
  Indications of Dialysis 

(after faailure ofa medical Rx) include:t-

 1. Anuria or oliguria (after inserton ofa Foll 's ca he er).

 2. Hypervolemia wi h evidence ofa h per ension and/or pulm edema.

 3. Hyperkalemia, ifa persis en .

 4. Metabolic acidosis, ifa severe

. 5. Uremia ifa > 100t-150 mg/dl (wi h or wi hou  uremic s mp oms).

 6. Hypocalcemic  e an .

 7. Neurologic s mp oms e.g. seizures, coma.

 8. Inability  o provide adequa e nu ritonal in ake

.   Dialysis can be done by 3 methods:- 1. Peri oneal dial sis. 2. In ermiten  hemodial sis. 

3. Contnuous renal replacemen   herap . Note: ceritoneale dialyiiie iie donee withe eithere 

iolutone Ae (itandard),e Be (fore hyperiolemia),e ore Ce (fore hyperkalemia),e ieee te Pte fore moree detaili



CHRONIC RENAL FAILURE (Chronic Kidney Disease) Chronice Kidneye Diieaiee iie defnede iye 

eithere structural or functional abnormalities of the kidney (e.g.e compoiitone ofe thee iloode ore 

urine,e imaginge teiti,e ore kidneye iiopiy)e or GFR < 60 ml/min/1.73e m2;e iothe are

fore ≥ 3 mo.

Ine additone toe thee majore rolee ofe kidneye ine water & electrolyte hemostasis,e ite haie endocrinee 

rolee iye iecretone ofe Erythropoitin & vit D metaioliim.e Et. Chronice renale diieaieie aree eithere 

duee toe congenital,e acquired,e inherited,e ore metaiolice diiorderi.e Ine Children < 5 yr, ite moite 

commonlye duee toe congenitale ainormaliteie e.g.e renale hypoplaiia,e dyiplaiia,e and/ore 

oiitructiee uropathy,e conge nephrotce iyndrome,e prunee iellye iyndrome,e focale iegmental

glomeruloicleroiii,e polycyitce kidneye diieaie,e renale ieine thromioiii,e or

oUS.e Ine Children > 5 yr iie moite commonlye duee toe acquirede diieaieie e.g.e iariouie formie ofe 

glomerulonephriti,e inheritede diiorderie e.g.e familial

juienilee nephronophthiiii,e Alporte iyndrome,e ore metaiolice diiorderie e.g.e cyitnoiii,e 

hypero Paluria.e Path. Stageie ofe Chronice Kidneye Diieaiee accordinge toe GFRe (ml/min/1.73e m2):e 

Stagee 1:e GFRe > 90,e Stagee 2:e GFRe 90-60,e Stagee 3:e GFRe 60-30,e Stagee 4:e GFRe 30-15,e Stagee 5:e GFRe 

< 15 or on dialysis.

GFRe cane iee calculatede iye thee followinge equaton:te GFRe (ml/min/1.73e m2)e =e �×
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Wheree k =e 0.33 fore LBWe infantie <e 1e yr,e 0.44 fore terme infantie <e 1e yr,e 0.55

fore childrene ande adoleicente femalei,e ande 0.70 fore adoleicente malei.e Note: Inuline clearancee iie 

thee golde itandarde fore determinatone ofe GFR,e iute ite iie note eaiye toe perform.e C.M. Ite dependie one 

thee cauiee ofe CRF,e iute ine generale ite includei:te Hx. oeadache,e fatgue,e lethargy,e anore Pia,e 

iomitng,e polydipiia,e polyuria,e ande growthe failure..



Ex. Pallor and ear h  color appearance; paten s wi h longt-s anding un rea ed CKD ma  have

shor  s a ure, ion  ainormalites ofa renal os eod s roph , & peripheral neuropa h . Cx & 

Rx: Managemen  ofa CRF requires multidisciplinary services &  he

goals ofa Rx are  o replace aisen /diminished renal faunctons &  o slow

i s progression.  Fluid & Electrolytes therapy; elec rol  e dis uriances are  he same as 

 hose in ARF (excep  Na).  Hyperkalemia causes include: ↓ GFR, excessive die ar  

po assium in ake, severe acidosis, or h poreninemic h poaldos eronism. Rx i  res ricton ofa 

die ar  po assium in ake, adminis raton ofa oral

alkalinizing agen s +/_ Ka exala e.  Hyperphosphatemia can ie  rea ed i  res ricton ofa 

die ar  phosphorus in ake e.g. faormulas con ain reduced amoun  ofa phospha e (Similac PM 

60/40) faor infaan s.

