HYPONATREMIA
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Sodium follows Water !

Sodium
nasa strong

reaction
{o water.




Tonicity = Effective Osmolality

 Solutes which have the capacity to exert an osmotic force across the membrane.

» Water is pulled from area of low osmolarity to high osmolarity.
 Urea does not contribute to Effective Osmolality, as it crosses cell membranes

Effective Osmolality

Effective Osmolality { mOsm/Kg }

=2 xNa + Glucose
18




Normal Regulation of Body
Water

Thirst ==>> Drinking
NORMAL ADH

Hyperosmolality

Hypovolemia
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EDELMAN IS THE ROOT OF ALMOST
ALL GOOD IN NEPHROLOGY

Worth one’'s salt: the master dysnatremia
equation | Journal of ...

Plasma Nat = M
Total Body Water

* Water loss / gain
» Sodium loss / gain



External sodium, potassium,
and water balance

Na* + K*
H,O

Total Body Sodium

Intake

Plasma sodium concentration

Soluble Na* + K*

Output
utput |

Total body H.O

Internal sodium
balance

Y

Sodium bound in polyanionic proteoglycans

Cartilage

External sodium, potassium,
and water balance

Na* + K*
HZO




» Hyponatremia is the most common electrolyte disorder,
» 20% to 35% In hospitalized patients.

* Prevalent in critically ill patients and postoperative patients



natremia due to ....

l Na exchangeable + K exchangeable

[Nalpooma § A

I Total Body Water

Water Gain , Sodium Loss

Water gain - Impairment of Aquaresis ( electrolyte free water excretion)



Hyponatremia. Sr Na < 135 meq/1

Mid 130-135 mEg/L

Moderate 120-129 mEqg/LL

Severe <120 mEqg/L

< 48 hrs

> 48 hrs



The severity of neurological symptoms is more dependent
on the degree of brain volume regulation than on the serum

Serum Na*

CINS
Adaptive capacity

No symptoms

Clinical status




Symptoms of Hyponatremia

Neurological Symptoms Typical Duration of
Hyponatremia

severe <125 vomiting; seizures; acute (<24-48 hrs)
mmol/L obtundation; respiratory
distress; coma

moderate <130 nausea; confusion; intermediate or
mmol/L disorientation; altered chronic(>24-48 hrs)
mental status; unstable
gait/falls

<135 headache;irritability; chronic(several days
mmol/L difficulty concentrating; to many
altered mood; depression weeks/months)




Osmotic Adaptation
The low osmolality due to low Na results in water shift inside brain cells.
Overhydration of brain cells causes Cerebral Edema.

Brain cells lose osmoles to draw water out of brain and reduce cerebral edema

¢ Na'l', K+, CI' Cell ewelle ae
° 4 waler is pulled

Glutamate o o5 o niomecr
e Glutamine

. Hyponatremia:
* Inositol Na* less than 130 mEq/L




“ Brain Adaptation though protective, increases risk of Osmotic Demyelination ”

Na
Low Na [Ga—
ECF
HYPONATREMIA
. . Idiogenic
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> 48 hrs -
Osmoles =

Na Na

Rapid
Correction Myelinosis q
Na Na



Over Correction of Hyponatremia

1. Normal

2. Cerebral Edema

3. Adaptation




Fluids Distribution in Body

HYPOTONIC Fluids ISOTONIC Fluids
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ORIGINAL ARTICLE | VOLUME 165, ISSUE 1, P163-169.E2, JULY 01, 2014 The JOURNAL
of PEDIATRICS

Hypotonic versus Isotonic Fluids in Hospitalized
Children: A Systematic Review and Meta-Analysis

Administration of Isotonic fluid is recommended as the first choice in hospitalized children.

|V fluid should be prescribed with the same care as other medications & patient monitored.

Risk for hyponatremia (RR 2.24) & severe hyponatremia (RR 5.29)



HYPONATREMIA CLASSIFICATION



Plasma Osmolality

e Differentiates -

HYPONATREMIA

Normal High
(280-295 mosm/kg) (< 280 mosm/kg) (> 295 mosm/kg)




HYPONATREMIA

1. Assessment of
serum osmolality

| | |

Normal Low High
(280-295 mOsm/kg) (< 280 mOsm/kg) (> 295 mOsm/kg)

