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Na disorders

M.R.Abbasi
Nephrologist
TUMS
Nephrology Research Center



Total body water and its major subdivisions as a
function of age
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Osmoregulation vs volume regulation

* The body wants to maintain its extracellular sodium concentration in
a narrow range by osmoregulation (135-145 mEq/L).

* Also it will maintain extracellular fluid volume (ECFV) within an
acceptable range by volume regulation.

NRC 4



* In clinical practice, consider cases of abnormal Na concentration as
problems with water control.

* Problems with ECV size are related to problems with the Na control
mechanisms.

NRC 5
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Osmoregulation vs volume regulation

Differences between osmoregulation and volume regulation

Osmaorequlation Volume regulation
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Osmoregulation of thirst
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Hypovolemic stimulus to ADH release
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Effect of arginine vasopressin on water
permeability in the collecting duct

Outer and inner medullary collecting duct
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Determinants of the plasma sodium concentration




Hyponatremia (too much water or overhydration).
eHypernatremia (too little water or dehydration).

*Hypovolemia (too little sodium, the main extracellular solute or volume
contraction).

*Hypervolemia (too much sodium, the main extracellular solute, with expansion
of the effective arterial blood volume and hypertension).

eEdema or hypervolemia (too much sodium with associated water retention in
interstitial spaces).



* Hyponatremia is independently associated with
mortality which may be due to a direct causal
relationship.



Shift from HypoNa to HyperNa in ICU
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DysNatremia and mortality in ICU

100%

200812

2008608
200104

409700




An independent mortality risk rising with increasing severity of
both hyponatremia and hypernatremia

* Odds ratios and 95% confidence interval (Cl) for borderline, mild,
moderat and severe hyponatremia were 1.32 (1.25-1.39), 1.89 (1.71-
2.09), and 1.81 (1.56-2.10), respectively.

*  Funk, GC, Lindnar, G, Druml|, W. 2t 3|, Incidence and progrosis of dysnatremias present on ICU admissian. intensive Care Med 36, 304-311 {2010)
https://dol.org/10.1007/00134-008-1692-0



* HypoNa are associated with all-cause mortality.*
* HypoNa is a major risk factor for mortality in advanced liver cirrhosis*

* HypoNa increased mortality, rehospitalizations, prolonged hospital
stays, and major cardiovascular events in patients with heart failure*

* HypoNa asociated with higher risk for all-cause mortality in non-
dialysis CKD and maintenance dialysis patients

* Development of hyponatremia before, upon, or during admission
indicates worse prognosis in any given patient.*



WA ST N0 M
P W T I T A

Ul of
Trarsiatonat Medioe

Dpan Accoss

Intensive care unit-acquired hyponatremia A
in critically ill medical patients

Mé Ko Sm = Ihveengbin b’ Sat it Ces maams Wb e Gvorgires won TR

Abtract

: Preirpas haaese’) Yowa Npcmct = imies i S0ty A Socsiased Mt rpeanil) omea, 12
prpliadd Py Do e TG0 T Daer SrrriooNe e T ANy Dot SUCe = 1T M med KL Tie s m
L o e = | e S T § S TR | [TRT™ R et o LT Tpt s 1)
TVRIY, ol B o VR QN e W DT b | Pl ot
PR ar Wy Cles=ailidd o o e tns St oo Mla U0 e ool tsseny oF o Giale W pufer e
e s L e L LULE R | R [ R I L L s St ] F i RIEE o
b g et hiolypon s T aog 0 0 Gt od I FTIe T 1T S 00 e S
Homuiltng 03 1030 pale ot wlid iammmr adivoos, C) s aadinmn cohoo st Moy s 21 0o s
il o d Inpeystiorie e i ood o U /0t i putnr U Thee Socpaenad) Ugun Detems Adcadiiail 29 0
T PSR  F nu.‘\uu“ﬂhv W P g N NS T S ST e e 6 O L
R e L R R L RS T e IL IV P BN P T I IO e AN TR T S T P R 1]
B BT smmean 10 2 el el Do X DN 1 At et 12 Il SR YR Fae DA e
P e gt e e 11 e D (T Bt b arted for s e H e s Bipw v L sy s ot
L e D RN L AL SR R SR OO ey skt i pteh ) st g e o Ll gl
maneat e i AN e T IGGITE e v P T SIS G, Ml | KT Y AN R TR
i '-"h.yvn;atl’ I Ll P 5 L et el b e gy Vo v o by g 6 D
I RyRO T i Rt TR\ TN F 4007,
Conduthons: L2000 hocramssia ) 1ot unsminen V= 0oaly B #2003 CIar] NG Wi e 2
Arzs fe e oty ey e e e KU ez i mt s s M mimin) £ iscrsssad i T et kst oo
Herrrarg bt s o = by

