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Dircfodures:

I have no relevant. reationships with ineligble companies to disclose within the past 24 months
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o Recognize thal hypernatremia and hyponalremia are weter problems

« Implement the medical managemen. of hyperkalemia

« Describe which labs to order to evaluate the cause of anion-gap melabolic acidosis. Recognize how to treat lacic acidosis
o Recognize when to suspect a renal lubular acidos's (RTA)

o Learn the criteria to diagnose acute kidney injury and describe the management of acute tubular necrosss, e of the most
common causes of Afl




Cuestion:
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y yf

not
* What do you expect to see on hs lsbs?

A Hyponatremia 3
B Hypernatremia

[} Metab

n

A Hyponatrernia
B Hyperatremia

[ Metabolic acidosis

Hypernalremia

© Hypernatremia is 3 water

* Most common cause is decreased/not enough free water infake




Cuestion:

) rather than oral due to the concern for aspiration

it would lead to

e's undle s already on oxygen and she wa

¢ it shouldn't mak u and it is safe

B) Hold the DSW due to volurne overload bec

s intubation is worse than having the patient feel thirsty

[lam

2/17/22

her than ora ) for aspiration

undle is already
* What would you do

B) Hold the DSW due

Ulamr

sure

Hypernatremia treatiment

© Yolume ar s

Fluid Compartments

Extracellular space
Intracellular space

23 of total body water is intracellular 113 of the total body wateriS

extracellular
-of this:
20% in blood plasma
80% in the interstial space
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ial. Taco inspired Ale to live 3 healthy lfestyle and he decided to run @
started feeling severe muscle pain and started urinatin
went from Tto 5

0 His serum G

B No

() Need more information

10

d 1o run a

d urine

* Does Al have an Acute fidney Injury?

B No

) Need more information

11

Acute Kidney njury

« Sudden impairment of kidney function resulting in retention of nitrogenous and othy

kidneys

Definition of AKl according fo The Kidney Disease Imoroving Global Qutcomes (DIG0) 2017

0R

se

in serum (r conceniration of equal or greater than (.3mg/dl within 48hrs

o Arise in serum Cr concentration of equal or greater than 50
0

o Urine output less than

12




Acude Kidney Injury- eliology

2/17/22

© lihen thinking about the etclogy of AK], it is helpful to think about them in 3 méjor categories

Prerencl Intrarend Postrenal

AR

13

What iy the Mxrmce belhween
prevenal and ATN?

o Drerengl

g

A1 (Part of intringic/inrarenal) AKL
) o

14

Prerenal vy ivarenal:
Resporse to fuid vepletion

« Gold standard for distinction between pre-renal disease secondary to volume depletion and intrarenal cause s response to fluid

repletion 31
)

Ve

-~

75
&

/\J/

&
5
s

 Return of serum r to previous baseline within 24-77 hrs is considered to represent correction of prerend

15



Cuestion:

fenous Tluid

lenge.

use of Ale's acute kidney injury?

 What is the most |

Serum Creatinine
Tto Smg

Creatinine finaese

Fractional Excretion of sodium
Tl

UA, MACROSCOPIC
Specimen

Color

Clarity

Specific Gravty

Glucose

Ketone

Blood

PH

Protein

UA, MICROSCOPIC
RBC, urine

WBC, urine

Squamous cells
Mucous threads
Badteria

Utine comment

CLEAN CATCH
Yellow

Hazy

1027
Negative
Negative

1+

Negative
Negative

Rare
No significant
Automated urine.

2/17/22
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Cuestion:

* Noim

What i the
© What is the m injury?

Serum Creatinine
Smg/dl

Ereatmme K\HHESE

T

Fractional Excretion of sodium

UA, MACROSCOPIC
Specimen

Color

Clarity

Specific Gravity
Glucose

Ketone

Blood

PH

Protein

Nitite

Leuk esterase

UA, MICROSCOPIC
RBC, urine

WBC, urine

Squamous cells
Mucous threads
Badteria

Utine comment

CLEAN CATCH
Yellow
Hazy
1027
Negative
Negative
-

50
Negative
Negative
Negative

03
02

Rare
No significant
Automated urine.

