

B. Bone health

C. Dialysate Calcium 

D. Serum Calcium

E. Serum Magnesium √

Conclusions

• Athero- and arteriosclerosis begin early 
in CKD

• Mineral dysregulation and hypertension 
are the most important modifiable risk 
factors for CVD

• Intensified dialysis regimens and renal 
transplant reduce cardiovascular risk

Prevention vs damage limitation

1. Can we prevent development of CVD?

2. Can we halt the progression of CVD?

3. Can we reverse cardiovascular damage?

?
At least for uraemia-related CVD

?X

?
Yes, intensified dialysis and transplantation

Conclusions: 
Bone ↔ vessel cross-talk

Are vessels talking to bone? 
?

Are vessels becoming a bone-derived tissue?
Osteogenic conversion of vascular smooth muscle cells  

Do other tissues play a role in this cross-talk?
Inflammation; Hepatocytes and fetuin; renal tubular cells and Klotho

Do our treatments influence this cross-talk?
Calcium intake, phosphate binders, optimize dialysis

Is bone talking to vessels?
Phosphate / FGF23 /SOST?

Acknowledgements
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Haemodialysis vs Haemodiafiltration
– which one is better for children?

Rukshana Shroff

Great Ormond Street Hospital for Children 
and Institute of Child Health

London, UK

Effectiveness of treatment types

Mcfarlane, Seminars in dialysis, 2009

Transplant   50%
Nocturnal HD  40%

Short daily HD   25%

3/wk HD, PD     15%

A ‘urea-centric’ approach does 
not improve survival

HEMO study, NEJM, 2002

Outline

 Principles of HD and HDF

 Technical requirements of HD and HDF

 Learning from adult studies

 Studies in children - effects of HDF on:

- cardiovascular outcomes & BP

- bone disease and growth

- health related quality of life measures

Diffusion (Low molecular weight toxins)

HD

UF

Technical differences

Convection
(low + middle MW toxins)

Diffusion (Low molecular weight toxins)

HD HDF

Convective 
Volume

UF UF

Replace-
ment vol

Technical differences
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Requirements for HDF

1. High-flux membrane 

2. Large quantities of IV quality fluid 
(‘ultrapure’ dialysate) as replacement 
fluid

3. Machines with accurate UF control 
systems

1. High flux membrane

Characteristics of high-flux membranes

1. Flux - Measure of ultrafiltration capacity

Low flux: Kuf <10 mL/hr/mm Hg
High flux: Kuf >20 mL/hr/mm Hg  

2. Permeability - Measure of the clearance of β2-microglobulin 
(= middle mol wt solutes) 

Low permeability: β 2-microglobulin clearance <10 mL/min
High permeability: β 2-microglobulin clearance >20 mL/min

3. Efficiency - Measure of urea (= low mol wt solute) clearance

Low efficiency: KoA <500 mL/min
High efficiency: KoA >600 mL/min

2. Substitution fluid to drive UF

11

Substitution 
fluid

Bicarbonates 
and Acid

Extracorporeal 
blood circuit

HaemoDiaFiltration
post dilution

Conditione
d Soft  
water

Pre-treatment 
components

Dialysis Water 
distribution loop

Ultrapure 
dialysis 

fluidBERF

Dialys
is 

fluid

Dialysis 
Water

Dialysis 
Concentrates

Acid and 
Bicarbonate

Tap 
water

<100 CFU/mL
<0,25 EU/mL

<0,1 CFU/mL
<0,03 EU/mL

<100 CFU/mL
<0,50 EU/mL

Sterile
Nonpyrogenic<XXX CFU/mL

<YYY EU/mL a

Haemodialysis

Blood from 
the patient

Blood to 
the patient

Dialyzer

Venous
Chamber

Haemodialysis 
device

Drinking 
Water 

At WHO 
Terms

Technical 
Water

Dialysis Water

‘Ultrapure’ water for HDF Mechanisms for improved 
outcomes on HDF

1. Clearance of uraemic solutes across a wide 
molecular weight range

2. Improved biocompatibility

3. Hemodynamic stability
- Cooling during HDF
- Reduced intra-dialytic hypotension

- 70 – 78% reduction in β2 microglobulin on HDF 
(vs <20% with high-flux HD)  
- Removal of inflammatory cytokines  

- Reduced oxidative stress
- Removal of AGEs
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Modified from Kashani K et al, Blood Purif, 2022 and Kawanishi H, 2019

Classification of uremic toxins

Modified from Kashani K 
et al, Blood Purif, 2022 &
Kawanishi H, 2019

Clearance of uremic toxins

Uraemic toxins are toxic!

Kidney damage 
CKD 
progression

Cardiovascular damage
Endothelial dysfunction
Vascular smooth 
muscle proliferation 

Bone mineral dysregulation
Loss of appetite
Protein energy wasting
Sarcopenia
Insulin resistance

Intestinal dysbiosis

Cognitive impairment

Thrombogenicity
Anaemia
Infection
Inflammation 
oxidative stress

Convective Dose and Predialysis ß2-M 
Concentration Inverse Dose-Effect Relationship*

*Fully adjusted for age, gender, Charlson Comorbidity Index, vascular 
access, albumin, log C‐reactive protein and Kt/V.

ß2‐M concentrations is reduced by 0.6 mg/l for every 
10 l of additional convection volume per week

Canaud B et al, Kidney Int. 2015;88(5):1108-16

Convection volume –
the holy grail of HDF treatment

Canaud et al; KI 2015 Canaud et al, NDT 2020

How to achieve optimal convection vol

Convection volume target in post-dilution HDF 
≥23 L/session, 3x /week
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HDF – RCTs in adults

Multicentre 
open label 

RCT, High vol 
HDF vs high-

flux HD
683 / 677

CONVINCE

NEJM

Meta-analysis of RCTs in adults 

All-cause mortality

3H (HDF, Hearts and Height) study 

Hypothesis

Children on HDF compared with HD have improved:

 Cardiovascular risk profile 

 Growth and nutritional status 

 Quality of life Shroff et al; BMC Neph 2018
Shroff et al; JASN 2019
Snauwaert et al; NDT 2020
De Zan et al; Ped Nephrol 2021
Fischer et al;  Kidney Int Reports 2021
De Zan et al; Semin Daily 2022
Paglialonga et al; J Ren Nutr 2023

Recruitment

29 centres in 10 countries 

190 children recruited
78 on HD and 55 on HDF completed 1‐year follow‐up

Median convective volume 13.2 (12.1 - 14.3) L/m2/session
corresponds to 23L/m2 BSA in adults

cIMT SDS at baseline and 1-year
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   Baseline     Follow-up       Baseline      Follow-up

   HD                            HDF

 p = 0.02

p = 0.009

p = 0.36

 p = 0.89

HDF halts the progression of cIMT 

Predictors of higher cIMT-
SDS at 12-months
- HD group    
- Higher IDWG% and UF rate

- Higher systolic BP 

- higher β2-microglobulin

MAP-SDS at baseline and 1-year

At 12-months MAP
> 2SD in 
HD   81%
HDF 37%
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Sustained improvement in BP 
on HDF compared to HD

De Zan et al., Ped Nephrol 2021

Over a 1-year follow-up the MAP-SDS increased by 1 SDS in 
HD patients and 0.2 SDS in HDF patients.

HD modality and higher IDWG% are risk factors for a higher 
MAP-SDS over the one year follow up.

LVMI at baseline and 1-year
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   Baseline     Follow-up       Baseline      Follow-up

 p = 0.40

p = 0.017

p = 0.07

 p = 0.55

   HD                             HDF
n = 76                         n = 54

Predictors of 
higher LVMI at 12-
months
- higher IDWG%
- higher MAP-SDS
- Low Hb
- higher PTH 
- Higher BMI SDS

Improvement in cardiac function

Fadel et al., Saudi J Kidney Dis Transplant 2015

N = 30 children

Converted from HD to HDF

At 6-months:

 decrease in frequency of diastolic

dysfunction

 improvement in systolic function

(FS and EF)

 LVMI did not change

Fischbach et al; NDT, 2010

Improved growth on HDF

NOTE:
- High convective volume 
- Daily HDF (5 days/week = 18 hrs dialysis/week)
- Pre-dilution

Dialysis dose and growth 

Daugirdas et al; Clin JASN 2010

Anabolic effect of daily HDF

 Stimulates appetite - removal of circulating satiety 
factors (leptin, cholecystokinin, tryptophan)

 Correction of metabolic acidosis. Acidosis can:
- activate the ubiquitin-proteosome pathway & increase 
protein degradation
- suppresses endogenous GH secretion

 Minimises inflammatory cytokine release

 ? Removal of somatomedin and gonadotropin
inhibitors by HDF

 ? reverses rhGH resistance
Schaefer et al,  NDT 2010
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Change in Height SDS

-10

-8

-6

-4

-2

0

2

Baseline   Follow-up               Baseline    Follow-up

H
ei

g
h

t 
S

D
S

   HD                                 HDF

p = 0.31                                  p = 0.02

p = 0.04

p = 0.21

15% on HD and 25% on 
HDF on growth hormone 
treatment

No difference in height-
SDS in GH-Rx HDF vs HD 
patients (p = 0.08). 

There was an inverse 
association between final 
height-SDS and β2-MG

(beta = -0.07 per 10 mg/L 
higher level; 95%CI = -0.14 
to 0; p = 0.05). 

BAP/ TRAP ratio
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Reduced systemic inflammation in HDF 

Higher 
antioxidant capacity Lower inflammation (ß2M, hsCRP)

 Lower endothelial dysfunction markers (ox-LDL,ADMA, SDMA, AGEs)
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Correlations:
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Conclusions (for HDF)

 In children, HDF halts the progression of vascular 
changes compared to conventional HD

 HDF is associated with an early and sustained 
improvement in:

- fluid status and BP

- Bone health and growth 

- Reduced inflammation and oxidative stress 

- Improved patient outcomes

 Frequent / daily HD improves growth and QoL

HDF for all in-centre patients?

 We need a randomised trial….. but until this is done, 
HDF could be used in children based on:

- Safe and well tolerated

- Biological plausibility

- Data from adult RCTs

- 3H study in children

 Early benefits of HDF – use even if short period on 
dialysis anticipated

 HDF is beneficial even in those with residual renal 
function

MCQ 1 – Which one of these 
patients is least likely to benefit 
from HDF?

A. An incident dialysis patient

B. A child receiving dialysis 5 days a 
week

C. A child receiving dialysis for 2 years 
with urine output of 300ml/day

D. A child receiving incremental dialysis 
(2 days / week) for 2 years

MCQ 1 – Which one of these 
patients is least likely to benefit 
from HDF?

A. An incident dialysis patient

B. A child receiving dialysis 5 days a 
week

C. A child receiving dialysis for 2 years 
with urine output of 300ml/day

D. A child receiving incremental 
dialysis (2 days / week) for 2 years

MCQ 2 – Which one of these is not 
a technical requirement for HDF in 
children?

A. Ultrapure water

B. High-flux dialyzer

C. Anticoagulation of the circuit

D. Dialysis machines with accurate
pressure control

E. Dialysis machines with accurate
ultrafiltration control

MCQ 2 – Which one of these is not 
a technical requirement for HDF in 
children?

A. Ultrapure water

B. High-flux dialyzer

C. Anticoagulation of the circuit

D. Dialysis machines with accurate
pressure control

E. Dialysis machines with accurate
ultrafiltration control
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MCQ 3 – Which one of the 
following is seen with high-vol 
HDF?

A. Albumin losses in the dialysate

B. IgG losses in the dialysate 

C. Reduction in inflammatory cytokines (IL6 & 
TNF-α)

D. Reduction in indoxyl sulphate

E. Improved clearance of urea compared to HD

MCQ 3 – Which one of the 
following is seen with high-vol 
HDF?

A. Albumin losses in the dialysate

B. IgG losses in the dialysate 

C. Reduction in inflammatory cytokines (IL6 
& TNF-α)

D. Reduction in indoxyl sulphate

E. Improved clearance of urea compared to HD

MCQ 4 – Which one of the 
following actions can you take to 
optimise the convention volume in 
high-volume HDF?

A. Increase the ultrafiltration rate

B. Increase the dialyser size

C. Increase the needle-size for AVF 
cannulation 

D. Perform pre-dilution HDF

E. Perform expanded haemodialysis (HDx)

MCQ 4 – Which one of the 
following actions can you take to 
optimise the convention volume in 
high-volume HDF?

A. Increase the ultrafiltration rate

B. Increase the dialyser size

C. Increase the needle-size for AVF 
cannulation 

D. Perform pre-dilution HDF

E. Perform expanded haemodialysis (HDx)

MCQ 5 – Which one of the 
following statements is true?

A. Post-dialysis recovery time is longer in HDF
than in HD

B. Uncontrolled hypertension is more common in
children on HDF compared to HD

C. HDF has a catabolic effect

D. HDF leads to a rapid loss of residual urine
output

E. In children a target convective volume of 13-
15 L/m2/session is aimed for in post-dilution
mode

MCQ 5 – Which one of the 
following statements is true?

A. Post-dialysis recovery time is longer in HDF
than in HD

B. Uncontrolled hypertension is more common in
children on HDF compared to HD

C. HDF has a catabolic effect

D. HDF leads to a rapid loss of residual urine
output

E. In children a target convective volume of
13-15 L/m2/session is aimed for in post-
dilution mode
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Kidney Replacement Therapy in Pediatric ICU: 
Challenges and Opportunity

Rupesh Raina, MD, FAAP, FACP, FASN,FISN and FNKF 

Adult-Pediatric Kidney Disease/Hypertension
Professor of Medicine and Professor of Pediatrics

Director of Research Akron Nephrology Associates
AGMC, Cleveland Clinic, Cleveland, Ohio

Staff Medical Research, Rebecca D. Considine Research Institute
Staff at Akron Children's Hospital, Akron, Ohio

Council of Dean M-4 Director - Northeast Ohio Medical University, Rootstown, 
Ohio

Faculty Staff at Case Western Reserve University School of Medicine, 
Cleveland, Ohio

Advances in AKI 

• AKI in critically ill patients is associated with increased 
morbidity and mortality

• Emerging data support that the incidence of AKI in the 
ICU is rising

• For children with severe AKI, KRT can provide a 
lifesaving supportive therapy

• The optimal timing to deliver and modality by which to 
deliver KRT remain a point of discussion within adult 
literature

How Pediatric AKI with Sepsis 
Evolving? Call for Action?

Raina R, Chakraborty R, Tibrewal A, Sethi SK, Bunchman T. Advances in pediatric acute kidney injury. Pediatr
Res. 2022;91(1):44-55. doi:10.1038/s41390-021-01452-3
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Economic Burden of Pediatric 
AKI:Is It real?

AKI –Sepsis: Syndrome and 
Multifactorial?

Major apoptotic pathways in human ischemic AKI. The extrinsic pathway requires activation 
of plasma membrane Fas receptor, with signal transduction via FADD resulting in activation 

of caspase 8

Devarajan P. Update on mechanisms of ischemic acute kidney injury. J 
Am Soc Nephrol. 2006;17(6):1503-1520. doi:10.1681/ASN.2006010017

 Systemic Inflammatory Response Index 
(SIRI) and Acute Kidney Injury AKI

• SIRI was estimated as a neutrophil 
monocyte lymphocyte ratio

• The higher SIRI value (≥ 0.59) had a 
greater risk of AKI (adjusted odds ratio, 
OR, 3.95, 95% confidence interval, 
95%CI, 2.91-5.36, P<0.001) and in-
hospital mortality (hazard ratio, HR, 5.01, 
95%CI 2.09-12.03, P<0.001).

• SIRI is a pretty good predictor of AKI and 
fatality in pediatric ICU patients, and the 
proposed nomogram based on SIRI 
yields an appropriate prediction value for 
critically sick pediatric patients.

J Int Med Res. 2024 Mar; 52(3)
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CKRT Prescription

CKRT

• CKRT in the ICU requires a multidisciplinary team 
approach that is facilitated by a pediatric 
nephrologist in conjunction with intensivists and 
skilled nursing staff

• Although mortality rates for children on dialysis 
remain high, outcomes are improving with the 
support of the multidisciplinary team and dialysis 
technology advancements

C VV H

Basis for CKRT Nomenclature

Rate/Interval 
for Therapy

Blood 
Access

Method for 
Solute Removal

What CKRT Modality?

CKRT Terminology and Physiology: 
Summary

• CKRT comes in several flavors

– SCUF, CVVH, CVVHD, CVVHDF and PIRRT

• Solute transport: diffusion/convection

• UF approximates 1-compartment model

• Membrane characteristics affect therapy

• Fluid composition, rates drive clearance
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• SCUF

• CVVH

• CVVHD

• CVVHDFUF

D

R

CKRT Schematic

Diffusion

• Small molecules 
diffuse easily

• Larger molecules 
diffuse slowly

• Dialysate required

– Concentration 
gradient

– Faster dialysate flow 
increases mass 
transfer

Convection

• Small/large molecules 
move equally

• Limit is cut-off size of 
membrane

• Higher UF rate yields 
higher convection but
risk of hypotension

• May need to Replace
excess UF volume

H2O

H2O

H2O

H2O

Net Pressure

Solute Molecular Weight and 
Clearance

Solute (MW) Convective Coefficient Diffusion Coefficient

Urea (60) 1.01 ± 0.05 1.01 ± 0.07

Creatinine (113) 1.00 ± 0.09 1.01 ± 0.06

Uric Acid (168) 1.01 ± 0.04 0.97 ± 0.04

Vancomycin (1448) 0.84 ± 0.10 0.74 ± 0.04

Cytokines (large) adsorbed minimal clearance

•Drug therapy can be adjusted by using frequent blood level 
determinations or by using tables that provide dosage 
adjustments in patients with altered renal function

Patient’s Chemical Balance on CKRT 
Approximates Delivered Fluids

• Diffusion: blood 
equilibrates to dialysate

• Convection: loss is 
isotonic; volume is 
“replaced”

• Consider large volumes 
for other fluids (IVF, feeds, 
meds, etc.)