lf,—ﬂ: e e L e e T o e e T S L

d S e At o) e ewils Bake YopuastrEuis s silee

Hackgroun
Hlppsonse remmes dirlind o o setyis sadinn coomepnibonn Mo sae s (U] wd e
(T E LN TR T DR T TR S e YT (L )
stigy (LEWE 78] Jatheed, it beisd w4 o prttrmd
Frepuntis farne snl u m=celed In 10 ennng st
LS T P s wemn sl by lienile 0
tha bonr of 1017 i wdiwr, tiiagh sew e ypan
g e ey doteumf s Cinas jralie

TEI gl Bt atiie b Ve b bwnie o
arties et m fribests whias st (o setsaloe
e athia®y wumal e KU miebick) Tosdimdly

Do A0 TR L st hon adp b dspi s 0l
iy sl bnaxtuizal &1 septsrts 1 kbes Qe coo-gad

e

Tinh B e ool s & AR pEE IOy AV i e b
L L E e A R PR R R S B

D i il L L EE T LT Rl L S A

Ll e ]

o dis sl ssnle s mend e n

1 — - —— ® 494 " -

TR I T # T W — ) e b

B L e e R D LR
-———

TR c— -

and ctawe p

. G— B — — ) —

A TS e —— - —
- s
o

A — -, — e —

"R N T T C o — S R P W ST PR SRR SYCURT T e



Table 4 Clinical Oduomes,
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* Hypotonic hyponatremia is the most common electrolyte disorder
encountered in clinical practice.

* post-operative hyponatremic encephalopathy is equally likely in both
genders but women of menstruating age were 25 times more likely to
die or develop permanent brain damage than either men or
postmenopausal women.

* Female sex hormon inhibit the activity of Na-K ATPase



* HypoNa represent excess water in relation to water
* Duration: acute vs chronic (<48 hrs vs= 48 hrs)
» Severity: 130-134, 120-129, < 120 mmol/lit.

* Symptoms: severe=seizures, obtundation, coma, and respiratory arrest.
Mild to mod=headache, fatigue, lethargy, nausea, vomiting, dizziness, gait
disturbances, forgetfulness, confusion, and muscle cramps.

* Asymptomatic: subtle impairments in mentation and gait and an increased
risk of falls and fractures.

* Concurrent hypoxemia can exacerbate hyponatremia-induced cerebral
edema.



Rapid onset of acute » Rapid carrection of lt'omggmtof;cutt” Rapid comection of

hypernatremia chranic tiyponatremia hyponstreria chranic hypernatramea
Ruapid increase in plasma Rapid decreass in plasms
sodiur concentration sodium concantration
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Osmotic demyelination




Rapid or overcorrection

* ODS occurs especially in the pons (central pontine myelinolysis), although
extrapontine myelinolysis affecting the basal ganglia, cortex, lateral
geniculate body and internal capsule can also occur.

* Risk of ODS increases in serum Na< 105 mEg/L and those with
hypokalemia, alcohol use disorder, malnutrition, liver disease, and possibly,

hypophosphatemia.

* Reuptake of the myoinositol and other organic osmolytes occur more
rapidly in the uremic environment which explains the low risk of ODS in
uremic subjects.*



Osmotic demyelination syn.

Impairment in Short-Term Memory
Attention deficit
Dysarthria

Dysphagia

Flaccid Quadriparcsis
Oculomotor abnormalities
Ataxia

Mutism

Parkinsonism

Catatonia

Dystonia

Tremor

“Locked-in" syndrome
Seizures

Coma



ODS

* Quadriparesis, dysarthria, dysphagia, and other pseudobulbar
symptoms, pseudobulbar palsy, seizures, locked-in syndrome, coma

and even death.
* ODS may occur several days after the correction of hyponatremia.
* ODS may be asymptomatic or mildly symptomatic.
* Symptoms of ODS may or may not be reversible.



