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Intracellular MilieuIntracellular MilieuIntracellular MilieuIntracellular MilieuIntracellular MilieuIntracellular Milieu
High PotassiumHigh Potassium

High ProteinHigh Protein

Intracellular MilieuIntracellular Milieu
High PotassiumHigh Potassium

High ProteinHigh ProteinHigh ProteinHigh Protein
High MagnesiumHigh Magnesium
High PhosphateHigh Phosphate

High ProteinHigh Protein
High MagnesiumHigh Magnesium
High PhosphateHigh Phosphate

Very low sodium and chlorideVery low sodium and chloride
Very low bicarbonateVery low bicarbonate

PROFOUNDLY low calciumPROFOUNDLY low calcium

Very low sodium and chlorideVery low sodium and chloride
Very low bicarbonateVery low bicarbonate

PROFOUNDLY low calciumPROFOUNDLY low calciumPROFOUNDLY low calciumPROFOUNDLY low calciumPROFOUNDLY low calciumPROFOUNDLY low calcium



KK++ ↑↑↑↑↑↑↑↑KK++ ↑↑↑↑↑↑↑↑KK ↑↑↑↑↑↑↑↑
POPO44

33-- ↑↑↑↑↑↑
KK ↑↑↑↑↑↑↑↑
POPO44

33-- ↑↑↑↑↑↑ NaNa++ ↓↓↓↓
ClCl-- ↓↓↓↓
CC 2+2+

NaNa++ ↓↓↓↓
ClCl-- ↓↓↓↓
CC 2+2+POPO44 ↑↑↑↑↑↑

Protein ↑↑Protein ↑↑
POPO44 ↑↑↑↑↑↑
Protein ↑↑Protein ↑↑

CaCa2+2+ ↓↓↓↓↓↓↓↓↓↓↓↓CaCa2+2+ ↓↓↓↓↓↓↓↓↓↓↓↓

NaNa++ ↑↑↑↑↑↑↑↑NaNa++ ↑↑↑↑↑↑↑↑
++

↑↑↑↑↑↑↑↑
ClCl-- ↑↑↑↑↑↑
CaCa2+2+ ↑↑

↑↑↑↑↑↑↑↑
ClCl-- ↑↑↑↑↑↑
CaCa2+2+ ↑↑

K+ ↓↓↓
PO4

3- ↓↓
Protein ↓

K+ ↓↓↓
PO4

3- ↓↓
Protein ↓ NaNa++ ↑↑↑↑↑↑↑↑

ClCl-- ↑↑↑↑↑↑
2+2+

NaNa++ ↑↑↑↑↑↑↑↑
ClCl-- ↑↑↑↑↑↑

2+2+CaCa ↑↑CaCa ↑↑ CaCa2+2+ ↑↑CaCa2+2+ ↑↑



Th I id f th C ll iTh I id f th C ll iThe Inside of the Cell is a
Protein rich, high potassium,
The Inside of the Cell is a
Protein rich, high potassium,
high phosphate, and 
high magnesium environment
high phosphate, and 
high magnesium environmentg gg g

…this is where the…this is where the…this is whe e the
processes of 

creating energy

…this is whe e the
processes of 

creating energycreating energy 
and life

t k l !!

creating energy 
and life

t k l !!take place!!take place!!



The Outside of the Cell isThe Outside of the Cell isThe Outside of the Cell is 
the Salt of the Sea
The Outside of the Cell is 
the Salt of the Sea
from which
Life Sprang Forth
from which
Life Sprang Forth

…bathing the cells 
in the liquid from
…bathing the cells 
in the liquid fromin the liquid from 
which they were born
in the liquid from 
which they were born
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Body Fluid CompartmentsBody Fluid Compartments

Total Body WaterTotal Body Water Body Weight (%)Body Weight (%)
Total Body Total Body 

Total Body WaterTotal Body Water Body Weight (%)Body Weight (%)
Water (%)Water (%)

TotalTotal 6060 100100

IntracellularIntracellular 4040 6767

ExtracellularExtracellular 2020 3333

IntravascularIntravascular 55 88IntravascularIntravascular 55 88

InterstitialInterstitial 1515 2525



Body Fluid Compartments

AgeAge
Total Body WaterTotal Body Water

As % Body As % Body 
WeightWeight

Extracellular Fluid Extracellular Fluid 
As % Body As % Body 

WeightWeight

Intracellular FluidIntracellular Fluid
As % Body As % Body 

WeightWeight

PrematurePremature 75 75 -- 8080 5050 3535

NewbornNewborn 70 70 –– 7575 5050 3535

1 Year Old1 Year Old 6565 2525 40 40 –– 4545

Adolescent MaleAdolescent Male 6060 2020 4040 4545Adolescent MaleAdolescent Male 6060 2020 40 40 –– 4545

Adolescent Adolescent 
FemaleFemale 5555 1818 4040



Electrolyte Concentration in 
Fluid Compartments (meq/L)

PlasmaPlasma Interstitial FluidInterstitial Fluid Intracellular FluidIntracellular Fluid

CationsCations
NaNa++ 140140 146146 1212NaNa 140140 146146 1212

KK++ 44 44 150150

Ca Ca 2+2+ 55 33 1010--77



Electrolyte Concentration in y
Fluid Compartments (meq/L)

PlasmaPlasma Interstitial FluidInterstitial Fluid Intracellular FluidIntracellular Fluid

AnionsAnions
ClCl-- 103103 114114 33ClCl 103103 114114 33

HCOHCO33
-- 2424 2727 1010

SOSO44
22-- 11 11 ------

HPOHPO44
33-- 22 22 11611644

ProteinProtein 1616 55 4040
OrganicOrganicOrganic Organic 
anionsanions 55 55 ------













Water is constantlyWater is constantlyWater is constantly
b i l t

Water is constantly
b i l tbeing lostbeing lost

UrineUrine
Feces
S
Feces
SSweatSweat

Spit (south Georgia)Spit (south Georgia)Spit (south Georgia)Spit (south Georgia)



Exercise, fever, vomiting, diarrhea
NG suction, other tubes…
Exercise, fever, vomiting, diarrhea
NG suction, other tubes…,,

All remove volume from the body,All remove volume from the body,
initially from the circulating vascularinitially from the circulating vascular

All remove volume from the body,All remove volume from the body,
initially from the circulating vascularinitially from the circulating vascular

volume, then from the interstitium and cellsvolume, then from the interstitium and cellsvolume, then from the interstitium and cellsvolume, then from the interstitium and cells



Water Losses 
in a 60 – 80 Kg Man

Average Daily Average Daily 
Volume (mL)Volume (mL)

Minimal Daily Minimal Daily 
Volume (mL)Volume (mL)

Sensible LossesSensible LossesSensible LossesSensible Losses

UrinaryUrinary 800 800 -- 15001500 300300

IntestinalIntestinal 0 0 -- 250250 00

SweatSweat 00 00

Insensible LossesInsensible Losses

Lungs and SkinLungs and Skin 600600 –– 900900 600600 -- 900900Lungs and SkinLungs and Skin 600 600 900900 600 600 900900





The nephron leaksThe nephron leaksThe nephron leaks
out 180 liters/day
The nephron leaks
out 180 liters/dayout 180 liters/dayout 180 liters/day

that is 60 times thethat is 60 times the…that is 60 times the
normal adult’s
…that is 60 times the
normal adult’snormal adult s
plasma volume!!!
normal adult s
plasma volume!!!plasma volume!!!plasma volume!!!