• Watch for deficits of 
solutes not in fluids
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Wald R, Friedrich JO, Bagshaw SM, et al. Optimal Mode 
of clearance in critically ill patients with Acute Kidney 
Injury (OMAKI)--a pilot randomized controlled trial of 
hemofiltration versus hemodialysis: a Canadian Critical 
Care Trials Group project. Crit Care. 2012;16(5):R205. 
Published 2012 Oct 24. doi:10.1186/cc11835

Acute Kidney Injury (OMAKI) Canadian Trial group
CVVH vs CVVHD n=78 adults (80% sepsis) 
Same dialysis dose of 35ml/kg/hr effluent rate

Mode dialysis in sepsis: CVVH vs CVVHD

No difference mortality
CVVH     12/35    35% 
CVVHD  10/38     27%  

 Initial CKRT Prescription

Prescription for CKRT 

• BFR of 3 to 5 mL/kg/min, a dialysate or a replacement rate 
of 2,000 mL/1.73 m2/hour, and a net ultrafiltration rate of 0.5 
to 2 mL/kg/hour

• The greater the BFR lesser the risk of clotting

• Contraindication - risk for rapid osmolar shift (dialysis 
disequilibrium) with associated high BUN, sodium, or 
glucose levels

• The dialysate of replacement flow rates range from that 
noted above to Ronco’s concept of 40 mL/kg/hour

• These are starting points, and the amount of solution 
exposure (i.e., dialysate or replacement) can be increased 
or decreased based upon the solute clearance required

Prescribed CRRT dose = total prescribed effluent flow rate/h/weight (kg)
Delivered CRRT dose = total achieved effluent flow rate/d (or per hour)/weight 
(kg)/24 hours (if necessary)
Ratio of delivered dose/prescribed dose = total daily effluent volume achieved (in 
24 hours)/total effluent volume prescribed
Time between CRRT circuit exchanges (required and/or unplanned)
Effective CRRT treatment time (in 24-hour period) = 24—number of downtime 
hours or 1440—number of downtime minutes
Vascular access site, size, length, and depth—is the access of appropriate 
length?
Mortality (or survival)—specifically in those with AKI requiring RRT
Kidney functional recovery to dialysis liberation

Prescription for CKRT 

CKRT Urea Kinetics

Calculating Solute Clearance
• Generic clearance =

– Mass removal rate / blood concentration

– Effluent flow rate x effluent concentration / blood 
concentration

• K = QE x CE/CB

• Using urea as solute
– QE << QB (17-50 ml/min vs. 150-200 ml/min)

– Equilibrium achieved (CE = CB)

• CE/CB =  = sieving coefficient

• Sieving coefficients for small MW molecules 
such as urea = 1



6

What Effluent dose?

Solution/Effluent Flow Rate is 
Limiting Factor in CKRT

QB 150ml/min

QD 1000ml/hr

QR 1000ml/hr

Effluent 2000ml/hr +

Blood flow rate vs solute clearance
Precision Continuous Renal Replacement Therapy and Solute Control 

CRRT dose identifies the amount of blood cleared of 
solute by unit of time 

Effluent flow is an acceptable surrogate for prescribing 
CRRT dose for solute clearance. 

Default prescribed CRRT dose should be 20-25 ml/kg/h  
for representative small molecular weight solutes

Prescribed dose is dynamic. Prescribed dose should be 
evaluated at least once every 24 h and more often 
according to patient needs 
Dose delivery can be estimated as intensity (ml/kg/h 
times the number of treatment hours) or as time-
averaged (average ml/kg/h over 24 h or other duration 

Dose delivery should be routinely reassessed and 
modified based on iterative evaluation of quality 
measures

High-Volume Hemodiafiltration with Step-Down Approach versus 
Standard-of-Care Continuous Renal Replacement Therapy 
Approach in Critically Ill Burn Patients

•. 2022 Dec 14;1-4

Fifteen burn patients at Akron Children's Hospital 
were separated into groups managed with high-flow 
CVVHDF (n = 9) and standard-flow CVVHDF (n = 6).

All 15 developed AKI symptoms and diuretic-resistant 
fluid overload, with 4/15 displaying fluid overload 
greater than 40%. 

The most common indication for hemofiltration was 
acute tubular necrosis (11/15). Average time on 
CVVHDF was 20.2 days and length of admission was 
58.6 days. 

Vasodepressor dependency index was significantly 
reduced in the high-flow group at 48 h, but no 
significant difference in mortality was identified.

No significant difference was identified in adverse 

reactions, notably electrolyte imbalances.

Khandelwal A, Yerigeri K, Lou R, Raina R. High-Volume Hemodiafiltration with Step-Down Approach versus Standard-of-Care Continuous 
Renal Replacement Therapy Approach in Critically Ill Burn Patients [published online ahead of print, 2022 Dec 14]. Blood Purif. 2022;1-4. 
doi:10.1159/000527681

CYTOKINE REMOVAL IN HUMAN 
SEPTIC SHOCK: WHERE ARE WE 

AND WHERE ARE WE GOING?

CKRT in MODS?
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CKRT in MODS
• The most common causes leading to CKRT were cardiocirculatory 

failure (56%) and sepsis (20%)

• Overall survival rate was 49.5%

• Mean arterial pressure was significantly lower for non-survivors 
versus survivors (50.6±1.9 vs 59.7±1.9 mmHg) at initiation of CRRT,

• Patients with a FO 20% of body weight, and patients on vasopressor 
support had mortality rates of 73.7 and 65%, respectively

• Despite CRRT, persisting MODS results in a high mortality rate. 

• A low mean arterial pressure, vasopressor support and a fluid 
overload >20% of body weight at initiation of CRRT are also 
associated with a significantly higher mortality rate

Persistent systemic inflammation, immunoparalysis and 
secondary infections are thought to play key roles in sepsis-
related organ dysfunction 

Imbalance between pro- (e.g. IL-1 and 6, TNFα) and anti-
inflammatory (e.g. IL-4 and 10) cytokines may be associated 
with a worse clinical outcome 

Unselective removal of inflammatory and anti-inflammatory 
mediators by means of blood purification therapies may 
positively impact organ dysfunction in septic patients, 
particularly regarding hemodynamic and respiratory functions

Honore PM, Hoste E, Molnár Z, et al. Cytokine removal in human septic shock: Where are we and where are 
we going?. Ann Intensive Care. 2019;9(1):56. Published 2019 May 14. doi:10.1186/s13613-019-0530-y

Early vs Late CKRT

Early vs Late CKRT

• RCT’s have not demonstrated any mortality 
benefit in starting RRT early vs late, but 
there is emerging evidence that starting 
therapy early may improve outcomes

• There is a need to develop and validate 
biomarkers that can predict the need for 
initiating and stopping dialysis

Raina R, Joshi H, Chakraborty R. Changing the terminology from kidney replacement therapy to 
kidney support therapy. Ther Apher Dial. 2021;25(4):437-457. doi:10.1111/1744-9987.13584
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Key Point

• We suggest using CRRT, rather than 
intermittent RRT, for AKI patients with 
acute brain injury or other causes of 
increased intracranial pressure or 
generalized brain edema. (2B)

CRRT in Management of ICP

Davenport, A. Sem Dialysis 2009
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Fluid Overload Is Real ICD 
Code in Sepsis and AKI

Raina R, Sethi SK, Wadhwani N, Vemuganti M, Krishnappa V, Bansal SB. Fluid Overload in 
Critically Ill Children. Front Pediatr. 2018;6:306. Published 2018 Oct 29. 
doi:10.3389/fped.2018.00306

Sethi SK, Raghunathan V, Shah S, et al. Fluid Overload 
and Renal Angina Index at Admission Are Associated 
With Worse Outcomes in Critically Ill Children. Front 
Pediatr. 2018;6:118. Published 2018 May 1. 
doi:10.3389/fped.2018.00118 Starr MC, Griffin R, Gist KM, et al. Association of Fluid Balance With Short- and Long-term Respiratory 

Outcomes in Extremely Premature Neonates: A Secondary Analysis of a Randomized Clinical Trial. JAMA 
Netw Open. 2022;5(12):e2248826. Published 2022 Dec 1. doi:10.1001/jamanetworkopen.2022.48826
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VExUS Ultrasound Score:
•Grade 0: IVC <2cm = NO 
Congestion
•Grade 1: IVC >2cm with any combo 
of Normal or Mildly Abnormal 
Patterns = MILD Congestion
•Grade 2: IVC >2cm and ONE 
severely Abnormal Pattern = 
MODERATE Congestion
•Grade 3: IVC >2cm and >2 Severely 
Abnormal Patterns = SEVERE 
Congestion

Key Points: Updates 
Volume Status and AKI

• Fluid therapy is integral to the acute resuscitation 
of critically ill patients

• A threshold may exist beyond which the perceived 
benefit of additional fluid therapy after resuscitation 
may contribute to harm

• Prevention of fluid overload may be an important 
and under-appreciated determinant of survival

• Prevention of early control of fluid overload is 
evolving as a primary trigger for initiation of RRT

Drug Dosing in CKRT

Drug Dosing recommendations 
based on Sieving Coefficient 

(SC)

• Clearance total =  ClCRRT + Cl residual renal + Cl non-
renal

• SC equations only account for ClCRRT

• What about other clearances?

• Cl residual renal usually not an issue in CRRT 
patients

• Cl non-rena l not always available for drugs

When in doubt, start here…
• Blood flow, filter type are not very important.

• Find out

– In CVVHD: Dialysate flow rate (ml/hr)

• Usually 2 L/1.73m2/hr (33 mL/1.73m2/min)

– In CVVH: Substitution Fluid rate (ml/hr)

• Usually 2L/1.73m2/hr (33 mL/1.73m2/min)

• Add this to patient’s native Cr Cl (ml/1.73m2/min)

• This is patient’s new Cr Cl  dose accordingly

• Works in most cases…is good enough for initial 
estimates.  Follow up with drug level monitoring.

Anticoagulation in CKRT?
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• RCA  vs UFH circuit life of 50.65 hours vs. 42.10 
hours. Tw

• Metabolic alkalosis and electrolyte imbalance seen 
more commonly in RCA  vs UFH

• Risk of systemic bleeding RCA= UFH

• RCA is the preferred anticoagulant over UFH due to its 
significantly longer circuit life,

• Vigilant circuit monitoring is required due to the 
increased risk of electrolyte disturbances. 

Raina R, Agrawal N, Kusumi K, Pandey A, Tibrewal A, Botsch A. A Meta-Analysis 
of Extracorporeal Anticoagulants in Pediatric Continuous Kidney Replacement 
Therapy. J Intensive Care Med. 2022;37(5):577-594. doi:10.1177/0885066621992751

Raina R, Chakraborty R, Davenport A, et al. Anticoagulation in patients with acute kidney injury undergoing kidney replacement 
therapy. Pediatr Nephrol. 2022;37(10):2303-2330. doi:10.1007/s00467-021-05020-z

Raina R, Chakraborty R, Davenport A, et al. Anticoagulation in patients with acute kidney 
injury undergoing kidney replacement therapy. Pediatr Nephrol. 2022;37(10):2303-2330. 
doi:10.1007/s00467-021-05020-z Raina R, Sethi S, Khooblall A, et al. Non-anticoagulation pediatric continuous renal replacement therapy methods to 

increase circuit life. Hemodial Int. 2022;26(2):147-159. doi:10.1111/hdi.13003

Non-anticoagulation pediatric continuous renal replacement therapy 
methods to increase circuit life

• The most-effective CRRT catheter would be made of 
nonthrombogenic material, noncuffed and nontunneled with 
separate lumens for arterial and venous blood 

• Blood flow during the process is optimized at 200 ml/min, which 
can be lowered in the pediatric population due to more narrow 
catheters. 

• Platelet count and hematocrit need to be closely monitored as 
levels above 450,000  106 /L and 0.40, respectively, increase risk 
of clotting. 

• Predilution is a non-anticoagulation technique to reduce the risk of 
clotting by returning replacement solution to the blood before it 
reaches the filter.

• Also, biocompatible membranes such as polyacrylonitrile or 
polysulfone activate the coagulation cascade significantly less 
than the conventional cellulose-based membranes, thereby 
reducing clotting chances

Metabolic Complication in 
CKRT in Sepsis?
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CRRT and Rapid Sodium Correction in 
Hyponatremia

• Challenges in Hyponatremic Patients on CRRT:

• Risk of Osmotic Demyelination Syndrome (ODS) with rapid correction 
of serum sodium

• CRRT increases serum sodium less rapidly than HD but can still 
exceed safe correction limits (≤8 mEq/L)

• Expected Rise in Serum Sodium at 24 Hours:

Strategies to Prevent Overcorrection of 
Serum Sodium

• Adjusting CRRT to Control Sodium Correction:

• Hyponatremic CRRT Solutions:

• Prepare custom CRRT solutions with lower sodium concentrations.

• Use commercial CRRT fluids diluted with sterile water to achieve 
desired sodium levels.

• Simulation Example:

• Using 129 mEq/L CRRT solution versus standard 140 mEq/L 

• Frequent laboratory monitoring is crucial for adjustments.

• Avoiding Excessive Clearance:

• Reduce CRRT dose while managing other solute abnormalities like 
hyperkalemia.

• Gradual stepwise increase in CRRT solution sodium concentration to 
prevent overcorrection.

Using D5W to Manage Sodium Correction 
When Dilution is Not Available

• Application of D5W:

• Infuse 5% Dextrose Water (D5W) to slow sodium correction when dilution is 
not possible.

• Example Calculation:

• Desired Serum Sodium Change:

• Target serum sodium ≤127 mEq/L from 119 mEq/L.

• D5W Infusion Rate:

• Rate required: 314 ml/h to maintain target sodium levels.

• Additional Considerations:

• Monitor for risks: Filter clotting, worsening hyponatremia, rapid 
correction if D5W runs out.

• Adjust net ultrafiltration rate to account for D5W infusion.

Nutrition In Critically ill 
Children with CKRT?

CKRT Can Improve the Energy 
Balance in Septic AKI

• Metabolic adaptation in septic AKI results in decreased levels of 
intracellular ATP and stimulates inflammation in the kidney, but the 
excessive inflammation is harmful

• CKRT as the most common treatment in septic AKI can  remove 
inflammatory cytokines and neutralize the exaggerated inflammation to 
reduce kidney injury and promote kidney recovery

• The clearance of inflammatory cytokines, especially MIF, promises to 
play an important role in reducing kidney injury and promote recovery
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Protein Requirements for Critically Ill Patients New 
Insight to AKI and KRT in ICU

• AAs MW 140 Da (range: 75–215 Da)  lost in CRRT (pre siz 20,000 Da)
• AA loss was greater (7.9 g over 24 hours) with a flow rate of 1000 mL/h, as compared with a flow rate of 

500 mL/h (2.4 g over 24 hours)
• Convection, as opposed to diffusion techniques, induces greater AA loss at 1.2–7.5 g/d
• Diffusion techniques increase protein catabolism and decrease protein synthesis
• AA loss ranges from 10–15 g/d with CRRT

I want to Stop CKRT?

Summary Discontinuation of CKRT

• No consensus in nephrology or critical care literature

• UOP most important predictor of successful discontinuation

– Greater than 400 mL/24 hrs without diuretics or > 2300 mL/24 hrs
with diuretics, ≥ 80% chance of success

– Currently, 24-h creatinine clearance greater than 20 ml/min 
combined with spontaneously decreasing serum creatinine 
concentrations in the context of fixed RRT

– The 2-h CrCl was a better predictor of remaining CRRT-free than 
urine output, serum creatinine or age. A 2-h CrCl value of 23 ml/min 
had a positive predictive value of 88.8%.

– 6-h creatinine clearance was greater than 15–20 ml/ min (mean 
22+2 ml/min), serum creatinine concentrations decreased 
spontaneously and increased urine output was associated with a 
balanced fluid status

Uchino S Crit Care Med 2009 Sep;37(9):2576-82:International Urology and Nephrology (2018) 50:1845–
1851

Switching from continuous veno-venous hemodiafiltration to intermittent 
sustained low-efficiency daily diafiltration (SLED-f) in pediatric acute 

kidney injury: A prospective cohort study
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What is New in CKRT?

High-Dose CKRT Prescription
High dose CKRT may be performed as CVVH or CVVH-D or CVVH-DF:

Clearance (replacement and/or dialysate flow rate to total at least 8000 
ml/1.73m2/hour or 90 ml/kg/hr)

High dose CKRT will be transitioned to regular CRRT once the serum 
ammonia level is consistently <200 μmol/L for at least 2 measures

Net ultrafiltration rate will be matched to or below the patient’s intake since 
these patients are often polyuric and dehydrated

Add maximum amount of phosphorus to replacement solution/dialysate as 
these patients do not have hyperphosphatemia. If heparin-based 
anticoagulation used, supplement PO4 IV or enterally

Measure ammonia level at 30 minutes and then at least every  2 hours

Follow routine lab orders for anticoagulation (iCa or ACT)

Step-down CKRT prescription

Step-down CRRT will be initiated after HD or after 
high dose CRRT is completed, to prevent rebound of 
ammonia above 200 μmol/l 

A. Clearance (replacement and/or dialysate flow rate will be 
total at least 2500 ml/1.73m2/hour). 

B. CRRT will be continued at least until serum ammonia level 
is < 100 μmol/l during at least 4 hours on at least two 
measurements.

C. Net ultrafiltration rate will be matched to or below the 
patient’s intake since these patients are often polyuric and 
dehydrated.

Raina R, Bedoyan JK, Lichter-Konecki U, et al. Consensus guidelines for management of 
hyperammonaemia in paediatric patients receiving continuous kidney replacement therapy. Nat 
Rev Nephrol. 2020;16(8):471-482. doi:10.1038/s41581-020-0267-8

New Paradigm Shift in AKI Following COVID-19

Raina R, Chakraborty R, Sethi SK, Bunchman T. Kidney Replacement Therapy in COVID-19 Induced Kidney Failure 
and Septic Shock: A Pediatric Continuous Renal Replacement Therapy [PCRRT] Position on Emergency Preparedness 
With Resource Allocation. Front Pediatr. 2020;8:413. Published 2020 Jul 3. doi:10.3389/fped.2020.00413
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Cytokine Storm Syndrome

• Mechanism in causing Multi Organ Dysfunction, including renal 
function impairment.

• Various studies have suggested the occurrence of cytokine storm in 
critically ill COVID-19 patients due to higher plasma circulating:

-Cytokine levels (interleukin [IL] -2, IL-7, IL-10

-Interferon-inducing protein-10 [IP-10], granulocyte-colony 
stimulating factor [GSCF],

-Macrophage inflammatory protein-1a [MIP1] 

-Tumor Necrosis factor alpha [TNF-α]) 

Raina R, Chakraborty R, Sethi SK, Bunchman T. Kidney Replacement Therapy in COVID-19 Induced Kidney Failure 
and Septic Shock: A Pediatric Continuous Renal Replacement Therapy [PCRRT] Position on Emergency Preparedness 
With Resource Allocation. Front Pediatr. 2020;8:413. Published 2020 Jul 3. doi:10.3389/fped.2020.00413

PCRRT RECOMMENDATION FOR KRT IN COVID-19 
SEPSIS/ARF/MODS 

Raina R, Chakraborty R, Sethi SK, Bunchman T. Kidney Replacement Therapy in COVID-19 Induced Kidney Failure 
and Septic Shock: A Pediatric Continuous Renal Replacement Therapy [PCRRT] Position on Emergency Preparedness 
With Resource Allocation. Front Pediatr. 2020;8:413. Published 2020 Jul 3. doi:10.3389/fped.2020.00413

Coming Soon
On April 10, 2020, CytoSorb has received FDA 

Emergency Use Authorization in the United 
States for use in critically-ill COVID-19 patients 

with imminent or confirmed respiratory failure in 
defined circumstances.

