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« Recognize thet hypernatremia end hyponatremia are water problems

« Implemen: the medical management of hyperkalemia

« Describe which labs to order to evaluate the cause of anion-gap metabolic acidosis. Recognize how to treat lactic acidosis
« Recognize when to suspect & renel tubular acidosis (RTA)

« Learn the criteria fo diagnose acute kidney injury and describe the management of acute tubular necrosis, one of the most
common causes of Al

Cuertion:

o e has & favorite undl, Taco, who unfortunately hed & heart aiteck. Taco underwent & Coronary Adtery Bypass brafting

(CABG) in the hospital

* hen Ale went to visit his uncle, Taco appeared uncomiortable and mentioned he was thirsty. Teco's nurse mentioned thet
since Taco has been confused, he was not allowed to drink water due the risk of aspiration

« What do you expect to see on his labs?

1) Hyponatremia
B Hypernatremia

)
() Metabolic acidosis
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Cuertion:

* Ale has a favorite uncle, Taco, who unfortunately had a heart attack. Taco underwent a Coronary Artery Bypass brafting
(CABG) in the hosptal

* When Ale went to visit his uncle, Taco appeared uncomlortable and mentioned he was thirsty Taco's nurse mentioned thet
since Taco has been confused, he was not allowed to drink water due the risk of aspiration

o What do you expect to see on his labs?

Ay Hyponatremia
B)  Hypernatremia

() Metabolic acidosis

Hypernatremia

* Hyperatremia is a water problem

* Most common cause s decreased/not enough free water intake

Restricted access o weter (aered mentafon, ntubated patiens, infants, older aduls

o Increased free water loss

fypatonic flid loss (61 o cutaneous loses)

Pure water loss centrl ciabetes insipidus or nephrogenic diabetes insipidus)

o Rarely sodium gain (itrogenic)

Cuestion:

* Jou decide Lo give the patient intravenous water (DSW) rether then oral due to the concern for aspiration

* However, the PA student on the team pointed out that Ale's uncle is already on oxygen and she was concerned that it would lead to
volume overload

AV

* What would you do?

A) Give the DSW because it shouldn't make the volume warse and it is safe

B) Hold the DSV due to volume overload because intubation is worse than having the patient feel thirsty

01
()1 am not sure

Cuestion:

* Jou decide to give the patient intravenous water (D5W) rather than oral due to the concern for aspiration

* However, the PA student on the team pointed out that Ale's uncle is already on oxygen and she was concerned that it would lead to

volume overload

'\ /|

* What would you do?

ouldn't make the volume

B) Hold the DSW due to volume overload because intubation is worse than having the patient feel thirsty

M
()1 am not sure
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Hypernatremia freatment

* Yolume and water are two different things

Fluid Compartments

Extracellular space
Intracellular space

2/3 of total body water is intracellular 1/3 of the total body water is

extracellular
-of this
20% in blood plasma
80% in the interstial space

Volume: lsolated to the extr
Water: Both intrace

pace

cellar space

Cuertion:

o Ale's uncle, Taco, recovered and left the hospital. Taco inspired Ale to live  healthy lifestyle and he decided o run a
marathon. But he did not train for it He started feeling severe mustle pain and started urinating coca cola colored urine
His [abs were notable for a CK of 20000, His serum Cr went from 1to 5

* Does Ale have an Acute Kidney Injury?

A) Yes
B) No

() Need more information

10

9
CQuestion:
uedton:
* Ale's uncle, Taco, recovered and left the hospital Taco inspired Ale to live  healthy lifestyle and he decided to run a
marathon. But he did not train for it He started feeling severe muscle pain and started urinating coca cola colored urine
His [abs were notable for & CK of 20000 His serum Cr went from 1o 5
* Does Ale have an Acute Kidney Injury?
B) No
() Need more information
11

Acute Kidney Injury

* Sudden impairment of kidney function resulting in retention of nitrogenous and other waste products normaly cleared by the
kidneys

Definition of AK according to The Kidney Disease: Improving Global Qutcomes (KDIGO) 2012
o Arise in serum Cr concentration of equal or greater than (3ma/dl vithin 48hrs

