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To  give an overview of:

 Most recent definition and classification of CKD.

 Management of common complications .

 Care of pt  with progressive CKD .



 Abnormalities of kidney structure or function 
(GFR <60 ml/min/1.73 m2) present for >3 
months, with implications for health  
regardless of whether other CKD markers are 
present.



 Markers of kidney damage (one or more)

 Albuminuria (ACR≥3 mg/mmol) or >30mg/24hr

 Urine sediment abnormalities

 Electrolyte and other abnormalities due to tubular 
disorders

 Pathological abnormalities detected by histology 
or inferred

 Structural abnormalities detected by imaging

 Kidney transplantation
(National Kidney Foundation: K/DOQI Clinical Practice Guidelines for CKD: Am 

J Kid Dis 39:S1-S266, 2002)



 Criteria for duration >3months does not apply 
to newborns and infants <3months.

 Criteria of GFR <60ml/min/1.73m2 does not 
apply to children <2years. 

 A urinary total protein or albumin excretion 
rate above normal for age may be substituted 
for albuminuria >30mg/24 hours.

 All electrolye abnormalities are to be defined in 
light of normative values.



 NKF published guidelines for CKD evaluation, 
classification and stratification known as KDOQI
in 2002 with focus on eGFR.

 These guidelines have been recently updated as 
KDIGO (Kidney Disease Improving Global 
Outcomes) 2012 . The new guidelines provide a 
three dimensional approach with classification 
based on Cause, GFR and Albuminuria referred

as CGA . Previous documents have failed to 
explicitly emphasize these important dimensions 
in both classification and prognostication.



 Including cause as part of framework allows 
for separation of diseases with different 
etiologies, treatment and rate of kidney 
progression.

 CKiD trial demonstrated a rapid decline in 
renal function whose underlying cause of CKD 
is glomerular with annualized rate of change in 
GFR of -10.5% as compared to those with a non 
glomerular cause with rate of change of only

 -3.9%. 





 Several studies have demonstrated the effect of 
proteinuria on rate of progression of CKD in 
children.  

 Wong et al: an average decline in GFR of 10% 
for every increase in urinary PCR of 14%.







Management  of  CKD



One of the most common complications of CKD.

KDIGO defined anemia as:

Hb Age Group

< 11gm/dl                               0.5 – 5 years

<11.5gm/dl                            5-12 years

<12gm/dl                                12-15years

Treatment  key elements : 
 ESA(rHuEPO) 

rHuEPO (100 – 150 iu)  , Darbepoetin-alfa

 Iron : 3-5 mg/kg of elemental form



Goals of Rx:
 Increase of Hb by 1-2gm/dl /M until reaching 

target level.

 Increase dose by 25% if rate of  increment <1gm/dl.

 Decrease by 25% if rate of increase is >2gm/dl.

 Generally epo in children is reduced and not held 
when Hb is excessively high.

 Target Hb: FDA 10-12gm,  K/DOQI  11-12gm/dl 

 Immediate challenge is to optimize management of 
anemia throughout all stages of CKD so that there 
is universal achievement of target Hb level.



Initial Hyporesponsiveness:  

 No   in Hb from baseline after 1 month of ESA 

Rx on appropriate  wt based dosing.

 Avoid repeated  escalations beyond double of 

initial wt based dosing.

Subsequent Hypo-responsiveness:
 If after treatment with stable doses of ESA , 

they req to increase dose of epo up to 50%  to 
maintain a stable Hb conc.

 Avoid   escalations beyond double the dose



Easily treatable Potentially Correctable Impossible

Fe deficiency Infection Haemoglobinopathies

B12 Inflammation B.M Disorders

Folate Underdialysis

Hypothyroidism Hemolysis

ACEi /ARB Bleeding

Non adherence High PTH

PRCA

Malignancy

Malnutrition



When a pt who is receiving ESA for >8wks 
develops:

 Sudden rapid decrease in Hb conc at rate of 0.5-
1gm/d (5-10gm/wk) or requirement for 
transfusion at the rate of approx 1-2/wk                                                 

AND

 Normal plt & WBC count plus Absolute retics
<10,000/micL. 