Raina R, Sethi SK, Chakraborty R, et al. Blood filters in children with COVID-19 and acute kidney injury: A 
review. Ther Apher Dial. 2022;26(3):566-582. doi:10.1111/1744-9987.13793

ECMO -CVVHDF

The blood flow rate in the CVVHDF machine should be independent from the ECMO device

The machine’s venovenous access should be adjusted to tolerate positive pressures since the 
arterial access of the ECMO will allow for a very low-resistant circuit. 

Set the alarms to allow for a positive pressure reading.

The ECMO pressure may be above the machine’s programmed alarms and may need for a flow 
resistor. 
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CRRT and PLEX at the same time?

CRRT & PLEX & ECMO at the same time?

• In severe forms, HLH presents with signs and 
symptoms of hyperinfammation that progress to 
life-threatening multiorgan failure. 

• Intervention with an extracorporeal 
immunomodulatory treatment utilizing a 
selective cytopheretic device (SCD) could be 
benefcial. 

• The SCD with regional citrate anticoagulation 
selectively binds the most highly activated 
circulating neutrophils and monocytes and 
deactivates them before release to the systemic 
circulation. 

• Multiple clinical studies, including a multicenter 
study in children, demonstrate SCD therapy 
attenuates hyperinfammation, resolves ongoing 
tissue injury and allows progression to 
functional organ recovery. 

Goldstein SL, Yessayan LT, Krallman KA, et al. Use of extracorporeal immunomodulation in a toddler with hemophagocytic 
lymphohistiocytosis and multisystem organ failure. Pediatr Nephrol. 2023;38(3):927-931. doi:10.1007/s00467-022-05692-1
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CKRT ADVANCES
• Modality: No overall benefit to CRRT compared to 

IHD, though CRRT may be better for patients at risk 
of increased ICP and for volume control

• Dose: No benefit to “intensive” therapy, but delivered 
dose of both CRRT and IHD must be monitored to 
ensure minimum adequate dose

• Anticoagulation: Citrate is gaining wider acceptance 
as the preferred anticoagulation for CRRT

• Buffer: Bicarbonate should be the buffer in dialysate 
and replacement fluid for KRT in patients with AKI, 
especially with liver failure and/or lactic acidemia

Close Collaboration Between CCM and 
Nephrology

• Define the primary goal of CRRT daily (ie, fluid removal, acid/base control, 
small solute clearance, etc) Daily goal informs individualized CRRT 
prescription

• Keep CRRT running—maximize delivered vs prescribed CRRT ratio
Establish and maintain high functioning dialysis vascular access

• Anticoagulation—regional citrate anticoagulation vs heparin vs other

• Review appropriateness medication dosing daily (especially antimicrobial 
agents) Large changes in effluent flow rates should prompt consideration to 
increase or decrease medication dosing

• Ensure appropriate nutrition support for CRRT—augmented protein intake 
recommended

• Avoid CRRT-related complications Severe hypophosphatemia (ie, <2.0 
meq/L)

• Frequent CRRT circuit failures → increased blood transfusion needs

• Minimize risk of CRRT therapy errors through standardization and 
consistency of machine, modality, anticoagulation strategies, and education

Prescribed CRRT dose = total prescribed effluent flow rate/h/weight (kg)

Delivered CRRT dose = total achieved effluent flow rate/d (or per hour)/weight 
(kg)/24 hours (if necessary)

Ratio of delivered dose/prescribed dose = total daily effluent volume achieved (in 
24 hours)/total effluent volume prescribed

Time between CRRT circuit exchanges (required and/or unplanned)

Effective CRRT treatment time (in 24-hour period) = 24—number of downtime 
hours or 1440—number of downtime minutes

Vascular access site, size, length, and depth—is the access of appropriate 
length?

Mortality (or survival)—specifically in those with AKI requiring RRT

Kidney functional recovery to dialysis liberation

Close Collaboration Between CCM and 
Nephrology What is Needed?

• Newer criteria for adequacy of treatment were 
implemented in clinical routine, avoiding under-dosing 
of treatment and favoring the achievement of therapy 
targets such as fluid balance control, restoration of 
homeostasis and correction of biochemical 
derangements with excellent blood purification, thereby 
making CRRT a well-established form of therapy in 
intensive care

MCQs

Rupesh Raina, MD, FAAP, FACP, FASN,FISN and FNKF 

Adult-Pediatric Kidney Disease/Hypertension
Professor of Medicine and Professor of Pediatrics

Director of Research Akron Nephrology Associates
AGMC, Cleveland Clinic, Cleveland, Ohio

Staff Medical Research, Rebecca D. Considine Research Institute
Staff at Akron Children's Hospital, Akron, Ohio

Council of Dean M-4 Director - Northeast Ohio Medical University, Rootstown, 
Ohio

Faculty Staff at Case Western Reserve University School of Medicine, 
Cleveland, Ohio

MCQ 1: CRRT Dosing and Management 
in a Pediatric Patient with Multiple 

Comorbidities
• Case: A 14-year-old adolescent (weight: 55 

kg) with type 1 diabetes mellitus, obesity, and 
acute kidney injury secondary to diabetic 
ketoacidosis (DKA) is started on CRRT. The 
patient has a high serum potassium level of 
6.5 mEq/L and severe metabolic acidosis with 
a pH of 7.1.
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MCQ 1: CRRT Dosing and Management 
in a Pediatric Patient with Multiple 

Comorbidities
Considering the patient’s underlying condition and the need for 
urgent correction of hyperkalemia and acidosis, which of the 
following CRRT strategies should be employed?

A) Prescribe CVVHDF with an effluent rate of 35 ml/kg/hr and a 
dialysate potassium concentration of 0 mEq/L

B) Use CVVHD with an effluent rate of 25 ml/kg/hr and a 
bicarbonate-buffered dialysate with a potassium concentration of 2 
mEq/L

C) Initiate CVVH with an effluent rate of 40 ml/kg/hr and 
replacement fluid containing 4 mEq/L of potassium

D) Administer intermittent hemodialysis (IHD) instead of CRRT for 
faster correction of potassium and acidosis

MCQ 1: CRRT Dosing and Management 
in a Pediatric Patient with Multiple 

Comorbidities
Considering the patient’s underlying condition and the need for 
urgent correction of hyperkalemia and acidosis, which of the 
following CRRT strategies should be employed?

A) Prescribe CVVHDF with an effluent rate of 35 ml/kg/hr and a 
dialysate potassium concentration of 0 mEq/L

B) Use CVVHD with an effluent rate of 25 ml/kg/hr and a 
bicarbonate-buffered dialysate with a potassium concentration 
of 2 mEq/L

C) Initiate CVVH with an effluent rate of 40 ml/kg/hr and 
replacement fluid containing 4 mEq/L of potassium

D) Administer intermittent hemodialysis (IHD) instead of CRRT for 
faster correction of potassium and acidosis

MCQ 2: CRRT Management in a 
Pediatric Patient on ECMO with 

Complicated Fluid Balance
• Case: A 9-year-old child (weight: 30 kg) with 

acute respiratory distress syndrome (ARDS) 
is on veno-venous ECMO and develops 
oliguric acute kidney injury requiring CRRT. 
The patient has severe fluid overload, with a 
positive fluid balance of 3 liters over 48 hours 
and is hemodynamically unstable on high-
dose vasopressors.

MCQ 2: CRRT Management in a 
Pediatric Patient on ECMO with 

Complicated Fluid Balance
Which CRRT prescription is most appropriate to manage this 
patient’s fluid balance without compromising hemodynamic 
stability?

A) CVVHDF with an effluent dose of 30 ml/kg/hr, a net ultrafiltration 
rate of 2 ml/kg/hr, and blood flow rate of 200 ml/min

B) CVVH with an effluent dose of 25 ml/kg/hr, a net ultrafiltration 
rate of 1 ml/kg/hr, and blood flow rate of 150 ml/min

C) CVVHD with an effluent dose of 20 ml/kg/hr, a net ultrafiltration 
rate of 0.5 ml/kg/hr, and blood flow rate of 100 ml/min

D) CVVHDF with an effluent dose of 35 ml/kg/hr, no net 
ultrafiltration, and blood flow rate of 250 ml/min

MCQ 2: CRRT Management in a 
Pediatric Patient on ECMO with 

Complicated Fluid Balance
Which CRRT prescription is most appropriate to manage this 
patient’s fluid balance without compromising hemodynamic 
stability?

A) CVVHDF with an effluent dose of 30 ml/kg/hr, a net ultrafiltration 
rate of 2 ml/kg/hr, and blood flow rate of 200 ml/min

B) CVVH with an effluent dose of 25 ml/kg/hr, a net 
ultrafiltration rate of 1 ml/kg/hr, and blood flow rate of 150 
ml/min

C) CVVHD with an effluent dose of 20 ml/kg/hr, a net ultrafiltration 
rate of 0.5 ml/kg/hr, and blood flow rate of 100 ml/min

D) CVVHDF with an effluent dose of 35 ml/kg/hr, no net 
ultrafiltration, and blood flow rate of 250 ml/min

MCQ 3: Complications of Citrate 
Anticoagulation in Pediatric CRRT

• Case: A 7-year-old girl (weight: 20 kg) with 
liver failure and acute kidney injury is started 
on CRRT with regional citrate anticoagulation. 
After 24 hours, she develops worsening 
metabolic acidosis, with a total calcium to 
ionized calcium ratio of 3.0, and an escalating 
requirement for calcium chloride infusion.
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MCQ 3: Complications of Citrate 
Anticoagulation in Pediatric CRRT

What is the most likely cause of this complication, and what is the 
best management strategy?

A) Hypercalcemia due to citrate toxicity; stop citrate anticoagulation 
and switch to systemic heparin

B) Citrate accumulation due to liver failure; decrease the blood flow 
rate and adjust the citrate infusion rate

C) Hypocalcemia due to inadequate calcium replacement; increase 
the calcium chloride infusion rate

D) Metabolic acidosis due to citrate overdose; reduce the CRRT 
dose and increase the bicarbonate concentration in the dialysate

MCQ 3: Complications of Citrate 
Anticoagulation in Pediatric CRRT

What is the most likely cause of this complication, and what is the 
best management strategy?

A) Hypercalcemia due to citrate toxicity; stop citrate anticoagulation 
and switch to systemic heparin

B) Citrate accumulation due to liver failure; decrease the blood 
flow rate and adjust the citrate infusion rate

C) Hypocalcemia due to inadequate calcium replacement; increase 
the calcium chloride infusion rate

D) Metabolic acidosis due to citrate overdose; reduce the CRRT 
dose and increase the bicarbonate concentration in the dialysate

MCQ 4: Antibiotic Dosing Adjustments 
in Pediatric CRRT

• Case: A 13-year-old boy (weight: 45 kg) on 
CRRT for sepsis-induced acute kidney injury 
is being treated with meropenem. The CRRT 
is running at an effluent rate of 30 ml/kg/hr. 
The initial dosing was based on estimated 
clearance, but the patient has since become 
hemodynamically unstable and volume 
overloaded.

MCQ 4: Antibiotic Dosing Adjustments 
in Pediatric CRRT

How should the meropenem dosing be adjusted in this 
scenario?

A) Increase the meropenem dose to compensate for 
reduced clearance due to volume overload

B) Maintain the current dose of meropenem but increase 
the dosing frequency to every 6 hours

C) Decrease the meropenem dose as the patient’s 
hemodynamic instability may reduce drug clearance

D) Maintain the current dosing schedule but monitor 
drug levels closely for potential accumulation

MCQ 4: Antibiotic Dosing Adjustments 
in Pediatric CRRT

How should the meropenem dosing be adjusted in this 
scenario?

A) Increase the meropenem dose to compensate for 
reduced clearance due to volume overload

B) Maintain the current dose of meropenem but increase 
the dosing frequency to every 6 hours

C) Decrease the meropenem dose as the patient’s 
hemodynamic instability may reduce drug clearance

D) Maintain the current dosing schedule but monitor 
drug levels closely for potential accumulation

MCQ 5: Nutritional management in critically 
ill patients undergoing Continuous Renal 

Replacement Therapy (CRRT)

Which of the following is the most appropriate nutritional 
strategy for a critically ill patient undergoing Continuous 
Renal Replacement Therapy (CRRT)?

A) High-protein diet with standard caloric intake.

B) Low-protein diet with fluid restriction.

C) Standard-protein diet with low-fat content.

D) High-protein diet with increased caloric intake.

E) Low-protein diet with high carbohydrate content.
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MCQ 5: Nutritional management in critically 
ill patients undergoing Continuous Renal 

Replacement Therapy (CRRT)

Which of the following is the most appropriate nutritional 
strategy for a critically ill patient undergoing Continuous 
Renal Replacement Therapy (CRRT)?

A) High-protein diet with standard caloric intake.

B) Low-protein diet with fluid restriction.

C) Standard-protein diet with low-fat content.

D) High-protein diet with increased caloric intake.

E) Low-protein diet with high carbohydrate content.

MCQ 5: Nutritional management in critically 
ill patients undergoing Continuous Renal 

Replacement Therapy (CRRT)

• Explanation: Critically ill patients undergoing 
CRRT often experience increased protein 
catabolism and energy expenditure. 
Therefore, a high-protein diet with increased 
caloric intake is recommended to meet the 
metabolic demands, prevent malnutrition, and 
support recovery. Nutritional needs should be 
carefully monitored and adjusted based on 
the patient's ongoing clinical status and the 
efficiency of the CRRT.
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Classification of Alport syndrome - Kashtan, 2017

• XL Alport syndrome – haematuria; kidney failure in males by the age of 40 
and 20% of females by the age of 60; hearing loss and ocular abnormalities 

• AR Alport syndrome – kidney failure in males and females; hearing loss and 
ocular abnormalities, all often in childhood 

• Digenic Alport syndrome – variants in two COL4A3 – COL4A5 genes 
• AD Alport syndrome – haematuria lifelong; kidney failure is uncommon, and 

hearing loss and ocular abnormalities are rare – Furlano 2021

• Alport spectrum 

Pathogenic variants in Alport syndrome 
• COL4A3, 4 and 5 code for collagen IV a3, a4 and a5 chains 
• Collagen IV 345 heterotrimer
• Normally forms cross-links rather than fibrils

Same types of variants for all 3 genes 
• Large deletions – 10%
• Null (frameshift, termination) – 15%
• Splicing variants – 15%
• Missense variants (mostly Gly substitutions) – 50%
• Gly-Xaa-Yaa repeats in intermediate collagenous region 

Predicted population frequency of XL and AD 
Alport syndrome in the general population

COL4A3 COL4A4 COL4A5

Nonsense  33 (6%) 48 (8%)

Frameshifts 110 (20%) 42 (7%) 1

Canonical splice site 
changes 

36 (6%) 29 (5%) 6

Position 1 Gly
substitutions 

380 (68%) 458 (79%) 51

Number of excluded 
Gly substitutions 

N= 15  N=22 N=13

N=559 in 245,889 or 
0.45% of people

N=577 in 233,916 or 
0.49% of people 

N=59 in 136,920 or 0.04% one in 
2320

0.9%  people or one in 106 have a 
pathogenic variant in COL4A3 or COL4A4

One in 2,320 have a pathogenic 
variant in COL4A5

‐ Gibson 2021

Predicted population frequency of XL and AD 
Alport syndrome in the general population
AD Alport syndrome is the commonest genetic kidney disease, 
affecting one % of the population
XL Alport syndrome is the second commonest genetic cause of 
kidney failure 
AD:XL Alport syndrome = 20:1 

These are still underestimates because 
• Some Position 1 Gly were excluded including p.Gly695Arg
• WES does not detect deletions, intronic splicing variants 
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XL Alport syndrome in males 
• Haematuria, proteinuria, kidney cysts, 

progressive kidney failure
• Hearing loss
• Corneal ulcers, lenticonus, fleck 

retinopathy. Usually normal vision
• Thinned, later lamellated GBM
• Pathogenic variants in COL4A5

Recommendations for males with XL 
Alport syndrome 
• Affected boys should generally be treated with RAAS blockade and 

SGLP2 inhibitors from the time of diagnosis
• All first degree family members should undergo genetic testing
• Affected family members should not be kidney donors – Savige 2021, 

ERKNET review 

XL Alport syndrome in females 
• Twice as common in females as in 

males. For every male with XL disease, 
there are two affected females 

• Generally milder disease but 20% risk 
of kidney failure at 60 years. Hearing 
loss is common. Peripheral retinopathy 
is also common 

• Proteinuria is a risk factor for kidney 
failure, hearing loss and ocular 
abnormalities  - Gibson 2022

• Offspring of an affected woman have a 
greater risk of kidney failure than the 
offspring of an affected male 

‐ Savige, 2016

Recommendations for females with XL 
Alport syndrome 

• Affected individuals should be treated with RAAS blockade, SGLP2 inhibitors 
from the onset of microalbuminuria – Kashtan 2021

• First degree family members should undergo genetic testing
• Affected family members should not be kidney donors – Savige 2013

AR Alport syndrome 
• Disease is identical in males and 

females
• Identical clinically to XL disease in 

males
• Much rarer than XL disease
• Mean age at kidney failure onset is 

21 years compared with 26 years for 
males with XL disease

• Lenticonus in a girl or woman 
suggests AR disease  

• Parents and offspring will usually be 
heterozygotes and have AD disease 

• Siblings may have AR disease 

• Recommendations: RAAS blockade, 
SGLP2 inhibitors from the time of 
diagnosis 

Digenic Alport syndrome 
Genes affected Clinical features  Inheritance 

pattern
Autosomal 
recessive (AR)

COL4A3 or COL4A4 Males and females have haematuria, 
kidney failure equally often and equally 
severe in both, hearing loss, lenticonus 
and fleck retinopathy 

AR 

Digenic  COL4A5 plus COL4A3 or COL4A4 Males: Phenotype resembles XL Alport 
syndrome in males 

XL plus AD

COL4A5 plus COL4A3 or COL4A4 Females: Phenotype resembles XL Alport 
syndrome in females

XL plus AD 

COL4A3 plus COL4A4 
(on the same chromosome)

Males and females: Phenotype generally 
more severe than AD Alport syndrome

Digenic 

COL4A3 plus COL4A4 
(on opposite chromosomes)

Males and females: Phenotype generally 
more severe than AD Alport syndrome

AD
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Digenic Alport syndrome 
• Commoner than AR Alport syndrome 
• Usually pathogenic variants in COL4A3 plus COL4A4 
• Disease severity for this combination is intermediate between AD and AR
• Where COL4A5 plus COL4A3 or COL4A4, severity is more like XL
• Second variant may be missed, and digenic disease explains some 

apparent AD inheritance with severe features 
• Disease in the next generation depends on whether genes affected   are 

on the same chromosome and inherited together (AD) or on different 
chromosomes (like AR)

AD Alport syndrome 
• Features range from no urinary 

abnormalities (30%), haematuria, 
proteinuria only (10%), kidney cysts, 
to progressive kidney failure (up to 
30%)

