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Case - Acute Rena l Fa ilu re

• 73 yo  d iabetic  F  w  hx of m ild  HBP but
norm al rena l function deve lops in fection  of
R  foot. Over 1  w eek fever, ch ills ,
inflam m ation sw e lling  of her  R  foot and leg
. She takes M otrin  fo r pa in . For 4  d  low
urine output.

•   Adm itted  to  hosp w ith  BP 82/60  T102
P88 Confused d isoriented  Cor –C hest w n l
Ext severe ce llu lit is  o f  R  foot and leg .

• BUN  106  m g/d l (n l 10 -20  ) Pcreatin ine 6 .6
m g/d l ( n l 0 .6 -1 .2) .

• She is treated w ith  flu ids, antib iotics and
d ia lys is .

A cute Rena l Fa ilu re

• How  do w e know  the patient has
ARF?

• W hat are  the possib le  etio log ies of
the acute rena l fa ilu re?

• W hat are  the p athophysio log ic
m echan ism s that cause the ARF?

• How  can you use know ledge of the
m echan ism s for D iagnosis and
Treatm ent?

C lin ica l S ign ificance of ARF

• Occurs in  5 -10%  of hosp ita lized  pts
• Occurs in  up  to  25%  of ICU  pts
• M orta lity  rate  is  h igh  espec ia lly  fo r

severe ARF ( 20 -40%  )
• Contributes to  m orb id ity  o f crit ica lly  ill

p ts
• Correct D x and treatm ent depend

upon know ledge of pathophysio logy.

Hosp ita l Acqu ired  Rena l
Insuffic iency

• Study of 4 ,622  consecutive pts adm itted
to  m ed ic ine and surgery serv ice  of la rge
urban tertiary  care  center

• Acute rena l Insuffic iency in  >  7%
• Over-a ll m orta lity  a lm ost 20%
• For severe ARF ( serum  c reatin ine >  3m g/d l

) m orta lity  38%
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Hosp ita l Acqu ired  Rena l
Insuffic iency

M ajor Causes of Acute Rena l Insuffic iency

• Decreased rena l perfus ion   44%
• M ed ications  18%
• Rad iograph ic  Contrast Agents 13%
• Post-operative  17%
• Sepsis  8%
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Re lationsh ip  betw een Serum  C reatin ine
and Rena l Function ( %  GFR rem ain ing  )

Prox im al tubu le

In jection  of rad io labe led  inu lin  into  prox im al tubu le
and %  recovery in  urine  –  show ing  loss of recovery
and back-leak in  u rany l n itrate  ATN  m ode l

Hosp ita l Acqu ired  ARF

M orta lity  versus Severity  o f ARF

Increase in  S  C reatin ine       M orta lity
                     <1                         10%
                    1 -2                         22%
                     2 -3                        31%
                     >3                         38%
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Acute Rena l Fa ilu re

• A  rap id  deterio ration  of rena l function ( GFR
) assoc iated  w ith  the accum ulation  of
norm ally  excreted n itrogenous and other
w aste products.

• A ll fo rm s of ARF typ ica lly  have an e levated
b lood leve l o f creatin ine and BUN

Three m ajor patterns:

• Post-rena l A zotem ia  ( Obstruction  )
• Pre-rena l A zotem ia  ( Perfus ion prob lem  )
• Intrins ic  Rena l Fa ilu re  ( ATN , A IN , AGN ,
                                        vascu lar d isease)

Post-rena l A zotem ia

• ARF caused by obstruction  to  the outflow
of urine .

• B lockage can occur at any leve l from  the
urethra to  the pe lv is o f the k idneys.

• Com m on causes are  p rostatic  en largem ent
due to  ben ign hypertrophy or cancer,
gyneco log ic  m alignanc ies, k idney stones.

• Anuria  ( <100cc/day )suggests obstruction .

3  Ru les about Post-rena l
Azotem ia

• Exc lude obstruction   in  every case of ARF

• Rad io log ic tests ( IVP , CAT scan , etc . ) can
show  there is  no  b lockage.