. : . , TRANSLQCATIONAL,
Isotonic hyponatremia Hypotonic hyponatremia Hypertonic hyponatremia

o Hyperproteinemia Hyperglycemia

o Hyperlipidemia Mannitol, sorbitol,
glycerol, maltose
Radiocontrast agents




True vs Pseudo - Hyponatremia

True hyponatremia Pseudohyponatremia Translocational

low osmolality normal osmolality high osmolality

(oo

Serum Cholesterol,
TG,

Total proteins

History,
Blood glucose

Goce Spasovskiet al, Nephrol Dial Transplant (2014) 29 (Suppl. 2): ii1-ii39

www NephrolubeC NIl .com




Translocational - pull of water from ICF into ECF

Hyperglycemia-induced
Hyponatremia

] glucose

| Na+y,

Na Correction factor - 1.6meq if glucose > 100mg/dl
2 .4 meq If glucose > 400mg/dl



use direct 10m selective electrode

Pseudohyponatremia secondary to hyperlipidemia

143 mEq/L — 123 mEg/L —
=— 154 mEaq/L

=— 154 mEaq/L

Normal Hyperlipidemia



Hypotonic ( True) Hyponatremia

2. Assessment of
volume status

I , I I

Euvolemic Hypovolemic Hypervolemic
SIADH Heart failure
Postoperative Liver disease
hyponatremia \ 4 Kidney disease
Hypothyreoidism 3. Assessment of Nephrotic syndrome
Psychogenic urinary sodium
polydipsia
Thiazide diuretics
ACE inhibitors l l
Endurance exercise Extrarenal salt loss Renal salt loss
ACTH deficiency (Una+ < 20 mEqg/L) (Una+ > 20 mEq/L)

Dehydration Diuretics
Diarrhea ACE inhibitors
Vomiting Nephropathies
Mineralcorticoid
Third Spacing deficiency
Drains Cerebral sodium

wasting
Burns syndrome




Based on urine parametets ......

)

Hypovolaemic

3. Urine Na

<20 mEqg/L
Vomiting
Diarrhoea

3rd spacing

>20 mEq/L
Diuretics
Addison’s

T

Euvolaemic

3. Urine Osm

>100 mOsm/kg
SIADH

Hypothyroidism

ACTH deficiency

<100 mOsm/kg
1° polydipsia
Beer potomania

1

Hypervolaemic

3. Urine Na

<20 mEqg/L
Heart failure
Cirrhosis
Nephrotic Sx
Hypoalbuminaemia

>20 mEq/L
Renal failure




Which hospitalized child is not at risk for STADH ?
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Causes of Syndrome of Inappropriate Secretion of Antidiuretic

Hormone in Children

General anesthesi!

Stress
Nausea

Pain

Stress

PULMONARY
DISEASE

Positive pressure
ventilation

Bronchiolitis
Pneumonia

Asthhma

Cystic fibrosis

NEUROLOGICAL DISEASES

Meningitis, encephalitis

Tumors
Trauma

Hydrocephalus

Brain abscess

Rocky mountain spotted fever
Cavernous sinus thrombosis
Guillain-Barré syndrome
Cerebrovascular accident
Subdural hematoma

MEDICATIONS

Carbamazepine

Vincristine
Cyclophosphamide

Tricyclic
antidepressants

Narcotics

NSAIDs

MDMA (ecstasy)

SSRI

Desmopressin

Ciprofloxacin

Amiodarone

Decreased effective circulating volume
- true volume depletion
- With increased total body volume- Cirrhosis, CHF

MALIGNANT
DISEASE

HEREDITARY
CAUSES

Gain of function
mutation V2R

Lymphoma

Ewing sarcoma

Carcinoma (lung,
bladder, etc)

. low albumin




SIADH - The Schwartz and Bartter Criterion

Essential criteria

Effective serum osmolality <275 mOsm/kg

Urine osmolality >100 mOsm/kg at some level of decreased effective
osmolality

Clinical euvolaemia

Urine sodium concentration >30 mxmol/l with normal dietary salt and
water intake

Absence of adrenal, thyroid, pituitary or renal insufficiency

No recent use of diuretic agents

Supplemental criteria

Serum uric acid <0.24 mmol/l (<4 mg/dl)

Serum urea <3.6 mmol/]l (<=21.6 mg/dl)

Failure to correct hyponatraemia after 0.926 saline infusion
Fractional sodium excretion =>0.5%26

Fractional urea excretion >55%o6

Fractional uric acid excretion =>12%06

Correction of hyponatraemia through fluid restriction

Hyponatremia due to ADH water retention & volume expansion causes secondary natriuresis




Fluid shifts in Hyponatremia

NEJM Adrogue , Madias Volume 342 Number 21
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Hyponatremia & Edelman