 KDIGO recommends to stop ESA. 

PEGINESATIDE to Rx antibody mediated PRCA.



 Avoid red cell transfusion to minimize   to 
avoid allosensitization.

 Benefits of transfusion may outweigh the 
risks in pts  when:

- ESA is ineffective ( Hbpathies, BM failure, 
ESA resistance)

- The risk of ESA may outweigh its benefit 

(previous or current malignancy, previous 
stroke)



Decision to transfuse a pt with CKD with 
no S/S caused by low Hb.
 Urgent Rx of Anemia:

- In certain situations , KDIGO that pts are -
transfused when benefits of red cell 
transfusion outweigh these risks in 
conditions where rapid correction of anemia 
is required to stabilize the pt eg:

- acute hemorrhage  

- rapid preoperative correction.



 Changes in bone mineral metabolism & Alteration 
in Ca, P  homeostasis are grouped together as 
CKD-MBD .

Includes :

 ROD  ( identified & quantified thru bone biopsy,   
includes osteitis fibrosa (   PTH) osteomalcia and 
adynamic bone disease). 

 Extraskeletal (vascular) calcification. Results 
from deranged BMM & therapies used in an 
attempt to correct them. Vascular calcification 
(media) is closely linked to CV mortality. Results 
from    Ca ,   CaxP ,   PTH, high dose of vit D & Ca 
containing PO4 binders.



 Therapeutic target levels S/Ca & P age appropriate    
in Stage 2-4 .

 Stage 5 : lower limit of normal (8.8- 9.5)  req
intervention if Ca >10.2mg/dl.

 Alk.Po4ase   in conjunction with PTH  for 
determining high vs low turnover bone dis.

 25(OH)D3  ,30ng/ml – deficiency

 S/Calcitriol provides limited information

 Routine X-ray of little value in early CKD

 DEXA not recommend.

 Bone Biopsy Gold standard.



Goals: 

 Normal mineral metabolism & prevention of high 
turnover bone disease.

 High turn over prevented by limiting inc PO4

- Limit intake 80% of dietary reference.

 As disease progress  - PO4 binders (CaCO3, Ca 
acetate) – can lead to hypercalcemia.



Sevelamer HCl: 

 Metal free PO4 binder : 

-Not degraded in GI so no tissue accumulation-
less vascular calcification- low CV mortality. 

- Lowers LDL cholestrol – decreases CV risk, 
but aggravates acidosis.

 Metal containing binders : 

Aluminum, Mg  & Lanthanum CO3 not 
recommended.



KDIGO : Replace if  level<30ng/ml

 Vit D 

- Ergocalciferol(D2)

- Cholecaciferol (D3) 

 Treatment of  pts  with vit D  in  stage 2-4 
decreases PTH level within 3months.

 If PTH remains high despite normal P & vit D level 
treat  with vit D sterols(calcitriol) or its analog         
(Paricalcitol & Doxecalciferol).

 Calcimimetics

 Parathyroidectomy in refractory cases.



Sodium:
-Fluid & electrolyte adaptive mechanism 
decompensates once RF are reduced to 25%. 

- Polyuric with Na losses - Poor somatic Gr.

- Suppl Na 4-7meq/kg /day improves Gr.

- Glomerulopathies –

- limit Na <1500mg/D or 25-70mg/kg/d (1-
3mmol/kg).

- Avoid processed food & seek dietician help.



Potassium: 

- Homeostasis is preserved until GFR<15ml as 
aldosterone-stimulated distal tubular secretion is 
maintained.                            

Aldo. also stimulates increased secretion in the colon 
with as much 35% excreted in stool. 

Pts with obst .uropathy, dysplasia, reflux 
nephropathy& interstitial nephritis may 

develop tubular resistance to aldo with 
relatively high Cr.Cl which is  worsened by vol. 

contraction and responds to fluid repletion.