• Normal hearing
• No eye abnormalities 
• Thinned GBM
• Heterozygous pathogenic variants 

in COL4A3 or COL4A4 

Formerly known as 
• ‘Benign Familial Haematuria’ – but 

not necessarily benign, nor familial, 
nor associated with haematuria

• ‘Benign Persistent Haematuria’
• ‘Thin basement membrane 

nephropathy’
• Carriers of AR Alport syndrome’ 

AD Alport syndrome: same variant, different 
phenotypes

• Same variant (p.Gly695Arg) results in 
variable features – haematuria, 
haematuria plus proteinuria, renal 
impairment, kidney failure in 97% 

• 65% of hospital patients also had a renal 
phenotype 

‐ Solanki 2023

AD Alport syndrome: same variant and 
different age at kidney failure   

‐ Furlano 2021

Red symbols – age at 
kidney failure
Circles – ages of 
people without kidney 
failure 

AD Alport syndrome: variant type affects 
severity of clinical features
• Missense variants have a 

more severe phenotype 
than null variants 

• 97% of those with a 
severe variant 
(p.Gly695Arg) had a renal 
phenotype

• 60% with a milder variant 
(null) had a renal  
phenotype  (haematuria 
alone etc) ‐Solanki 2023

AD Alport syndrome: age affects proteinuria, eGFR

• Haematuria alone more 
common in younger people

• Overall 85% with Gly variants 
have haematuria, proteinuria or 
impaired  eGFR

• With increasing age, 85% have 
features but more severe (30% 
to 70%, worse proteinuria, 
eGFR)

• Worse renal features in controls 
too
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AD Alport syndrome: worse than expected 
kidney function over time

Differences in eGFR measurements over time

____expected eGFR trajectory over time

‐‐‐‐‐‐ eGFR for AD Alport syndrome 

‐ Furlano 2021

Risk of kidney failure in AD Alport syndrome  
• 14 – 39% in different hospital-based series – Pierides 2009, Furlano 2021, Solanki, 2023, Bada-

Bosch 2022
• But hospital-based series are biased towards severe disease

• Calculated risk of kidney failure in relatively unbiased populations
• In many cohorts of ESKF COL4A5 and COL4A3/COL4A4 variants occur about equally 

often 
• However pathogenic COL4A3/COL4A4 variants occur 20 x as often as COL4A5 normally 
• Thus the likelihood of ESKF for a COL4A3/COL4A4 variant is about 1/20 of that of 

COL4A5 variants – < 5% - Savige 2022

• However individuals with COL4A3/COL4A4 variants who have been referred to a 
nephrologist often have more severe disease

Risk factors for kidney failure in AD Alport 
syndrome 
• Better prognosis variants (large 

deletions, null, splicing)
• Worse prognosis variants –

’dominant negative’. Opposite of XL 
Alport syndrome. Earlier age at 
kidney failure (missense, Gly
substitutions) - Solanki 2023, Hoefele, 
2024

• Some Gly substitutions (Glu, Asp, 
Arg) result in more severe disease 
than others

• Proteinuria – Furlano 2021

• Kidney cysts parallel impaired 
kidney function –Bada‐Bosch 2022

Proteinuria and kidney failure in AD Alport 
syndrome

‐Wickman, 2016‐ Furlano, 2021

Proteinuria 
possibly due to 
podocyte loss 

Kidney survival with proteinuria 
worse than without proteinuria   

Kidney cysts in AD Alport syndrome 
• Kidney cysts are common in Alport 

syndrome due to all COL4A3-5 variants
• Mainly normal sized kidneys, sometimes 

normal kidney function 
– Sevillano 2014; Gulati 2020

Kidney cysts in AD Alport syndrome 
• Overall associated with a worse kidney 

outcome 
• Kidney function loss is determined by time-

averaged proteinuria and the presence of 
multiple cysts

• 31 patients with AD AS; age 57 + 12 years
• Cysts also occur in children 
• Half had kidney cysts; 13 per kidney
• Mainly cortical, subcortical; 65% > 5 mm 
• More cysts occurred with greater proteinuria 

and more advanced kidney failure   
• Associated with more rapid eGFR decline
• Not associated with hypertension 
• More cysts than in matched patients with IgA 

nephropathy 
• No pathogenic variants in other haematuria, 

cystic kidney or proteinuria genes
- Bada-Bosch 2024
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Hypomorphic variants in COL4A3 and COL4A4
may worsen kidney failure 
• Variants that in themselves do not even result in haematuria but which 

may, in association with another mild pathogenic variant in COL4A3 or 
COL4A4, result in kidney failure eg p.Leu1474Pro in COL4A3

Managing AD Alport syndrome 
• Haematuria is the clue found most often in AD Alport syndrome
• Genetic testing distinguishes between AD and XL disease 
• Not possible to predict likelihood of being affected from testing for haematuria alone. 

Genetic testing is worthwhile in first degree relatives
• Disease severity varies in different affected family members  
• Patients who are referred to Nephrology clinic usually have more severe disease

• Monitor every one - three years 
• Aim to minimise proteinuria with RAAS blockade and SGLP2 inhibitors and optimise BP 

and lifestyle issues. Treat from the onset of microalbuminuria. 
• Give patient a copy of their results. Explain to the patient the risk for other family 

members. Undertake cascade testing in first degree family members
• Preferably do not use an affected family member as a kidney donor  (ERKNet guidelines 

expected soon)

Treatment 
• RAAS blockade. ACE inhibitors and ARBs – to minimise albuminuria as much as 

BP allows. Antifibrotic too. For all modes of inheritance - Zeng 2023. Delays kidney 
failure by up to 13 years   – Gross 2011; Gross 2020

• SGLT2i - Mabillard 2020 
• Mineralocorticoid Receptor Antagonist or Finerenone – Song 2023
• Better BP control, weight control, smoking cessation 
• Newer agents
• Sparsentan- orally- active dual endothelin- angiotensin receptor antagonist reduces proteinuria 

in FSGS – Rheault 2023
• R3RO1 – reduces cholesterol esters – Wright  2021
• ELOX-02 – novel aminoglycoside for reading through ‘truncating’ variants, decreased proteinuria 

and improved kidney morphology 

Alport syndrome in children 
• Genetic testing in children 
• Generally not possible to identify affected status from haematuria alone
• Generally not possible to distinguish between XL and AR disease clinically 

• Can look in mother for haematuria, peripheral retinopathy and genetic variant 

• All children with haematuria are recommended to be tested for XL, AR, digenic and AD 
Alport syndrome

• Those with XL, AR Alport syndrome should undergo RAAS blockade
• Those with AD Alport syndrome should start RAAS blockade from onset of 

microalbuminuria 

• Often useful to undertake genetic testing in the mother first

• New guidelines coming soon from ERKNET – on using AD Alport donors 

How often are pathogenic variants found in 
children with haematuria or adults with  TBMN?
• 60 children referred for haematuria 
• 35 (58%) had a genetic diagnosis (5 gene 

panel)
• COL4A3 or COL4A4 (18,30%), COL4A5 

(13,22%), COL4A1 (2, 3%), MYH9 (1, 2%), 
CLCN5 (2, 3%)

• AD Alport syndrome (13, 22%), XL (12, 
20%), AR (2, 3%)

• Highest diagnostic yield with highest levels 
of haematuria (>500,000 x 106/L)

• Proteinuria  (UPC> 20 increased the 
diagnostic yield from 31 to 65%

- Shanks, 2023

• 13 patients with TBMN
• Tested with Sanger sequencing, MLPA and 

WES
• 7 (54%) had a P or LP variant in COL4A3 

or COL4A4 or a digenic variant, others in 
FSGS gene

– Hirabayashi, 2022

Missing variants in Alport syndrome 
• Even when there is  a strong suspicion of Alport syndrome, no variant may be 

found 
• More common with AD Alport syndrome - 70% found; 50% with haematuria, 

54% with GBM thinning   - Shanks, 2023; Hirabayashi 2022
• VUS or no variant at all 
• Otherwise Intronic splicing changes, large deletions, IgA nephropathy etc 
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What’s on the horizon?

• Better algorithms for genetic diagnosis
• Better understanding of genotype-phenotype correlation for pathogenic 

variants – UKBB, trimerization assays, minigene assays and more precise 
computational tools 

• Better understanding of hypomorphic variants and their modifying effect on 
disease 

• New treatments 
• Biomarkers to predict renal deterioration  
• More accurate advice on kidney donation from affected donors 

Summary
• AD Alport syndrome is commonest genetic kidney disease  and occurs 20 

times as often as XL disease 
• Clinical features for AD Alport syndrome vary even within a family 
• XL disease – null variants have a worse prognosis
• AD disease – missense variants have a worse prognosis
• Proteinuria is a risk factor for progression

• AD Alport syndrome is so common that it can coexist with other kidney 
diseases 

1.Haematuria in Alport syndrome is

 Demonstrated reliably by dipstick

 Found in nearly all males and females with XL or AR Alport syndrome

 Found in two thirds of people with AD Alport syndrome 

 Always persistent  

 May predict impaired kidney function 
 Sometimes proteinuria occurs without haematuria

Which of the following are False? Which of the following are False?

1.Haematuria in Alport syndrome is

 Demonstrated reliably by dipstick

 Found in nearly all males and females with XL or AR Alport syndrome

 Found in two thirds of people with AD Alport syndrome 

 Always persistent  

 May predict impaired kidney function 
 Sometimes proteinuria occurs without haematuria

2.An 11 year old boy has a lamellated GBM or pathogenic 
COL4A5 variant consistent with XL Alport syndrome 

 He should be tested for microalbuminuria

 He should be tested for a hearing loss 

 He should be tested for lenticonus and a fleck retinopathy  

 His mother, brothers and sisters should be tested for haematuria and 
proteinuria

 His father should be tested for haematuria 

Which of the following are False?
2.An 11 year old boy has a lamellated GBM or pathogenic 
COL4A5 variant consistent with XL Alport syndrome 

 He should be tested for microalbuminuria

 He should be tested for a hearing loss 

 He should be tested for lenticonus and a fleck retinopathy  

 His mother, brothers and sisters should be tested for haematuria and 
proteinuria

 His father should be tested for haematuria 

Which of the following are False?
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3.Microalbuminuria in a boy with XL Alport syndrome 

 All boys with XL Alport syndrome should be treated even before they 
develop microalbuminuria 

 Ramipril is the best agent in children 

 Albuminuria should be minimised using the tolerated highest dose 

 SGLT2 inhibitors are not yet proven to be effective in children 

Which of the following are False?
3.Microalbuminuria in a boy with XL Alport syndrome 

 All boys with XL Alport syndrome should be treated even before they 
develop microalbuminuria 

 Ramipril is the best agent in children 

 Albuminuria should be minimised using the tolerated highest dose 

 SGLT2 inhibitors are not yet proven to be effective in children 

Which of the following are False?

4.An 11 yo boy with haematuria but without a renal biopsy 
or genetic diagnosis of Alport syndrome  

 Does not need to be tested for microalbuminuria or treated 

 Should be tested for a hearing loss 

 Should be tested for lenticonus and a fleck retinopathy (non‐mydriatic 
retinal camera) 

 Should have his first degree relatives tested for haematuria  

Which of the following are False?
4.An 11 yo boy with haematuria but without a renal biopsy 
or genetic diagnosis of Alport syndrome  

 Does not need to be tested for microalbuminuria or treated 

 Should be tested for a hearing loss 

 Should be tested for lenticonus and a fleck retinopathy (non‐mydriatic 
retinal camera) 

 Should have his first degree relatives tested for haematuria  

Which of the following are False?

5.An 11year old girl with haematuria and a hearing 
loss 

 Should be tested for microalbuminuria and kidney function 

 Does not need to be tested for lenticonus and a fleck retinopathy 

 May have AR Alport syndrome 

 May have another cause for the hearing loss 

 May come from a consanguineous family 

Which of the following are False?

5.An 11year old girl with haematuria and a hearing 
loss 

 Should be tested for microalbuminuria and kidney function 

 Does not need to be tested for lenticonus and a fleck retinopathy 

 May have AR Alport syndrome 

 May have another cause for the hearing loss 

 May come from a consanguineous family 

Which of the following are False?
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Infectious complications in Asia

Paul Ananth Tambyah

Email from Epi 2 Nov 06

• Please be informed a case of Chickenpox, who is a Staff Nurse working in ward 
46 oncology. Thanks Sr L for alerting Epi. 

• 29 yo F had chickenpox before when she was young. 
• Rashes on hands and arms appeared on 31 Oct. 
• Staff was working on 29 and 30 Oct. She was off on 31 Oct. 
• Staff went to see GP near her home on 1 Nov and was given MC from 1 Nov to 

12 Nov. 
• Positive contact history: her daughter had chickenpox 2 weeks ago. 
• Actions: 1. Dear Sr L

Please identify any immuno-compromised, pregnant and non-immune
patients and staff in contact on 29 and 30 Oct and alert EPIU and Infection 
control nurses.
Kindly update Staff MC in Staff Sickness Surveillance accordingly.

What proportion of your staff are 
immune to chickenpox

A. 100%

B. 75-99%

C. 50-75%

D. I have no idea

An unfortunate boy (pt D)

• 4 yr old ALL

• Diagnosed 2004, Chemotherapy KKWCH

• Remission Jul 06

• Relapse Oct 06 with thrombocytopenia

• Had i/t MTx and reinsertion of PAC 27 Oct

• Received chemo with L-Asparaginase, iv 
vincristine, iv daunorubicin and IT MTX on 31 
Oct

Readmitted 

• Had two more cycles on 7 Nov 
and 14 Nov

• “The parents told me about the 
pain on <19 Nov>, but did not 
tell me about the vesicle, as they 
thought it rather insignificant. I 
saw him on <20 Nov> and 
noticed the vesicle, and admitted 
him to the iso ward for 
Acyclovir” 

• Adm 20 Nov, diffuse vesicles, 
unable to walk because of pain

What is the most likely differential 
for a vesicular rash in an 

immunocompromised child?

A. Mpox

B. Disseminated herpes simplex infection
C. Varicella

D. Enterovirus EV71 infection
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Developed seizures that night

• Treated with iv acyclovir, 
plts

• Bled from mucosae

• Increasingly drowsy

• Transferred to PICU

In PICU

• Went into multi-system 
organ failure

• Intubated, put on 
inotropes DA, NA

• Persistently hypoxic, 
bradycardic

• Death pronounced at 
23/11/06 0958H 
Cause of death : 
Disseminated varicella 

Email from Epi 2 Nov 06

• Please be informed a case of Chickenpox, who is a Staff Nurse working in ward 
46 oncology. Thanks Sr L for alerting Epi. 

• 29 yo F had chickenpox before when she was young. 
• Rashes on hands and arms appeared on 31 Oct. 
• Staff was working on 29 and 30 Oct. She was off on 31 Oct. 
• Staff went to see GP near her home on 1 Nov and was given MC from 1 Nov to 

12 Nov. 
• Positive contact history: her daughter had chickenpox 2 weeks ago. 
• Actions: 1. Dear Sr L

Please identify any immuno-compromised, pregnant and non-immune
patients and staff in contact on 29 and 30 Oct and alert EPIU and Infection 
control nurses.
Kindly update Staff MC in Staff Sickness Surveillance accordingly.

Reply from NM

• Dear Epi
The patients who had direct contact with S/N were:
1) A SJ 89XXXX
2) B XB 308XXXX 
3) C SG 920XXXX
4) D XI 309XXXX
5) E SH 903XXXX

Thanks
will update you if any new occurances take place.
Regards

What is the most appropriate post-exposure 
prophylaxis for a non-immune child who is 

immunocompromised and exposed to 
varicella?

A. Oral acyclovir

B. Valganciclovir
C. Varicella immunoglobulin

D. IVIG

Varicella (chicken pox)

Is transmitted by the:

a. Airborne route

b. Blood borne

c. Contact only

d. Droplets
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Which patients are the highest risk for 
infectious complications?

• A. A 20 year old living donor renal Tx recipient who is six 
months post transplant and is well

• B. A 12 year old cadaveric kidney transplant patient who is 3 
years post-transplant who has just been treated for rejection

• C. A 4 year old living unrelated donor recipient who is two 
years post-transplant and has hypertension

• D. A cadaveric kidney transplant who is 10 years post-
transplant and is now 15 years old

Case 2 -Background

• 23 year old Malay female
• Well-thrived, developmentally normal

• SLE diagnosed in 2006 at 14 years old
– Presented with rashes, oral ulcers and polyarthropathy
– CNS involvement with seizures
– SLE related neurogenic bladder with Mitrofanoff creation
– Class IV Lupus nephritis with ESRF

• Crohn’s disease involving the colon and terminal ileum

• Received multiple courses IV MP, also cyclophosphamide, IVIg, 
Rituximab and Belimumab

With thanks to Dr Manu Chhabra

Case 2 -Background

• ESRF:
– Initially on PD since 2007: PD fluid leak with peritonitis, inadequate UF
– Commenced on IHD with PD since 2009 via AVF
– Eventually on full HD since 2014
– Renal cystic disease complicated by bilateral RCC, nephrectomy in 2014

• Infection history:
– CONS peritonitis 2009, treated with IV and IP antibiotics
– Occult Eryisipelothrix rhusopathieae bacteraemia 2013
– Recurrent chest infections 2014
– CONS and Enterobacter Clocae exit site infection 2014
– Urinary bacterial colonisation with recurrent cystitis (E. Faecalis, E. Coli, 

Pseudomonas) 

With thanks to Dr Manu Chhabra

Deceased donor transplantation 2015
• Underwent living unrelated donor transplantation at 23 years old
• CMV +/+, EBV -/+
• Immunosuppression

– Induction: Basiliximab (anti-CD25), methylprednisolone, IV mycophenolate

– Maintenance : Prednisolone, Tacrolimus, and Mycophenolate. 

• Peri-operative course:
– Severe delayed graft function from ATN

– Biopsy POD7 negative for rejection

– ATG D2-11 (total 11mg/kg)

– Improvement in urine output and serum creatinine after POD 37

– Dialysis dependent till 5 weeks post-transplant

• Surveillance CMV and EBV PCR negative
– IV ganciclovir given POD2 – POD13, then oral valganciclovir

• Uncomplicated Candida and E Coli UTI post-op

With thanks to Dr Manu Chhabra

New fever 11 weeks post 
transplantation

Presents to clinic:

2 days generalised joint pains and myalgia with nausea and watery diarrhoea

1 day fever max T 38.3C

1 day epigastric and suprapubic abdominal pain

Systems review unremarkable

No joint swelling

No cough or sore throat, no jaundice, no vomiting

no headache, no rash, no hematuria, or retro-orbital pain 
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Examination

T 37.3

HR 120

BP 99/65 mmHg sitting

BP 89/50 mmHg standing

RR 22

SPO2 100% on air

GCS 15

Lethargic

No rashes

H s1 s2 no murmur

L clear

Abdomen soft and non tender

No hepatosplenomegaly

No graft tenderness

No neurological deficit

What is the most likely pathogen?