Goal of correction in acute HypoNa

* |n sever symptomatic 4-6 mmol/lit in first 24hr

* No more than 10-12 mmol/l/24 hrs and 18mmol/1/48 hrs must be
corrected.

* Acute asymptomatic hypoNa, Na<130mmol/lit, 50 ml bolus of NaCl
3% IV

* |n acute symptomatic hypoNa, Na<130 mmol/l, 100 ml bolus of NaCl
3% IV in 10 min. can repeat up to 300 ml( in European organization
150 ml NaCl 3% in 20 min and repeat once if necessary.

* Goal is "Na by 4-6 mmol/lit in few hrs.



Chronic HypoNa

* Mild to moderate W/O symptoms no emergent therapy is needed.
* D.C drugs than can induce HypoNa.

* Sever HypoNa, Na<120 mmol/lit, NaCl 3% ,15-30 ml/ hr or 1ml/kg
(max. 100 ml) Q6h IV inf + dDAVP.

* dDAVP is recommended as 1 to 2mcg, IV or SC Q6-8hr for a period of
24 to 48 hrs (or until the serum sodium has been increased to at least
125 mEqg/L).



Rapidly reversible causes of hyponatremia

* True volume depletion

* Adrenal insufficiency

* SIAD(H)

* Thiazide-associated hyponatremia

* In these condition dDAVP can prevent rapid correction of HypoNa and
reduces risk of ODS.

 dDAVP is not recommended In edematous states such as heart failure
and cirrhosis or recurrent HypoNa due to chronic SIAD(H) .



General measures in chronic HypoNa

» Stop medication that could cause HypoNa.

* Restrict electrolyte free or hypotonic fluids.

* Increase salt intake( 4-6gr/day) + loop diuretics.
* |dentify and treat cause of HypoNa.

* Vaptans?

* |sotonic saline

* Hypotonic fluids?



* The United States guidelines recommended the use of hypertonic
saline in patients with acute (<48 h) hyponatremia with moderate to
severe symptoms™ while the European guidelines based its
recommendations to use hypertonic saline on the severity of
symptoms rather than the duration.*
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Severe Hyponatremia |s Often Drug
Induced: 10-Year Results of a Prospective
Pharmacovigilance Program
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Drug induced sever HypoNa
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Mechanisms of THZ induced HypoNa

Table 2. Mechanisms of thiazide-induced hyponatremia.

Renal (Primary)
NCC inhibition-related
Sodium loss leading to GFR reduction and enhanced proximal tubular fluid reabsorption
Impaired urinary dilution
Independent of NCC inhibition
AQP2 upregulation in the collecting duct
[Direct effect
Prostaglandin E2-mediated
Extrarenal (subsidiary)
Insufficient solute intake
Excessive water intake
Coexistent hypokalemia leading to transcellular cation exchange

AQP2, aquaporin-2; GFR, glomerular filtration rate; NCC, Na-Cl cotransporter.



Isosmolar or pseudoHypoNa

N I Iso-osmolar
cbiic hyponatremia
F '— Lipid/Protein -'
Aqueous |
Phase 93% ‘_ Plasma — 81% '
| |
— RBCS ——
[Na*] in plasma agueous phase 154 mEq 154 mEq
Plasma % of agueous phase 93% 81%
Lipid/protein % of aqueous phase 7% 19%
[Na*} reported by laboratory 143 mEq/L 125 mEq/L




Core Curriculum
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Diagnosis and Management of Disorders
of Body Tonicity—Hyponatremia and
Hypernatremia: Core Curriculum 2020