 Metabolic acidosis causes include: ↓ ne  acid excreton, ↓ iicariona e reaisorpton & ↓ 

ammonia s n hesis. Rx i  oral sodium iicariona e (or

ci ra e)  o main ain serum iicariona e >22 mEq/L.  Sodium concentration is depends on 

 he   pe ofa CRF. Some causes e.g. glomerulonephrits are associa ed wi h sodium retention 

→ edema, h per ension & HF;  herefaore,  he  need sal  res ricton & diuretcs, whereas fuid

res ricton is rarel  needed untl developmen  ofa ESRD. O hers diseases like renal d splasia 

ma  ie associa ed wi h pol uria &

significan  urinar  sodium losses;  herefaore,  he  ma  need sodium supplemen aton wi h 

high volume, low caloric densi   faeedings.  Nutrition; Provide  he recommended die ar  

allowance ofa caloric

in ake faor age. Pro ein res ricton is generall  not recommended faor children (al hough  here

is risk ofa progression ofa CRF) iecause ofa adverse efec s on grow h and developmen ;  hus 

in ake should ie 2.5 g/kg/24 hr and should consis  ofa high biologic value e.g. eggs and

milk, faollowed i  mea , fish, and faowl  ha  me aiolized primaril   o

usaile amino acids ra her  han  o ni rogenous was es. Water-soluble vitamins should ie 

routnel  supplied, zinc and iron are added onl  ifa deficiencies occur, whereas faa t-soluile 

vi amins (excep  vi . D) are usuall  no  required. Ifa oral in ake canno  ie

main ained, consider NG  uie faeeding.



 Anemia causes include: ↓ erythropoietin producton, deficienc  ofa iron, faola e & B12, ↓ 

RBC survival, & ileeding  endenc . Rx (onl  when Hi <10 g/dl) i  Er  hropoietn (rHuEPO) 

50–150 mg/kg/dose SC 1t-3 tmes weekl  (wi h iron supplemen aton). The aim is  o ↑ Hi 

ie ween 12-13 g/dl. Dariopoeitn alfaa is a longert-actng agen  adminis ered a  dose 0.45 

μg/kg/wk or can ie given mon hl .

SE ofa Er  hropoietn are iron deficienc , h per ension, seizures,

 hromiosis, & pure red cell aplasia. Causes ofa faailure ofa Rx i  Er  hropoietn; iron deficienc ,

vi amin B12 or faola e deficienc , occul  ilood loss, chronic infaecton/infamma or  s a e, and

BM fiirosis rela ed  o secondar  h perpara h roidism.  Growth; causes ofa shor  s a ure 

include: Inadequa e caloric in ake,

Renal os eod s roph , Me aiolic acidosis, Anemia, & GH resis ance.

These paten  have ↑ GH level, iu  ↓ ILGFt-1 & ILGFt-BP. However,  he  usuall  respond  o 

exogenous GH (rHuGH) in dose 0.05 mg/kg/day SC

faor paten s wi h heigh  < t-2 SD untl: reach 50 h percentle faor

midparen al heigh , achieve final adul  heigh , or undergo renal

 ransplan aton.  Renal Osteodystrophy causes include: ↓ renal producton ofa 1, 25t-vi .D,

H perphospha emia, H pocalcemia, & Secondar  h perpara h roidism. C.M. are  he same 

as  hose ofa ricke s,  he radiographic finding are called Oiteitie firoiae cyitca.

Rx is i  res ric  phosphorus in ake wi h phospha e iinders e.g. calcium cariona e (or 

ace a e) or i  non–calciumt-iased iinders (when  here is

h percalcemia).

Vit D is  he corners one ofa Rx; ifa serum level ofa 1,25t-dih drox t-vi amin

D is low & PTH is high, give 1,25-vitD e.g. Calci riol 0.01–0.05 μg/kg/da  or newer agen s e.g.