Hypovoalamic hyponatremia
= Poor MNa® ievbass
= Reral of aociraneral MNa© oSS

NORMAL

Euvolemic hhyponaitremia
& |y theae SLUAD, small remsal Na™
lIossas CooUr

INCREASED

2

Hyparnrolemic hyponatremia
= Fa™ nedeation

—_—

r'--lliallEr + K,
TBEW

[Nat]s =

TEW

DECREASED

"Wast majority of h-,-p-nu-::laml-:
and hyparsolaermic
hyponatremia

= Poaor B irtalkos
= Renal or adrarenal K*' lossas

NORMAL

Euvolamic hyponaltremia

= |y the SIAD. small ressal K
losses coour

D ECREASED: MNCORBMAL

Hypowolamic hhyponabrermida
= lmpaired a0usreesis
Watbar retanmtsn falls sheort
of normalizing TBW
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= Impaired aquaresis
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Hypeaernrolaemic hyponatremia
= meaired aguaresis
VWater retention expands TEBW




Unsure whether a patient has SIADH or is just mildly volume depleted ?

« Appropriate to give a trial of volume expansion.
* Depending upon how low Na is & what is risk of further lowering .

 But if sodium is 114 meg/L and there is uncertainty about patient’s volume status, do a trial
of volume expansion with 3% Hypertonic Saline.......

 So there is no risk that a liter of isotonic saline will drop sodium further .



Low Na in Hemophagocytic Lymphohistiocytosis ( HLH)

Modified 2009 HLH criteria

- AT least three of the following:
- Fever
- Splenomegaly
- Cytopenia affecting at least two cell lines:
- Hemoglobin <2 g /L
- Platelets <100 b /L
- Absolute neutrophil count <1000 b /L
- Hep atitis
AT least one of the following:
- Ferritin elevation
- Elevated soluble CD25 (soluble IL2-receptor)
- Hemophagocytosis seen on tissue biopsy
- Low /absent NK-cell activity
Other supportive features (not required)
- Hyperfrlglycerldemla

- H i nemia
- yponatremia <«

Filipovich AH 2009 PMID 200081 <0

-

— - ©
The Internet Book of Crite al care, by f}/f’w'fn(_

—




Prevalence and Impact of Hyponatremia in Patients

With Coronavirus Disease 2019 in New York City

Severity of hyponatremia was associated with encephalopathy, mechanical ventilation, and decreased
probability of discharge home (all p < 0.001).

Higher interleukin-6 levels correlated with lower sodium levels (p =0.017).

Unadjusted Odds Ratio

Mechanical Ventilation Discharge Home

m Mild Hyponatremia = Moderate/Severe Hyponatremia

M Normonatremia




Sodium content of Medications

Factor this when correcting Sodium

MName of intravenous Grams (per g) mmol (per g)

antimicrobial agent e

33 ( 14.5 )
12 5

07 3

06 2.8

04 2

08 3.6

05 2

05

Fosfomycin
Ticarcillin
Ampicillin
Aomoxicillin/clavulanic acid
Piperacillin
Ceftriaxone
Cefazolin
Ceftazidime
Ciprofloxacine
Fluconazole
“Wornnconazole
Foscarnet
Ganciclowvir

T8
T5
48
10
=l

COmmmOOOO00000




Questions to be answered when treating ...

Which of the determinants of the serum sodium are deranged ?
What is the underlying culprit?

How urgent is the need for intervention — symptomatic / chronic?
What specific therapy should be instituted ?
What are the pitfalls of correction ?



Treatment of Hyponatremia

Correcting K too improves Sodium

Infusate Na should be more than urinary loss

No calculation is Gold Standard, gives rough estimate only.



Role of Potassium in Rate of Correction

 Sodium shifts out of cells in exchange for
potassium as deficits of the potassium are
corrected after supplementation

* Thus, administering potassium will raise the [Na]
to an equivalent degree as administering sodium

* Therefore, potassium dosing should be taken into
account in the hyponatremia treatment plan.




Treatment of Hyponatremia

When the stimulus for Appropriate ADH - hydration in diarrhea

Inappropriate SIADH - nausea , pain , opioids Is removed..............

there can be increased urine output , more electrolyte free water loss ( EFW),
and a dramatic increase in serum Na which can overshoot limits .



Hypovolemic Hyponatremia



Remember ....

Na content

» Once shock / hydration improves , normal ADH stimulus is reversed, urine will no longer be
concentrated and patient will start passing MORE URINE with LOWER SODIUM
concentration, so serum sodium will overshoot.