A. Rotavirus 

B. Dengue

C. Influenza

D. CMV

E. COVID

Investigations

TW 1.9 (chronic post transplant) ANC 1.43 ALC 0.15 
Plt 171
Hb 11.3  g/dL Haematocrit 33.6%
CRP 6 mg/L  
C3 107 mg/dL, anti-Ds DNA 3
UFE WBC 6  RBC 2  EC <1, urine culture: no growth

Dengue NS1 positive
Dengue Ig M, Ig G negative
Dengue Type 3 RNA positive

What is the diagnosis?

A. Dengue re-activation

B. Primary dengue infection

C. Dengue re-infection

D. SLE flare 

E. None of the above

Investigations

TW 1.9 (chronic post transplant) ANC 1.43 ALC 0.15 
Plt 171
Hb 11.3  g/dL Haematocrit 33.6%
CRP 6 mg/L  
C3 107 mg/dL, anti-Ds DNA 3
UFE WBC 6  RBC 2  EC <1, urine culture: no growth

Dengue NS1 positive
Dengue Ig M, Ig G negative
Dengue Type 3 RNA positive

Primary  DENV3 
infection

How would you manage her 
immunosuppression?

A. Stop MMF and keep Tacrolimus and Prenisolone

B. Stop MMF and Tacrolimus and keep prednisolone

C. Stop prednisolone and keep MMF and Tacrolimus

D. Stop prednisolone and Tacrolimus and keep MMF

E. Continue all immunosuppression
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Subsequent progress

• MMF discontinued, maintained on Tacrolimus and 
Prednisolone

• Improving AKI : Cr 132 mmol/L (baseline) to 180 mmol/L 
on D4, improved with hydration to a nadir of 87 mmol/L 
by D5

• Platelet counts improved by D5 (nadir of 88)
• Improvement in joint and muscle aches, and diarrhoea by 

day 8

• Persistence of fever
• WBC, lymphocyte, neutrophil counts and complement 

remained low

C3 levels dropped to 76 mg/dL (D6)
C4 remained normal

*

*
C

3 (m
g/dL

)

100

200

300

Subsequent progress

• Serum CMV PCR negative 

• Urine cultures grew E. Faecalis with mild pyuria, 
treated with amoxicillin

• Fever lysed D11, improvement in WBC counts

• Persistence of dengue RNA by RT-PCR in 
serum despite resolution of symptoms on repeat 
testing

Persistence of dengue RNAaemia

Ng et al Cell Host Microbe. 2019 Nov 13;26(5):601-605.e

Seroconversion with IgG1 
predominance

Would you treat her?

A. No

B. With steroids

C. With IVIg

D. With dengue vaccine
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Clearance of 
RNAemia associated 
with improvement in T 
cell counts, especially 
CD8 T cells

Persistence of dengue virus in urine

Kinetics of 
dengue virus 

infection reflect 
recovery  of   
humoral and 

cellular 
immunity

Podocytes a host cell for viral 
replication?

Podocytes a host cell for viral 
replication?

Am J Transplant. 2021 May;21(5):1944-
1947.doi: 10.1111/ajt.16540.

Donor tested negative for DENV 
viremia but positive for DENV viruria
resulting in the transmission of DENV 
to two kidney recipients

Does your center routinely screen 
donors for dengue?

A. No

B. Yes with urine PCR

C. Yes with serum NS1 Ag and/or IgM

D. Yes with blood PCR

E. Yes with some combination of the above
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Not so fortunate
Dengue
Viruria

Organs donors are routinely screened for 
which of the following in your country?

• A. HIV

• B. Hepatitis B

• C. Hepatitis C

• D. CMV
• E. Dengue

http://smj.sma.org.sg/5304/5304ra1.pdf

Fever and dysphagia
7 mos post-transplant

What is the diagnosis

• A. HSV

• B. Candida

• C. CMV

• D. Ca esophagus
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What does your center do for CMV 
prophylaxis post-transplant?

A. Universal prophylaxis

B. Targeted prophylaxis with valganciclovir

C. Targeted prophylaxis with acyclovir/valaciclovir

D. Targeted prophylaxis with letermovir

E. No prophylaxis, pre-emptive treatment

SGH
Experience

Don’t forget tuberculosis
Don’t
forget
TB

TB can
have an
impact

A travelling kidney??

Kalisvar Marimuthu

Tan Tock Seng Hospital and 

National University of Singapore Health System
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History

Ms M is a 28 year old Indonesian woman from Sumatra with 
end stage renal failure secondary to SLE with class IV lupus 
nephritis:

• Renal transplantation in Guangzhou China on 18/4/08
• Current immunosuppressants: 

– tacrolimus 2mg bd
– mycophenolate mofetil 500mg bd
– prednisolone 5mg OM

• Admitted  Nov 2010 with dyspepsia and fevers

Lab results

• Full blood count
• WBC 5.75 x 109/L
• HB 6.8 g/dL
• MCV 59.2 fL
• Platelet 178 x 109/L

• Renal panel
• Na 125 mmol/L
• K 2.5 mmol/L
• Urea 32.3 mmol/L
• Creatinine 526 mmol/L

OGD performed on 10 Nov 2010

Focal ulceration seen at D2 (biopsy taken).  D3, 4 
showed pale irregular mucosa (biopsy taken).

Gastric biopsy H&E

Gastric biopsy GMS
Diagnosis

• A. A fungal infection

• B. A bacterial infection

• C. A viral infection

• D. A mycobacterial infection

• E. A malignancy



6/9/2024

10

Renal biopsy was done Blood cultures grew (27ºC):

Final diagnosis

• A. Aspergillus fumigatus

• B. Cladosporium balantia

• C. Histoplasma capsulatum

• D. Penicillium marneffei

• E. Cryptococcus neoformans

Review : Penicillium marneffei

• P. marneffei is the only thermally dimorphic fungus of the genus Penicillium.

• At 25°C on culture plates it forms a mould and at 37°C, a yeast

• Penicillium marneffei was first isolated from a bamboo rat (Rhizomys sinensis) in VN

• First human case in a lymphoma pt in 1973
Lim et al.  J Clin Pathol 2006.

Geographic distribution of P. marneffi
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Nutritional Requirements in CKD: 
Focus on Asian Diet and Infants

Wong Chui Ying 

Principal Dietitian

National University Hospital  

Outline 

• Case example

• Nutritional requirements for growth in CKD infants

• Feeding challenges in CKD infants
• Choice of milk feeds 

• Volume/fluid restriction 

• Vomiting/ GERD

• Food aversion

[Input data classification]
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Question 1 

What are the factors for poor growth and inadequate nutritional intake in 

infants with CKD?

A. GER (gastro‐ esophageal reflux)

B. Low appetite

C. Dialysate losses

D. All of the above 
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Question 1 

What are the factors for poor growth and inadequate nutritional intake in 

infants with CKD?

A. GER (gastro‐ esophageal reflux)

B. Low appetite

C. Dialysate losses

D. All of the above 

Latching 
difficulties

Picky eater

Food 
refusal

Ineffective 
sucking

Spitting up

Insufficient 
intake

Eating Chronic Kidney Disease

HospitalizationElectrolyte 
imbalance Fluid 

restriction

Inability to meet 
nutritional 

requirements

Dysugesia

Reflux and 
vomiting

Poor appetite

Medications

Abdominal 
fullness

Delayed gastric 
emptying

Nutrition and Growth in Infant with CKD 
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Case: Baby K

Diagnosis: Congenital Nephrotic Syndrome with genetically‐proven Denys‐Drash
Syndrome (Genotype XY, WT1 mutation)

Born in Jakarta, at 40 weeks at 2735g via Caesarean section due to previous lower 

segment C‐sec 

First presented at 3 months of life with intermittent eye swelling twice per week

At 5 months old, proteinuria was first noted and had persistent proteinuria despite 
completion of antibiotics.

She was progress from oliguria to anuria, with anasarca and stage 2 hypertension.

Perm‐cath tunneled CDL insertion (8Fr) on the right. Haemodialysis was initiated. 

Case: Baby K‐ Dialysis

• At age of 7 months, she transferred to Singapore for further care.

• She was admitted to NUH Paediatric Intensive Care Unit for 
commencement of continuous renal replacement therapy. 

• 2 weeks later, she was transitioned to intermittent HD.

• Commenced on PD due to the dislodgement and removal of her right 
Mahukar line after another 2 weeks (8 months old).

Case: Baby K‐ Feeding History & Growth

• Fully breast fed till 3 months old. (mix of 
breast and bottle feeding)

• At 4 months, she was hospitalised and had 
NGT inserted as she was unwell and 
unable to complete feeds. 

• On transfer to NUH at 7 months old, she 
was on NG continuous feeding @ 20ml/hr.

Case: Baby K‐ Nutrition 

7 months old, on CRRT

weight and length: 5.665kg (~1%ile) and 59cm (<1%ile)

working weight: 6kg    

Additional 0.1g/kg/day for HD
 1.2‐1.4g/kg/day

Adapted from Shaw V, Polderman N, Renken‐Terhaerdt J, Paglialonga F, Oosterveld M, Tuokkola J, Anderson C, Desloovere A, Greenbaum L, Haffner D, Nelms C, Qizalbash L, Vande Walle J, Warady B, Shroff R, Rees L. Energy and protein 
requirements for children with CKD stages 2‐5 and on dialysis‐clinical practice recommendations from the Pediatric Renal Nutrition Taskforce. Pediatr Nephrol. 2020; 35:519‐531. 

Blood results:  

calcium: 1.88 Phosphate: 0.97

Urea: 10.3 Creat: 98

Feeding regime:

• NG continuous feeding with Dulac stage 1 (5 hours x 4 cycles) 

• Grade up regime 20ml/hr > 30ml/hr > 35ml/hr (117ml/kg/day)

• Fortified formula with Carborie > concentration of 0.8kcal/ml 

• Final regime: 35ml/hr Dulac + Carborie (0.8kcal/ml) provides 

 572kcal (95kcal/kg), 9.2g protein (1.5g/kg)

Allow 10ml milk via bottle at the start of each cycle, remainder via NGT 

Case: Baby K‐ Nutrition 
[Input data classification]
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Question 2 

Breast milk is preferable for infants with CKD because it is: 

A. High in calories

B. Low in phosphate 

C. high in potassium

D. Contains antibodies 
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Question 2 

Breast milk is preferable for infants with CKD because it is: 

A. High in calories

B. Low in phosphate

C. high in potassium

D. Contains antibodies 

Challenge: Choice of Formula 

• In infant, breast milk is the feeding of choice. 

• Breast milk provides modest amount of phosphorus and 
calcium and is gold standard for all infants including those 
with renal disease. 

• If breast milk is not available, standard formula may be 
appropriate 

• When low potassium and phosphorus intake is required, 
special formula with low renal solute load should be 
offered 

• e.g. Similac PM 60/40, Kindergen, Renastart

Key nutrient composition of human milk, standard formula and 
special formula  (per 100ml) 

Nutrient Human 
milk 

Human milk
+HMF 

Term formula  Renastart Kindergen Similac PM 
60/40

Energy,kcal 67 80 68 100 100 67

Protein (g) 0.9 1.9 1.4 1.5 1.5 1.5

Fat (g) 4.2 4.6 3.7 4.8 5.2 3.7

Carbs (g) 7.3 9.1 7.4 12.6 11.6 6.8

Vit D (IU) 2 60 46 96 96 40

Calcium (mg) 28 144 53 24 46 37

Phosphorus (mg) 15 79 29 19 23 19

Magnesium (mg) 3.1 7.0 4.7 8.1 10.9 4.0

Iron (mg) 0.1 0.4 1.2 1.0 1.5 0.5

Sodium (mg) 18 34 17.1 48 46.1 16

Potassium (mg) 58 122 77 22 23.9 53

Zinc (mg)  0.3 1.3 0.6 0.89 0.83 0.5

When special formula is not available:

• Choose standard formula with lowest phosphate and potassium 
contents 

• Use of medications to reduce phosphorus and potassium contents 
in the formula 

e.g. “decanting” formula milk with phosphate binders 

Special Formula: What to do if you don’t have it 

[Input data classification]
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Question 3 

Select the preferred method to increase calories without 
increasing feeds volume in infants with CKD? 

A. Adding formula powder to EBM

B. Adding glucose polymers to EBM/ formula 

C. Concentrating formula by addition of more scoops of 
powder to a given volume of water 

D. All of the above 
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D. All of the above 
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• Concentrating formulas by increasing ratio of formula powder to water is not 
recommended as it also increases electrolytes 

• Increase the calories per volume amount‐ adding energy modules e.g. glucose 
polymers, fat emulsions

Glucose polymer ‐ Carborie, Polycose

Challenge: Volume Restrictions 

Adapted from Shaw V (ed) Clinical Pediatric Dietetic, 4th edition(2015). Chichester: Wiley Blackwell, page 18

Energy
Module

Age
(months)

Amount of CHO module (g) 
added to 100ml formula/ EBM

Final concentration of CHO in 
formula (g/100ml) 

Glucose
polymer 

< 6 3‐5 10‐12

6‐12 5‐8 12‐15

Fat emulsions –MCT oil 

Adapted from Shaw V (ed) Clinical Pediatric Dietetic, 4th edition(2015). Chichester: Wiley Blackwell, page 18

Energy
Module

Age (years) Amount of fat module (ml) added 
to 100ml formula

Final concentration of fat in 
formula (g/100ml) 

Fat 
emulsion

< 1 3‐5 5‐6

>1  9 9

Protein powder ‐Myotein, Beneprotein, Propass

• To provide specific amount of protein per kg of body wt

• Added in small amount and increase gradually 

• Monitor urea levels to detect excessive intake 

Challenge: Volume Restrictions

Case: Baby K – Volume Restrictions

• Start IHD for 2 weeks while waiting for PD 

• Fluids restriction = 300ml/day 

• Feeds changed to Renastart (1kcal/ml) and Infatrini
(0.92kcal/ml). 

• Increased feeds concentration further to 1.1‐
1.2kcal/ml by adding Carborie. 

• Renastart (weekends); Infatrini (weekdays) with 
15ml/hr then subsequent switch to bolus 50ml 
Q4H 

• MCT oil 0.5ml QDS, extra 3kcal/kg/day 

= Total intake: 59‐65kcal/kg/day and 0.8‐1.3g 
protein/kg/day

On IHD 

Case‐ Baby K: Initiation of PD

At 8 months old,

PD initiated and feeds volume 
increased to ~480ml/day.

Formulas remained the same‐

• fortified Renastart & Infatrini

with Carborie (1.1‐1.2kcal/ml). 

Additional 0.15‐0.3g/kg/day for PD
 1.25‐1.6g/kg/day

Case‐ Baby K: Frequent vomiting 

• Feeding regime was adjusted many times to reduce vomiting ‐ tried various methods 

(timing, feeding volume/rates, delivery route)

At 9 months old, 

• discharged after 2 months of hospital stays. 

• Final regimen: 480ml/day 

• Day bolus: 45ml Q3H x 4; Night continuous: 30ml/hr x 5 hrs x 2 cycles 

• Allow time off from feeding (daytime)‐ purees via oral 

• Biochem results: 

Sodium: 131‐140  Urea: 9.7‐12.6 Phosphate: 1.76‐2.6

Potassium: 3.2‐4.5 Creat: 260‐330

PD initiation

Total intake: 565kcal (94kcal/kg), 10.5g protein (1.8g/kg), 207mg sodium, 299mg K+, 

301mg Calcium, 174mg PO4. 
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Case‐ Baby K: Frequent vomiting 

• At 10 months onwards, 
• Feeds increased to 550‐570ml per day 
• Total intake: 652kcal (100kcal/kg), 11.7g 

protein (1.8g/kg), 242mg sodium, 324mg K+, 
327mg Calcium and 191mg PO4

• Frequent vomiting ++

At 13 months, 
• She underwent pH impedance study and 

laparoscopic Nissen fundoplication with 
gastrostomy creation 

• Switched to HD temporarily (~470ml/day) for 
1 month.

Stagnant weight

[Input data classification]

26

Question 4 

Which of the following is incorrect for complementary feeding 
(weaning) for infant with CKD? 

A. Solid foods should be introduced as recommended for healthy 
infants.

B. Weaning diet can be delayed as long as growth is good.
C. Oral stimulation is desirable, even if oral intake is limited. 
D. Weaning is important for development of oral‐motor skills. 
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Question 5 

Reasons for food aversion in infants with CKD: 

A. Uremia 

B. GER/ vomiting 

C. Reduced small and taste sensations

D. All of the above
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Question 5 

Reasons for food aversion in infants with CKD: 

A. Uremia 

B. GER/ vomiting 

C. Reduced small and taste sensations

D. All of the above

Appetite, taste, GERD (negative association)

Oral Stimulation

• can start by providing positive non‐nutritive oral stimulation

• positive experience around infant’s face/mouth (e.g kisses, stroking) 
infant learns that not all touch is negative.

• Use mouth pacifiers and toys with different textures

Play with food

Do not pressure or force‐feed child 

Consult speech therapist to offer skill‐appropriate

Challenge: Food Aversion 
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Weaning Diet 

• CKD does not change the time of weaning: 4‐6 months of age.

• Solids provide extra energy.

• Start with smooth pureed food, progress with lumpy textures as 
tolerated.

• Is important baby developing chewing skills at this stage 

• Take into considerations of dietary restrictions for CKD 

• If child has problems with chewing and swallowing foods, may 
need advice from a speech and swallowing therapist 

• Some children with CKD do not eat normally until they have a 
kidney transplant, keep up messy play and involvement at 
mealtimes is important even if no food is eaten 

Case‐ Baby K: Oral feeding 

• Her main source of nutrition has been tube feeding 

• Regular ST reviews since admission (at 7 months old).

• Short term goal:  pleasure and skill development

• ST recommendations : 

• Allowed to bottle‐feed 10ml at a time as tolerated before each NG feed. 

• Started purees once a day with different flavours

• Allow meltable baby biscuits

• To increase her interest in food‐ encourage exposure to the sights, smells and touch 
of food by eating with her and/or in front of her.

Case‐ Baby K: Oral feeding 

19 months old: 

• Her growth is stable and progressing well 

• Reduced total calories by 8% from tube feeding to stimulate hunger 

• Her current regime (570ml/day)

8am  75ml milk (bolus)

11am  75ml milk (bolus)

2pm  75ml milk (bolus)

5pm  Oral feeding‐ purees 

6‐7pm 75ml milk (bolus)

11pm – 5am  45ml/hr x 6 hours x 1 cycle 

• Nutrition is a key component in the management of infants with CKD‐
maintain normal growth and development. 

• Nutrition therapy needs to be individualized, depending on:

• Stage and progression of CKD

• Modality of dialysis

• The needs of the growing and developing child

• There is no one‐size‐fits all approach.

• Multidisciplinary team approach is needed; doctors, dietitian, nurses, speech 
therapist, play therapist.

Take Home Message

Thank you.

35

[Input data classification]
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Steroid-Free 
Treatment For 
Lupus Nephritis In 
Children: Is It 
Possible?