N. Winn Seay, Ruediger W. Lehrich, and Arthur Greenberg

Overall body fluid concentration is regulated within a narrow range by the concerted action of the
hypothalamic-pituitary 2xis to influsnce water intake through thirst and water excretion via the effect of
vasopressin, or antidiuretic hormone, on renal collecting duct water permeability. Sodium is the prin-
cipal extracellular cation; abnormalities in overall effective body fiud concentration, or tomcity, manifest
as disturbances in serum sodium concentration. Depending on its severity and chronicity, hypona-
tremia can lead to significant symptoms, primarily related to central nervous system function, Failure to
correct hyponatremia can lead to permanent neurologic damage, as can over rapid correction. It s
thus essential to stay within specific imits for correction, particularly for chronic hyponattemsa.
Hypernatremia also leads to central nervous system dysfunction, although goals for its correction rate
are less well established. This Care Curriculum article discusses the normal regulation of tanicity and
serum sodium concentration and the diagnosis and management of hypo- and hypematremia,
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Case 1: A 65-year-old woman presents with productive
cough, shortness of breath, and fever. She is taking hydro-
chlorothiazide, 12.5 mg, daily for hypertension. Physical ex-
amination reveals temperature of 38.5°C, blood pressure of
90/50 mm Hg, heart rate of 100 beats/min, respiratory rate of
28 breaths/min, and oxygen saturation of 87% while
breathing room air, along with dry mucus membranes, left
lower-lobe crackles, and absence of edema. Laboratory re-
sults include [Na'] of 128 mEg/L, serum urea nitrogen
(SUN) level of 68 mg/dL, serum creatinine level of 3.4 mg/
dL, and serum osmolality of 280 mOsm/kg H.0O.

Question 1: This patient’s serum is correctly described
as:

a) Hypotonic and hypo-osmolal

b) Hypotonic and iso-osmolal

¢) Isotonic and hypo-osmolal

d) Isotonic and iso-osmolal



onocity vs Osmolality

* Tonocity means effective osmolality

» Effective osmoles: Na and its anion
total body (Nat+Kt)
total body H,O

plasma [Nat]=



Answer: The patient’s serum osmolality is within the normal range
of 275 to 295 mOsm/kg H,O. Her effective serum osmolality, or
tonicity, is ~256 mOsm/kg H,O (Effective serum osmolali-
ty = Sosm — SUN/2.8 = 280 - 68/2.8 = 256). She is thus
iso-osmolal and hypotonic, making (b) the correct answer.




Case 2: A 70-year-old woman is brought to the emergency
department with a day of confusion, nausea, and vomiting.
She was started on treatment with chlorthalidone, 25 mag,
daily 1 week earlier to treat newly diagnosed hypertension.
Physical examination is notable for temperature of 37°C,
heart rate of 105 beats/min, blood pressure of 95/60 mm
Hg, respiratory rate of 14 breaths/min, and oxygen saturation
of 100% while breathing room air. She is acutely ill
appearing and not oriented to person, place, or date. Mu-
cous membranes are dry, and no edema is present. Saline
solution, 0.9%, is begun with a plan to administer 1 L over
the first 2 hours. Laboratory results return, revealing [Na“] of
104 mmol/L, serum potassium level of 2.8 mmol/L, SUN
level of 27 mg/dL, and serum creatinine level of 1.4 mg/dL.
She experiences a generalized seizure.

Question 2: Which of the following is the most
appropriate next step in management?

a) Increase rate of normal saline solution

b) Administer tolvaptan

c) Bolus 100 mL of 3% saline solution over 10 minutes

d) Infuse 500 mL of 3% saline solution over 15 minutes



Answer to Question 2: Hypertonic saline solution is indi-
cated for severely symptomatic hyponatremia with a seizure.
Acutely increasing the [Na*] by 4 to 6 mEg/L can prevent
further seizure activity, reduce brain swelling, and eliminate
the risk for tentorial herniation due to cerebral edema. In a
setting in which increasing [Na‘] is a genuine emergency, this
can be accomplished by administration of up to three 100-
mL boluses of 3% saline solution 10 minutes apart. Tolvaptan
and 0.9% saline solution will not increase [Na*] quickly or
reliably enough. Thus, (c) is the correct answer.



* Question 3: After appropriate treatment, no further seizure activity occurs,
and repeat [Na+] is 108 mEq/L.

In addition to infusion of isotonic IV fluids and monitoring [Na+] every 2
hours, which of the following is the most appropriate management strategy?

b) Aim for an [Na+] of 114-116 mEq/L over the first

d} Aim for an [Na+] of 110-112 mEa/L aver the first 24 hours



Answer to Question 3: This patient has multiple risk factors
for ODS with over rapid correction, namely presenting serum
[Na*] < 105 mEg/L, hypokalemia, and thiazide diuretic use. A
more conservative goal of correcting [Na*] ideally by 4 to 6
mEqg/L and no more than 8 mEqg/L in the first 24 hours is
appropriate. [Na’] should be monitored every 2 hours.
Because an increase in urine output and decrease in UOsm
will precede any increase in [Na*], hourly urine output should
be followed up, which will likely require bladder catheter
placement. UOsm should be measured every few hours.
Thus, (e) is the correct response.




