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DEFINITION

Plasma sodium level < 135 mEiiL
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Hyponatremia with

ECF Volume Increase congest
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SODIUM AND WATER IMBALANCE




MANAGEMENT



— ~ A 73 yo male admitted with
weakness and fatigued for
approximately one month

. GIVE 37 SALINE
Ramipril 5mg BIDE: IV DIURETICS
i . Others?

T 37.5, BP 128/68
(irregular), RR 16, Sa02 95%

RESP no crackles or wheezes

CVS: JVP 6

Slnt, no S3/S4

3+ pitting edema bilaterally to
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hyponatremia
can be
caused by
dilution from
retained
water, or by

depletion




CLASSIFICATION
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Chronic > 48 hrs ]

symptomatic hyponatremia:
neurological manifestations

[* headache \

' imitability
' nausea/vomiting

symptomatic but
' mental slowing

less impaired;
] " unstable gait/ falls usually chronic
Sym ptOmS SOd lum |€V€ . " confusion | delerium

* disorentaion et o soptmatiy
is 2 samogate for the duration
ofponaaemi
* stupor / coma

' convulsions
' respiratory aest

Moderate-severe Behkerd30 s/d135H4

nmol/l)



Hypelemliemic

Serum osmolalityolume status

Hypotonic (<280 mOsm/ltpt@io | 280295 mOsmikgpE@nic ( > 295 mOsm/kgH20)
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HOW TO ASSESS

\SSESS volume status

HYPERVOLEMIC HYPOVOLEMIC EUVOLEMIC

Renal/ extrarenal sodium loss



ESC Guidelines for the diagnosis and treatment
of acute and chronic heart failure 2012: Addenda

The Task Force for the Diagnosis and Treatment of Acute and
Chronic Heart Failure 2012 of the European Society of Cardiology.
Developed in collaboration with the Heart Failure Association (HFA)
of the ESC

PROBLEM SOLVING
Asymptomatic low blood pressure
Dose may be reduced if no symproms or signs of congestion
Symptomatic hypotension
Causing dizziness/light headedness—reduce dose if no symptoms or signs of congestion
Reconsider need for nitrates, CCBs @ and other vasodilators
If these measures do not solve problem, seek specialist advice
Hypokalaemia/hypomagnaesaemia
Increase ACE inhibitor/ARB dose, add MRA, potassium supplements; magnesium supplements
Hyponatraemia
Volume depleted: stop thiazide or switch to loop diureuc, if possible; reduce dose/stop loop diuretics if possible; volume overloaded: fluid restriction;
increase dose of loop diuretic: consider AVP antagonist (e.g. tolvaptan if available): i.v. inotropic support; consider ultrafiltration
Hyperuricaemia/gout|
Consider allopurinol prophylaxis; for symptomatic gout use colchicine for pain relief; avoid NSAIDs
Hypovolaemia/dehydration
Assess volume status; consider diuretic dosage reduction
Insufficient diuretic response/diuretic resistance
Check compliance and fluid intake; increase dose of diuretc; consider switching from furosemide to bumetanide or torasemide; add MRA/increase dose
of MRA; combine loop diuretic and thiazide/metolazone”; administer loop diuretic twice (or more times) daily or on empty stomach/consider
short-term Lv. infusion of loop diuretic; consider ultrafiltration
Renal impairment (rising creatnine/BUN-urea)
Check for hypovolaemia/dehydration; exclude use of other nephrotoxic agents, e.g. NSAIDs, trimethoprim; withhold MRA; if using concomitant lcop and
thiazide diuretic stop thiazide diuretic; consider reducing dose of ACE inhibitor/ARB; consider haemofiltration/dialysis
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diuresis:

increased excretion of urine by the
kidney; includes water and typically
increased solute excretion as well

aquaresis:

increased excretion of water by the
kidney without increased solute, i.e.,
electrolyte-sparing excretion of free
water by the kidney
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Indicated for the treatment of clinically significant hypervolemic
and euvolemic hyponatremia (serum sodium <125 mEq/L or less
marked hyponatremia that is symptomatic and has resisted
correction with fluid restriction), including patients with heart
failure, cirrhosis, and Syndrome of Inappropriate Antidiuretic
Hormone (SIADH)

Indicated for volume overload in heart failure when adequate

response is not obtained with other diuretics (e.g., loop diuretics)

Indicated for the treatment of adult patients with hyponatraemia
secondary to syndrome of inappropriate antidiuretic hormone
secretion (SIADH)
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HOW TO USE

. Start 15 mg od

. Can be increased at intervals of 2> 24 hours,
to a maximum of 60 mg/day as tolerated1

Discontinued if too rapid rise in serum sodium (> 12
- mmol/l per 24 hours) and administration of
. hypotonic fluid considered

Monitored closely, in severe renal failure or severe
B hepatic impairment

-



System organ class

Metabolism and nvutrition disorders

Nervous system disorders

Vascular disorders
Gastrointestinal disorders

Skin and subcutaneous tissue
disorders

Renal and urinary disorders

General disorders and administration
site conditions

Investigations

1. Samsca Summary of Product Characteristics. 2009.

vent profile

Frequency

Common: polydipsia, dehydration,
hyperkalaemia, hyperglycaemiq,
decreased appetite