0R

o Arise in serum (r concentration of equal or greater than S0% within 7 days

0R

o Urine output less then 05 ml/kg/h for 6 hours (i TOkg mele, 3omi/hy)

12
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Acute Kidney Injury- eliology

* When thinking about the efiology of AK, it is helpful to think about them in 3 major categories

Prerenal Intrarenal Postrerl

&

13

What iy the dijjerence belhween
prevenal and ATN?

with decrease in glomerular filtration due to renal hypoperfusion

Prevenal v» lvarenal:
Resaponse to M’wui replefion

repletion

* Return of serum {1 to previous baseline withi rs s considered to represent correction of prerend

* (ol standard for distinction between pre-renal disease secondary to volume depletion and infrarenal cause is response to fluid

>
o Prerenal
. @
y of the renal parenchyma is not disrupted. Without glomeruli or tubular injury
(]
AN {Part of intrinsic/intrarenal) AKI
E— ~
WITH direct tubular injury
.
Cuestion:
L ]
* o improvernent with intravenous fluid challenge UA, MACROSCOPIC
Specimen CLEAN CATCH
Wi i [ o Colol Yell
* hat is the most ikely cause of Ale’s acute kidney injury? o o
Specific Gravity 1.027
Serum Creatinine Sreer Negative
" C aldl Ketone Negative
AP rerenal T'to Smg/dl Blood 1+
pH 50
BlAcute Tubular Necrosis Protein Negative
Creatinine Kinaese: Nitite Negative
0 G‘OWE’U‘DHEQW\US —m P Leuk esterase Negative
LU UA, MICROSCOPIC
DIAN RBC, urine 03
e WEC, urine 02
) Post-renal Fractional Excretion of sodium: ~ Sauamous celis
. '\— Mucous threads Rare
FF \Ja: J Bacteria No significant
Urine comment Automated urine.

15

16
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Cuertion:

* o improvement with intravenous flud chellenge U MARRUSCOENS

Specimen
[N | At | Col
* Wat s the most kel cause of Ale's acute kidney inury? =
Specific Gravity
Serum Creatinine Glucoss
\ Tt / Ketone
APrerendl o Smg/d| Blood
pH
BJAcute Tubular Necrosis ) Protein
Creatinine Kinaese Nitite
0 G\omerul@mephmhs —W\ m Leuk esterase
LU UA, MICROSCOPIC
E g\} \J RBC, urine

WBC, urine
Fractional Excretion of sodium: ~ Sauamous celis

p ~— Mucous threads
FENe= 072 Bactria

Urine comment

£) Post-renal

CLEAN CATCH
Yellow
Hazy
1.027
Negative
Negative
1+

50
Negative
Negative
Negative

0-3
0-2

Rare
No significant

Automated urine.

Acule Tubular Necrodisy (ATN)

* Sudden decline in kidney function resulting from ischemic or toxic-related damage to the renal tubular epithelium

'r Muddy Brown

Afferent
arteriolar
constriction

17

Nepﬁrofox'w ATN: Eluioguww) Toxiny

e necrosis and release of intracellular contents

Rhabdomyolysis- clinical syndrorme associated with musc

into the extracelluar space

o Physical Injury- trauma, crush injuries, immobilization

—

t Stroke

VWuscle-Fiber Exhaustion- Excessive exercise, Seizures,

* Medicaions/Drugs-

I, Statins, Fibrates, Amphetamines, Cocaine, Alcohal

* Toxin: Myoglobin (direct tubular tosin)

* Blood tests: Hlevated

evated creatine kinase (CK)

18

Nephrotoxic ATN: Emlog,uwws Toxinn

‘
P@abdc CaUses: UA, MACROSCOPIC
Seenes
e
Pigment nephropathy Gt
S
e
Ketone
. Blood
(- UA wi WANE Imvoalobi ofein with ) ( ) ICl o
DK UA with significant positviy for heme/myaglobin protein with few or no RBLs seen on microscopy. 2
Nitrite
\'" Leuk esterase
[ j UA, MICROSCOPIC
\ e
e
‘Squamous cells
et
Bacteria
Urine comment

Treatment for rhabdomyolysis

* Larly aggressive fluid repletion

is the most important factor

19

CLEAN CATCH
Yellow
Hazy
1027
Negative
Negative
1+

50
Negative
Negative
Negative

03
02

Rare
No significant
Automated urine.