Tabile 1. Suogosted Troatment Stategios for Management of Hypanatremia Accarding ‘o Chronicity, Symptorn Seventy, and Rizk ter ODS

Goal Increase in Limit to Increase in , :

Presentstion Risk for ODS [Na*] [N Tresitrrent Strategy

Acute Hypotonic Hyponatremia (duration verified 1o be <48h)
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Chronic Hypotonic Hyponatremia (duration known to be >4 h or uncertain)
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Table 4. Formulas for Calculating Initial Saline infusion Rates.*

Example of
Source Step 1 Step 2 Rate (ml /hr)
Tradizional! Na requirsd =TBW x [[Naj:— [Nal;) Volume (fiter] Nz required (mmol) 82
| 513 mmaollitar
Adrogud and , . Naj . r=INa Desired AlNa 1067
Mgadias‘ AfNajs (with 1 I'm}’Lflg%]‘" Volume (liter) E-‘\[Nak(wit:ll ’7‘;’3
Barsuum.acc AN]‘_(V.,.p){Na]mf = (Vi) [E]wsime— {AV][Na], Volume (liter) = Resied AfNaj, 107
gt TR+ AV AINa), (with TTiter]
e Tows (1N 8 Elegorr Vg 90
Kurte Volume (liter) = [Na),+21.8 urtre
T
lE]qu
Janicic and Rate (mifhe) is the goal rate of (Naj; Hee (mmol/liter fhe} per 70
Verbalis® kg of bady weight

* The examples assume a body weight of 70 kg, current seram sodium ([Nal) level of 110 rmmol per liter, desired [Nal; lovel of 120 mmol per
liter, total body water (TBW) of 42 liters, time of 10 hours. urinary volume of 1 liter, urinary sodium level of 80 mmol per liter, urirary potas:
sium level of 20 mmol oer lizer, and treatment fluid {infusion) of 513 mme! per liter, where [Na], s the current [Na), and [Na), represents
the {Na); level desirsd after reatmeant, ANajs=([Na]. - [Nal,. [E] is [Na]+[¥]. If the actual rate of correction s d fierent from that prediced, it
may be useful to calculate the dectrolyte-free water clearance, 1o help gulde treatment. The electeclyre-fren water degrance is calculsted as

(a, 0_.,\/(1- .lﬁ‘.a‘ﬂ'.)
' Pua

where C°,,_, denotes electrolyte free water ciearance, U, urinary sodium, Uy urinary potassium, and P, plasma scdium. Il the clearance
value is greater than 0, then ongoing losses of free water are contributing to the rise in [Nak. in all cases, the formulas are used anly ta esti
mate the initizl infusion rate; the rase must be adjusted on the bas:s of the measured rate af the rise n serurm sodluom. Ief denotes infused
fluid.




https://www.mdcalc.com/calc/480/sodium-
correction-rate-hyponatremia-hypernatremia

“han
U

2 Tt ¥ i =

Popular Nawest Favorltes Specialty Guldelines All

Creatinine Clearancs (Cackcroft-Gault Fguation)
— 3 i Cuuheroft-Oauly bagation

CKE-EP] £guations {or Glomerular Filtration Raie (GFR)
Trritte it GURSOA D witiuien r et 3eit i, Kbt Bysetin i o bhen

CHA_US, VASc Score for Atrial Fibrillstion Stroke Risk



€ dack  Sadium Correction Rate (i ﬁl

CALLULATUN

a5
m'eu_:h w0 “
126 miqiL s

Seruin sadiam

Flond sypn

315 sl e 1956 mmol /), N

v allng (312 mmod/ L Nad

23t =ling 1395 mmolsL Naj
Narmal saline (15a mmaol/L Na)

—acxatad Hinger & {130 mmol /L Na)

Mz ot sudium Lyrresean =
Tz pcdiil] Ceetts ‘ijn e 9.5 measuar

myshinghess, 2adiunl
snALIY 1ot Os TITeENLED

RESLLY ~

Fluid cee o neEase Na by USnmmys

62 mL/hr




Key i = Sadlum, 1.0 « Weter, . 16, =10



HyperNatremia



onocity vs Osmolality

* Tonocity means effective osmolality

» Effective osmoles: Na and its anion
total body (Nat+Kt)
total body H,O

plasma [Nat)=

* HyperNa =Na>145 mmol/I



Tonicity versus Osmolality

Osmolality

Total concentration of
all particles in solution.