17

Acute Tubular Necrorisy (ATN)

Attorent
artriolar
constricton

18



Nephrotoxic ATN: Brudogenows Toxing

drome assoc th muscle necrosis and rele

* PhysicalInjury- frauma, crush injuries, immobilization

Xcessive exercise, Seizures, ffeat

Stating
ating

tes, Amphetamines, {

« Toxin: Myoglobin (direct tubular toxin)

d tests: Elevated creatine kinase (CK).

2/17/22

19

Nwl\ro oxic ATN: Ehdoguww) Toxiny

Rhabdo

Pigment nephropathy

T0SCOpY.

20

Cuestion:

urine a day

o5 3 fow [t are his labs

d dialysis? He stil mel

Sodium, SerPlas

Urea Nitrogen,Ser/
Creatinine, Ser/Plas

eGFR

SGFR (African Amer.

Fasting

Glucose, SerPlas

‘Anion Gap
Calcium, SerPlas

32,
579+ ~
ov
10+

See Comment
195+
2
78 .

21



ATN Teeatment

e Disturbances

e lremia

SerPlas
Potassium, SerPlas
Chioride, Ser/Plas
C02, SerPlas

Urea Nitrogen Ser/
Creatinine, SerPlas
eGFR

GFR (African Amer.

Fasting See Comment *

Glucose, SerPlas
Anion Gap
Calcium, SerPlas

195+
12
7.8

2/17/22

22

ical managemen

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

cardiac membrane!

Dextrose/Insulin

um bicarbonate

mide

Sodium, Ser/Plas
Potassium, SerPlas
Chioride, Ser/Plas.
C02, SerPlas

Urea Nitrogen,Ser/.
Creatinine, SerPlas

o
8GR (African Amer.

Fast

9

Glucose, SerPlas

‘Anion Gap

Calcium, SerPlas

134
62+

105

7

132

579

o+

10+

See Comment *
195+

2
7.8

23

Cuestion:

0 pursue 'T\'zLJ\Lc} managemen

* Which of the following is a cfiive measure of excreing potassium lter you give them IV Calium to stabilize their

cardiac membrane!

A) Dextrose/ Insulin

um bicarbonate

() Furosemide

Sodium, Ser/Plas
Potassium, SerPlas

Chioride, SerPlas
C02, SerPlas
Urea Nitrogen,Ser.

Creatinine, Ser/Plas
eGFR

BGFR (African Amer.
See Comment

Calcium, SerPlas

579+
o+
10+

195+
12
7.8

24



Hyperkalemia Treatment

o For hyperkalemia to persist, urinary £+ excretion capacity must be reduced

2/17/22
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d intravenous fluids and furosemide, his 1

unately, he started ing a fever and cough the net day

yactive medications F\S b

© His anion gap was ELEVATED t 20,

PH (a), ISTAT 727 .
 What are the 4 labs to order when evaluating anion qap metabolic acidosis? pCO2 (a), ISTAT B22¢ ¢z
PO2 (a), ISTAT 150 ~

clate, urine ketone, serum crealinine, serum osmolarity HCO3 (a), ISTAT [

p
B) 24hr urine, latate, serum potassium, glucose Normal Values
(] Lactate, serum creatinine, [DH, uric acid 145

26

Cuestion:

d intravenous fluids and furosemide, hs r

1 started clearing (X 20K to 1K) and his renal function started

improving
© Unfortunatel, he started developing a fever and cough the next day.His blood pressure dropped from 120/80 to 70/50. He wes
fran o the ICU and started on vasoactive medications. His blood gas on ABG showed
o His anion qap was ELEVATED at 20
His anion qap wes ELEVATED t 20 . T e
 What are the 4 labs to order when evaluating anion qap metabolic acidosis? RGOV SN 322 i
PO2 (a), ISTAT 150 ~
A) Lactate, urine ketone, serum creatinine, serum osmolarity HCO3 (a), ISTAT 147 .