We literally pour outWe literally pour outWe literally pour out
our entire PLASMA VOLUME

We literally pour out
our entire PLASMA VOLUME

every 30 minutesevery 30 minutes

that’s a powerful organ!that’s a powerful organ!…that s a powerful organ!…that s a powerful organ!



Yet the “beans”Yet the “beans”Yet, the beans
reabsorb some 99%

Yet, the beans
reabsorb some 99%

of this volumeof this volume

that is some refining powerthat is some refining power…that  is some refining power…that  is some refining power



With a GFR ofWith a GFR ofWith a GFR of 
120 ml/min (180 L/day) 
With a GFR of 
120 ml/min (180 L/day) 
25,000 mEq of sodium
(about half a kilogram)
25,000 mEq of sodium
(about half a kilogram)(about half a kilogram) 
are filtered out per day,
(about half a kilogram) 
are filtered out per day,p y,
almost all of which

b b d

p y,
almost all of which

b b dare reabsorbed are reabsorbed 



A “Trip throughA “Trip throughA Trip through 
the Tubules”

A Trip through 
the Tubules”the Tubulesthe Tubules



Tubular fluidTubular fluidTubular fluid 
is iso-osmolar 
Tubular fluid 
is iso-osmolar 
in thein the
proximal tubuleproximal tubule



The RenalThe RenalThe Renal
Medulla is

EXCEEDLINGLY

The Renal
Medulla is

EXCEEDLINGLYEXCEEDLINGLY
concentrated

d hi hl

EXCEEDLINGLY
concentrated

d hi hland highly
osmotically
and highly

osmotically
concentrated

2 4 times the

concentrated

2 4 times the…2 – 4 times the
osmolarity of

…2 – 4 times the
osmolarity of

the filtratethe filtrate



W t thW t thWater, then,
is reabsorbed
Water, then,
is reabsorbedis reabsorbed 
in the 
is reabsorbed 
in the 
descending
l f H l
descending
l f H lloop of Henleloop of Henle



I th di lI th di lIn the ascending loop,
Na / K / Cl are
In the ascending loop,
Na / K / Cl areNa / K / Cl are
reabsorbed
Na / K / Cl are
reabsorbed
…this portion is…this portion is
impermeable to
water even with
impermeable to
water even withwater, even with
↑↑ ADH
water, even with
↑↑ ADH↑↑↑↑



T b l fl idT b l fl idTubular fluid
becomes more
Tubular fluid
becomes morebecomes more
dilute as it flows
becomes more
dilute as it flows
up the
ascending loop
up the
ascending loopascending loopascending loop

…osmolarity
of 100 mOsm/L
…osmolarity
of 100 mOsm/Lof 100 mOsm/Lof 100 mOsm/L



In the Distal Tubules andIn the Distal Tubules and
Collecting Ducts
fluid may become
Collecting Ducts
fluid may becomefluid may become
even more dilute
fluid may become
even more dilute
due to additional
reabsorption of
due to additional
reabsorption ofreabsorption of
NaCl
reabsorption of
NaCl
…impermeable 
to water in ABSENCE of ADH
…impermeable 
to water in ABSENCE of ADHto water in ABSENCE of ADH
(osmolarity ↓ to 50 mOsm/L
to water in ABSENCE of ADH
(osmolarity ↓ to 50 mOsm/L



Urine Sodium is theUrine Sodium is the

“signalsignal”“signalsignal”signalsignal
of what the body is trying to do

signalsignal
of what the body is trying to doy y g

l h kid f ili

y y g

l h kid f ili…unless the kidneys are failing…unless the kidneys are failing



Look atLook atLook at 
the BODY…

Look at 
the BODY…the BODY…

th l k
the BODY…

th l k…then look 
t th SIGNAL!
…then look 

t th SIGNAL!at the SIGNAL!at the SIGNAL!



Look atLook atLook at 
Hydration and

Look at 
Hydration andHydration and

Hemodynamic Status
Hydration and

Hemodynamic StatusHemodynamic Status
d th l k t

Hemodynamic Status
d th l k t…and then look at

th fl id b i
…and then look at

th fl id b ithe fluid being
li i d

the fluid being
li i deliminatedeliminated



How effective is the SIGNAL?How effective is the SIGNAL?

W t littlW t littlWe can excrete as little
as 1 meq Na+ per day

We can excrete as little
as 1 meq Na+ per dayas 1 meq Na per dayas 1 meq Na per day

…or as much as 5000 meq Na+…or as much as 5000 meq Na+



How effective is the SIGNAL?How effective is the SIGNAL?How effective is the SIGNAL?How effective is the SIGNAL?

We can dilute urine 
t littl

We can dilute urine 
t littlto as little as 

50 mOsm/L of solute
to as little as 

50 mOsm/L of solute50 mOsm/L of solute
in 300 cc urine

50 mOsm/L of solute
in 300 cc urine

…or concentrate as much …or concentrate as much 
as 1400 mOsm/Las 1400 mOsm/L



It’s what 2 million nephrons
with multiple hormal signals
It’s what 2 million nephrons
with multiple hormal signalswith multiple hormal signals

will do for you
with multiple hormal signals

will do for youw do o youw do o you

…and, it’s what an organ that
processes 36 times your blood
…and, it’s what an organ that
processes 36 times your bloodprocesses 36 times your blood

volume per day can do
processes 36 times your blood

volume per day can dop yp y



The renal excretion of water
is independent of

The renal excretion of water
is independent ofis independent of 
solute excretion

is independent of 
solute excretion

…the primary effector
or water excretion

…the primary effector
or water excretionor water excretion 

is ADH (vasopressin)
or water excretion 

is ADH (vasopressin)( p )( p )