20
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Cuertion:

* Does Ale need dialysis? He still makes a few liters of urine a day but these are his labs

A) Yes

Sodium, Ser/Plas
Potassium, Ser/Plas

Chloride, Ser/Plas
CO2, Ser/Plas

Urea Nitrogen,Ser/...
Creatinine, Ser/Plas

eGFR

eGFR (African Amer.

Fasting

Glucose, Ser/Plas

Anion Gap

Calcium, Ser/Plas

134
6.2*
105
17
132
579*
9+
10*
See Comment *
195 *
12
7.8

21

ATN Treatment

* Supportve care

Indications for dialysis: AFIOU
o Acidosis

* Hlectrolyte Disturbances
* Intodcation
* Dverload

o remia

Sodium, Ser/Plas 134 .
Potassium, Ser/Plas 6.2* c*
Chloride, Ser/Plas 105

CO2, Ser/Plas 17 o
Urea Nitrogen,Ser/... 132 *
Creatinine, Ser/Plas 579* *
eGFR 9% o
©GFR (African Amer. 10
Fasting See Comment *

Glucose, Ser/Plas 195+ =
Anion Gap 12

Calcium, Ser/Plas 7.8 .

Cuestion:

* Jou decide to pursue medical management of hyperkalemia for Ale

o Which of the following is a defiive measure of excreting potassium after you qive them IV Calcium to stabilize their

cardiac membrane!

A) Dextrose/Insulin

) Sodium bicarbonate

() Furosernide

Sodium, Ser/Plas
Potassium, Ser/Plas
Chloride, Ser/Plas

CO2, Ser/Plas

Urea Nitrogen,Ser/.
Creatinine, Ser/Plas

eGFR

eGFR (African Amer...

Fasting

Glucose, Ser/Plas

Anion Gap

Calcium, Ser/Plas

134
6.2*
105
17
132
579 *
9
10*
See Comment *
195 *
12
7.8

22

23

Cuestion:

You decide to pursue medical management of hyperka

emia for Ale

Which of the following is a dafnitive measure of excreting potassium after you qive them [V Calcium to stabilize their

cardiac membrane?

N ool
A) Dextrose/Insulin
B) Sodium bicarbonate

() Furosemide

Sodium, Ser/Plas
Potassium, Ser/Plas
Chloride, Ser/Plas

CO2, Ser/Plas

Urea Nitrogen,Ser/.
Creatinine, Ser/Plas

eGFR

eGFR (African Amer...

Fasting

Glucose, Ser/Plas

Anion Gap

Calcium, Ser/Plas

134
6.2*
105
17
132
579 *
9+

10 *
See Comment *
195*
12
7.8

c

24
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Hyperkalemia Treatment

* for hyperkalemia to persist, urinary £+ excretion capacity must be reduced

Cuertion:

o Ale received intravenous fluids and furosemide, his myoglobin started clearing (CK 20K to 1) and his renal function started
improving

* Unfortunately, he started developing a fever and cough the next day: His blood pressure dropped from 120/80 to 70/50. He wes
transferred to the ICU and started on vasoactive medications. His blood gas on ABG showed

* His anion gap was ELEVATED of 20

PH (a), ISTAT 727 .
o What are the 4 labs to order when evaluating anion gap metabolic acidosis? ERA O I 322 .