Hui-Kim Yap
Shaw-NKF-NUH Children’s Kidney 
Centre
KTP-National University Children’s 
Medical Institute
National University of Singapore

Higher rates of organ involvement: >70% of Singapore 
children developed lupus nephritis during the course of SLE

Rate of CKD 5 is reported to be up to 15% 
in children with lupus nephritis

Study LN 
patient 
number 

(n)

Follow up 
(median 
[range])

Initial kidney 
involvement 

(n,%)

CKD stage 5 
or kidney 

failure
(n, %)

Groot et al (2019) 111 20 years 67/111 
(60%)

16/111 
(14%)

Hari et al (2009) 54 10 years No data 3/54 
(6%)

Taheri et al (2011) 60 3 years No data 9/60 
(15%)

Wong et al (2006) 128 5.3 years 
[1-16.5]

51/128 
(40%)

4/128 
(3%)

Vachvanichsanong
et al (2009)

180 3.9 years 
[0.02-19.4]

No data 2/180 
(1%)

(Oni L et al; Pediatr Nephrol 2021)

In hospitalized children, average adjusted probability of the first 
occurrence of any adverse renal outcome at a given hospital 
admission was higher in African American and Asian children

(Chang JC et al; Arth Rheum 2022)

Standardized mortality ratio in adult lupus nephritis is increased     
(Multisite international cohort study: 23 centres, 9547 patients)

Cause of death Standardized 
mortality ratio

95% CI

All deaths 2.4 2.3-2.5
Heart disease 1.7 1.4-2.0
Stroke 1.1 0.7-1.7
Malignancy 0.8 0.6-1.0
Infections 5.0 3.7-6.7
Respiratory 1.3 0.8-1.6
Renal 7.9 5.5-11.0

(Bernatsky S et al; Arthritis Rheum 2006)

What are the challenges associated with traditional steroid-
based treatment approaches in childhood lupus nephritis?
Can steroid dose be minimized with current multi-targeted 
therapy for lupus nephritis? 
Can steroid-free management be achieved with the new 
biologics and targeted therapies?
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What are the challenges associated with 
traditional steroid-based treatment 

approaches in childhood lupus nephritis?

Case

A 10-year old boy presented with fever, facial nerve and right 6th

nerve palsy and acute nephritic syndrome. Investigations showed
neutropenia, thrombocytopenia, low serum complements and
positive anti-dsDNA Ab. Renal biopsy showed focal proliferative lupus
nephritis (ISN/RPS class III). He was treated with prednisolone,
azathioprine and hydroxychloroquine and was apparently in
remission. He presented again 3 years later with hypertensive
encephalopathy with BP of 200/111, AKI, pulmonary hemorrhage
and evidence of TTP. He was given IV phenytoin, intubated and had
to be dialyzed. He was also given 12 sessions of plasmapheresis.
Renal biopsy then showed diffuse lupus nephritis (ISN/RPS class IV)
with 29% fibrocellular crescents and thrombotic microangiopathy. He
received 2 courses of IV methylprednisolone, with mycophenolate
followed by IV cyclophosphamide during this time and had
complications of pneumonia with acute respiratory distress.

He was subsequently transferred to our
hospital for initiation of chronic dialysis
as his serum creatinine remained at
586 umol/L.
A Tenckhoff catheter was inserted and
PD was commenced.

MCQ 1

What immunosuppressive therapy regimen 
would you recommend at this point?

A. Stop all immunosuppressive therapy
B. Oral prednisolone low dose
C. Oral prednisolone low dose and hydroxychloroquine
D. IV methylprednisolone pulses with tapering oral 

prednisolone and mycophenolate
E. Monthly low dose IV cyclophosphamide pulse with 

oral prednisolone
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What immunosuppressive therapy regimen 
would you recommend at this point?

A. Stop all immunosuppressive therapy
B. Oral prednisolone low dose
C. Oral prednisolone low dose and hydroxychloroquine
D. IV methylprednisolone pulses with tapering oral 

prednisolone and mycophenolate
E. Monthly low dose IV cyclophosphamide pulse with 

oral prednisolone

He was continued on monthly pulse IV
methyl-prednisolone for a total of 6
courses together with mycophenolate as
maintenance therapy.
Over the next 2 months, his serological
parameters of activity normalized, with
recovery of renal function. His serum creatinine
reached a baseline of 80 umol/L and
proteinuria of 0.29 g/day/1.73m2.

ACHIEVE REMISSION
Decrease lupus activity
Restore kidney function
Decrease proteinuria 

PREVENT PROGRESSION 
OF CKD

Decrease proteinuria
Prevent SLE relapses 

Sequential immunosuppressive therapy for 
proliferative lupus nephritis (ISN/RPS class III/IV)

Maintenance

Induction

Kidney survival rates in severe lupus nephritis worse in those who did 
not achieve remission after induction therapy: 94% at 10 years in 

remission group compared with 31% in no remission group
Month

Remission
No remission

0       12     24     36     48     60     72     84     96     108     120     132     144     156     168     180     192
37 37     37     36     35     33     31     31     30       30       29       27       27       22       18       14        3  
49       34     26     21     19     19     18     18     16       15       13       13       13       12         5         3

(Korbet SM et al., Am J Kidney Dis 2000)Months

Remission

No-Remission

p <0.0001
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Steroid-based 
immunosuppression 
protocols have been 
the mainstay of 
treatment of lupus 
nephritis

MCQ 2
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In a recent meta-analysis, which induction 
immunosuppressive agent(s) ranks as the best to 
induce complete remission with least side effects?

A. Prednisolone + hydroxychloroquine
B. Prednisolone + IV cyclophosphamide
C. Prednisolone + mycophenolate
D. Prednisolone + calcineurin inhibitor
E. Prednisolone + mycophenolate + calcineurin inhibitor

In a recent meta-analysis, which induction 
immunosuppressive agent(s) ranks as the best to 
induce complete remission with least side effects?

A. Prednisolone + hydroxychloroquine
B. Prednisolone + IV cyclophosphamide
C. Prednisolone + mycophenolate
D. Prednisolone + calcineurin inhibitor
E. Prednisolone + mycophenolate + calcineurin inhibitor

Unique records identified through updated database 
searching of MEDLINE, Embase and Cochrane 
databases through March 2, 2018

74 RCTs were included, 67 on induction therapy (n= 
4791), 9 on maintenance therapy (n=767)

Involving adults and children (<18 years, 31 studies)

Outcomes for induction therapy (compared to IV 
cyclophosphamide): 

Primary: complete remission, ESKD, all-cause 
mortality

Others: Partial renal remission, doubling of serum 
creatinine, side effects of therapy

Induction
(studies; participants)

MMF
(10; 878)

MMF + TAC
(2; 402)

IV CYC + MMF
(1; 82)

CNI
(4; 178)

Complete remission 1.17 
[0.97, 1.42]

2.38 
[1.07, 5.30]

1.22 
[0.78, 1.89]

1.35 
[0.94, 1.93]

Partial renal remssion 1.02
[0.89, 1.18]

1.0 
[0.78, 1.28]

1.03 
[0.55, 1.90]

0.88 
[0.61, 1.26]

All cause mortality 1.12  
[0.61, 2.06]

0.0 
[0.0, 0.0]

0.95 
[0.06,14.72]

0.41 
[0.06, 2.69]

ESKD 0.71 
[0.27, 1.84]

1.48 
(0.62-3.53)

1.0 
[0.07,14.85]

Doubling Screatinine 0.0 
[0.0, 0.0]

0.98 
[0.10, 9.23]

0.57 
(0.23-1.40)

0.33
[0.01, 7.72]

Herpes zoster 1.39 
[0.78, 2.46]

0.80
[0.22, 2.94]

1.41
[0.38, 5.20]

Ovarian failure 0.36
[0.06, 2.18]

0.0 
[0.0, 0.0]

0.25 
[0.03, 2.18]

Diarrhea 2.42
[1.64, 3.58]

2.33
[0.92, 5.94]

0.35 
[0.12, 1.01]

Alopecia 0.29 
[0.19, 0.46]

0.78 
[0.36, 1.72]

0.21 
[0.02, 1.76]

The combination of MMF plus calcineurin 
inhibitor ranked as the best treatment to  
induce remission with least side effects

MCQ 3
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In a recent meta-analysis, which maintenance 
immunosuppressive agent ranks as the best to prevent 
relapses in lupus nephritis with least side effects?

A. Prednisolone
B. Hydroxychloroquine
C. Azathioprine
D. Cyclophosphamide
E. Mycophenolate mofetil

In a recent meta-analysis, which maintenance 
immunosuppressive agent ranks as the best to prevent 
relapses in lupus nephritis with least side effects?

A. Prednisolone
B. Hydroxychloroquine
C. Azathioprine
D. Cyclophosphamide
E. Mycophenolate mofetil

Outcomes for maintenance therapy:

Primary: All-cause mortality, ESKD, relapse after 
remission

Secondary: Partial renal remission, doubling of 
serum creatinine, side effects of therapy

Maintenance 
(studies, participants)

AZA vs MMF
(4; 452)

AZA vs CYC
(1; 39)

AZA vs CsA
(1; 69)

AZA vs TAC
(1; 30)

Renal relapse 1.75 
[1.20, 2.55]

0.79 
[0.34, 1.85]

1.25 
[0.51, 3.06]

6.62
[0.35, 123.63]

All cause mortality 1.15 
[0.34, 3.87]

0.12 
[0.01, 2.03]

0.0 
[0.0, 0.0]

ESKD 1.70
[0.52, 5.54]

0.35 
[0.04, 3.09]

0.0 
[0.0, 0.0]

Doubling Screatinine 2.19 
[1.03, 4.66]

0.79 
[0.34, 1.85]

Leukopenia 5.61 
[1.68, 18.72]

2.73 
[0.95, 7.86]

Major infections 1.08 
[0.60, 1.96]

2.18 
[1.01, 4.73]

1.26 
[0.30, 5.22]

Ovarian failure 0.77 
[0.17, 3.42]

GI symptoms 1.02 
[0.41, 2.51]

0.30 
[0.09, 0.97]

1.89 
[0.18, 19.89]

Alopecia 0.95 
[0.46, 1.95]

AZA was associated with more renal relapse, doubling 
of serum creatinine and leukopenia compared to MMF
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REMISSION INDUCTION

High dose IV 
cyclophosphamide 

for 6 months + 
MMF

Low dose IV 
cyclophosphamide

for 6 months

Mycophenolate 

(MMF)

REMISSION MAINTENANCE

AzathioprineMycophenolate mofetil

or

or

Current evidence-based treatment of severe 
proliferative lupus nephritis in adults

(2019 update of the EULAR recommendations for the management of SLE. Ann Rheum Dis 2019)

First Line Refractory or severe

CNI
or

CNI + MMF

or

(American College of Rheumatology Guidelines; Arth Care Res 2012)
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(Cain DW et al; Nat Rev Imunol 2017)
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Is there an optimal 
steroid dose for 

immunosuppressive 
action without 

increasing toxicity?

Non-genomic mechanisms must be 
activated by high dose steroids 
(prednisolone equivalent ≥100 mg) to 
realize further immunosuppression 
without increasing toxicity
Non-genomic effects increase up to 
equivalent of methylprednisolone 1 g 
Clinical outcomes may not improve 
beyond cumulative methylprednisolone 
dose of 1.5 g but risk of infection does

What is a reasonable 
steroid dosing 

strategy for treatment 
of lupus nephritis?

Induce genomic and non-genomic 
effects rapidly with IV 
methylprednisolone daily for 2-3 
days to a maximum of 1 g
Maintain with moderat-dose 
prednisolone 0.3-0.5 mg/kg/day
Prednisolone reduction without 
antecedent high dose methyl-
prednisolone may not be adequate 
to treat severe lupus npehritis

What about in children with lupus nephritis? All children received high 
dose steroids either IV or 
oral for induction therapy 
followed by maintenance 
steroids in 90%

(De Mutils C et al, Pediatr Nephrol 2023)
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Maintenance (%) in 382 patients

About 50%        
of children 
achieved 
complete 
remission while a 
further 30% 
achieved partial 
remission at        
6 months 
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(De Mutils C et al, Pediatr Nephrol 2023)

Major concern in children: 
cumulative steroid-related 
toxicities

Infections 
Short stature
Cosmetic effects
Osteoporosis
Cataracts or glaucoma
Hypertension
Diabetes mellitus
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Growth retardation is a 
significiant problem in 
childhood-onset SLE due to 
daily steroid dosing

Long-term steroids 
decreased spine bone 
mineral density in 
children with SLE

Normals

NS after steroid 
withdrawal

NS on steroids

SLE on steroids
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(Bianchi ML, Calcif Tissue Int 2002)

Intermittent IV 
cyclophosphamide for 36 
months in children with 
lupus nephritis resulted in 
a 60% reduction in 
dosage of prednisolone to 
a mean of 14 mg DAILY 0
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Mean ± 1 SEM P<0.05 at 6, 12, 18, and 36 months

(Lehman TJA et al, J Pediatr 2000)

Current therapeutic regimens involved daily steroid dosing

Therapy of juvenile-onset 
SLE resulted in decrease 
in activity over time but 
could not prevent 
damage scores from 
increasing
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(Bandeira M et al, Lupus 2006)

Can steroid dose be minimized with current 
multi-targeted therapy for lupus nephritis? 

MCQ 4
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Can steroids be discontinued during 
maintenance therapy of lupus nephritis? 

A. Yes
B. No
C. Maybe

Can steroids be discontinued during 
maintenance therapy of lupus nephritis? 

A. Yes
B. No
C. Maybe

RCT (n=96) of lupus nephritis (LN) patients on maintenance 
immunosuppression therapy (IST) with AZT or MMF for 2-3 years 
and hydroxychloroquine + low dose steroids ≤10 mg/day
Randomized into:

IST continuation over 24 months (n=48)
IST discontinuation over 3 months (n=48)

Primary outcome: relapse of proliferative LN at 24 months 
Secondary outcome: Severe lupus flare (renal/extrarenal)

Patients who discontinued immunosuppression had higher risk of 
relapse of lupus nephritis and severe flares of lupus despite low 
dose maintenance steroid therapy
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Patients who discontinued immunosuppression had higher risk of 
relapse of lupus nephritis and severe flares of lupus despite low 
dose maintenance steroid therapy
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Remission
(<0.3 g/day/BSA)

Pulse IV MP up to 6 
doses + MMF

Proteinuria
(>1 g/day/BSA)

Normal creatinine

Add CSA

REMISSION 

INDUCTION

REMISSION 

MAINTENANCE
CsA taken off

Prednisolone 

Daily                    
(0.5-1 mg/kg/day 

<30 mg/day)

Alternate day or 
stop

Taper

Continue MMF
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Difference between IV 
methylprednisolone and 
oral prednisolone:

IV methylprednisolone kills 
plasmacytoid dendritic cells that 
makes the type 1 interferons which 
are the major driver of lupus
Dendritic cells regenerate in a 
week implying that repeat pulsing 
may be useful in inducing 
remission

(Guiducci et al, Nature 2008)

Combination of pulse 
methylprednisolone, 
mycophenolate and 
cyclosporine is an 
effective therapeutic 
alternative for 
induction of children 
with severe 
proliferative lupus 
nephritis 
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(Aragon E et al Lupus 2010)

16 children with proliferative lupus nephritis (III/IV):
Median duration of follow-up: 9.2 years (range 5.8-14.2 years)
All children achieved complete remission within 24 months 
(median 8.7 months, range 4-24 months)

Patient Induction therapy Duration of therapy 
(years)

MMF dose at last 
followup (mg/m2/d)

Pred dose at last 
followup (mg/kg/d)

1 IV MP+MMF+CSA 10.2 532.1 NIL

2 IV MP+MMF+CSA 9.5 1291.7 0.12 EOD

3 PRED+MMF+CSA 12.8 1170.5 0.04 EOD

4 IV MP+MMF 12.9 1238 0.17 OD

5 IV MP+MMF+CSA 7.9 751 NIL

6 IV MP+MMF+CSA 9.0 990.6 0.06 EOD

7 IV MP+MMF+CSA 7.8 1107.9 NIL

8 IV MP+MMF+CSA 11.6 1015.8 NIL

9 IV MP+MMF+CSA 6.8 1266.7 0.09 OD

10 PRED+MMF+CSA 14.2 1158.5 0.16 EOD

11 IV MP+MMF+CSA 11.9 1198.5 NIL

12 IV MP+MMF+CSA 6.4 1145.5 0.20 EOD

13 IV MP+MMF+CSA 9.4 1171.5 NIL

14 IV MP+MMF+CSA 5.8 945.5 0.10 EOD

15 IV MP+MMF 5.8 1169.5 0.02 EOD

16 IV MP+MMF+PLEX 6.8 1243 0.04 EOD

Cumulative relapse 
free (proteinuria free) 
survival at 10 years 
was 73.3%
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(Aragon E et al Lupus 2016)

Patients treated with 
MMF/CsA fared better 
in terms of growth as 
shown by the height 
SDS compared to 
CP/AZA group
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Case

His steroid dose was 
gradually tapered over 9 
months and he was then 
changed to alternate day 
therapy with improvement 
in his height velocity. 
Steroid therapy was 
discontinued 8 years later 
and he was maintained on 
mycophenolate and 
hydroxychloroquine.

Can steroid-free management be achieved with 
the new biologics and targeted therapies?

MCQ 5

Which of the following biologics have been 
shown in clinical trials to be effective in 
inducing remission in lupus nephritis?

A. Belatacept
B. Belimumab
C. Dupilumab
D. Eternacept
E. Tocilizumab

Which of the following biologics have been 
shown in clinical trials to be effective in 
inducing remission in lupus nephritis?