When Osmolarity isWhen Osmolarity isWhen Osmolarity is
greater than normal, 
When Osmolarity is

greater than normal, 
the posterior pituitary 

t ADH
the posterior pituitary 

t ADHsecretes ADHsecretes ADH

…increases permeability of the…increases permeability of the
distal tubules and 

ll ti d t t t
distal tubules and 

ll ti d t t tcollecting ducts to watercollecting ducts to water



When Osmolarity isWhen Osmolarity isy
greater than normal, 
h i i i

y
greater than normal, 
h i i ithe posterior pituitary 

secretes ADH
the posterior pituitary 

secretes ADHsecretes ADH

•↑ Water absorption

secretes ADH

•↑ Water absorption•↑ Water absorption
•↓ Urine volume

•↑ Water absorption
•↓ Urine volume↓ Urine volume

•Does not markedly alter rate of
↓ Urine volume

•Does not markedly alter rate of
renal excretion of soluterenal excretion of solute



When Osmolarity isWhen Osmolarity isWhen Osmolarity is
less than normal, 

When Osmolarity is
less than normal, ,

the posterior pituitary 
A

,
the posterior pituitary 

Asecretes less ADHsecretes less ADH

…reduces the permeability 
f di t l t b l d

…reduces the permeability 
f di t l t b l dof distal tubules and 

collecting ducts to H2O
of distal tubules and 

collecting ducts to H2Ocollecting ducts to H2Ocollecting ducts to H2O



Kidneys can excreteKidneys can excrete
t 20 lit /dt 20 lit /d

Kidneys can excreteKidneys can excrete
t 20 lit /dt 20 lit /dup to 20 liters/day up to 20 liters/day 

of dilute urine withof dilute urine with
up to 20 liters/day up to 20 liters/day 

of dilute urine withof dilute urine withof dilute urine with of dilute urine with 
Osmolarity as low as Osmolarity as low as 
of dilute urine with of dilute urine with 

Osmolarity as low as Osmolarity as low as 
50 50 mOsmmOsm/L/L

( 285( 285 295295
50 50 mOsmmOsm/L/L

( 285( 285 295295(serum 285 (serum 285 -- 295295
`̀

(serum 285 (serum 285 -- 295295
`̀



After drinking a liter of H2O,After drinking a liter of H2O,
within 45 minutes urine volume

↑ by 600%
within 45 minutes urine volume

↑ by 600%↑ by 600%

ith i t ti

↑ by 600%

ith i t ti…with urine concentration
falling from 600 mOsm/L

…with urine concentration
falling from 600 mOsm/Lfalling from 600 mOsm/L

to 100 mOsm/L
falling from 600 mOsm/L

to 100 mOsm/L



The kidneys can concentrateThe kidneys can concentrateThe kidneys can concentrate
the urine to 1400 mOsm/L

The kidneys can concentrate
the urine to 1400 mOsm/Lthe urine to 1400 mOsm/L

desert animals can concentrate

the urine to 1400 mOsm/L

desert animals can concentrate…desert animals can concentrate
urine to 10,000 mOsm/L,

…desert animals can concentrate
urine to 10,000 mOsm/L,

surviving in the desert
i h d i ki

surviving in the desert
i h d i kiwithout drinking water,

getting water only from food
without drinking water,

getting water only from foodgetting water only from foodgetting water only from food



S t h 2400 O /LS t h 2400 O /LSea water has 2400 mOsm/L
…but the lowly
Sea water has 2400 mOsm/L
…but the lowly…but the lowly 
Australian hopping mouse

t th lt l d i

…but the lowly 
Australian hopping mouse

t th lt l d ican excrete the salt load in a
liter of sea water in
can excrete the salt load in a
liter of sea water in
200 cc of urine and 
could thus
200 cc of urine and 
could thuscould thus
drink sea water 
could thus
drink sea water 
with impunitywith impunity



A l h tA l h tA normal human excretes 
600 mOsm of solute per day
A normal human excretes 

600 mOsm of solute per day600 mOsm of solute per day
if maximum concentrating

600 mOsm of solute per day
if maximum concentrating…if maximum concentrating 

ability is 1200 – 1400 mOsm/L,
…if maximum concentrating 
ability is 1200 – 1400 mOsm/L,y

then:   600/1200 = 0.5 L/day
i i l i l

y
then:   600/1200 = 0.5 L/day

i i l i lminimal urine volume to
excrete normal solute waste

minimal urine volume to
excrete normal solute wasteexcrete normal solute wasteexcrete normal solute waste



El t l tEl t l tElectrolyte Electrolyte 
Req irementsReq irementsRequirementsRequirements

Sodium Sodium –– 1.0 1.0 –– 1.5 mEq/Kg (43.4 mEq/gram)1.5 mEq/Kg (43.4 mEq/gram)

Potassium Potassium –– 0.5 0.5 –– 0.75 mEq/Kg (0.75 mEq/Kg (~ ½ Sodium)~ ½ Sodium)

Chloride Chloride -- 1.0 1.0 –– 1.5 mEq/KG1.5 mEq/KG



Common IV Solutions
GlucoseGlucose ++ ++ 2+2+ 33 2+2+SolutionSolution Glucose Glucose 

(g/L)(g/L) NaNa++ KK++ CaCa2+2+ ClCl-- LactateLactate POPO44
33-- MgMg2+2+

5% Dextrose (D5W)5% Dextrose (D5W) 5050 00 00 00 00 00 00 00

10% Dextrose (D10W)10% Dextrose (D10W) 100100 00 00 00 00 00 00 00

Normal Saline (NS)Normal Saline (NS) 00 154154 00 00 154154 00 00 00

D5NSD5NS 5050 154154 00 00 154154 00 00 00

D5 ½ NSD5 ½ NS 5050 7777 00 00 7777 00 00 00D5 ½ NSD5 ½ NS 5050 7777 00 00 7777 00 00 00

0.2% NS0.2% NS 00 3131 00 00 3131 00 00 00

3% NaCl3% NaCl 00 513513 00 00 513513 00 00 00

Ringer’s Lactate (RL)Ringer’s Lactate (RL) 00 130130 44 33 109109 2828 00 00

D5 RLD5 RL 5050 130130 44 33 109109 2828 00 00



Urine SodiumUrine SodiumUrine Sodium 

i h “signsign”
Urine Sodium 

i h “signsign”is the “signsign”is the “signsign”
of what the body 

i t i t d
of what the body 

i t i t dis trying to dois trying to do
…unless the 

kidneys are failing
…unless the 

kidneys are failingkidneys are failing…kidneys are failing…



F i l i f diF i l i f diFractional excretion of sodiumFractional excretion of sodium

The fraction of sodiumThe fraction of sodiumThe fraction of sodium The fraction of sodium 
actually excreted by the body actually excreted by the body 

relative to the amountrelative to the amountrelative to the amount relative to the amount 
filtered by the kidney.filtered by the kidney.