PO2 (a), ISTAT 150 ~
1) Lactate, urine ketone, serum creatinine, serum osmolarity HCO3 (a), ISTAT 747

B) 24 urine, lactate, serum potassium, glucose
: » ACLalE, SEFUM potessium, g Normal Values

25
Quertion:
uedton:
* e received intravenous fluids and furosemide, his myoglobin started clearing (CK 20K to 1K) and his renal function started
improving
* Unfortunately, he started developing a fever and cough the next day. His blood pressure dropped from 120/80 to 70/50. He was
transferred to the ICU and started on vasoactive medications. His blood gas on ABO showed
was ELEVATED 4t 70
* His anion qap was ELEVATED at 20 — .
o What are the 4 labs to order when evaluating anion qap metabolic acidosis? pEO2{a) SIAl 322
PO2 (a), ISTAT 150
A) Lactate, urine ketone, serum creatinine, serum osmolarity HCO3 (a), ISTAT 14.7
\ 2hr urine It \ o
B) 24hr urine, lactate, serum potassium, glucose Normal Valges:
() Lactate, serum creatinine, LDH, uric acid pH- 135~ 745
27

() Lactate, serum creatinine, LDH, uric acid ph- 735- 745
26
Anion Gap- to dibﬂnlt,ui/)ﬁﬂw caude o;{
mefabolic acidodiy (Bicarb<22mlq/l
* Postive charges = Negative Charges
* (ations= Anions
* Anion qap= [Na-+] - (1] +[HC03-]= 12
28
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Anion-Gap Netabolic acidosis (AGNA)

““‘\ .-E> ““‘\

* Adding acid to the system

Anion-Gap Netabolic acidopis
dipgerential

o Lactic Acidosis = Lactate

o fetoacidosis = Urine fetone
o Renal failure = Serum Creatinine

* Ingestions > Serum Osmolarity

29

30

Cuestion:

e received infravenous fluids and his renal functon started mproving. Unfortunatel, he stated developing a fever and cough the next day.fis blood pressure dropped from

20/80 to 70/50.He was transtered to the ICU and stated on vasoactive medications s blood g

PH (a), ISTAT 28 .=
pCO2 (a), ISTAT I22 'y
PO2 (a), ISTAT oy =
HCO3 (a), ISTAT 147

o s anion gap ws elevated ot 0

o Assuming that his renal function s ow normal what is the most likely cause of his anion qap metabolic acidosis?

kidney Injury
B) Lactic acdosis
() Ketoacidosis

D) Ingestions

Cuertion:

o e receied intravenous flids and his renl function started improving Unfnrtunate\y, he started developing a fever and cough the nest day. His bood pressure dropped from
20/80 to 70/50. He wes transferred to the ICU and started on vasozctive medications. His blood gas on A5 shaveed

PH (a), ISTAT 2 -
pCO2 (a), ISTAT 22 '3
PO2 (a), ISTAT 9% =
HCO3 (a), ISTAT 147

o His anion qap was elevated ot 20

« Assuming that his renal function is 7ow norma/ what is the most likely cause of his anion qap metabolic acidosis?

ute kidney njury
B) Lactic acidosis
) Kekoacidosis

D) Ingestions

31

32
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Lackic Acidopis

How it happens

) Increased lactate production

7) Diminished lactate utilization

* Definition: When plasma [actate level exceeds 4 mEq/

* |mpaired tissue orygenation Angerobic metzbolism

33

Cuestion:

o fle's lactate returned

How would you treat his lactic acidosis?

A) Bicarb drip or pushes
B) Antibiotics or tretrment of infection
() Dialysis

0)1'am not sure

Lactate, Whole Bld

15.0

-

Lackic Acidoyip

* Systemic Hypoperfusion
° Jeph
* Hypovolemia
o (ardiac Failure/Arrest

* Increased metabolic rate
© Grand mal seizure
o Severe exercise

* Drugs
* Drug-induced mitochondrial dysfunction

34

35

Cuertion:

o Ae's lactate returned

Lactate, Whole Bld

How would you treat his lactic acidosis?

) Bicarb drip or pushes
B) Antibiotics or treatment of infection
) Dialysis

D)l am ot sure

36




Lactic Acidodiy Treatment

Diagnosis: levated serum lactate

Treatment:
* Correction of the underlying disorder (ie. Shock, sepsis), otherwise transient

* Role of sodium bicarbonate- controversial. Expert apinion pt</

L

Swrmmary: Anion-Gap Netabolic
acidodiy (AGNA)

* Adding acid to the system I |

37

Surmumary: Anion-Gap Metabolic
acidodiy dipperential

* Lactic Acidosis = Lactate
o fetoacidosis = Urine Ketone

o Renal fallure = Serum Creatinine

* Ingestions = Serum Osmolarity

39

38
Non-Anion Gap NMetabolic Acidopin
Dastrointestinal
o [oss of bicarbonate
Renal
o [oss of bicarbonate
* Impaired hydrogen excretion
40
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bvalualion o} Non-Anion Gap Metabolic
acidodiy

_—
Make sure no diarrheal

al

F

4

i o
Consider N S .