» S0 need not always give 3 % saline in hypovolemic hyponatremia
« Monitor rate of fall / hydration



Treatment of Hypovolemic Hyponatremia

- Correct with Normal Saline

Hydration itself will remove the stimulus for ADH

When urine output improves , aquaresis ensues and sodium will rise

If serum Na does not improve despite hydration or child is very symptomatic - give 3% saline

Keep monitoring serum Na 4-6 hrly



Adrogue Madias Formula

« Change in Serum Sodium with 1 litre of fluid.

eg- Pt Sodium- 110meqg/L, Normal Saline - 154meqg/L, wt 10 kg
(154+ 20) - 110 = 9meq /L
(0.6 x10) + 1

Since we want 6-8 meg/ | change in 24hrs ,
can give Normal saline 800 ml in 24 hrs to increase sodium by 6meq/L.
Replace ongoing losses



Formula 2

Pts Sodium- 110meq/L

0.6 xwt x(116—110) = 36 meg (rise by 6)
0.6. xwt x (125—110) =90 meq (rise by 15)

Remember Na in maintenance fluid (Normal Saline ) & 3% Saline

3% Saline -



Symptomatic Hyponatremia

Raise Sodium by 3-5 meg/Il in 2-3 hrs from existing value
Need not raise to 125 meqg/I if current sodium is 110 meq/|
And not more than 6-8 meq /day
3% saline infusion - 0.5 -1 ml/ kg /hr
Do not plan to normalise sodium

Diagnosis & Management of Body Tonicity — Hyponatremia & Hypernatremia : Core Curriculam 2020



FEuvolemic Hyponatremia



SIADH Rx

« ADH should reduce, when serum osmolality is low
* In SIADH it DOES NOT -
« Administration of Isotonic fluids expands the TBW, which lowers Sr Na by dilution .

 The paradoxical drop in Sr Na, Is because the sodium contained in these fluids is excreted in
urine , resulting in net retention of electrolyte free water ( EFW)



SIADH Rx

 Urine osmolality in such patients is usually twice serum osmolality, i.e > 500 mOsm/kg.

 The fluid needed to correct the sodium levels must have an osmolality > urine osmolality.

« 3% hypertonic saline ( 513 mOsm/kg) Is used in Symptomatic / Resistant hyponatremia



Child with Meningitis .....

[Na*] 125, [K*] 4.0, BUN 4 mg/dL, creatinine
0.6 mg/dL

Uric acid 4.1 mg/dL

Osmolality 265 mOsm/kg

Urine Osmolality 555 mOsm/kg

Urine Sodium 85 mmol/L

Na dropped dropped further to Sodium 122 mEqg/L...

Despite- Fluid Restriction and Normal Saline



Postoperative Hyponatremia despite Near-Isotonic Saline

Infusion: A Phenomenon of Desalination  Awmais of Intemal Medicine

Water Retained in body

Hyponatremia persists despite
Isotonic Saline in SIADH....

Salt lost In urine



The Desalination process

Intravenous
Isotonic Saline

Isotonic Hypotonic
Before surgery After surgery

Hypertonic urine

Annals of Internal Medicine



Significant correlation between urine osmolality and drop in plasma sodium

AFTER ISOTONIC SALINE in patients with SIADH, even after water restriction

=
L
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UOSM t0O (mosm/kg)




* One litre of Isotonic saline,
osmolarity = 2 x 154 = 308

* One litre of 3% Saline,
osmolarity =2 x513 = 1026



SIADH Rx

Urine concentrating ability fixed in SIADH -300-600mom/I
Normal Saline has osmolarity of 154 x 2 = 308/L

If urine in SIADH has a fixed capacity to concentrate upto 500 mos/l then all the sodium from
NS will be excreted, leaving water in the body that will further drop Sr Na

3% saline warranted In this situation .



Role of Frusemide

By impairing medullary concentrating ability ,it lowers the urine osmolality and reduces sodium excretion.
On its own, it will not raise Na, as it also causes loss of sodium in the urine, equal to that of “2 NS- 75meq

The infusate Na still should be higher than urine to see a rise.

Removes remove excess water in the body.

Ensure normal effective circulating volume before diuretics in Nephrotics / Cirrhosis. Check serum albumin



Thiazide diuretics

Due to their action at the distal tubule, thiazide
diuretics interfere with the formation of dilute
urine. This interferes with excretion of water.

LOSE SODIUM
Causes hyponatremia

Loop diuretics

Loop diuretics lower the concentration in the medul-
lary interstitium, decreasing water resorption by the
collecting tubules. This permits excretion of water.