A. Belatacept
B. Belimumab
C. Dupilumab
D. Eternacept
E. Tocilizumab
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Unique records identified through searching of 
MEDLINE, Embase and Cochrane databases through 
December 9, 2021 (19 studies, 1566 patients)

Reduction in albuminuria following Rituximab 
treatment in children with lupus nephritis

(UK JSLE cohort study n=31)
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(Watson L, et al Lupus 2014)

(p=0.057)

Retrospective study in 63 children with SLE 
receiving 104 courses of rituximab
Adverse events:

18% delayed second course
6% allergy
2% reduced Ig level
2% infection including CMV and herpes 
zoster

B cell
CD40

BCR TCR

CD40L

T cell

CTLA-4
CD28

B7.2
B7.1

Ag
Cytokine 
receptor

TACI
BAFF-R

Anti-BLyS
(Belimumab)

BLyS

B-cell directed therapies
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Aim of systematic review: Role of belimumab in the 
maintenance phase of treatment for lupus nephritis

PubMed, PubMed Central (PMC), Cochrane Library and 
Embase were searched using appropriate keywords

Screening of title and abstract was done in Covidence 
and review manager (RevMan 5.4) was used for data 
analysis with random or rixed effects model based on 
heterogeneities

2 randomized controlled trials were included in the 
quantitative analysis (n=488)

Study or Subgroup
Belimumab Group Control Group

Weight
Odds Ratio Odds Ratio

Events Total Events Total M-H, Random, 95% CI M-H, Random, 95% CI

Complete response
Atisha-Fregoso Y, et al. 2021 (1) 5 21 4 21 9.0% 1.33 [0.30, 5.84]
Furie R, et al, 2020 (2) 67 223 44 223 91.0% 1.75 [1.13, 2.70]
Subtotal (95% CI) 244 244 100.0% 1.71 [1.12, 2.60]
Total Events 72 48
Heterogeneity: Chi 2 = 0.12, df = 1 (p=0.73); I2 = 0%

Test for overall effect: Z = 2.51 (p=0.01)

Partial response
Atisha-Fregoso Y, et al. 2021 1 21 2 21 5.7% 0.47 [0.04, 5.60]

Furie R, et al, 2020 39 223 38 223 94.3% 1.03 [0.63, 1.69]

Subtotal (95% CI) 244 244 100.0% 1.00 [0.62, 1.62]

Total Events 40 40

Heterogeneity: Chi 2 = 0.36, df = 1 (p=0.55); I2 = 0%

Test for overall effect: Z = 0.00 (p=1.00)

No response
Atisha-Fregoso Y, et al. 2021 1 21 0 21 0.7% 3.15 [0.12, 81.74]

Furie R, et al, 2020 117 223 141 223 99.3% 0.64 [0.44, 0.94]

Subtotal (95% CI) 244 244 100.0% 0.66 [0.45, 0.96]

Total Events 118 141

Heterogeneity: Chi 2 = 0.90, df = 1 (p=0.34); I2 = 0%

Test for overall effect: Z = 2.18 (p=0.03)

Test for subgroup differences: Chi 2 = 11.06, df = 2 (p=0.004); I2 = 81.9%

There were 1.71 x higher odds of complete renal response in the 
belimumab group with no significant differences between the 
groups for the occurrence of treatment-related adverse events

(Shrestha et al; Cureus 2021; 13:12)

Belimumab
group

Control 
group

(1) At week 96 (2) At week 104

0.01 0.1 10 1001

7 RCTs with 3009 participants
Belimumab significantly reduced the prednisone dose by 50% 
or more than placebo at 52 weeks

Study or Subgroup
Belemumab Placebo

Weight
Risk Ratio Risk Ratio

Events Total Events Total M‐H, Random, 95% CI M‐H, Random, 95% CI

Navarra 2011 64 231 39 220 73.2% 1.56 [1.10, 2.22]

Wallace 2009 17 38 13 48 26.8% 1.65 [0.92, 2.96]

Total (95% CI) 269 268 100.0% 1.59 [1.17, 2.15]

Total Events 81 52

Heterogeneity: Tau2=0.00; Chi 2 = 0.03, df = 1 (p=0.87); I2 = 0%

Test for overall effect: Z = 3.00(p=0.003) Favours placebo Favours Belemumab

0.2 0.5 2 51

Pathogenetic targets of new therapeutic strategies

BAFF, B‐cell activating factor; IL, interleukine; TYK2, tyrosine kinase 2; JAK 2, Janus kinase 2; Th, T‐helper

(Michela Gasparotto et al, Rheumatology 2020)

Apoptotic 
cells

Nucleic Acids

Viral 
Infection

Dendritic cell

Mature dendritic cell

T‐cell
Calcineurin
Inhibitors

INF‐σAnifrolumab

CD20
Rituximab 
Obintuzumab

BAFFBelimumab

Plasma cell

Auto‐antibodies IL17Secukenumab

Th1 Th2 Th17 T‐reg

INF y

IL12
IL4

IL6
IL23

TGF ß

Podocyte pedicel

Endothelial cell

Glomerular basement membrane
Subepithelial
deposits

Subendothelial
deposits

IL23 IL12
INF‐σ
TGF ß

JAK2 JAK2 JAK2TYK2 TYK2 TYK2

TYK2 
Inhibitor

Recently completed clinical trials of new therapies for lupus nephritis
Trial
(patient no)

Drug Therap
eutic 
target

Primary outcome / Results

NOBILITY (phase II) 
(n=125) Furie RA; Clin 
Sci 2021

Obinutuzumab CD20 CRR greater with obinutuzumab
at week 104 (41% vs 23%, 

difference 19%, 95%CI 2.7‐35)

TULIP‐LN1 (phase II) 
(n=145) Jayne D; Clin 
Sci 2021

Anifrolumab IFN‐1R CRR higher with anifrolumab at 
week 52 (45.5% v s31.1%, p=ns)

AURA‐LV (phase IIb) 
(n=265) Rovin BH; 
Kidney Int 2019

Voclosporin Novel 
CNI

CRR higher with low dose 
voclosporin at week 24 (32.6% vs 
19.3%, OR 2.03, 95%CI 1.01‐4.05)

AURORA 1 (phase III) 
(n=357) Rovin BH; 
Lancet 2021

Voclosporin Novel 
CNI

CRR higher with voclosporin at 
week 52 (41% vs 23%, OR 2.65, 

95%CI 1.64‐4.27) 

Will use of these newer agents allow further lowering or discontinuation 
of the steroid dose in those who achieve complete remission?
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Drug-free remission of SLE disease activity was 
achieved following CAR-T cell treatment 

SLE in children has a higher rate of major organ 
involvement especially lupus nephritis
Patients with proliferative lupus nephritis have poorer 
long-term outcomes in terms of renal survival if they 
do not achieve complete renal remission
Steroid-based treatment protocols together with 
immunosuppressive agents which are the mainstay of 
treatment in children with severe lupus nephritis are 
associated with significant steroid side effects in 
particular growth retardation

Protocols involving stabilization of disease with 
mycophenolate and calcineurin inhibitors and 
minimization of steroid dose tapering to alternate day 
or discontinuation result in improvement in height 
velocity
Use of biologics such as rituximab and belimumab 
and other novel therapies may allow steroid-
minimization or steroid-free management of lupus 
nephritis
Drug-free remissions are potentially possible with the 
new CAR-T therapies

Management of lupus nephritis

Individualize therapy: 
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Neonatal AKI: 
Considerations in 
Management

Hui-Kim Yap
Shaw-NKF-NUH Children’s 
Kidney Centre
KTP-National University 
Children’s Medical Institute
Department of Pediatrics
National University of Singapore

What is the burden of AKI in neonates?
Can we recognize neonatal AKI earlier?
How can we improve early outcomes in 
neonatal AKI?
What is the risk of chronic kidney 
disease following neonatal AKI?

What is the 
burden of 
AKI in 
neonates?

GFR is lower in neonates especially premature infants  
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Incidence of neonatal AKI
Study N (# sites)  Population AKI 

definition
AKI 
incidence 
(%)

Need for 
KRT (%)

Jetton 2017
AWAKEN

2022 (24) All 
gestational 
age (GA)

KDIGO
S Cr and UO

29.9 1.2 
(CRRT>PD)

Sethi 2022
TINKER

1600 (11) All GA KDIGO
S Cr and UO

30.7 2.8 
(All PD)

Askenezi 2020
PENUT

900 (19) ELGAN 
GA<28 wks

KDIGO
S Cr 

38 0

Grossman 2021 66 (4) HIE
Term GA

KDIGO
S Cr and UO

44.6 0

Garg 2021           202 (1) NEC KDIGO
S Cr and UO

44.5 0

AKI is associated with similar mortality as 
older children

AWARE
(Kaddourah A et al NEJM 2017)

AWAKEN
(Jetton JG et al  Lancet Child Adolesc

Health 2017)

4683 children 2162 infants

26.9% 30 %
(95% CI 25.6-28.2) By gestational age group:

48%  :22 weeks to <29 weeks 
18%  :29 weeks to <36 weeks 
37%  :36 weeks or older

11.0% 10%
(adjusted OR, 1.77; 
95% CI, 1.17 to 2.68) 

Pooled 
Incidence of 

AKI

Mortality

Population

Databases (Embase, PubMed, Web of Sciences) from Jan 2004 to 
Dec 2022 searched

Eligible studies with at least 10 participants fulfilling standard 
criteria for AKI (AKIN, pRIFLE, KDIGO)

201 studies (98228 participants) from 45 countries

Incidence of neonatal AKI was 30% (95% CI 28-32) and severe AKI 
was 15% (95% CI 14-16)

Associated mortality was 30% (95% CI 27-33) with odds of 
mortality higher in neonates with AKI (OR 3.4, 95% CI 2.9-3.0)

Acute Kidney Injury in Neonates: A Meta-Analysis 
Meena J, Kumar J, Kocharlakota JP, Gupta H, Mittal P, Kumar A, Sinha A, Hari P, 
Bagga A
Pediatrics. 2024 Jul 1;154(1):e2023065182

How do we 
recognize 
neonatal AKI 
earlier?

15 year old male
Previously well
Referred to our institution for high-grade 
intermittent fever associated with sore throat          
and bilateral calf pain
Symptoms resolved on Day 7

Day 
1

Day 
2

Day 
3

Day 
4

Day 
5

Day 
6

Day 
7

Day 
8

Day 
9

Day 
10

NEW 
SYMPTOMS

A male infant was born at 32+2 weeks gestation by 
emergency Caeserean for poor CTG with reduced 
variability. FCC scan showed increased liquor and 
thick placenta with hydropic fetus. Apgar was 2 (1’), 
4 (5’) and 8 (10’). Estimated weight was 1.8 kg 
(measured birth weight 2.7 kg). He was intubated at 
birth and required HFOV. Examination: BP 55/42, 
with anarsaca, cardiomegaly, hepatosplenomegaly. 
Initial investigations 18 h after birth showed Hb 10.9 
g/dL, platelets 123x109/L, pH 7.12, pCO2 70.9 
mmHg, pO2 28 mmHg, bicarbonate 28 mmol/L, base 
excess -6 mmol/L, Na 141 mmol/L, K 3.5 mmol/L, Cl 
107 mmol/L, urea 2.9 mmol/L, Ca 2.08 mmol/L, iP
1.92 mmol/L, creatinine 63 umol/L. 
Urine output was 26 ml (0.6 ml/kg/h) on day 0.
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MCQ 1

Does this neonate have acute kidney injury?

A. Yes 
B. No
C. Maybe

How do we 
define AKI in 
the neonate?

Serum creatinine in 
the first 2-3 days of 

life reflects 
maternal levels 

making it an 
unreliable marker of 

renal dysfunction

Definition of oliguria: 
Minimum volume of urine required to 
excrete a solute load of 15 mOsm/kg

Urine Osm 
max

Urine 
volume 

(ml/kg/day)

Urine 
volume 

(ml/kg/hr)
Preterm 360 41.6 1.7

Term infant 525 28.0 1.2

Child 1200 12.5 0.5

Suspect AKI in the newborn if:

Presence of oliguria:
Newborn with no urine output 
noted by 48 hours of age
Urine output ≤1 ml/kg/hour

Increase in serum creatinine:
By at least 26.5 umol/L (0.3 
mg/dL) within 48 hours 
1.5-1.9 times from baseline 
within 1st 7 days of life
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Stage Serum creatinine (SCr) Urine output (d2-7 
post birth)

1 Increase to 1.5-1.9x reference SCr* 
within 7d OR
Increase of SCr ≥0.3 mg/dL (≥26.5
umol/L) within 48h 

>0.5 and ≤1 ml/kg/h

2 Increase to 2-2.9x reference SCr* >0.3 and ≤0.5 
ml/kg/h

3 Increase >3x reference SCr* OR 
SCr ≥2.5 mg/dL (≥227.2 umol/L) OR 
Initiation of KRT

<0.3 ml/kg/h

Modified KDIGO (Kidney Disease Improving Global Outcomes) 
criteria for neonatal AKI 

*Reference SCr is lowest previous value (Jetton JG, Ashkenei DJ, Clin Perinatol 2014)

≤29 weeks GA:
54.5 umol/L (0.6 mg/dL)
>29 weeks GA:          
26.5 umol/L (0.3 mg/dL)

Absolute serum creatinine rise 
outperformed a 50% change in serum 

creatinine for prediction of mortality in first 
week of life (AWAKEN study):

(Askenazi DJ et al, Pediatr Res 2019)

What should the urine output criteria be for 
premature or low birth weight infants?

Stage
(nRIFLE)

Modified KDIGO 
for neonatal AKI
(D2-7 post birth)

KDIGO 
(infants >7 
days)

nRIFLE

1
(Risk)

>0.5 and ≤1 
ml/kg/h

<0.5 ml/kg/h for 
6-12h

UO <1.5 
mL/kg/h x 24h

2
(Injury)

>0.3 and ≤0.5 
ml/kg/h

<0.5 ml/kg/h for 
≥12h

UO <1.0 
mL/kg/h x 24h

3
(Failure)

<0.3 ml/kg/h <0.3 ml/kg/h for 
24h or anuria for 
12h

UO <0.7 
mL/kg/h x 24h 
or anuric for 12h

Does this neonate have acute kidney injury?

A. Yes 
B. No
C. Maybe

Corrected creatinine = Serum creatinine x 
[1+(Cumulative fluid balance/total body water)]

Effect of fluid overload on creatinine levels

Fluid corrected creatinine results in             
re-classification of AKI based on creatinine 

(Gorga SM et al, Pediatr Nephrol 2024)

Stage 0 Stage 1 Stage 2 Stage 3

Stage 0 Stage 1 Stage 2 Stage 3Corrected

Uncorrected
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Normal Risk

Damage

DeathInitiation Extension Maintenance

GFR

Doubling of serum 
creatinine

Using serum creatinine, diagnosis of AKI is made 24-72 hours 
following the event that precipitated the reduction in GFR long 

past the window of potential reversibility

The early adaptive response of the stressed kidney 
can provide us with biomarkers that inform 

pathophysiology and early diagnosis

(Devarajan P, NEJM  2008)

Biomarkers

Normal Risk

Damage

DeathInitiation Extension Maintenance

GFR

Doubling of serum 
creatinine

Window of 
potential 

reversibility

Biomarker integrated model of AKI

Inflammatory 
biomarkers

Cell injury 
biomarkers

Cell cycle 
markers

Renal 
insult

Mild 
AKI

Severe 
AKI Recovery CKD 

progression

IL-18
IGFB7?

Agt?

NGAL
L-FABP
TIMP-2 

IGFBP7?

KIM-1
NGAL

KIM-1? 
NGAL?

TIMP-2?

Agt?

Initiation Extension Maintenance 
and Repair

Chronic 
kidney injury

High-performing biomarkers for predicting AKI in neonates

Etiology Studies Biomarkers predictive of 
AKI

Hypoxia-ischemia 
(HI)

Li (2012), Askenazi (2012), 
Sarafadis (2012), Raggal
(2013), Hadzimuratovic
(2014), Treiber (2014), 
Essajee (2015), Cao (2016)

Urine, serum (D3) and 
umbilical cystatin C
Serum and urine NGAL
Urine KIM-1
Urine netrin-1

Prematurity Askenazi (2011), Elmas
(2013), Pejovic (2015)

Urine NGAL (VLBW)
Serum NGAL at 4h (HI 
preterms)
Serum cystatin C (RDS 
preterms)

Cardiopulmonary by-
pass (CBP)

Catherine (2011), Sermiak
(2015), Herbert (2015)

Umbilical NGAL (HLHS)
Serum cystatin C (post 
cardiac surgery)

(Sweetman DU, Early Hum Deve 2017)*Sensitivity or Specificity of test (>0.75) orAUC (>0.75)

2022

Higher in early severe AKI

• Cystatin C
• Creatinine,
• ghrelin
• fibroblast growth factor-23 

(FGF23)
• tissue metalloproteinase 2 

(TIMP2)
• vascular endothelial growth factor 

A (VEGFa) 

Lower in early severe AKI

• Urine epidermal growth factor 
(EGF)

• Uromodulin (UMOD) 
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How can we 
improve early 
outcomes in 
neonatal AKI?

Normal Risk DeathKidney 
Damage

Low 
GFR

Kidney 
Failure

IMPROVING 
OUTCOMES: 
Fluid overload 
Malnutrition

Window of 
potential 

reversibility

PREVENTION: 
Aberrant renal 

perfusion 
Nephrotoxic 
medications 
Obstruction

TREATMENT:            
Dialysis

Therapeutic Approach in AKI

Etiology of AKI in 
neonate

Functional AKI 
(prerenal) due to 

inadequate perfusion         
(85%)

Intrinsic renal failure 
due to intrarenal

pathology           
(11%)

Postrenal failure 
due to urinary 

obstruction            
(3%)

MCQ 2
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What is the cause of the hydronephrosis in 
this neonate?

A. Anterior urethral stricture
B. Bilateral vesicoureteric junction obstruction
C. Neurogenic bladder
D. Posterior urethral valve
E. Primary bilateral vesicoureteral reflux

What is the cause of the hydronephrosis in 
this neonate?

A. Anterior urethral stricture
B. Bilateral vesicoureteric junction obstruction
C. Neurogenic bladder
D. Posterior urethral valve
E. Primary bilateral vesicoureteral reflux

Postrenal: Obstructive uropathy

• Urethral obstruction:
• Posterior urethral valves
• Urethral stricture

• Neurogenic bladder
• Bilateral or solitary kidney with
• Vesicoureteric junction obstruction
• Pelviureteric junction obstruction

Etiology of AKI in 
neonate

Functional AKI 
(prerenal) due to 

inadequate perfusion         
(85%)

Intrinsic renal failure 
due to intrarenal 
pathology (11%)

Postrenal failure due to 
urinary obstruction            

(3%)

Types of 
neonatal AKI

Potential 
causes

Associations

Developmental 
(prematurity, 
LBW)

Hypoperfusion
Renal under-
development

Decreased gestational age and 
birth weight associated with high 
risk of AKI
AKI increased mortality and 
increased length of hospital day

Cardiac (CHD) Hypoxia
Reduced 
cardiac output
Fluid overload

AKI after cardiac surgery most 
likely on D1
AKI severity associated with 
increased mortality

Asphyxia (HIE) Hypoxia HIE associated AKI associated 
with increased length of hospital 
stay

(Hu J et al, J Neonatal Pernatal Med 2023)

Types of 
neonatal AKI

Potential 
causes

Associations

Gastrointestinal 
(NEC)

Sepsis
Inflammation

AKI associated with higher risk of 
death and increased length of 
hospital stay

Medication-
induced 
(aminoglycoside)

Nephrotoxicity 87% of VLBW infants received at 
least 1 nephrotoxic medication

Supportive 
therapy related 
factors (ECMO)

Inflammation
Hormonal 
changes

AKI during ECMO associated with 
longer duration of treatment and 
increased adjusted odds for 
mortality

Hematologic Hypoxia Lower Hb and albumin associated 
with increased risk of AKI in 
neonates

(Hu J et al, J Neonatal Pernatal Med 2023)
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What are the strategies to improve 
renal perfusion?