Fractional excretion of sodiumFractional excretion of sodium

UNa / PNaUNa / PNaFF Na Na

U / P

Na Na

U / P
FeNaNa=FeNaNa= UCr / PCrUCr / PCr



Fractional excretion of sodiumFractional excretion of sodium

FEFENaNa should be 1% should be 1% -- 3%. 3%. FEFENaNa should be 1% should be 1% -- 3%. 3%. 

Anything higher than 3% indicates Anything higher than 3% indicates 
impaired tubular function. impaired tubular function. 

Anything higher than 3% indicates Anything higher than 3% indicates 
impaired tubular function. impaired tubular function. pp

Diuretics Diuretics MAYMAY elevate this numberelevate this number

pp

Diuretics Diuretics MAYMAY elevate this numberelevate this number



which bringswhich bringswhich bringswhich brings…which brings…which brings
us tous to

…which brings…which brings
us tous tous to…us to…us to…us to…



Acute Renal FailureAcute Renal Failurecute enal ailu ecute enal ailu e

A Proliferation ofA Proliferation of
Ph i l i l F ilPh i l i l F il

A Proliferation ofA Proliferation of
Ph i l i l F ilPh i l i l F ilPhysiological FailuresPhysiological Failures

Leading to Renal Leading to Renal 
Physiological FailuresPhysiological Failures

Leading to Renal Leading to Renal gg
MalfunctionMalfunction

gg
MalfunctionMalfunction



A t R l F ilA t R l F ilAcute Renal Failure:
• Definition

Acute Renal Failure:
• Definition• Definition
• Acute Renal Failure vs. 

Chronic Renal Failure

• Definition
• Acute Renal Failure vs. 

Chronic Renal Failure
• Etiology
• Pre-renal causes
• Etiology
• Pre-renal causes
• Intrinsic Renal Diseases
• Acute Tubular Necrosis
• Presentation of Renal Failure

• Intrinsic Renal Diseases
• Acute Tubular Necrosis
• Presentation of Renal Failure• Presentation of Renal Failure
• Evaluation of the Patient
• Management

• Presentation of Renal Failure
• Evaluation of the Patient
• ManagementManagementManagement



Acute Renal Failure:Acute Renal Failure:Acute Renal Failure:
Definition:

Acute Renal Failure:
Definition:

a. A sudden/severe decline in
renal function resulting in accumulation 
a. A sudden/severe decline in
renal function resulting in accumulation 
of nitrogenous waste products
b. On a continuum with azotemia and
of nitrogenous waste products
b. On a continuum with azotemia and
renal insufficiency
c. May be accompanied by 
renal insufficiency
c. May be accompanied by 
severe metabolic derangements 

– metabolic acidosis, volume
severe metabolic derangements 

– metabolic acidosis, volume
overload, and hyperkalemiaoverload, and hyperkalemia



Acute Renal Failure:
A t Ch i R l F il

Acute Renal Failure:
A t Ch i R l F ilAcute vs. Chronic Renal Failure

a. Requires review of past history, 
d l b

Acute vs. Chronic Renal Failure
a. Requires review of past history, 

d l brecords or labs
b. Important because aim in ARF is to

RF i i CRF i t

records or labs
b. Important because aim in ARF is to

RF i i CRF i treverse RF, aim in CRF is to 
treat complications
C id th t ARF b

reverse RF, aim in CRF is to 
treat complications
C id th t ARF bc. Consider that ARF may be 
superimposed on CRF

c. Consider that ARF may be 
superimposed on CRF



Type of ARFType of ARF ExamplesExamples
••HypovolemiaHypovolemia

Prerenal AzotemiaPrerenal Azotemia

••HypovolemiaHypovolemia
••HypoalbuminemiaHypoalbuminemia
••Heart FailureHeart Failure
••HypotensionHypotension
••Renal artery/vein diseaseRenal artery/vein disease

Intrinsic Renal DiseaseIntrinsic Renal Disease
VascularVascular

••VasculitisVasculitis
••SclerodermaScleroderma
••Malignant HTNMalignant HTN

GlomerularGlomerular
••GlomerulonephritisGlomerulonephritis
••SLESLE
••Goodpasture’sGoodpasture’s

InterstitialInterstitial
••DrugsDrugs
••ToxinsToxins
••InfectionsInfections

••Post Ischemia (post Post Ischemia (post PrerenalPrerenal))
l bi il bi i //h l bi ih l bi iAcute Tubular NecrosisAcute Tubular Necrosis ••MyoglobinuriaMyoglobinuria//hemoglobinuriahemoglobinuria

••Toxins (iodine contrast, Toxins (iodine contrast, aminoglycosidesaminoglycosides))

••ExtrarenalExtrarenal (tumor, (tumor, neurogenicneurogenic, urethral calculi, urethral calculi
or stricture)or stricture)

Post Renal ObstructionPost Renal Obstruction ••IntrarenalIntrarenal –– bilateral or affecting singlebilateral or affecting single
functioning kidney (calculi, tumor, papillary functioning kidney (calculi, tumor, papillary 
necrosisnecrosis



Acute Renal Failure:Acute Renal Failure:Acute Renal Failure:
Prerenal causes – Due to low

Acute Renal Failure:
Prerenal causes – Due to lowPrerenal causes Due to low 

blood flow to the kidney

S

Prerenal causes Due to low 
blood flow to the kidney

Sa. Systemic Disease
b. Renal Artery/Vein Disease
a. Systemic Disease
b. Renal Artery/Vein Disease



Acute Renal Failure:Acute Renal Failure:
Systemic Disease

a Hypovolemia
Systemic Disease

a Hypovolemiaa. Hypovolemia
b. Hypotension
c Third spacing of fluids

a. Hypovolemia
b. Hypotension
c Third spacing of fluidsc. Third spacing of fluids
d. Congestive heart failure
e Hypoalbuminemia – cirrhosis

c. Third spacing of fluids
d. Congestive heart failure
e Hypoalbuminemia – cirrhosise. Hypoalbuminemia cirrhosis,

nephrotic syndrome
e. Hypoalbuminemia cirrhosis,

nephrotic syndrome



Acute Renal Failure:Acute Renal Failure:
Renal Artery/Vein Disease 

(some classify as Intrinsic Renal Disease)
Renal Artery/Vein Disease 

(some classify as Intrinsic Renal Disease)(some classify as Intrinsic Renal Disease)
a. Decreased blood flow

(1) ACE i hibit i th tti f

(some classify as Intrinsic Renal Disease)
a. Decreased blood flow

(1) ACE i hibit i th tti f(1) ACE inhibitors in the setting of
bilateral renal artery stenosis