Paricalci ol or Doxercalcifaerol. Note: Maintaine calcium/phoiphoruie producte (Cae ×e cO4)e <55e 

toe minimizee thee riike ofe tiiuee depoiitone ofe calciume phoiphoruie ialti.e  Adynamic (low-

turnover) Bone Disease can cause osteomalacia due

 o oversuppression ofa PTH i  excessive in ake ofa Ca sal  & vi  D.  Hypertension causes 

include: volume overload and/or excessive renin

producton rela ed  o glomerular disease. Rx i  salt restriction & anth per ensives e.g. 

Hydrochlorothiazide 1

mg/kg/da  iid (faor s age 1, 2 & 3) or Furosemide 1–2 mg/kg/dose iid



or td (faor s age 4); o her anth per ensives can ie used when h per ension is severe. ACE 

Inhibitors or Angio ensin II ilockers can

also ie used  o ↓ pro einuria  ha  associa ed wi h CRF & h per ension.  Infection causes 

include: Impaired cellular immune faunctons &

Indwelling dial sis ca he ers. Paten  should receive all standard

immunizations including live vaccines, excep  during Rx wi h immunosuppressives.  

Neurologic symptoms e.g. faatgue, poor concen raton, headache, drowsiness, memor  loss, 

seizures, & peripheral neuropa h  are mainl  due  o uremia & h per ension.  

Gastrointestinal symptoms e.g. faeeding in olerance & aidominal pain

are mainl  due  o GERD & ↓ GIT motli  .  Pericarditis/CMP due  o uremia, h per ension, 

& h pervolemia.  Bleeding tendency due  o pla ele s d sfauncton i  uremia.  

Hyperlipidemia due  o ↓ lipopro ein lipase actvi  .  Glucose intolerance due  o insulin 

resis ance.  Drug toxicity; Nephro oxic drugs should ie avoided & drugs  ha  are mainl  

excre ed i   he kidne  should ei her ↓ dose or ↑ in erval

ie ween doses or io h. Factors that initiate or aggravate glomerular destruction are:

H perfil raton Injur , H per ension, Pro einuria, H perphospha emia,

H perlipidemia, Infaecton, & Deh draton. Therefaore, faac ors  ha  can

slow  he progression ofa Chronic Kidne  Disease include:t- 1. Optmal con rol ofa hypertension 

to <75th percentle. 2. Use ofa ACE Inhibitors or Angio ensin II ilockers faor proteinuria.

3. Avoid hyperphosphatemia & main ain Ca/Pi produc  <55.

4. Aggressive Rx ofa infection & dehydration.

5. Correcton ofa anemia & hyperlipidemia.

6. Avoidance ofa NSAI agen s, cigarete smoking, & oiesi  .



End-Stage Renal Disease ESRD represen s  he s a e in which paten 's renal d sfauncton has 

progressed  o  he poin  a  which homeostasis and survival can no

longer be sustained wi h natve kidne  fauncton and maximal medical Rx unless i  renal 

replacemen   herap , i.e. dial sis or renal

 ransplan aton.   Indications for long-term dialysis in paten  wi h CRF are similar  o  hose 

ofa ARF e.g. refarac or  fuid overload, elec rol  e imialance, acidosis, uremic s mp oms; and 

grow h faailure.   Dialysis in CRF can ie done ei her i :t-  Daily Peritoneal dialysis; i  eas  & 

can ie done a  home, i  also

sui aile faor infaan s.  Hemodialysis; i  require vascular access i  At-V shun  or fis ula, i  onl  

done in hospi al a  3 sessions/wk.



HEMOLYTIC-UREMIC SYNDROME HUS is a common cause ofa communi  t-acquired ARF in 

 oung children. I  is charac erized i   he triad of microangiopathic hemolytic anemia, 

thrombocytopenia, and renal insufficiency.