Tonicity
Concentration of only

the osmotically active
particles.

Only impermeable
particles contribute to
tonicity.




Tonicity versus Osmolality

OSMOLARITY
TONICITY Hyposmotic Isosmotic Hyperosmotic
Hypotonic \

Isotonic

Hypertonic




Renal Water Excretion

Limitation of the previous equation:;

UREA is included in computing for urine osmolality!

- ineffective osmole, does not influence serum Na+ concentration or the
release of AVP

Electrolyte Free Water clearance [ C,,....)]

Better predicts changes in serum Na+

1. If UNa + UK < PNa, then Cwater(e) is positive and serum [Na+ ]

2. If UNa + UK > PNa, then Cwater(e) is negative and serum [Na+] |




Disorders of water
handling = Hyponatremia
& Hypernatremia

Disorders of sodium
handling = Hypovolemia
& Hypervolemia



Fxternial sodium, potassium,

External sodium, pqhsmm.

and water bajance “anc watet balance
Na* - K- latake | _Soluble Na' + K- Output Na+ K
H,0 Total body H,0 HO
=
Intersal sodiurn
balance

| Sndlufnbound in polyarionic proteoglycans




Rapid onset of acute » Rapid carrection of lt'omggmtof;cutt” Rapid comection of

hypernatremia chranic tiyponatremia hyponstreria chranic hypernatramea
Ruapid increase in plasma Rapid decreass in plasms
sodiur concentration sodium concantration

l 1

Osmotic demyelination




Critena Classification Value
Absolite serum sadium concentration Mild 146-150 rmol/L
Moderale 151-155 mmol/L
Severg > 155 mmol/L |38]
Extreme > 190 mmol/L [3]
Time of development {cutoff 48 hours) Acute vs. Chronic
Clinical assessmen! of volume status Hypovolerric
Euvolemic

Hypervolemic




Signs and symptoms

Charactenstics of hypernatremia Syrmptoms related to the charactenstics of hypematrenmia

Cognitive dysfunction and symptams associated with neuronal cell  Lethargy
shrinkage Obtundation (depression on sensorum)

Confusion
Abnormal speech
Irritability
Seizures (unusual in adults)
Nystagmus
Myocionic jerks
Muscle spasticity (unusual in aduits)
Focal neurciogic defiats
Nalisea or vamiting

Dehydration ot clinical signs of volume depletion Orthostatic blood pressure changes
Tachycardia
Otigura
Dry oral mucosa
Abnormal skin turgor
Dry axilae
Intense thirst

Other clinical findings We:ght loss
Generalzed weakness
Faver
Labored respiration




* Severe manifestations of acute hypernatremia are usually seen at
serum sodium concentrations above 158 mEg/L



* Hypernatremia is primarily caused by water loss
* Sodium (Na) excess being a less common factor

* 6%-42% of ICU patients and is generally associated with a 50%-60%
increase in short-term mortality

* Pre-ICU admission hypernatremia is about 4%

* Even mild hypernatremia (Na <150 mmol/L) is linked to more than a
20% 30-day mortality rate

* Both IAH and PAH independently predict mortality and longer ICU
stays



* M plasma tonicity - T AVP release and ] thirst

* Hypernatremia doesn't occure if the individual can sense and act on
thirst

* Infants, individuals with altered sensorium, intubated pts, ill and
alone .. are susceptible to HyperNa.

* HyperNa is present on 1/admission or 2/hospitally acquired: the first
is geriatric disorder and second is iatrogenic.

* essential hypernatremia: rarely defect in thirst perception caused by
hypothalamic lesions leads to reduced water ingestion.