Uncommon: dysgeusia

Common: orthostatic hypotension

Very common: hauseda
Common: constipation, dry mouth

Common: ecchymosis, pruritus

Common: pollakiuria, polyuria

Very common: thirst
Common: asthenia, pyrexia

Common: increased blood creatinine



== CONTRAINDICATIONS

Hypersensitivity WARNINGS

Anuria

Volume depletion Urgent need to raise serum [Na+] acutely
Hypovolaemic hyponatraemia Urinary outflow obstruction
Hypernatraemia Diabetes mellitus

Patients who cannot perceive thirst

Pregnancy

Breastfeeding



~ | A 73 yo male admitted with
weakness and fatigued for
approximately one month

Diuretics
Fluid restriction
Tolvaptan

T 37.5, BP 128/68 HR 80
(irregular), RR 16, Sa02 95%

RESP no crackles or wheezes

CVS: JVP 6

Slnt, no S3/S4

3+ pitting edema bilaterally to

Dialysis
Remove the stone

O
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chf solutions’

Diuretic Resistance

Can be described as a clinical state in which the diuretic
response is diminished or lost before the therapeutic goal of
relief from edema has been reached’

 Affects 20%—30% of patients with HF?
VARIOUS DEFINITION :
Persistent congestion despite adequate diuretic doses
Diminished natriuretic response to repeated diuretic doses
Daily furosemide doses > 80 mg[1]

Furosemide doses 160-240 mg/day or on continuous drip or
on optimal therapeutic combination of other diuretic agents|2]
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Figure 2 Relationship between maximum daily dose of loop diuretic, expressed in furosemide equivalents, and mortality at 180 days in 395
patients admitted to the hospital with decompensated heart failure. P = 0.003. Reprinted with permission from Hasselblad V, Stough WG, Shah
MR, Lokhnygina Y, O'Connor CM, Califf RM, Adams KF Jr. Relation between dose of loop diuretics and outcomes in a heart failure population:
results of the ESCAPE trial. Eur | Heart Fail 2007;9:1064—1069.
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1. Check compliance and fluid intal

Continuous infusion Change to intravenot8gher doses of Ioopgd:fgcﬁéffgeﬂigsliop diuretics

4. Empty stomach

Ototoxicity




AhdazideofbQntifdmigt/day) or thiazide like (metolazone 10 mg/day))

AVP antagonist Renal dose dopami Combination with other diur
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Dose Response Curves for Loop Diuretics
in ADHF Are Altered

Fractional Na Excretion

Decreased
[ EVA i EL
Response

0.1 1 10
[Furosemide], pg/mL

Ellison. Cardiology. 2001:96:132-143.
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Diuretic Resistance
Neurohormonal Stimulation

Plasma renin activity Plasma [norepinephrine]
1000 %

o -
A 600

Plasma [ vasopressin] B Baseline

10
] 20 minutes

* p<0.01

Francis GS, et al. Ann Intern Med 1985:103:1-6.

0l0,




Treatment of Diuretic Resistance
[V Bolus vs Continuous Infusion

Urine output (48hrs)
IV bolus: 3790m|
Cont inf: 4490ml
P<0.01

4 s 4 ¢ $ bolus LV.

Ficure 3. Mean hourly sodium excretion in six catheterized patients during intermittent furosemide
administration (open circles) and continuous infusion with loading dose (black circles).

Lahav M, et al. Chest 1992:102:725-31.




[V vasoacltive nherapy in ADHIF

ADHER

Table 4. Mortality Odds Ratios in Pair-Wise Treatment Comparisons
|

NTG (n = 6,055) NTG (n =5.713)
VS, Vs,

Analysis’ MIL (n = 1,660) DOB (n = 3 478)

) ;-LH_‘.\'—*L”"
(.69 (0.54-0) 881+

(.24 (0.20~0.28)1
(.46 (03805711

Unadjusted
Adjusted for covanates
O6Y (0 ::—4)\‘"ll

Adjusted for covanates 0.46 (0.37-0.571

and propensity sc re

NES (n = 4,663)

Vs,

MIL (n = 1,534)

(.53 (0.44-0.64)1
(.59 (0.48-0.73)+
(.59 (0.48-0.73)1

NES (n = 4,270)
VS,

DOB (n = 3,301)

(0.37 (0.32-0.44)1
0.47 (0.39-0.561+

!b-l,- (0.39-0.561

NES (n = 4,402)
Vs,
NTG (n = 5,668)

1.64 (1.38-1.94)1
0.95 (0.78-1 16)%
0.94(0.77-1.16)4

E Mortality Analysis

DOB (n = 3,656)
Vs,

MIL (n = 1,496)