Et. HUS can ie classified according  o etolog  as faollows:t-  Infection-induced is  he mos  

common cause ofa HUS; i  include: Vero oxint-producing Eicherichiae colie (mos  common, 

especiall  057:H7   pe), Shiga  oxint-producing Shigellae dyientereriaee   pe 1 (common),

Neuraminidaset-producing Streptococcuie pneumoniaee (rare), and HIV (rare).  Genetic 

(Atypical) HUS include: von Willeirand faac ort-cleaving pro ease (ADAMTS 13) deficienc , 

Complemen  faac or H (or I) deficienc /mu aton, Memirane cofaac or pro ein (MCP) 

mu atons,

Thromiot-modulin mu atons, Vi amin B12 me aiolism defaec s, Familial AR & AD ofa 

undefined etolog , and sporadic, recurren , undefined etolog  wi hou  diarrhea prodrome. 

 Other diseases associated with microvascular injury include: SLE, Antphospholipid 

antiod  s ndrome, Following BM  ransplan aton,

Malignan  h per ension, Primar  glomerulopa h , and HELLP s ndrome.  Medication-

induced include: some immunosuppressan  & c  o oxic

medicatons, some antpla ele  agen s, and quinine. Path. Microvascular injury wi h 

endo helial cell damage is

charac eristc ofa all faorms ofa HUS. In each faorm ofa HUS, capillar  and

ar eriolar endo helial injur  in  he kidne  partcularl  in glomeruli, leads  o localized 

 hromiosis causing a direc  decrease in GFR. Progressive pla ele  aggregaton in  he areas ofa 

microvascular injur  resul s in

consumptve  hromioc  openia. Microangiopa hic hemol tc anemia

resul s farom mechanical damage  o red ilood cells as  he  pass  hrough  he damaged and 

 hromiotc microvascula ure. C.M. HUS is mos  common in preschool and schoolt-aged 

children. In HUS caused i  exotoxin-producing E. coli, onse  ofa HUS occurs a few days

(as faew as 3 da s) up  o 3 wk after onse  ofa gas roen erits wi h faever,



vomitng, aidominal pain, and diarrhea which is often ilood , iu  no  necessaril , especiall  

earl  in  he illness. Following  he prodromal illness, a sudden onset of pallor, irritability, 

weakness, and lethargy herald  he onse  ofa HUS. Oliguria can ie presen  in earl  s ages iu  

ma  ie masked i  ongoing diarrhea. Thus, paten s can presen  wi h HUS ei her wi h 

significan  deh draton or

volume overload. Paten s can develop pe echiae, iu  significan  or severe ileeding is rare 

despi e ver  low pla ele  coun s. Paten s wi h pneumococcus-associated HUS usuall  are ill 

wi h pneumonia and emp ema when  he  develop HUS. In genetic forms ofa

HUS, onse  can ie insidious when  riggered i  a varie   ofa illnesses e.g. mild, nonspecific 

gas roen erits or RTI. Inv.

 CBP shows microangiopathic hemolytic anemia wi h schis oc  es, iurr cells, and helme  

cells. Coomis  es  is negative, wi h  he excepton ofa pneumococcit-induced HUS, where i  is 

usuall  positve. Thrombocytopenia is an invariaile finding in  he acu e phase, iu  can 

re urn  o normal in  he la e s age ofa disease. Leukocytosis is presen . PT & PTT are usuall  

normal.

 RFT: Renal insufficienc  can var  farom mild elevations in serum BUN and creatinine  o 

ARF. GUE   picall  shows microscopic hematuria

and lowt-grade proteinuria. Renal iiops  is rarel  indica ed iecause i  carr  a significan  risks

during actve phase ofa  he disease &  he Dx can ie made on  he aiove cri eria.  The 

etolog  ofa HUS is often clear wi h  he presence ofa a diarrheal

prodrome. The presence or aisence ofa  oxigenic, en eropa hic organisms on s ool cul ure 

has litle role in making  he Dx iecause onl  a minori   ofa paten s infaec ed wi h  hese 

organisms develops HUS, and

 he organisms  ha  cause HUS ma  ie rapidl  cleared during  he illness,  herefaore stool 

culture may be negative.

 Ifa no hx ofa diarrheal prodrome or pneumococcal infaecton,  hen evaluation for the genetic 

forms of HUS should ie considered,

iecause  hese paten s are a  risk faor recurrence, have a severe prognosis, and can require 

diferen   herapies.