B) 24hr urine, lactate, serum potassium, glucose

Normal Values

(] Lactate, serum creatinine, LDH, uric acid

27



Anion Gap- to distinguish the cawse o!,
melabofic acidodiy (Bicarb<22mlEq/L

2/17/22

s = Negative Charges

28

Anion-Gap Netabolic acidodis (ACGNA)

* Adding acid to the system I I

29

Anion-Gap MNetabolic acidosis
dipgerential

o Lactic Aidosis = Lactate
o fetoacidosis = Urine fetone
o Renal Failore > Serum Creatinine

© Ingeions > Serum Osmolarity

30

10



Cuestion:

2/17/22

o e e ntmenousids nd s el uctin e imping Unfoturatly he st develoing afverand cogh th et day Hs bood prsre droped from
00780 0 /50 He wes e o te QU nd sred on vistactive medcatrs fs 1 485 shoved

PH (a), ISTAT
pCO2 (a), ISTAT
PO2 (a), ISTAT
HCO3 (a), ISTAT

7.27
32.2

150
14.7

what i the most kel cause of bis anjon gap metabolic acidosic?

* Assuming that s rengl funchion s o

31

0. He was transferred to the ICU and sterted on v

active medicaions. s

PH (a), ISTAT
pCO2 (a), ISTAT
P02 (a), ISTAT
HCO3 (a), ISTAT

g Uforturtly he stated deveoing v ard cogh th it day Hs Hood prssre droped from

7.27
32.2

150
14.7

- ssurming thet s renal unction is aow agrmal wht i the most kel cause of his anion gap metsbolic acidosis?

32

Lactic Acidodiy

How it happens

) Increased lactate proc

inished

« Definition: When plasrna lactate

s 4 g/l

33

11



Lactic Acidoyip

2/17/22

© Systemic Hypoperfusion

* g

© Drug-induced mitochondrial dysfunction

34

Cuestion:

o Hles lactate returned

() Dialysis

D}l am not sure

Lactate, Whole Bld

35

Cuestion:

o N’ lactate returned

How would vou treat his lactic acidosis?

A) Bicarb drip or pushes

B) Antibiotics or treatment of infection
() Dialysis

D) am nof sure

Lactate, Whole Bld

36

12



Lactic Acidodiy Treatment

2/17/22

Diagnosis: Elevated serum lactae

Treatment

37

Surmumary: Anion-Gap MNetabolic
acidodiy (ACMA)

* Adding acid to the system

9

38

Sumumary: Anion-Gap MNetabolic
idopiy diyperential

© Ingeions > Serum Osmolarity

39

13
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Non-Anion Gap MNetabolic Acidoyis

Gastrointestinal
© Loss of bicarbonate
mpaired f excrefion

40

biafuation ok Non-Anion Gap NMetabolic
acidodiy

Make sure no diarrhea!

41

* Hle's infection ed and when he left the hospital, he decided to train for a marathon the proper way

42

14



Cuestion:

2/17/22

© Unfortunatel, he fell on a rock while running and fractured his tibia

o fle arrived in the hospital in s

re pain.

onatremic to 125mEq/L It was normal at 140mEq

hen we think of hyponatremia, i it @ salt problem or a water problem’”

blem

B) Water problem

when he lft the hospital

43

Cuestion:

o nfortunatel, he fll on a rock while running and fractured his tibia

© He arrived in the hosp

onatremic to 125mEq/L norral at 40mEq

 When we think of hyponatremia i it a salt problem or a water problem?