Renal Tubular Acidosis (RTA)- despite wel preserved renal function, metabolic acidosis develops

* Has to do with... inabilty of renal tubules to perform the normal function to maintein acid-base balance

41
Quertion:
weHion:
* Unfortunately, he fell on a rock while running and fractured his tibia
* He arrived in the hospital in severe pein
* (n labs, he was noted to be profoundly hyponatremic to 125mEq/L It was normal at 140mEq/L when he left the hospital
Tweek ao ‘ |
« When we think of hyponatremia,is it a salt problem or a water problem?
A) Salt problem ()
B) Water problem
43

* Me's infection was treated and when he left the hospital, he decided to trein for & marathon the proper way

42
CQuestion:
uedtlon,
* Unfortunately, he fell on a rock while running and fractured his tibia
o He arrived in the hospital in severe pain
* (n [abs, he was noted to be profoundly hyponatremic to 125mEq/L. It wes normal at 140mEq/L when he lelt the hospita
T week ago
* When we think of hyponatremia,is it a salt problem or a water problem?
1) Salt problem ()
B) Water problem
44
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Hyponalremia evaluation

* Hyponatremia is & water problem

* Excess water compared to sodium- regardless of volume status

45

Hyponalremia iy a water problem

Hyponatremia is a WATER problem

Hvnovelem
Typovolemic

onelrenmi | | Na. Hyponatrernia Na. yponatremia I Na’
o i 1TH,0
| | v B
J : y
I\ .

Normal response fo hyponatremia

46

o Ablity to excrete water is so qreat that water retention resulting in hyponatremia usually doesn't happen

* then your body senses that you have too much water . this happens

K

* BUT it doesn't happen in patients with hyponatremia.. WHY?

47

ADH= ANTI-diurelic hormone, helpd
refain waker

* This hormone is WHY patients develop hyponatremia

48
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ADH= ANTI-diwrelic hormeone, helpd
refain waler

(a) ADH present: Collecting duct is highly
permeable to water.

Distal tubule Cortex
1 H,0
Loop of ol 1T Collecting
Honle o/ ol 1™ ( duct
L (\’c‘)Hz?;' i Aquaporins
- H0 H0
# N
H. H0
,:: 207‘ e
=
Solutes == By | H20  pedulla

Small volume of
concentrated urine

49

There are 2 triggery por ADH

(1) High serum Osmolality (not enough water aka hypernatremia)

o —-Not relevant in hyponatremia

e blood volume. During

Plu(,oiotow o} Hyponatremia

* Remember hyponatremia is a WATER PROBLEM

One becomes hyponatremic when there is & problem with EXCRETION of free water

Virtually all hyponatremic patients (exception of those with renal falure and primarv oolvdiosial have an excess of
! ! (a) ADH present: Collecting duct is highly
permeable to water.

Anti-diuretic hormone (ADH)

Distal tubule Cortex
Brain 1 H,0
o/ Hypothalamus Loop of - Collecting
@ Henle . J:q= duct
(5= posterior [ ek 10 > Aauaporine
ADH pituitary 15 e o T | H0
! T
T Jep H: H0
e 20y
Solutes == L i M0 poduta
Blood vessel Small volume of
300 @D concentrated urine

50

51

h hyponatremia, iy ADH on
approptiate?