(2)  Prostaglandin Inhibitors – NSAID’s 
and ASA cause renal artery constriction

(1) ACE inhibitors in the setting of
bilateral renal artery stenosis

(2)  Prostaglandin Inhibitors – NSAID’s 
and ASA cause renal artery constrictionand ASA cause renal artery constriction

b. Artery obstruction (disease must be bilateral
or affect the single functioning kidney)

and ASA cause renal artery constriction

b. Artery obstruction (disease must be bilateral
or affect the single functioning kidney)or affect the single functioning kidney)

(1) Trauma
(2) Aortic Aneurysm/Dissection
(3) Tumor compression

or affect the single functioning kidney)
(1) Trauma
(2) Aortic Aneurysm/Dissection
(3) Tumor compression(3) Tumor compression
(4) Thromboembolic Disease
(3) Tumor compression
(4) Thromboembolic Disease



Acute Renal Failure:Acute Renal Failure:Acute Renal Failure:
Intrinsic Renal Disease – 5-10% of ARF in

d lt 40 60% f ARF i di t i

Acute Renal Failure:
Intrinsic Renal Disease – 5-10% of ARF in

d lt 40 60% f ARF i di t iadults, 40-60% of ARF in pediatrics
a. Vascular

(1) M li t H t i

adults, 40-60% of ARF in pediatrics
a. Vascular

(1) M li t H t i(1) Malignant Hypertension
(2) Scleroderma
(3) TTP/Hemolytic Uremic Syndrome (HUS)

(1) Malignant Hypertension
(2) Scleroderma
(3) TTP/Hemolytic Uremic Syndrome (HUS)



Acute Renal Failure:Acute Renal Failure:
Intrinsic Renal Disease – 5-10% of ARF in

adults, 40-60% of ARF in pediatrics
Intrinsic Renal Disease – 5-10% of ARF in

adults, 40-60% of ARF in pediatrics
b. Glomerular

(1) Systemic Vasculitis (polyarteritis, Wegener’s, HSP)

b. Glomerular
(1) Systemic Vasculitis (polyarteritis, Wegener’s, HSP)( ) y (p y g )
(2) Goodpasture’s Syndrome
(3) SLE
(4) Glomerulonephritis (Immune complex, post-strep, 

( ) y (p y g )
(2) Goodpasture’s Syndrome
(3) SLE
(4) Glomerulonephritis (Immune complex, post-strep, 

and rapidly progressive glomerular nephritis)and rapidly progressive glomerular nephritis)



Acute Renal Failure:Acute Renal Failure:
Intrinsic Renal Disease – 5-10% of ARF in

adults 40-60% of ARF in pediatrics
Intrinsic Renal Disease – 5-10% of ARF in

adults 40-60% of ARF in pediatricsadults, 40-60% of ARF in pediatrics
c. Interstitial

(1) Drugs probably immune related not dose dependent

adults, 40-60% of ARF in pediatrics
c. Interstitial

(1) Drugs probably immune related not dose dependent(1) Drugs – probably immune related, not dose dependent,
reoccurs with repeat exposure
a. Penicillins
b Diuretics

(1) Drugs – probably immune related, not dose dependent,
reoccurs with repeat exposure
a. Penicillins
b Diureticsb. Diuretics
c. NSAIDS

(2) Toxins
a. Heavy Metals

b. Diuretics
c. NSAIDS

(2) Toxins
a. Heavy Metalsa. Heavy Metals
b. Ethylene Glycol

(3) Infections – probably immune related
a. Bacterial

a. Heavy Metals
b. Ethylene Glycol

(3) Infections – probably immune related
a. Bacterial
b. Rickettsiab. Rickettsia



Acute Renal Failure:Acute Renal Failure:Acute Renal Failure:
Acute Tubular Necrosis – most common

cause of ARF in adults

Acute Renal Failure:
Acute Tubular Necrosis – most common

cause of ARF in adultscause of ARF in adults
1. Post – Ischemic

Most commonly results from severe

cause of ARF in adults
1. Post – Ischemic

Most commonly results from severeMost commonly results from severe 
pre-renal azotemia

2. Nephrotoxins
a Antibiotics – aminoglycosides

Most commonly results from severe 
pre-renal azotemia

2. Nephrotoxins
a Antibiotics – aminoglycosidesa. Antibiotics aminoglycosides
b. NSAIDS
c. Iodine contrast
d. Myoglobinuria

H l bi i

a. Antibiotics aminoglycosides
b. NSAIDS
c. Iodine contrast
d. Myoglobinuria

H l bi ie. Hemoglobinuria

3. Exclude pre-renal, post-renal, and 
instrinsic disease if ARF

e. Hemoglobinuria

3. Exclude pre-renal, post-renal, and 
instrinsic disease if ARFinstrinsic disease if ARF 
continues despite treatment
instrinsic disease if ARF 
continues despite treatment



Presentation of Acute Renal Failure:Presentation of Acute Renal Failure:Presentation of Acute Renal Failure:
No particular clinical presentation is 

niq e to Ac te Renal Fail re

Presentation of Acute Renal Failure:
No particular clinical presentation is 

niq e to Ac te Renal Fail reunique to Acute Renal Failure
1. Volume Status

unique to Acute Renal Failure
1. Volume Status

- Hypovolemic
- Euvolemic

Vol me o erload

- Hypovolemic
- Euvolemic

Vol me o erload- Volume overload- Volume overload



Presentation of Acute Renal Failure:Presentation of Acute Renal Failure:
2.  Azotemia

a Asymptomatic – only apparent on
2.  Azotemia

a Asymptomatic – only apparent ona. Asymptomatic only apparent on 
blood test

b. Uremic Syndromes

a. Asymptomatic only apparent on 
blood test

b. Uremic Syndromes
(1) Altered mental status
(2) Pericardial disease
(3) P iti

(1) Altered mental status
(2) Pericardial disease
(3) P iti(3) Pruritis
(4) Nausea/vomiting
(3) Pruritis
(4) Nausea/vomiting



Presentation of Acute Renal Failure:
3 M t b li

Presentation of Acute Renal Failure:
3 M t b li3.  Metabolic

a. Hyperkalemia - dysrhythmias
b Metabolic acidosis

3.  Metabolic
a. Hyperkalemia - dysrhythmias
b Metabolic acidosisb. Metabolic acidosis
c. Hyponatremia
d. Hypocalcemia

b. Metabolic acidosis
c. Hyponatremia
d. Hypocalcemiayp

(1) Usually asymptomatic
(2) May result in tetany after bicarb given

yp
(1) Usually asymptomatic
(2) May result in tetany after bicarb given

e. Hyperphosphatemia
f.  Hypermagnesemia
e. Hyperphosphatemia
f.  Hypermagnesemia



Presentation of Acute Renal Failure:Presentation of Acute Renal Failure:Presentation of Acute Renal Failure:
4. Hematologic