MCQ 3

Which of the following have been shown in 
randomized controlled trials to be effective in 
preventing AKI in neonates? (Multiple 
answers)

A. Caffeine
B. Dopamine
C. Erythropoietin
D. Fenoldopam
E. Theophylline

Which of the following have been shown in 
randomized controlled trials to be effective in 
preventing AKI in neonates? (Multiple 
answers)

A. Caffeine
B. Dopamine
C. Erythropoietin
D. Fenoldopam
E. Theophylline

INTERVENTION SUBJECT STUDIES OUTCOMES

RENAL 
PERFUSION 
PRESSURE:

Renal 
vasodilators

DOPAMINE Adults
(low‐dose, or  
“renal dose”)

Meta‐
analysis
24 
Studies

MORTALITY:           RR 0.90 [0.44‐1.83]
ONSET OF AKI:       RR 0.81 [0.55‐1.19]
NEED FOR
DIALYSIS:                 RR 0.83 [0.55‐1.24] 

FENOLDOPAM Children
(0.07±0.08 
g/kg/min)

Retros‐
pective

Increased urine output in critically ill 
children with progressive oliguria
Did not affect overall outcome

Neonates  
undergoing CPB 
(0.1 
g/kg/min)

RCT Did not improve urine output, fluid 
balance or AKI

Neonates  
undergoing CPB 
(1 g/kg/min)

RCT 
subgroup 
analysis

Urinary NGAL and CysC values were 
significantly reduced at the end of 
surgery

Low‐dose dopamine and fenoldopam have not been tested in a large 

prospective neonatal cohort study and cannot be recommended for 
prevention or management of AKI outside the context of a clinical trial

(Basu RJ , Recent Pat Biomark 2011; Ricci Z, Interact Cardiovasc Thorac Surg 2008; Ricci Z, Crit Care 2011)

AWAKEN Study: Involving 24 centers in 4 countries 
designed to evaluate the incidence, risk factors, and 
outcomes associated with neonatal AKI 
Secondary analysis of the role of caffeine administered in 
the first 7 days after birth on the development of AKI 
(n=675 preterm neonates)
AKI occurred in 122 preterm neonates (18.1%)
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Early caffeine citrate administration is associated with 
reduced incidence or severity of AKI in preterm neonates

(Harer MW et al  JAMA Pediatrics 2018)

Variable
No./Total No. (%) OR (95% CI)

NNE
Caffeine No Caffeine Unadjusted Adjusted

Early AKI ≤ 7d
Overall 50/447 (11.2) 72/228 (31.6) 0.28 (0.18-0.44) 0.20 (0.11-0.34) 4.3
Extremely preterm, <27wk 30/149 (20.1) 38/55 (69.1) 0.07 (0.03-0.16) 0.13 (0.06-0.31) 2.2

Very preterm, 28-32wk 20/298 (10.1) 34/173 (19.7) 0.31 (0.16-0.61) 0.27 (0.13-0.56) 8.1

Any AKI ≤ 120d
Overall 103/447 (23) 83/228 (36.4) 0.56 (0.38-0.84) 0.27 (0.16-0.47) 4.4
Extremely preterm, <27wk 69/149 (29.5) 44/55 (80) 0.12 (0.05-0.30) 0.24 (0.10-0.58) 3.1

Very preterm, 28-32wk 34/293 (11.6) 39/170 (22.9) 0.52 (0.29-0.94) 0.32 (0.16-0.62) 8.0

Primary AKI Outcomes Stratified by Caffeine Citrate Administration

Neonates who developed early AKI but were given caffeine 
had an 80% decrease in the odds of stage 2 or 3 AKI 

(Harer MW et al  JAMA Pediatrics 2018)

Variable
No. (%)

Adjusted OR (95% CI)Caffeine 
(n=447)

No Caffeine 
(n=228)

Early AKI ≤ 7d
AKI, sCr plus UOP 50 (11.2) 72 (31.6) 0.20 (0.11-0.34) 
AKI, sCr 47 (10.5) 60 (26.3) 0.20 (0.11-0.37) 
AKI, UOP 8 (1.8) 17 (7.5) 0.40 (0.15-1.06) 
Stage 1 27 (6.0) 32 (14.0)

0.20 (0.12-0.34)Stage 2 17 (3.8) 16 (7.0)
Stage 3 6 (1.3) 24 (10.5)
Any AKI ≤ 120d
AKI, sCr 100 (22.4) 71 (31.1) 0.28 (0.16-0.49) 
Stage 1 54 (12.1) 40 (17.5)

0.30 (0.19-0.48) Stage 2 34 (7.6) 17 (7.5)
Stage 3 15 (3.4) 26 (11.4)

Secondary AKI Outcomes Stratified by Caffeine Citrate Administration

Database searching for randomized clinical trials and quasi-
randomized trials in PubMed/MEDLINE, Embase, Google 
Scholar and Cochrane renal group from 1970 to May 2018

6 trials involving 436 term neonates with birth asphyxia who 
received a single dose of theophylline

Primary outcomes were incidence of AKI, serum creatinine 
levels and all-cause mortality

Pooled estimate showed 60% reduction in incidence of AKI 
in neonates with severe birth asphyxia after single dose of 

prophylactic theophylline

(Bhatt GC  et al, Arch Dis Child 2019)

Study or subgroup

Bakr         2005 5               20              12        20
Bhatt       2006      10               40              18        30
Eslami 2009 2               17                8        19
Jenik 2000 4               24              15        27
Khurshid 2017      13              40               20       40
Raina        2016      12              78              39        81

Total (95%CI) 219 112
Total events                    46                             112 
Heterogeneity:Chi2 =4.28, df=5 (p=0.51);I2 =0%
Test for overall effect:Z=6.21  (P<0.0001)

10.7 %  0.42  [0.18, 0.96]      
18.3%             0.42  [0.23, 0.77]

6.7%             0.28  [0.07, 1.14]
12.5%            0.30  [0.12, 0.78]
17.8 %           0.65  [0.38, 1.12]
34.0 %           0.32  [0.18, 0.56]

100%             0.40  [0.30, 0.54]

Risk Ratio MH,Fixed
95%CI

Risk ratio,MH,Fixed
95% CI

0.01       0.1        1          10       100

Favours theophylline Favours control

WeightTheophylline
Events      Total

Control
Events   Total   

12% reduction of mortality in neonates who received 
prophylactic theophylline 

(Bhatt GC  et al, Arch Dis Child 2019)

Study or subgroup

Bakr         2005 1               20          1        20
Bhatt       2006        4               40           2        30
Eslami 2009 1               17           1        19
Jenik 2000 1              24            3        27
Raina        2016      15              78         18        81

Total (95%CI) 179 177
Total events                    22                            25 
Heterogeneity:Chi2 =1.03, df=4 (P=0.90);I2 =0%
Test for overall effect: Z=0.46  (P=0.64)

4.0  %  1.00  [0.07,14.90]      
9.2 %        1.50  [0.29, 7.76]
3.8 %        1.12  [0.08, 16.52]

11.4%        0.38  [0.04, 3.37]
71.5 %       0.87  [0.47, 1.59]

100%         0.88  [0.52, 1.50]

Risk Ratio MH,Fixed
95%CI

Risk ratio,MH,Fixed
95% CI

0.01       0.1        1          10       100

Favours theophylline Favours control

WeightTheophylline
Events      Total

Control
Events   Total   

Ancillary study to an RCT aiming at evaluating whether ELGANs 
(n=923) randomized to erythropoietin (n=469) have better or worse 
kidney-related outcomes during hospitalization and at 22–26 months 
cGA compared with those randomized to placebo (n=454).

Prevalence of severe (stage 2 or 3) AKI was 18.2%.

Recombinant erythropoietin appeared to protect ELGANs against 
long-term elevated SBP, but does not appear to protect from AKI, low 
eGFR, albuminuria or elevated DBP at 22–26 months cGA



6/9/2024

10

What are the strategies to avoid 
nephrotoxic medications?

Quality improvement project between March 2015 and 
September 2017 in a single center, level IV NICU
Screened for high-risk nephrotoxic medication exposure 
≥3 nephrotoxic medication within 24 hours or 
≥4 calendar days of an IV aminoglycoside

Daily serum creatinine obtained until 2 days after end of 
exposure or end of AKI

Study divided into 3 eras: 
Pre-Nephrotoxic Injury Negated by Just-in-time Action 
(NINJA)
Initiation
Sustainability

Differences for 5 metrics across 3 eras were compared
SCr surveillance
High nephrotoxic medication exposure rate (per 1000 
patient-days)
AKI rate (per 1000 patient-days)
Nephrotoxin-AKI percentage
AKI intensity (number of AKI days per 100 susceptible 
patient-days)

Comparing initiation with sustainability era (high SCr surveillance rate), 
there was a reduction in:

High nephrotoxic medication exposures: 16.4 to 9.6 per 1000 patient-
days (P=0.03)
Percent nephrotoxic medication-AKI: 30.9% to 11.0% (P<0.001)
AKI intensity: 9.1 to 2.9 per 100 susceptible patient-days (P<0.001) 

Comparing initiation with sustainability era (high SCr surveillance rate) 
resulted in reduction in:

High nephrotoxic medication exposures: 16.4 to 9.6 per 1000 patient-
days (P=0.03)
Percent nephrotoxic medication-AKI: 30.9% to 11.0% (P<0.001)
AKI intensity: 9.1 to 2.9 per 100 susceptible patient-days (P<0.001) 

What are the strategies to decrease 
fluid overload?
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Fluid overload associated 
with increased risk of:

No of studies 
(no of children)

RR(95%CI)

In-hospital mortality 17 (2853) 4.34 [3.01, 6.26]
Mechanical ventilation >48 hrs 3 (631) 2.14 [1.25, 3.66]
AKI 7 (1833) 2.36 [1.27, 4.38]

44 studies involving 7505 children were included 17 studies involving 4772 neonates were included
3 (17%) studies involved neonates after cardiac surgery, 3 (17%) 
in neonates receiving CKRT, 1 (6%) after open laparotomy, 6 
(35%) in preterm neonates, and 2 (11%) in term infants
Primary outcome: all-cause mortality
Secondary outcomes: AKI, intraventricular hemorrhage, mechanical 
ventilation, bronchopulmonary dysplasia

Study or Subgroup
Fluid Overload No Fluid Overload

Weight
Odds Ratio Year Odds Ratio

Events Total Events Total IV, Random, 95% CI IV, Random, 95% CI

1.1.1 Cardiac Surgery

Piggott 2015 8 26 0 69 5.6% 63.86 [3.52, 1158.24] 2015

Wilder 2016 14 136 7 299 17.8% 4.79 [1.89, 12.15] 2016

Mah 2017 4 21 5 96 13.5% 4.28 [1.04, 17.59] 2017

Subtotal (95% CI) 183 464 36.9% 6.16 [2.19, 17.30]

Total Events 26 12

Heterogeneity: Tau2=0.28; Chi 2 = 2.96, df = 2 (p=0.23); I2 =32%

Test for overall effect: Z = 3.45 (p=0.0006)

1.1.2 CRRT

Lee 2016 9 9 8 25 5.4% 39.12 [2.03, 754.53] 2016

Noh 2019 23 24 5 9 7.4% 18.40 [1.68, 201.86] 2019

Subtotal (95% CI) 33 34 12.9% 24.80 [3.85, 159.61]

Total Events 32 13

Heterogeneity: Tau2=0.00; Chi 2 = 0.15, df = 1 (p=0.70); I2 =0%

Test for overall effect: Z = 3.38 (p=0.0007)

1.1.3 Preterm

Rallis 2019 0 15 4 37 5.4% 0.24 [0.01, 4.74] 2019

Selewski 2019 11 308 17 699 19.4% 1.49 [0.69, 3.21] 2019

Matsushita 2020 13 18 58 201 16.5% 6.41 [2.19, 18.79] 2020

Subtotal (95% CI) 341 937 41.2% 2.01 [0.50, 8.10]

Total Events 26 12

Heterogeneity: Tau2=0.98; Chi 2 = 6.91, df = 2 (p=0.03); I2 = 71%

Test for overall effect: Z = 0.98 (p=0.33)

1.1.4 Term Infants

Selewski 2018 10 393 1 252 9.0% 6.55 [0.83, 51.51] 2018

Subtotal (95% CI) 393 252 9.0% 6.55 [0.83, 51.51]

Total Events 10 1

Heterogeneity: Not applicable

Test for overall effect: Z = 1.79 (p=0.07)

Total (95% CI) 950 1687 100.0% 4.95 [2.26, 10.87]

Total Events 92 105

Heterogeneity: Tau2=0.68; Chi 2 = 18.12, df = 8 (p=0.02); I2 = 56%

Test for overall effect: Z = 3.99 (p<0.0001)

Test for subgroup differences: Chi 2 = 4.59, df = 3 (p=0.20); I2 = 34.6%

(Matsushita FY et al, Pediatr Nephrol 2022)

Favors No Fluid Overload Favors Fluid Overload

0.01 0.1 10 1001

Fluid overload was associated with higher mortality (OR 
4.95 95%CI 2.26-10.87) in critically ill neonates

MCQ 4

Is frusemide associated with improved 
survival in neonates?

A. Yes
B. No

Is frusemide associated with improved 
survival in neonates?

A. Yes
B. No
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Multicenter 
retrospective study: 
2121 preterms GA <37 
wks with AKI
Infants receiving short 
or long courses of 
frusemide associated 
with worse survival 

Prospective online database involving 14 centers with 1852 
neonates of which 32.4% (n=600) had AKI

Frusemide used in 8.8% (53/600)

Neonates GA ≥37 weeks
OR 0.53 (0.12-2.29, p=0.3)

Frusemide use 
associated with 

increased mortality 
in neonates <37 

weeks GA

Neonates GA <37 weeks
OR 3.30 (1.11-9.82, p=0.03)
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Review of records from over 70,000 infants <37 weeks gestation and 
admitted within the first week of life identified 2379 infants with AKI
76% of infants with AKI received at least 1 dose of diuretics 
In neonates with AKI, treatment with diuretics was significantly 
associated with increased mortality, need for mechanical ventilation, 
and length of stay

(Mohamad TH et al, Pediatr Nephrol 2021)

MCQ 5

Does early institution of dialysis improve 
outcomes in AKI?

A. Yes 
B. No
C. Maybe
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Does early institution of dialysis improve 
outcomes in AKI?

A. Yes 
B. No
C. Maybe

Updated American College of Critical Care Medicine 
Clinical Guidelines for Hemodynamic Support of 
Neonates and Children with Septic Shock (2007)

[total fluid (L) – fluid out (L)]
admission weight (kg) x 100

% Fluid overload = 

AKRT should be considered when fluid 
overload >10% in a critically ill child

Systematic review of RCTs in MEDLINE, Embase, Cochrane Central 
Register of Controlled Trials from 1/4/2008 to Dec 20 2019 
9 studies where 1879/2083 patients had severe AKI and were 
randomly allocated to delayed KRT 946 (50%) and early KRT 933 
(50%) groups 
No significant difference in mortality at 28 days between delayed KRT 
(44%) and early KRT (43%) groups with risk ratio of 1.02 (95% CI 
0.92-2.24) (Bojan M et al Kidney Int 2012)

Early initiation of PD 
in neonates and 
infants with AKI 
following cardiac 
surgery is associated 
with significant 
decrease in mortality 

Early PD

Delayed PD

Log‐rank P=0.02

Su
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Days of follow‐up

1.0 ‐

0.8 ‐

0.6 ‐

0.4 ‐

0.2 ‐

0.0 ‐

0 15 30 45 60 75 90

No. at risk
109      86           69           62          52         50          48          Early PD    
37        24           21           19          19         16          15          Delayed PD

What is the 
risk of CKD 
following 
neonatal AKI?

MCQ 6
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Following recovery of AKI with normalization 
of serum creatinine, the neonate requires the 
which of the following parameters to be 
monitored annually: (Multiple answers)

A. No follow-up
B. Blood pressure measurement
C. Serum creatinine
D. Urine protein:creatinine ratio
E. Kidney ultrasound

Following recovery of AKI with normalization 
of serum creatinine, the neonate requires the 
which of the following parameters to be 
monitored annually: (Multiple answers)

A. No follow-up
B. Blood pressure measurement
C. Serum creatinine
D. Urine protein:creatinine ratio
E. Kidney ultrasound

Long-term outcomes in neonates with AKI

Abitbol et al 2003:         
Infants <1000g    
FU: 7.5 yrs
AKI (20)

ARF (peak sCr > 2.0 
mg/dL for 48h   
Urine output < 0.5 
ml/kg/h for 24h

55% with low 
GFR (sCr)        
25% with ESKD

Bruel et al, 2016: 
Infants <33 wks
FU 6.5 yrs
AKI (25), non (49)

AKI: sCr (mg/dL)             
>1.6 (24-27 wks) 
>1.1 (28-29 wks) 
>1.0 (30-32 wks) 

No difference in 
microalbuminuria, 
eGFR (sCr)    
ELBW lower eGFR

Masqood et al, 
2017: FU 3.0 yrs
AKI 2/3 (23), AKI 1 
(87), non (112)

Modified KDIGO
No difference in 
CKD (eGFR w/sCr)   
ELBW: higher DBP 
on discharge

Harer et al, 2017:  
FU 5.0 yrs
AKI (20), non (14)

Modified KDIGO (sCr
only)

AKI grp with more 
renal dysfunction 
(low eGFR, HPT, 
proteinuria)

(Harer et al, J Perinatol 2020)

Episode of AKI

Low risk
(CA-AKI, No RRT, 

Discharge eGFR >90 
ml/m2/1.73)

High risk
(HA- AKI, Pre-term, NICU, PICU, 

CA-AKI with RRT, 
Discharge eGFR <90 ml/m2/1.73)

Within 1 month, quarterly 
x2 then annually x2

Check: BP, eGFR, Urine 
protein:creatinine ratio

Refer to General Pediatrician 
for annual follow-up until 
transition to adult care

Check: BP, eGFR, Urine 
protein:creatinine ratio,

Within 3 weeks, then 3 months
Check: BP, eGFR, Urine 
protein:creatinine ratio

eGFR<60 
ml/min/1.73m2

with proteinuria                
and/or hyperension

eGFR>60-<90 
ml/min/1.73m2

and/or proteinuria                
and/or hyperension

Follow-up 6 monthly
Manage as early CKD

Follow-up 1-3 monthly
Manage as advanced 

CKD

Pooled incidence of AKI in neonates was 30% with a 
mortality rate of 10% in large studies
Higher incidence of AKI in babies <29 weeks GA
Identifying neonates at risk of AKI may be useful in 
instituting early measures of prevention
Early caffeine citrate administration associated with 
reduced incidence or severity of AKI in preterms
Single dose of theophylline associated with reduction in 
AKI incidence in neonates with severe birth asphyxia 

Fluid overload is an important cause of morbidity and 
mortality in AKI
Early dialysis in neonates with AKI may be necessary 
to create fluid space for nutrition and drug delivery
Infants with previous AKI are at risk of progressive  
chronic kidney disease in later life
Follow-up of infants post-AKI is important with 
monitoring of blood pressure, proteinuria and eGFR
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