Persistent Hyperkalemia:

 Dietary intake (chocolate, potatoes, green leafy 
veg.)

 Soak vegetables in water

 Use low solute formula

 Kayexalate (Na/CaPolystyrene)

 Avoid constipation



Acidosis:
 Occurs when GFR<50% 

- NH4, Po4 & titratable acid excretion decreases

- HCo3 resorption decreases. – acidosis

Ch  Acidosis –

protein degradation, 

Albumin  synthesis

bone demineralization 

Suppression of Gr.Hr secretion

Serum HCo3 needs to be maintained >22meq/L

Oral HCo3 standard as Citrate inc Aluminum absorption.  



C.V  mortality rates are 1000 times greater than 
healthy individuals. 

CKiD trials:

- Extremely  high prevalence of HTN(46%) , 
dyslipidemia (44%), abnormal glucose 
metabolism (21%) & obesity(15%).

- It was also observed that glomerular disease as 
cause of CKD and presence of proteinuria in 
nephrotic range were asso with higher CV risk 
factors.



Mechanism:
- Cardiac Remodeling

- Vascular Injury

Remodeling :
Mechanical & haemodynamic overload of muscles  
sarcomere changes.

- Development of Concentric (sec to HTN) & 
eccentric LVH (sec to volume overload or anemia) .

- Worsening of LVH – low subendocardial perfusion 
risk of arrythmia .

- Persistent  hypoperfuion - myocardial fibrosis –
sys& diastolic dysfunction.



Vascular Injury: 
- Mediated by HTN & dyslipidemia in early 
stages of CKD.
- Ca, P & PTH level in later stages of CKD.

Mitsnefes at al., reported:   Nocturnal HTN in 24%  
, attenuated noct dip in 60% & 1/3 of pts with 
CKD hv high L.V mass index.

In children diastolic function is more 
compromised, with impaired L.V relaxation , 
most  likely because of anemia  & high Po4.



 Treat  if B.P is consistently above 90th%tile for age , 
sex &Ht.

 Target :  Consistently achieve sys & dia reading < 
50th %tile for age , sex & Ht unless limited by 
hypotension.

 ACEi (ramipril) & ARBs to be used irrespective of  
level of proteinuria. 

 Diuretics: Na & fluid overload. Thiazide for early 
stages, not appropriate for 
GFR<30ml/min/1.73m2. Loop diuretics for stage 
4-5



 Beta Blockers: Second line drug esp carvidilol.

 Ca Channel Blockers: may be considered 
adjuvant therapy. However, Dihydropyridine
Ca channel blockers (nifidipine, amlodipine) 
increase intra glomerular P & proteinuria. Less 
effective in terms of slowing progression of 
CKD.

 Alpha adrenergic agents (Prazocin , Clonidine) 
& other vasodilators (hydralazine , minoxidil) 
may be considered .



 Not well studied in children.

 In pts with CKD & fasting LDL > 100mg/dl ,

 Therapeutic life style changes like reduced 
dietary sat. fat ,  cholesterol intake & moderate 
exercise x 6 months.

 If target level<100mg/dl is not achieved –
Statin in children over age 10 years.

 KDIGO dyslipidemia work Group suggested 
that statin therapy may be inappropriate.



 Failure to grow is a common & most visible 
complication.

 Malnutrition has more effect in infants & 
young children. 

 Maximizing cal  intake to at least 80%  of 
requirement effectively improves Ht velocity.

 Calories intake should be equal to RDA.

 Cal  supplementation thru added density to 
formula in young  pts with fluid restriction.





 Tube feeding with intermittent day time bolus or 
continuous night time feed may be helpful in 
anorexic pts.

 Calories division: 50% - complex starches,

15% Pr

35% Fats (polyunsat:sat =2:1)

 Pr. Restriction:  adversely affect Gr. & does not hv
discernible effect on progression of disease.

 Pr. Intake should be 100% of age recomd RDA.

& 50% from pr of high biological value (milk, egg, 
meat)

 Avoid excessive pr intake - risk of hyperfiltration



 Outside infancy & early childhood perturbations 
of Gr. Hr/IGF axis are predominant influence on 
Gr.

