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Introduction

v'Hyponatremia, [Na] < 135 mmol/L, most common electrolyte
disorder in hospitalized patients

v’ Often asymptomatic
v'Symptoms of increased ICP if severe or acute

v'"Water balance disorder




Euvolomic Hyponatremia

Hyponatremia

v'SIAD: Syndrome of inappropriate | | |

antidiuresis Sodium ﬂ Sodium = Sodium ﬂ‘
v'SIADH: Syndrome of Water :burﬂ Water ﬂ Water ﬂﬂ

Inappropriate antidiuretic hormone ‘
v'"NSIAD: Nephrogenic syndrome SIAD

of inappropriate antidiuresis |

| |
SIADH NSIAD
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Etiology of SIAD

v"Malignancies
v'Pulmonary diseases

v'Disorders of the CNS

v'Drugs




Major drugs causing hyponatremia

v AVP Analogs
v’ Anticancer Chemotherapeutic Agents

v'Psychotropic Agents

v'Thiazide diuretics




AVP Analogs

Oxytocin Arginine-Vasopressin

v'Desmopressin

v Oxytocin




Desmopressin

v'Used for:

* Diabetes insipidus
« Nocturnal polyuria in elderly

v'Greater antidiuretic effect:
 Longer half-life
* Selective binding to V2R

v"desmopressin-induced hyponatremia: 7.6% in adults with nocturia




Oxytocin
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Oxytocin

Case report; hyponatremia and generalized Letter 0 the o
1 ] 1 1 INEFPHIROMN Nophms F0GEEI-43
convulsion after infravenous oxytocin infusion

Olgu sunumu: Intravendz oksitosin infizyonu sonras: gelisen hiponatrenii

Ué.’j’é.’ neralize bonuii /ij/ on An Unforgotten Cause of Acute Hyponatremia:

Water intoxication as
differential diagnosis
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. was found as the cause and treated by intravenous nfusion of by ve iy hiperionik %3 NaCl nfiizyonu le tedavt ). Hasta Klinik olarak liem mderwent st I:g“l'-c:&l L g [
Penfm].luc B N;E ThEgJaTllent re"werfd anda.nn; 5:;?'[5 D'}SEWE': diizeldi ve takipte nibet gzl di. Akut hip inin santral sinir P wli-:.in m:mmms‘u. Lm
on follow-up. The central nervous system manifestations of acute G- 1 bl cemle gkl oibi. g upgilams lersal 3% desirone waler and 30 U of myin- L
hyponatremia may be related to cerebral edema. Drugs adminisire- :;:mnzmlﬂ?:ﬁ'ﬂ;ﬁ o[bstet;k h;talardz nbbet%:qkummm ;ﬂ::i 1= brmrn s
fion and electrolyte disturbances should be bered ascauses of o melid Irawenous sdministration nf marphine. Fos .
coma and seizure in obstetric patients . operaivzly, Lhe palient had 2 penealizd = W
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Abstract

Ozet

Most patients with drug-nduced hyponatraemia are asymptomatic
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Chemotherapeutic Agents

v'Vincristine, Vinblastine
v Cisplatin, carboplatin

v'Cyclophosphamide

v'Ifosfamide




Vincristine

v'Case reports of hyponatremia following vincristine

v'SIADH: direct toxic effect of vincristine on neurohypophysis
and the hypothalamic system
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Cisplatin

v'Rare cases of hyponatremia via increasing plasma AVP levels

v'|Cisplatin nephrotoxicity: renal salt wasting and hypovolemic
hyponatremia
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Cyclophosphamide

v'Plasma AVP concentration not elevated following 1V
cyclophosphamide

v’ Antidiuresis occur in patients with central Dl

Excluding the possibility of SIADH




Cyclophosphamide

v'In the absence of vasopressin
stimulation, 4-HC increased:

* CAMP production
« AQP2 protein and mRNA expression,
* V2R mRNA expression

V2R-mediated NSIAD
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|[fosfamide

v'Elevated plasma AVP levels in few cases of ifosfamide induced
hyponatremia

v' SIADH underlies ifosfamide-induced hyponatremia
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Psychotropic Agents

 Antipsychotics

 Antidepressants

* Anticonvulsants
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Psychotropic Agents

v'Plasma AVP levels not increased
v'Diagnosis of SIAD is more appropriate

v'Psychotropic agents act as V2R agonists to induce nephrogenic

antidiuresis




Antipsychotics

Haloperidol: V2R agonist in the kidney
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Antipsychotics