Appropriate Inappropriate
Extreme Hypovolemia- ie) Shock Syndrome of inappropriate antidiuretic hormone
! )i g

Decrease in effective blood volume. Intravascular volume ==

depleted states- CHF/Cirrhosis /’ \

52
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SIADH- Sl’ndronw oy nhappropriate
Anti-diuretic Horrmone

* Characterized by nonphysiologic release of ADH (i Not due to usual stimul such as hypernatremia or infravascular volume

depletion)

SVIDH—;S!’MI'OM oy ihappropriate
Anti-dinrelic Hotrmone

* Increased hypothalamic production of ADH

» Neuropsychiatric disorders/CNS
— Infections- meningitis, encephalitis, abscess, herpes zoster
— Vascular: thrombosis, subarachnoid or subdural hemorrhage
— Neoplasm: primary or secondary
— Psychosis

» Pulmonary disease

— Pneumonia: viral, bacteria, or fungal
— TB

— Acute respiratory failure
— Other: Asthma, atelectasis, pneumothorax

54

53
SIADM aaAROH!
=
) Postoperative patient—inappropriate ADH secretion is common and
persists for 2-5 days. Appears to be mediated by pain afferents
) Severe nausea
> Drugs: SSRIs, thiazides
* Ectopic (nonhypothalamic production of ADH)
> Carcinoma: small cell of lung
55

e care about hypoodmeolar
hyponatremia

* (erebral edemal
Brain
Intracellular Space

Under normal conditions, osmolality (solutes
diluted in water) are equal

Brain <: CSF
Intracellular Space Extracellular space

When there is hyposomolar "true"
hyponatremia, water goes from the
extracellular space into the intracellular
space

CSF
Extracellular space

56
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Symptomys o} hyponalremia

Serum sodium levels

o Under 135 mEa/L = Hyponatremia B
under 135 mtq Iyponatremia al
Intracellular Space

CSF
g Extracellular space
-~ Nausea and malaise

120 mkqf

Vore severe fha"w(ﬁ? C{ Selzures, coma and FESP\F?tO(‘y’ arrest

, ethargy and obtundatation

Under normal conditions, osmolality (solutes
diluted in water) are equal

CSF

Brain
. Intracellular Space Extracellular space
Depends on chroniciy.

. \:hmm: few symptoms When there is hyposomolar "true"
hyponatremia, water goes from the

te qu)qmj‘ extracellular space into the intracellular

S space

* heute=more symptoms (esp

57

SIADH Treatment- Adymplomalic

For our patient, Ale, with SIADH, he is asymptomatic
Given that he is asymptomatic, what would be the appropriate management?

A Treat the under

ying problem {pain)
B Fluid (free water) restriction to 0.8
( Start furosemide
D Give salt tablets

£ Provide a high protein diet

SIADH Treatment- Symplomatic

* Aeute Ryponatremiafsymptometic

Brain
Intracellular Space

(erebral edema CSF

Extracellular space

* fyperton e until symptoms resolvi

mtqf

« Should NOT exceed 8mEq/L in first 24hrs

Under normal conditions, osmolality (solutes

Usuﬁ‘ diluted in water) are equal

ncrease of 4-6 y sufficent to reduce symptoms

J Brain CSF
0a! Intracellular Space J Extracellular space

oop diuretics may be used if concurrent volume over

When there is hyposomolar "true"
hyponatremia, water goes from the
extracellular space into the intracellular
space

58

59

SIADH Treatment- Adymplomalic

Stop the trigger- Treat the underlying problem

Prevent the sodium from getting worse: Water restrict

* Help with excretion of free water- Furosemide, High protein dief, Sodium Chloride tablets

« Maonitor for overco

n-no more than 6-8 mEq/L correction per day

60
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]P k A kl%ﬂb > f.%i;;

« Hyponatremia and hypernalremia are water problems. Water is not the same thing s volume

* Hyperkelemiz, urinary and bowel excrefion are the definitive ways to excrete potassium from the body
* The Anion-gap helps you determine the cause of the metabolic acidosis

* Treatment of lactic acidoss is the underlying problem, bicarbonate is just & patch

* Suspect RTAs with non-anion qap metabolic acidosis when it is not diarrhea

* With acute kidney injury, there is no benefit to starting didysis earler than necessary

* Jou are awesome, thank you for listening

61

Questions: Adleywong@stanfordhealthcare org

Special Thanks
o D Pedram Fatehi

* Dr Tara (hang
o Shira Simpson PA-C

Oreat Reference

o National Kidney Foundation's Primer on Kidney Disease
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