Presentation of Acute Renal Failure:
4. Hematologicg

a. Anemia – if renal disease is long-standing
b. Thrombocytopenia

GI bl di f bl di di h i

g
a. Anemia – if renal disease is long-standing
b. Thrombocytopenia

GI bl di f bl di di h ic. GI bleeding from bleeding diathesisc. GI bleeding from bleeding diathesis



Presentation of Acute Renal Failure:Presentation of Acute Renal Failure:Presentation of Acute Renal Failure:
5. Active Urinary Sediment

Presentation of Acute Renal Failure:
5. Active Urinary Sedimenty

a. Red cell casts suggest glomerulonephritis
b. Azotemia in the setting of a normal

y
a. Red cell casts suggest glomerulonephritis
b. Azotemia in the setting of a normal

urinalysis suggests obstructionurinalysis suggests obstruction



Evaluation of the PatientEvaluation of the PatientEvaluation of the Patient
with Acute Renal Failure:

Evaluation of the Patient
with Acute Renal Failure:

1.1. Volume Status!!!!Volume Status!!!!
2 Physical Exam distended bladder
1.1. Volume Status!!!!Volume Status!!!!
2 Physical Exam distended bladder2. Physical Exam – distended bladder, 

pelvic tumor/mass, prostate
3. Uremic Syndrome?

2. Physical Exam – distended bladder, 
pelvic tumor/mass, prostate

3. Uremic Syndrome?3. Uremic Syndrome?
4. Exposure to Toxins?
5. Search for pre-renal and post-renal 

3. Uremic Syndrome?
4. Exposure to Toxins?
5. Search for pre-renal and post-renal 

disease – these are typically reversible
6. Laboratory Results

disease – these are typically reversible
6. Laboratory Results



TestTest PrePre--renalrenal RenalRenal Acute Tubular Acute Tubular 
NecrosisNecrosis PostPost--renalrenal

Urine Sodium (mEq/L)Urine Sodium (mEq/L) <20<20 >40>40
Fract Excret of sodiumFract Excret of sodium

(%)*(%)* <1<1 >2>2

Urine OsmolalityUrine Osmolality
(mosm/L)(mosm/L) >500>500 <400<400

Urine/serum creatinineUrine/serum creatinine >40:1>40:1 <20:1<20:1

*Fractional Excretion of sodium % =Urine Sodium is Usually Pretty Low!
ratioratio >40:1>40:1 <20:1<20:1

Serum BUN/CreatinineSerum BUN/Creatinine
ratioratio >20:1>20:1 ~ 10:1~ 10:1Urine sodium/serum sodium

-------------------------------------------------------
Thus, a measurement of a HIGH urine Na+

suggests that the kidneys are
Urinary SedimentUrinary Sediment

Normal orNormal or
hyaline andhyaline and

granular castsgranular casts

RBC castsRBC casts
or or 

WBC castsWBC casts

Renal tubular Renal tubular 
epithelial casts, epithelial casts, 

brown brown 
pigmented pigmented 

Normal or Normal or 
hyaline and hyaline and 

granular granular 
castscasts

Urine creatinine/serum creatinine   X 100
suggests that the kidneys are

“wasting salt”
gg

cellular castscellular casts castscasts

Kidney sizeKidney size NormalNormal NormalNormal NormalNormal IncreasedIncreased

Poor uptakePoor uptake Good uptakeGood uptake
G d kG d kRadionuclide StudyRadionuclide Study

pp
Delayed Delayed 
excretionexcretion

pp
Delayed Delayed 
excretionexcretion

VariableVariable Good uptake Good uptake 
No excretionNo excretion



Burton D. Rose, MDBurton D. Rose, MD
N h l i tN h l i tNephrologistNephrologist
Boston, MABoston, MA
“U t D t ”“U t D t ”“Up to Date”“Up to Date”

19981998



“Urine sodium concentration“Urine sodium concentration —— The urine sodium The urine sodium 
concentration tends to be low in concentration tends to be low in prerenalprerenal disease (<20 disease (<20 pp ((
meqmeq/L) in an appropriate attempt to conserve sodium, /L) in an appropriate attempt to conserve sodium, 
and high in ATN (>40 and high in ATN (>40 meqmeq/L) due in part to the tubular /L) due in part to the tubular 
injury There is however frequent overlap resulting ininjury There is however frequent overlap resulting ininjury. There is, however, frequent overlap resulting in injury. There is, however, frequent overlap resulting in 

many cases from variations in water many cases from variations in water reabsorptionreabsorption which which 
can also affect the urine sodium concentration. As an can also affect the urine sodium concentration. As an 

ll ll ti t h i hi hl tti t h i hi hl t id did dexample, a example, a prerenalprerenal patient who is highly waterpatient who is highly water--avid due avid due 
to increased secretion of to increased secretion of antidiureticantidiuretic hormone may have hormone may have 

a higher than expected urine sodium concentration a higher than expected urine sodium concentration gg
despite excreting relatively little sodium. Conversely, despite excreting relatively little sodium. Conversely, 

decreased water decreased water reabsorptionreabsorption in ATN can lower the urine in ATN can lower the urine 
sodium by dilution The net effect is that the fractionalsodium by dilution The net effect is that the fractionalsodium by dilution. The net effect is that the fractional sodium by dilution. The net effect is that the fractional 
excretion of sodium (excretion of sodium (FENaFENa) is a better test, because it ) is a better test, because it 

evaluates only sodium handling (the fraction of the evaluates only sodium handling (the fraction of the 
filt d di th t i t d) d i t ff t d bfilt d di th t i t d) d i t ff t d bfiltered sodium that is excreted) and is not affected by filtered sodium that is excreted) and is not affected by 

changes in water changes in water reabsorptionreabsorption.”.”



Management of the PatientManagement of the PatientManagement of the Patient
with Acute Renal Failure:

Management of the Patient
with Acute Renal Failure:

1. Treat Complications
a Hyperkalemia

1. Treat Complications
a Hyperkalemia

Remember folks!!  Remember folks!!  
a. Hyperkalemia

(1)Calcium
(2)Bicarb

a. Hyperkalemia
(1)Calcium
(2)Bicarb

Potassium rises 0.6 Potassium rises 0.6 mEqmEq/L for every/L for every
decrease of 0 1 pH on the ABG So even if thedecrease of 0 1 pH on the ABG So even if the(2)Bicarb

(3)Insulin/Dextrose
(4)Kayexalate (Na polystyrene sulfonate)

(2)Bicarb
(3)Insulin/Dextrose
(4)Kayexalate (Na polystyrene sulfonate)

decrease of 0.1 pH on the ABG.  So, even if thedecrease of 0.1 pH on the ABG.  So, even if the
potassium is 6.4, if the pH is 7.00, then the patientpotassium is 6.4, if the pH is 7.00, then the patient

has a corrected K+ of 4.0.has a corrected K+ of 4.0.
(5)Lasix
(6)Albuterol
(5)Lasix
(6)Albuterol