Antipsychotic-induced hyponatremia:
* NSIAD
* Primary polydipsia

Assoclation between antipsychotic therapy and hospitalization
due to hyponatremia

The association was stronger for first-generation antipsychotics
than secondgeneration
S e /




Antidepressants

v'SSRI
v'SNRI
vTCA

v'"MAO Inh

v'mirtazapine
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Antidepressants

v highest risk of hyponatremia with:
« SSRI
* SNRI

v"Most common SSRI:
* fluoxetine
» Paroxetine
» Sertraline

v most important risk factors:
» Older age
« concomitant use of diuretics

v"Hyponatremia within the few weeks of drug administration

v’ serum sodium level normalized within 2 weeks of drug withdrawal
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Anticonvulsants

v'Carbamazepine
v'Oxcarbazepine: more associated with hyponatremia

v'risk of hyponatremia is increased in:

e older adults

use other medications causing hyponatremia

higher carbamazepine doses

serum carbamazepine levels

lower initial serum sodium concentration
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Anticonvulsants
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Thiazides

v'5-fold risk for any degree of hyponatremia
v'8-fold risk of severe hyponatremia (Na < 125 mmol/L)

v'The 2 major electrolyte abnormalities associated with thiazides:
* hypokalemia

* universal effect of thiazides
 dose dependent
» Hyponatremia.

* in minority of susceptible individuals
« conflicting results about dose-dependency

v"More patients may develop frank hyponatremia (Na < 135 mmol/L) than frank hypokalemia (K<
3.5 mmol/L).
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Electrolyte abnormalities
of thiazides

Thiazide diuretic prescription and electrolyte

abnormalities in primary care
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Aims

Thiazide diuretics have a number of well-documented metabolic adverse effects. The
aim of this study was to estimate the frequency of hyponatraemia and hypokalaesmia
amongst patients taking a thiazide diuretic in primary care.

Methods

A computerized search of the electronic prescribing and labaoratory records of six UK
general practices was performed. Of the 32 218 adult patients identified, 3773 had
received at least one prescription for a thiazide between the years 1990 and 2002.

Results

Detailed prescribing data were available for 2942 patients of whom 951 (32.3%)
had a recorded check of their electrolytes. One hundred and ninety-six (20.6%) had
a sodium and/or potassium concentration below the normal range. The sodium
distribution had a negative skew (-1.8) and in 130 (13.7%) patients was within the
hyponatraemic range. Hypokalaemia was less common, occurring in 79 (8.5%)
patients. Hyponatraemia was significantly associated with increased age; the odds
ratio for developing hyponatraemia in patients over 70 years was 3.87 compared with
those of £70 years. Hypokalaemia was significantly associated with increased thiazide
dose.

Conclusions

Prescription of a thiazide diuretic in primary care is associated with a high frequency
of hyponatraemia and hypokalaemia. Thiazides should be prescribed at low dose and
the risk of hyponatraemia, especially in the elderly, should be considered and
monitored for when prescribing these agents.

| 61:1 | 87-95 | 87




Thiazide Associated Hyponatremia

v'euvolemic patient

v'receiving a thiazide

v'hyponatremia




Thiazide Induced Hyponatremia

v'Euvolemia by clinical assessment

v Improvement following cessation of thiazide treatment (by 3 mEg/L in
1dor5mEg/L in2d)

v"No significant improvement before cessation of thiazide use (unless
specifically treated, eg, with 3% saline solution, urea, or a vaptan)

v'"No recurrence after resolution in the absence of a thiazide

.. .
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Epidemiologic Features of TAH
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Clinical Features of TAH

Pop Summary of case report data
Symptoms 95% dl Studies/Patients n %
Falls 0.48 0.20,0.77 84 5/252 Z 4
Fatigue 0.46 0.21,0.72 92 8/333 18 38
Weakness 0.45 0.32,0.58 49 147247 13 21
Confusion 0.44 0.33, 0.56 85 22/110 16 33
Nausea 0.36 0.24,0.48 76 14/405 10 21
Neurological symptoms 0.51 0.22, 0.80 76 8/37 10 21
Vomiting 0.35 0.25, 0.45 b8 13/549 9 19
Dizziness 0.31 0.15, 0.51 92 8/488 5 10
Unconsciousness 0.30 0.15, 0.48 75 11/181 13 21
Seizures 0.19 0.08,0.33 84 10/405 10 21
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Which thiazides?