D.Dx. Thrombotic Thrombocytopenic Purpura (TTP) also is charac erized i   he same 

faea ures ofa HUS (some investga ors consider

HUS and TTP  o ie par  ofa a contnuum ofa disease); however TTP ma  have a more gradual 

onse   han HUS wi h more CNS involvemen  and

faever as well as onl  a faew cases faollow  he "diarrhea prodrome". Other causes ofa ARF 

associa ed wi h a microangiopa hic hemol tc

anemia and  hromioc  openia include: SLE, malignan  h per ension, and

iila eral renal vein  hromiosis. Cx. HUS can ie relatvel  mild or can progress  o a severe, 

and even faa al, mults s em disease. Leukoc  osis and severe prodromal en erits herald a 

severe course, iu  no presentng faea ures reliail  predic   he severi   ofa HUS in an  given 

paten .  The comiinaton ofa rapidl  developing renal faailure and severe hemol sis can 

resul  in life-threatening hyperkalemia.

 Volume overload, h per ension, and severe anemia can all develop soon after onse  and 

 oge her can precipi a e heart failure.

 Direc  cardiac involvemen  is rare, iu  pericardits, m ocardial d sfauncton, or arrh  hmias 

can occur.  The majori   ofa paten s wi h HUS have some iu  mild CNS involvement e.g. 

irri aiili  , le harg , and nonspecific encephalopa h . Severe CNS involvemen  occurs in 

≤20% e.g. seizures & significan  encephalopa h  due  o faocal ischemia secondar   o 

microvascular CNS  hromiosis.  Intestinal Cxs can ie pro ean including severe 

infamma or  colits, ischemic en erits, iowel perfaoraton, in ussuscepton, and pancreatts.

Rx. The primar  approach  ha  has suis antall  improved acu e

ou come in HUS is  he earl  recogniton ofa disease, moni oring faor

po ental complicatons, and metculous supportve care which includes:t-  Careful 

management of fuid and electrolytes e.g. correcton ofa volume defici , con rol ofa 

h per ension, and earl  inst uton ofa dialysis ifa  he paten  iecomes anuric or significan l  

oliguric.  Red cell transfusions are usuall  required iecause hemol sis can ie

irisk and recurren  untl  he actve phase ofa  he disease has resolved. In pneumococci-

associated HUS, i  is recommended  ha  an  adminis ered red cells should be washed 

before transfusion  o



remove residual plasma, iecause endogenous IgM direc ed agains   he revealed T antgen 

can pla  a pa hogenic role.  Platelets generally should not be administered, regardless ofa 

pla ele  coun  iecause  he  are almos  immedia el  consumed i   he actve

coagulaton and can  heoretcall  worsen  he clinical course.  Antcoagulan s, antpla ele s, 

and fiirinol tc  herap  are contraindicated iecause  he  increase  he risk ofa serious 

hemorrhage.  Antibiotic therapy  o clear  he  oxigenic organisms can resul  in

increased  oxin release, po entall  exaceriatng  he disease, and

 herefaore is not recommended, iu  promp   rea men  ofa an  underl ing pneumococcal 

infaecton is impor an .  Plasma therapy can ie ofa suis antal ienefi   o paten s wi h 

identfied

defici s ofa ADAMTS 13 or faac or H. I  ma  also ie considered in paten s wi h o her genetic 

forms ofa HUS e.g. Familial undefined etolog  or

sporadic iu  recurren  HUS.  Eculizumab (antt-C5 antiod )  ha  inhiii s complemen  

actvaton is a

novel  herap  faor atypical familial HUS.

Pg. The mortality rate faor diarrheat-associa ed HUS after carefaul

supportve care has declined  o <5%. Halfa ofa  he paten s require dial sis

suppor  during  he acu e phase ofa  he disease. Mos  recover renal

fauncton comple el , iu  ofa surviving paten s, 5% remain dependen  on dial sis, and up  o 

20t-30% are left wi h some level ofa chronic renal insufficienc ,  hese paten s require carefaul 

follow-up.

The prognosis for HUS that not associated with diarrhea is more severe. Pneumococcit-

associa ed HUS causes increased paten  moriidi  , wi h mor ali   repor ed ≈20%. The 

faamilial, genetc faorms ofa HUS can ie insidiousl  progressive or relapsing diseases and have a

poor prognosis.