Management of the PatientManagement of the PatientManagement of the Patient
with Acute Renal Failure:

Management of the Patient
with Acute Renal Failure:

1. Treat Complications
b V l O l d

1. Treat Complications
b V l O l db. Volume Overload
c. Hypocalcemia

(1)M b i it t d b Bi b

b. Volume Overload
c. Hypocalcemia

(1)M b i it t d b Bi b(1)May be precipitated by Bicarb
(2)Tetany – calcium gluconate

d H i

(1)May be precipitated by Bicarb
(2)Tetany – calcium gluconate

d H id. Hypermagnesemia
(1)Avoid extra magnesium in antacids

or laxatives

d. Hypermagnesemia
(1)Avoid extra magnesium in antacids

or laxativesor laxativesor laxatives



Management of the PatientManagement of the Patientg
with Acute Renal Failure:

g
with Acute Renal Failure:

1. Treat Complications
e. Hyperphosphatemia

1. Treat Complications
e. Hyperphosphatemia

(1)Limit phosphate in diet
(2)Use phosphate absorbing antacids

f P i di i

(1)Limit phosphate in diet
(2)Use phosphate absorbing antacids

f P i di if. Pericarditis
- In ARF, is indication for 

urgent dialysis

f. Pericarditis
- In ARF, is indication for 

urgent dialysisurgent dialysis 
g. Correct bleeding diathesis/platelet abn.

(1)Cryoprecipitate

urgent dialysis 
g. Correct bleeding diathesis/platelet abn.

(1)Cryoprecipitate( )C yop ec p tate
(2)DDAVP (raises Factor VIII four-fold)
( )C yop ec p tate
(2)DDAVP (raises Factor VIII four-fold)



Management of the Patient
with Acute Renal Failure:

Management of the Patient
with Acute Renal Failure:with Acute Renal Failure:

2. Pre-renal – improve blood flow to kidney

with Acute Renal Failure:
2. Pre-renal – improve blood flow to kidney

a. Replace volume
b. Dopamine
a. Replace volume
b. Dopaminep
c. Relieve compromised blood flow

(1) Renal artery stenosis and 
ACE i hibit

p
c. Relieve compromised blood flow

(1) Renal artery stenosis and 
ACE i hibitACE inhibitor

(2) Trauma/tumor
ACE inhibitor

(2) Trauma/tumor



Management of the PatientManagement of the PatientManagement of the Patient
with Acute Renal Failure:

Management of the Patient
with Acute Renal Failure:

••HyperkalemiaHyperkalemia
••Volume Overload, with                     Volume Overload, with                     
di l idi l i

3. Renal – Treat underlying cause
4. Post Renal – Relieve obstruction
3. Renal – Treat underlying cause
4. Post Renal – Relieve obstructionIndications for Emergency Dialysis:Indications for Emergency Dialysis:
cardiopulmonary compromisecardiopulmonary compromise

••AcidosisAcidosis
H t i d t ll dH t i d t ll d5. Encourage Urine Flow

a. Mannitol
b L i

5. Encourage Urine Flow
a. Mannitol
b L i

g y yg y y
Complications Intractable to Complications Intractable to 

Oth ThOth Th

••Hypertension, severe and uncontrolledHypertension, severe and uncontrolled
••Drug toxicity Drug toxicity –– salicylatesalicylate, lithium, , lithium, theophyllinetheophylline

(charcoal(charcoal hemoperfusionhemoperfusion preferred) methanolpreferred) methanolb. Lasix
6. Emergency Dialysis
7 Disposition

b. Lasix
6. Emergency Dialysis
7 Disposition

Other TherapyOther Therapy(charcoal (charcoal hemoperfusionhemoperfusion preferred), methanol, preferred), methanol, 
ethylene glycolethylene glycol

••Possible Indications:                            Possible Indications:                            
P i ditiP i diti i lt d t l t ti lt d t l t t7. Disposition

a. Admit ARF
b. Transfer, if nephrologist or dialysis 

7. Disposition
a. Admit ARF
b. Transfer, if nephrologist or dialysis 

PericarditisPericarditis, progressive altered mental status     , progressive altered mental status     
from uremiafrom uremia

, p g y
unavailable

, p g y
unavailable



Acute Renal Failure:Acute Renal Failure:
Glomerulonephritis

1 Syndrome of hematuria proteinuria
Glomerulonephritis

1 Syndrome of hematuria proteinuria1. Syndrome of hematuria, proteinuria
2. Immune mediated inflam. of glomerulus
3. Post-streptococcal most common 

1. Syndrome of hematuria, proteinuria
2. Immune mediated inflam. of glomerulus
3. Post-streptococcal most common 

in childhood
4. Presentation

Ed

in childhood
4. Presentation

Eda. Edema
b. Hematuria
c. Hypertension

a. Edema
b. Hematuria
c. Hypertension
d. ARF

5. Management
a Most admitted =>> Definitely consult!

d. ARF
5. Management

a Most admitted =>> Definitely consult!a. Most admitted =>> Definitely consult!
b. Manage complications of ARF
a. Most admitted =>> Definitely consult!
b. Manage complications of ARF



MANAGING COMPLICATIONS         MANAGING COMPLICATIONS         
OF ARFOF ARFOF ARFOF ARF

- Hyperkalemia
V l O l d- Volume Overload
- Hypocalcemia

Hypermagnesemia- Hypermagnesemia
- Hyperphosphatemia

- Pericarditise ca d t s
- Pre-renal (Replace volume, dopamine,  

- Relieve compromised blood flow)
- Renal 

- Post Renal – Relieve obstruction
Encourage Urine Flow (Mannitol Lasix)- Encourage Urine Flow (Mannitol, Lasix)

- Possible need for Dialysis



Acute Renal Failure:Acute Renal Failure:
Nephrotic Syndrome

1. Syndrome of proteinuria, hypoalbuminemia, 
Nephrotic Syndrome

1. Syndrome of proteinuria, hypoalbuminemia, y p , yp ,
edema, hyperlipidemia

2. Glomerular disease causing protein leaking

y p , yp ,
edema, hyperlipidemia

2. Glomerular disease causing protein leaking
3. Peak:  Ages 2-7 years – minimal change  

nephrotic syndrome most common
4 Clinical Presentation

3. Peak:  Ages 2-7 years – minimal change  
nephrotic syndrome most common

4 Clinical Presentation4. Clinical Presentation
a. Edema
b. Hematuria and hypertension unusual

4. Clinical Presentation
a. Edema
b. Hematuria and hypertension unusualyp

5. Management
a. Most admitted – definitely consult

yp
5. Management

a. Most admitted – definitely consult
b. Manage complications of ARF
c. Lasix is diuretic of choice
b. Manage complications of ARF
c. Lasix is diuretic of choice