Causes of HyperNatremia

Cause Proximate Cause Findings Supporting Diagnosis
Inadoquate water rtaks Lack of aptess 2 wite ¢ Altored sensorum, immaotsity, andotracheal intubaton
» Chrong care faciity residence

Extrarenal hypotanic fuid loss Gl o=ses or penpnﬁon

Runal concentraling defect Diwretics

Oamote diurces

Nuphragenic dibotus irspidus

Esconalye sult ntake Hypertonic Ihid adminiutration

* Flud prescripbon thal does not take indo account
insanmble losses

* Ugy, > 800 mOumnikg M0

* History of diamhes, febrie linsss. gastnc suction, or
entenc fistula

* Ui > 800 mOsen/kg H,O

* Histoty of loop diurotic use
¢ Isosthenuric unne

* Hypoerglycomia with

* Uraa nduced osmotio dnuula
* Isoathanurio unne (eg, recovery from ATN)

* Presence of bmn trauma, surgery tumar, mfiltratve
digesse, or mtection including tubercuiosia
+ Maxinally or submaximuly dilito uone

* Paraistently déiss urine dunng water deprvation test
* Low copeptin lovefs -

* Ui mreases n responses o desmopressin

* Troutmunt with thium or demuclocyching, rcaloomia,
hypokafemnia, renal mmmgrsm&’iea:e%mh

gickia cell nephropathy and abatructive uropsthy

* Uow < 300 mOsm/kg HO

* Pursistently ddute urine dunng waster doprvation fest

* High copeptin levals

* Uow, fails to mcrease in response % t_inm\q:lm

. Rooept of hypoﬂonlo nodium bicarbonate solution dur
ing cardiac arrest or hypertonic salne sclution

. 'H;stmyd dilution error for powdered feeding formulas n
nfants

. mMmtion of TPN or cvoncentrated onteral tube
f

* Uow > 600 mOsm/kg HO

o Uy, > 100 mEarl

Fote Evun it ren
Abbtresiinons

"rmﬂ

caly ML Wngaees VIR W S0oms L w0 0 (ncsly S50 preeen),
Sabrubar fecooss) G pestontastine TRRL tolW passdtass nutrisge) U, aress scdmm concaaliaion W, Woms ammmisity.



Osmotic diuresis

Urine sz Proximal Tubule&\
lumen / tubular Descending Limb
of Loop of Henle
H,0
H,0 €———t—
H.,O ! Solutes
2~ Mannitol
Mannitol Hzo osmosis
H,0
Mannitol .\ water permeable
cell membrane
H,0 H,0 > <

Bloo
basofateral

Mannitol:
- Logs of waler
- Reduced intraceliviar volume

- Hypermatremia nsk



Measurement of AVP?
Measurements of the more stable vasopressin prchormone carboxy-terminal

cleavage peptide, copeptin, have been used to differentiate between primary
polydipsia, central DI, andnephrogenic DI.
Copeptin testing may supplant use of the water deprivation test.

1 20 28 32 124 126 164 aminoacd porktion
I' | )
I AVP precursor
Signal peptidase

Proharmaone Convertase

AVP Neurophysin Il Copeptin




PICS

 persistent inflammation, immunosuppression and catabolism
syndrome (PICS .

* hypernatremia can lead to inflammation and catabolism via
hyperosmolar cell stress.

* profound catabolism can lead to hypernatremia via urea-induced
osmotic diuresis.



reatment

* Chronic HyperNa > 48 hrs

* Each + balance of 3 mL of electrolyte-free water/kg -  Immol/l in
Na

* 1.35 ml/kg of D/W 5% up to 150 ml /hr
* Free-water deficit: TBW (L) x (([Na+]/140 mEqg/L) - 1)
* In chronic HyperNa correction of 10 mEg/L in 24 hours is safe.



Salt poisoning

* Mortality is up to 50% depends to time of treatment.

* lower the plasma sodium as fast as possible with hypotonic
intravenous fluids or emergency hemodialysis.



AVP deficiency or resistance

* D/W 5%, IV, 3 to 6 mL/kg/hour up to a maximum of 666 mL/hour.
* BS and Na motitored q1-3 hr

* When Na reaches to 145 mmol/l, infusion rate |, to 1 ml/kg/hr until
Na =140.

* Goal is decreasing Na by 2mmol/l/hr and normalizes Na in less than
24 hrs.

* D/W 2.5% in cases of hyperglycemia is recomeneded.

* Risk of hyperglycemia and water loss due to glycosuria in rapid
dextrose infusion.