1.39 (1.15-1.68)1
1.27 (1.04-1.56)§

)
1.24 (1.03-1.55)§

Hosmer-Lemeshow goodness-of-fit test not significant at 5% levels for the models adjusted for nsk factors and/or propensity, except for covanate-adjusted NTG vs. DOB
comparison, where p = 0.04, Area under the receiver operator curve = 0.70 or higher. Because of multiple pair-wise compansons, only p values <0.008 were considered significant
using Bonferron: correction. *Patients taking both medications were excluded from each pair-wise analysis. p < 0.005. $p = 0.58. §p = 0.021 for covanate adjustment and 0.027
for covanate and propensity score adjustment. [Covariates include age, gender, SBP, DBP, BUN, creatinine, sodium, heart rate, and dyspnea. $Covariates included in the
propensity score by treatment comparison are: NES vs. DOB: SBP, sodium, BUN, creatinine, age, weight, LVEF, edema; NES vs. MIL: SBP, age, LVEF, dyspnea, weigh,
NTG vs. DOB: SBP, sodium, BUN, heart rate, LVEF, symptom duration; NTG vs. MIL: SBP, BUN, LVEF, symptom duration, dyspnea, QRS >120 ms, previous

revasculanization; NES vs. NTG: SBP, BUN, creatinine, LVEF, symptom duration, edema, previous HF, QRS

dyspnea, VTF

120 ms; DOB ws. MIL: SBP, age, hemoglobin, heart rate,

DOB = dobutamine; HF = heart failure; LVEF = left ventncular ejection fraction; MIL = milrinone; NES = nesintide; NTG = nitroglycenn; OR = odds ratio; VTF

= ventncular tachveardia/fibnllation; other abbrewiations as in Table 1

Abraham WT, et al. JACC 2005:46:57-64.



Diuretic Resistance




ACETAZOLAMIDE

@ Weak diuretic properties.

@ A carbonic anhydrase inhibitor that inhibits the reabsorption
of HCO4 in the proximal convoluted tubule.

(A O
Proximal
1 convoluted
tubule

in the tubule.

VBUMETANIDE, FUROSEMIDE,
TORSEMIDE, ETHACRYNIC ACID

@ The loop diuretics inhibit the
Na*/K*/2CI- cotransport in the
ascending loop of Henle, resulting
in retention of Na*, CI, and water

® These drugs are the most
efficacious of the diuretics.

THIAZIDES

convoluted

HE

EEEEEEER

B

@ Inhibit reabsorption of Na*and CI™ in the distal
convoluted tubule, resulting in retention of water.

@ Most commonly used diuretics.

5 Collecting
duct

SPIRONOLACTONE,
AMILORIDE,
TRIAMTERENE

@ Spironolactone, an
aldosterone antagonist,
inhibits the aldosterone-
mediated reabsorption of
Na* and secretion of K*,

® Amiloride and triamterene
block Na* channels.

@ These agents can prevent
loss of K* that occurs with
thiazide or loop diuretics.

Figure 22.2

Major locations of ion and water exchange in the nephron, showing sites of action of the diuretic drugs.
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ESC Committee for Practice Guidelines
To improve the quality of clinical practice and patient care in Europe

~=z==.. E§C GUIDELINES DESK REFERENCE

Fluid re ESC Committee for Practice Guidelines
Yede= o improve the quality of clinical practice and patient care in Europe

s CARDIOVASCULAR MEDICINE

Refract \ ' gh dose of loop

to loop
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resporse - Monitor £,

- 30 miimin
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once extraceliular flusd volume has declined 1o the target level. Only

U g_7KER
' wawbiackwellpublishing comy/content/E9L images/ Contert_stoee/Sample_chaptee/ 1405103512/14051 64612 4 001 et il 5
Table 1.3 Combination diuretic therapy. a limited and fixed course of a higher do
of 10 mg/day metolazone) may be recor
To a maximal dose of a loop diuretic add as effective therapy that is less likely to le
Distal convoluted tubule diuretics effects. Because DCT diuretics are absor
metolazone 2.5-10 mg PO daily* slowly than loop diuretics, it may be reas
hydrochlorothiazide (or equivalent) 25-100 mg PO daily  administer the DCT diuretic 1/2to 1 hpt
chiorothiazide 500-1000 mg IV loop diuretic, although rigorous suppor
Proximal tubule diuretics: contention is lacking,
et DN Gy 0l Drugs that act along the collecting du
o amiloride and spironolactone, can be a
Mmam regimen of loop diuretic drugs but their
P generally less robust than those of DCT
eplerenone 25-100 mg/day i ;
amiloride 5-10 mg daily For example, the combination of spiroi
and loop diuretics has not been shown 1
*Metolazone is generally best given for a limited period of time  ergistic but aldosterone antagonists car
(3-5 day) or should be reduced in frequency to three times per week | £

and help prevent hypokalemia [56],

L LD Ll UL




yponatremia in heart failure is a hypervolemia
hyponatremia (dilutional hyponatremia)

. Hypertonic saline and isotonic saline are
contraindicatd in heart failure setting

. AVP antagonist is effective in reducing lasma

overload Penggunaan antagonis AVP yang bersifat
aquareik terbukti efektif meningkatkan diuresis
tanpa kehilangan narium
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