LOSE WATER MORE
Useful in SIADH



Urine/Plasma electrolyte ratio: U, _+U, /P, .+ P

to guide water restriction

Calculate

- urine has EFW , no need to restrict
- urine has no EFW ( SIADH)

If ratio > 1, will be more stubborn to Rx
will need 3% saline , Frusemide to increase electrolyte free water in urine



Hypervolemic Hyponatremia



Hypervolemic Hyponatremia

Restrict Fluids
Loop Diuretics
Do not restrict salt too much or sodium will not rise

Reduced Protein, Na, K intake impairs Aqgauresis ( electrolyte free water excretion)



Treating hyponatremia: Damned if we do and

damned if we don’t Kidney International, Vol. 37 (1990), pp. 1006-1018

 Uncertainty about the duration of hyponatremia and that overcorrection can lead to osmotic
demyelination,

 This cutoff applies to , regardless of clinical
presentation and method of treatment.

 This Is not a target of therapy, but a

Diagnosis and Treatment of Hyponatremia: Compilation of the Guidelines J Am Soc Nephrol 28: 13401349, 2017



Six a day makes sense for safety.

Do NOT aim for normal values.
Leave some room for error of overcorrection

Formulas may lead to underestimation of the rate of increase
There will be escape from the ADH effect once hypovolemia has been corrected.
Symptomatic hyponatremia deserves immediate treatment with hypertonic saline.

Thereafter, hyponatremia should be corrected slowly to avoid further CNS sequelae.



“An Ounce of Prevention is better than a Pound of Cure”’

Review Article

Prevention and Treatment of

The Osmotic Demvyelination
Syndrome: A Review

- Identify- high risk & chronic patients

- Re-induction of hyponatremia - 5% Dextrose ( 3 ml/kg/hr) , DDAVP

Diagnosis & Management of Body Tonicity — Hyponatremia & Hypernatremia : Core Curriculam 2020



Osmotic Demyelination Syndromes:
Key Points

Stereotypical biphasic pattern
— Patients improve neurologically with correction of hyponatremia

— One to several days later, develop new, progressive and sometimes
permanent neurological deficits

Should be considered in patients who have failed to recover as
expected from hyponatremia

Consider in a patient manifesting psychiatric symptoms after
treatment of hyponatremia

Prognosis is not uniformly bad

MRI changes may delayed up to 14 days (diffusion weighed imaging
may be most sensitive) and MRI severity is not prognostic

The clinical picture can evolve over days

Uremia seems to be protective

SternsRH, et al. 1 Am Soc Nephrol, 1994;3:1522-30.
KingJD andRosnerMH. Am/ Aed Sci. 2010;339:561-7




Osmotic Demyelination Syndrome (ODS)

* Risk factors - hypokalaemia, liver disease, malnutrition, alcoholism.
correction less than 6 mEqg/L in any 24 hour period

less than 8 mEqg/L in any 24 hour period

Rate of Correction for Chronic
(>48h) Hyponatremia

* Recent Expert Consensus Panel:

“Because a 6-mmol/L increase appears to be
sufficient for patients with the most severe
manifestations of hyponatremia,we believe that the
goal of therapy (i.e., the desired increase in serum
[Na]) in chronic hyponatremia should be 4-8
mmol/L/d for those at low risk of ODS, with an even
lower goal of 4-6 mmol/L/d if the risk of ODS is high”




Goals are the targets & Limits not to be crossed ,
Re-lowering of Na then should be done
Goals and Limits depend on risk of ODS

Re-Lowering Re-Lowering Re-Lowering
Unnecessary Optional Recommended
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Vaptans

Vasopressin receptor antagonist

Useful in resistant Euvolemic / Hypervolemic low Na

Do not restrict fluids in first 24-48 hrs

Side effects- overshoot of Na , hyperglycemia , liver damage, cost

Tolvaptan ( oral ) , Conivaptan ( 1V)



Aim Na correction 6-8 meq in 24 hrs HYPONATREMIA

K correction also raises Sr Na

|

Renal / Extrarenal

|

RX

Isotonic Fluids

Exclude Hyperglycemia, Mannitol / Lab error

HYPOTONIC HYPONATREMIA

l

> Rx Aim Na correction

|

VolumelStatus

Restrict- Isotonic Fluids
3% Saline &
Loop Diuretics
Oral Salt

394 Saline 3-4meqg in4 hrs

|

Cardiac, Liver, Nephrotic , Renal

|

RX
Restrict- Isotonic Fluids

Loop Diuretics




To Conclude....

Sodium disorders are common in hospitalized children.

Do not trivialize sodium disorders — can have devastating consequences
Children are more vulnerable to brain edema.

Failure to correct or over correction could do harm

Freguent monitoring Is the key
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