B) Water problem

problem [ )

n e left the hospital

44

Hyponatremia evaluation

45

15



Hyponalremia i a water problem

Hyponatremia is a WATER problem

Ll Na® Na"
IH,0 THO

46

Normal response to hyponatremia

onatremia usually doesn't happen

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

47

ADH= ANTI-divretic hormone, helps
vefain waler

« This hormone is WHY patients develop hyponatreria

48

2/17/22

16



ADH= ANTI-divretic hormone, helpd
tefain wafer

2/17/22

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

Distal tubule Cortex
1 H,0
Loop of -t Collecting
Henle oY/ ol 1™ L duct
f hﬂuhl‘amdm
Il | W0 0
=R
Ll HO, Mo
- S

Solutes==" T MO { M0 podulla

Small volume of
concentrated urine

49

Pluy)iofp{,!’ oy Hyponatremia

RETION of

. enal failure and primary polydipsia) have an excess o
. (a) ADH present: Collecting duct is highly
DH) permeable to water.
st uuia Gortex
Brain L
et Loopot Collecting
] o
» (1
oo
LS T ) Aapors
ADH —2 (A el ] WS, o
Lm0, o
Solutes==- Lo MO odulla
Blood vessel S vomo o

50

There ave 2 triggers jor ADH

gh wter aka hypernatremia)

{1 High serum Osmolalty {n

o Mot relevant in hyponatremia

51

17



I hyponalremia, iy ADH on
appropriate?

Appropriate Inappropriate
Extrem )9

Syndrorne of inappropriate antidiuretic hormon

fume. Intravascular volume
~
Cirrhosis

2/17/22

52

SIADH- Syndrome of inappropriate
Anti-diuretic Hormol{my

o Cherccterized by nonphysiclogi release of ADH (ie. ot due to

sual stimuli such as hypernatremia or intravascular volume

53

SIADH-Syndrome o) i vopriate
Andidinetic Hormbre T T

* 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

18



SIADM anARGH!

=
) 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

2/17/22

55

We care about hypoodmolar
hyponalremia

Brain
Intracellular Space) CSF
Extracelluar space

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

Brain CSF
Intracellular Space J Extracellular space

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

56

Symptomn oy hyponatremia

Brain
CSF
Intracellular Space
P Extracelllar space

gy and obtun n.

Under normal conditions, osmolalty (solutes

dilited in water) are equal
s, coma and respiraton

Brain CSF
Intracellular Space J Extracellular space

When there is hyposomolar "true”
hyponatremia, water goes from the
extracellular space info the intracelluiar
space

57

19



SIADH Treeatment- Symplomatic

2/17/22

e fieute Hyponat plomatic

Brain
Intracellular Space

CSF
Extracelllar space

Under normal conditions, osmolality (solutes

o beresce of 46 mfall uscalh <uf
Increase of 4-6 mEq/L usually suff dikted in water) are equal

BmEq/L in first 2hrs

may be used if concu

Brain CSF
Intracellular Spacé | Extracellular space

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

58

SIADH Treatment- Avymplomatic

[ Start furosemide

59

SIADH Treatment- Avymptomatic

Dlem

p the trigger: Treat the underying pi

worse: Water

o Prevent the sodium

wter: Furcsemide, figh protein diet, Sodium Chloride tablets

/9T
no more than 6-6 qu‘L correction per L‘d‘:,’

60
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Takeawayy .

© Hyponatremia and hypernatremia are water problems. Water is not the same thing as volume

© Hyperkalemis, urinary and bowel excretion are the definitve ways to excrete potassium from the body

« The Anion-gap helps you determine the cause of the metebalic acidosis

o Treatment of factc acidosis is the underlying problem, bicarbanate is just a patch

© Suspect RTAs with non-anion gap metabalic acidosis when it is not diarrhea

o ith acute kidney injury, there is no benefit to starting dialysis earlier than necessary

© Jou are awesome, thank you for listening

61

Questions: Adleywong@stenfordheatheareorg

Specil Thanks
o Dr Pedram Fatehi
o r Tora Chang

« Shira Simpson PA-C

reat Reference

© National Kidney Foundation’s Primer on fidney Disease
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