Pop Summary of case study data
95% ClI Studies/Patients n :
Thiazide or thiazide-like drug
Moduretic® (HCTZ with amiloride) 0.73 0.57, 0.87 92 19/633 8 16
HCTZ 0.68 0.52, 0.82 97 19/2583 14 29
Bendroflumethiazide (bendrofluazide) 0.52 0.15, 0.88 97 8/429 4 8
Indapamide 0.47 0.23, 0.72 99 8M1313 2 4
Dyazide® (HCTZ with triamterine) 0.18 0.08, 0.32 36 3/59 i 8
Chlortalidone 0.07 0.02, 0.14 85 62174 2 2
HCTZ with losartan 0 studies 2 4
Other drugs
ARB 0.59 0.00, 0.96 99 3/1844 3 6
MNon-thiazide diuretics 0.58 0.19, 0.91 86 5/1815 3 [
ACE inhibitor 0.51 0.27, 0.75 96 5/2000 B 12
NSAID 0.33 0.18, 0.49 89 62036 2 4
Antidepressants 0.32 0.19, 0.47 68 6/1882 il 8
Potassium supplements 0.16 0.15, 0.18 2/1805 2 2




Lab Features of TAH

Contributing population Summary of case study data

95% Cl Studies/Patients n Mean (5D)
Serum sodium (mm) 1164 1134, 1195 99 311042 48 111.2(82)
Serum potassium (mm) 33 30,35 97 28902 41 33010)
Serum creatinine (umol |) 76.8 6d.1,89.4 99 17/504 28 75.2(30.2)
Serum osmolality (mosm kg™) 2404 235.9, 2448 80 11229 28 2213 (65.3)
Urine sodium (mm) 640 470, 81.0 94 13/98 21 55.2 (39.5)
Urine osmolality (mosm kg™) 4015 3703, 4326 81 14322 21 4383 (200.7)
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Pathophysiology of TAH

v Excessive Water Intake
v’ Impaired Free Water Excretion
v'Solute Depletion

v"Osmotic Inactivation of Cations




Excessive Water Intake

v'More modest fluid intake in
patients with TAH

v'Rechallenge of thiazide in
patients with a history of TAH:
* Polydipsia
 Weight gain

&S § gy yigyis

Kidney and Nephrotoxins

v

1 I s | I
S
E
e
8
» |35 —_
E
—
&
w
1 L 1 1 =8
1800 6 12 18 24
=
=
=
on
‘@
=
=
L=
[=]
£
=
L)
on
s
o
£
()

o 3 12 8 24
Time lhours)



Impaired Free-Water Excretion

1) Reduced distal delivery of filtrate
* Reduced GFR
» Enhanced proximal tubule reabsorption
2) Reduced solute load (urea)
3) Inhibition of NCC impairing maximal dilution
4) Increased collecting duct water permeability
« ADH dependent: hemodynamic ADH release mediated
by diuretic-induced volume depletion
« ADH independent:
< Increased luminal PGE: from enhanced production
and reduced prostaglandin transporter activity
< Direct effect of thiazdes on collecting duct perme-
ability independent of ADH
< Increased medullary tonicity fostenng water reabsorp-
tion in the absence of ADH
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Impaired free water generation

Volume depletion by thiazide:

* Reduced GFR } Reduced distal
» Enhanced proximal tubule reabsorption delivery of filtrate
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Impaired maximal urine dilution

v'The osmolarity of fluid entering the
DCT: 100-150mOsm/L AIEIE 4

v'"NCC-mediated sodium reabsorption in - !
DCT:maximally dilute urine:
50mOsm/L :

TFOsm/ POsm 2

v'Thiazides prevents reduction of urine 1
osmolarity from 100 -150 to 50
mOS m/ L 9 Proximal tubule Loop Classic Cortical  Medullary  Urine

distal tubule collecting collecting
Kidney and Nephrotoxins /

Water restriction
(antidiuresis)

High water intake
(water diure\sis)

tubule ducts
(CCT) (OMCD, IMCD)




Increased water permeability

v’ If the sole mechanism for TAH was NCC inhibition: Uosm=150

v"higher urine osmolarity in TAH: 400




Increased water permeability

v ADH dependent: hemodynamic ADH release by volume
depletion

v ADH independent

* Increased luminal PGE
 enhanced production
* reduced prostaglandin transporter activity

* Direct effect of thiazides on collecting duct permeability
* Increased medullary tonicity




Role of PG In TAH

e Principal cell Blood
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Conclusion
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