* AVP is also administered.



hypernatremia due to correction of
hyperglycemia

* In pts < 40 yrs old rec. slow correction as chronic HyperNa

* In pts = 40 yrs old rec. rapid correction as acute HyperNa.

* Infusion of 0.45% saline at 6 to 12 mL/kg/hr will provide the same
amount of electrolyte-free water as 3 to 6 mL/kg/hr of D/W5% .

* serial calculations of the "effective" osmolality (2 x Serum sodium +
Serum glucose/18 ) to monitor the course in plasma tonicity.

* Maximum rate of glucose metabolism is 10 mg/kg/min (+ High doses
of insulin) = 600 ml/ hr D/W5%.

* 1/3-2/3 iv fluid: 3.3% dextrose and 0.3% sodium chloride contains
only 51 mmol/L of sodium, with osmolarity of 269 mOsmol/L.



Water deficit

O ULl [INa

Current TBW x ( -1)
140

1
P .‘. C-.\ A\ >
- 8 W I\\.

» Serves as a guide in INITIAL therapy
» May use either of the two formula
1. Edelman Formula
Water deficit* = current TBW x (serum Ng -
140
*assumes no ongoing fluid/electrolyte losses
*assumes baseline Na of 140 is the target

Total Body Water (TBW) = 60% of lean body weight
60% LBW Young Men (<65 yrs old)
50% LBW Young Women (<65 yrs old)
50% LBW Elderly Men (>65 yrs old)
45% LBW Elderly Women (>65 yrs old)




* it is probably reasonable to use values approximately 10 percent
lower in hypernatremic patients who are water depleted.
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Table 2. Treatment and Limits of Correction of Severe Hypernatremia.*

Duration

Related Behavior
or Condition

Minutes to  Acute sait poisoning associat-

hours

1-Z gays

Unknown or
=2 days

od with accidental salt inges.
tion or salt ingestion in at-

tempted suicide, use of paren-

teral hypertonic saline, dialy-
sis errors

Unreglaced water fram el
rary lesses associated with
glycosuria, neurogenic or
nephrogenic diabetes insipi-
dus

I children: diarrhea, Inability
to breast-feed, in adults:
hypodipsia, Impaired mental
status

Clinical Features

Seizures, corma, hypertonia,

high fever, intracrarial hemaor-

rhages, thrombasis of dural
sinuses

Persistent coma, brain
demyelination

Obtundation or coma, rehy-
dration-associated seizures
and cerebral edema as a re-
sult of rapid correction in
children

Initial Therapeutic Goal

Rapid infusion of 5% dextrose
in water plus emergency he-
modialysis to immediately re-
store normonatremis

Decrease plasma sodium con-
centration by 2 mmol/liter fhr
until plasma sodium concen-
tration Is 145 mmol/liter; stop
or replace water losses

In children: decrease plasma
sodium concentration by 0.3
mmol/liter fhri in adults: de-
crease plusrna sodlum con-
centration by 10 mmoljliter/
day; replace water losses

Limit of Correction
and Management
of Overcorrection

Excessive correction not
known to be harmful

Excessive correction not
known ta be harmiful

In children: avoid decreasing
plasma sodlum concentra
tion by =0;5 mmoi/liter/hr;
3% salire for seizures associ
ated with rehydration; in
adults: not known

= Severe hypemnatremnia is defined as a plasma sodium concentration above 150 mmol per liter, In the absence of urinary loss of water, 3 ml
of electrolyte-free water per kilogram of body weight will decrease the plasma sadium concentration by approximately | mmol per liter,




Is the rate of correction of hypernatremia associated with CJ AS N

clinical outcomes? A i
Methods and Cohort Findings
Data from Medical Information _ , . '
MIMIC Mart for Intensive Care-lll >, Rapid Correction Slow Correction
(MIMIC-11I) '

30 day mortality S\ ISY 30 day mortality E E

On admission
N =122

Hospital-acquired
Na >155 N = 327 30 day mortality

e =, 400/0

cases of cerebral edema, seizures or

alteration in consciousness attributable to
rapid hypernatremia correction

Kinsuk Chauhan, Pattharawin Psttharanitima, Niralze Patz), Alna Duffy, 2t al. Rate of
Correction of rnatremia and Health Outcomes in Critically 1l
~ Patients. CMSH dot: 10.2215/CJN 10640318 Visual Abstract by Mlcheﬂe Lim,

MBChB
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