 A state of dysregulation or resistance of
Gr.Hr/IGF/ Binding Pr system which alters the 
somatic growth.

KDOQI : 
- Correct nutritional deficiencies &  metabolic 

abnormalities prior to the use of Gr.Hr.

- Children  with Tanner stage I-III & hv Ht 
of SDS  -1.88 or worse and/or  a Ht velocity 
SDS -2 or worse are candidates for therapy. 



 CKD not only affects somatic growth but 
neurocognitive development & psychological 
adjustment as well.

 May be direct effect of uremia or other Metabolites .

 Progressive encephlopathy & develop. delay in pts 
who developed CKD < 1 yr of age. 

 Defects in verbal abstraction, visual motor abilities & 
memory.

 Early participation of experts for assessment is prudent  
for educational plans & counseling .

 Psychosocial support is helpful for social & functional 
autonomy. 



CKD children should receive their standard 
vaccination.
MMR: ideally prior to initiation of dialysis/ 
> 6wks prior to RT.
Varicella: in seronegative pts.

Hep B: Although not c.ind in immunosupp. Pts , 
series to be completed 6wks prior to RT.
Antibody response is better when given 6wks pre-
dialysis.

Pneumococcal :   23valent polyscch for > 6yrs of age 
and PCV 10/13 for younger pts   .
Influenza : Annually for all CKD , dialysis & RT. 



 Take GFR into account when drug dosing.

 Pts taking potentially nephrotoxic drugs (CNI)

 should hv their GFR, S/E & drug levels 
regularly monitored.

 Pts with CKD should not be denied therapies 
for other conditions like Cancer.

 Discontinuation of potentially nephrotoxic & 
renal excreted drugs with GFR<60ml who hv
intercurrent illness that increases  the risk of 
AKI eg ACEi, ARBs, diuretics, NSAID, digoxin.



 Balance the risk of acute impairment in kidney 
function due to contrast agent against diagnostic 
value & therapeutic implication of investigation.

 Pts with GFR <60ml undergoing elective inv with 
I/V iodinated radio-contrast should be managed  
acc to KDIGO guidelines.

- Avoidance of high osmolar agents.

- Use of lowest possible dose.

- Withdrawal of potentially nephrotoxic
agents before & after the procedure.



- Adequate hydration before & after the 
procedure.

- Measure GFR 48- 96 hours after the procedure.

Gadolinium based  Contrast media: 

- Avoid if GFR <15ml

- GFR <30ml offer a Macrocyclic Chelate prep.

- Not to use oral Po4 preparation for bowel 
preparation if GFR <60ml/min/1.73m2.



Non modifiable Risk  Factors:

- Type : Glomerl vs Renal hypoplasia & 
dysplasia

- Racial & Genetic Factors

Modifiable:

- Control of BP, Proteinuria, P ,Early Epo therapy,  
Vit D suppl, Rx of Dyslipidemia, Adequate 
nutrition delays progression.

-



Multidisciplinary  Approach:
- Dietary counseling

- Education & counseling  about  different RRT 
modalities.

- Transplant option

- Vascular access surgery

- Ethical, psychological & social counseling & 
support. 

- Access to appropriate end of life care resources 
(where appropriate) 





 Improve Quality of life

 Treatment of Disease

 Prevent progression of disease

 Decrease co-morbid conditions

 Prevention of complications

 Preparation for RRT

 Do not let the treatment be worse than disease.



Serum 25 (OH) D ng/ml Definition Dose (Ergo Vit D2

< 5 Severe 8000 iu / day x daily (or 
50,000 iu / wk x 4 wks. 
Then 4,000 iu /day x 
daily (or 50,000 iu
/twice / M x 2 months. 

5 - 15 Mild 4,000 iu /day x daily (or 
50,000 iu /twice / M x 3 
months.

16 – 30 Insufficiency 2,000 iu /day x daily (or 
50,000 iu /M x 3 
Months. 