Chronic Renal Failure
1 Irreversible renal function loss

Chronic Renal Failure
1 Irreversible renal function loss1. Irreversible renal function loss
2. Kidneys usually small and scarred
3 GFR > 25% normally tolerated well

1. Irreversible renal function loss
2. Kidneys usually small and scarred
3 GFR > 25% normally tolerated well3. GFR > 25% normally tolerated well
4. GFR < 25% caused end-stage renal disease
5. Evaluation is centered around ruling ARF

3. GFR > 25% normally tolerated well
4. GFR < 25% caused end-stage renal disease
5. Evaluation is centered around ruling ARF

and ARF superimposed on CRF
6. Treatment

Di l i

and ARF superimposed on CRF
6. Treatment

Di l ia. Dialysis
b. Transplant
a. Dialysis
b. Transplant



Hemodialysis ComplicationsHemodialysis Complicationsy p
1. Vascular Access

a. Fistula is vein redirected, vs. 

y p
1. Vascular Access

a. Fistula is vein redirected, vs. ,
graft is artificial

b. No blood draw, tourniquet or BP

,
graft is artificial

b. No blood draw, tourniquet or BP
in extremity with shunt

c. In life-threatening emergency, can
access shunt:

in extremity with shunt
c. In life-threatening emergency, can

access shunt:access shunt:
(1) Sterile technique
(2) DO NOT PUNCTURE BACK WALL

access shunt:
(1) Sterile technique
(2) DO NOT PUNCTURE BACK WALL(2) DO NOT PUNCTURE BACK WALL
(3) Will need pump for IV fluid
(4) Use non-occlusive pressure to 

(2) DO NOT PUNCTURE BACK WALL
(3) Will need pump for IV fluid
(4) Use non-occlusive pressure to 

halt bleedinghalt bleeding



Hemodialysis Complications
1 Vascular Access

Hemodialysis Complications
1 Vascular Access1. Vascular Access

d. Shunt thrombosis – loss of thrill, then consult
vascular surgeon:  Some are using 

1. Vascular Access
d. Shunt thrombosis – loss of thrill, then consult

vascular surgeon:  Some are using g g
thrombolytics

e. Shunt infection

g g
thrombolytics

e. Shunt infection
(1) Red, warm, tender
(2) IV antibiotics to cover skin flora
(3) Likely admission

(1) Red, warm, tender
(2) IV antibiotics to cover skin flora
(3) Likely admission(3) Likely admission(3) Likely admission



Hemodialysis Complications
2 Bl di Pl t l t d f ti d/

Hemodialysis Complications
2 Bl di Pl t l t d f ti d/2. Bleeding – Platelet dysfunction and/or

heparin complications
3 Hypotension – must search for cause

2. Bleeding – Platelet dysfunction and/or
heparin complications

3 Hypotension – must search for cause3. Hypotension – must search for cause
a. MI
b. Pericardial Tamponade

3. Hypotension – must search for cause
a. MI
b. Pericardial Tamponadep

(1) Due to bleeding
(2) Symptomatic with volume reduction

p
(1) Due to bleeding
(2) Symptomatic with volume reduction

c. Sepsis
d. Bleeding secondary to anticoagulation
e Excessive fluid removal

c. Sepsis
d. Bleeding secondary to anticoagulation
e Excessive fluid removale. Excessive fluid removale. Excessive fluid removal



Hemodialysis ComplicationsHemodialysis Complicationsy p
4. Hypokalemia

a. Only occurs during dialysis

y p
4. Hypokalemia

a. Only occurs during dialysisa O y occu s du g d a ys s
b. Causes ventricular irritability
c. With Ventricular fibrillation during

a O y occu s du g d a ys s
b. Causes ventricular irritability
c. With Ventricular fibrillation during

dialysis, think about hypokalemia
d. Digitalis toxicity may be precipitated by 

hypokalemia from dialysis

dialysis, think about hypokalemia
d. Digitalis toxicity may be precipitated by 

hypokalemia from dialysishypokalemia from dialysishypokalemia from dialysis



Hemodialysis Complications
5 Disequilibrium syndrome5 Disequilibrium syndrome

Hemodialysis Complications
5 Disequilibrium syndrome5 Disequilibrium syndrome5. Disequilibrium syndrome5. Disequilibrium syndrome

a. Due to rapid change in a. Due to rapid change in osmolalityosmolality
b More common during first dialysis sessionb More common during first dialysis session

5. Disequilibrium syndrome5. Disequilibrium syndrome
a. Due to rapid change in a. Due to rapid change in osmolalityosmolality
b More common during first dialysis sessionb More common during first dialysis sessionb. More common during first dialysis sessionb. More common during first dialysis session
c. Nausea, vomiting, headachec. Nausea, vomiting, headache
d. Altered mental status, seizure may occurd. Altered mental status, seizure may occur

b. More common during first dialysis sessionb. More common during first dialysis session
c. Nausea, vomiting, headachec. Nausea, vomiting, headache
d. Altered mental status, seizure may occurd. Altered mental status, seizure may occur
e. Treatment e. Treatment –– infuse infuse osmoticallyosmotically active active 

substancesubstance
f C id th f CHS d f tif C id th f CHS d f ti

e. Treatment e. Treatment –– infuse infuse osmoticallyosmotically active active 
substancesubstance

f C id th f CHS d f tif C id th f CHS d f tif. Consider other causes of CHS dysfunction, f. Consider other causes of CHS dysfunction, 
especially in previously stable especially in previously stable 
dialysis patientdialysis patient

f. Consider other causes of CHS dysfunction, f. Consider other causes of CHS dysfunction, 
especially in previously stable especially in previously stable 
dialysis patientdialysis patientdialysis patientdialysis patientdialysis patientdialysis patient











SynthesisSynthesisSynthesisSynthesisyyyy



The understandingThe understandinggg
of renal physiology of renal physiology 

connects usconnects us
directly to thedirectly to the

l ti f th il ti f th ievolution of the universeevolution of the universe



As with ALL As with ALL 
subjects in science,subjects in science,

if d ’t i thiif d ’t i thiif you don’t give thisif you don’t give this
connection aconnection aconnection a connection a 
REGULARREGULARREGULAR REGULAR 

CONSIDERATION…CONSIDERATION…



LOSELOSELOSELOSE
IT!!!IT!!!IT!!!IT!!!



LOSELOSELOSELOSE
IT!!!IT!!!IT!!!IT!!!





and good morning!and good morning!g gg g