     In  m ost cases use u ltrasonogram  ( USG  ) –
bounces sound w aves off k idney to  take
p icture  –  fast, cheap , safe , no  contrast.

• Un ilatera l obstruction  does not cause
progress ive severe ARF.
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M echan ism s of Acute Tubu lar
Necrosis

• Ischem ic An im al M ode ls o f ATN
         (  rena l artery  c lam p ing , in fuse intra-
             arteria l vasoconstrictor ).
• Nephrotox ic  An im al M ode ls
         (  HgC l2 , U rany l N itrate , G entam ic in ,
            C isp latinum , Cyc losporine ).
• Not a ll m ode ls have the sam e

pathogenesis .
• M ore than one m echan ism s m ay be

invo lved in  each m ode l o f ARF.

W hy Is the GFR Reduced in  Acute
Tubu lar Necrosis?

• Vasoconstriction
• Back Leak of tubu lar flu id
• Intratubu lar Obstruction
• A ltered  G lom eru lar Perm eab ility

Ro le  o f Rena l B lood F low  in  ARF

Proxim al tubu le

Changes in GFR and RBF  over time in
nephrotoxic rat model  ( UN  ) of ARF

Ro le  of Rena l B lood F low  in  ARF

Proxim al tubu le

Restoration of RBF to high levels at 3 hrs does
not correct the decrease in GFR after ARF is
established in UN model.
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The G lom eru lus

Lum en of Bow m an’s  capsu le

Prox im al tubu le

Efferent
arterio le

A fferent
arterio le

Tubu lo -g lom eru lar Feedback in  ATN

Proxim al tubu le

Increased delivery of Cl- to the macula densa of the distal
tubule leads to local vasoconstriction of the afferent arteriole
of the same glomerulus.

The G lom eru lus

Lum en of Bow m an’s  capsu le

Prox im al tubu le

Efferent
arterio le

A fferent
arterio le
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W hy Is the GFR Reduced in  Acute
Tubu lar Necrosis?

• Vasoconstriction
• Back Leak of tubu lar flu id
• Intratubu lar Obstruction
• A ltered  G lom eru lar Perm eab ility

The G lom eru lus
Proxim al tubu le

In jection  of non-reabsorbab le  lisam ine  green dye into  rena l
artery   show ing  progress ive concentration  in  tubu les of norm al
an im al as opposed to  ATN  HgC l2  m ode l     Bank et a l. JC I 1967

The G lom eru lus
Proxim al tubu le

In jection  of rad io labe led  inu lin  into  prox im al tubu le
and %  recovery in  urine  –  show ing  loss of recovery
and back-leak in  u rany l n itrate  ATN  m ode l

W hy Is the GFR Reduced in  Acute
Tubu lar Necrosis?

• Vasoconstriction
• Back Leak of tubu lar flu id
• Intratubu lar Obstruction
• A ltered  G lom eru lar Perm eab ility
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The G lom eru lus
Proxim al tubu le

Percent of tubules with a given intratubular
pressure before and after renal artery
occlusion and ARF

W hy Is the GFR Reduced in  Acute
Tubu lar Necrosis?

• Vasoconstriction
• Back Leak of tubu lar flu id
• Intratubu lar Obstruction
• A ltered  G lom eru lar Perm eab ility
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B iochem ica l M arkers o f Ce ll In ju ry
Function                                    Response

M itochondria
     Basa l O2  consum ption        decreased
     M ax O2  consum ption          decreased

Phospho lipases                        activated
Reactive Oxygen spec ies         increased

P lasm a M em brane
     Ce llu lar potass ium                decreased
     Ce llu lar ca lc ium                     increased

Aden ine Nuc leotides
     ATP leve ls                             decreased
     AM P leve ls                             increased
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Hosp ita l Acqu ired  Rena l
Insuffic iency

Outcom es of Hosp ita l Acqu ired  ARF

• Partia l recovery rena l function  23%
• D ischarged w  increasing  Pcreat  17%
• D ischarged on chr. H em od ia lys is 3%
• Death  20%
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