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HYPO/HYPERNATREMIE



SEKUNDARNI POSKOZEN| MOZKU

INTRA
CEREBRALNI

Edém mozku
Krvaceni
Ischemie
Anémie
Vasospasmy
Hydrocefalus
Epilepsie
Infekce

EXTRA
CEREBRALNI

Hypoxemie

Hypo//Hyperkapnie
Hypo/Hypertenze

Anémie

Koagulopatie
Hypo/Hyperglykemie
Hypo/Hypernatremie
Hypomagnezemie
Hypofosfatemie
Hypotyreosa/Hypokortikalismus
Hepatalni encefalopatie/Urémie
Sepse



KLINICKY VYSLEDEK

—

SEKUNDARNI POSKOZENI MOZKU


http://en.wikipedia.org/wiki/File:Brain_trauma_CT.jpg
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http://en.wikipedia.org/wiki/File:INFARCT.jpg
http://en.wikipedia.org/wiki/File:Intracerebral_heamorrage.jpg

Hyponatremie

SNa < 135 mmol/l

Lehka 130 — 134 Stfedni 129 — 125 Tézka < 125

castejsi

Hypernatremie
SNa > 145 mmol/l

Lehka 151 — 155 Stfedni 156 — 160 Tézka > 160

zavaznejsi
Qureshi Al, Suri MF, Sung GY, Straw RN, Yahia AM, Saad M et al. Prognostic significance of hypernatremia and hyponatremia among patients with

aneurysmal subarachnoid hemorrhage. Neurosurgery 2002; 50: 749-55.

Spatenkova V, Bradac O, Skrabalek P. The impact of a Standardized Sodium Protocol on incidence and Outcome of Dysnatremias in Neurocirtical
care. J Neurol Surg A Cent Eur Neurosurg. 2015 Jul;76(4):279-90. doi: 10.1055/s-0034-1393927. Epub 2014 Dec 24.
PMID: 25539069



HYPO/HYPERNATREMIE



NATRIUM
HYPO / HYPERNATREME

1. Akutni poskozeni mozku
2. Nasledek terapeutickych postupu

3. latrogenni priciny

MONROOVA — KELLIEHO DOKTRINA

V krve + V likvoru = konstatni



HYPO/HYPERNATREMIE



HYPO/HYPERNATREMIE



HYPO/HYPERNATREMIE V NEUROINTENZIVNI PECI

DIAGNOSTIKA

TERAPIE

KOREKCE NATREMIE



Prakticky protokol hypo/hypernatremii
V neurointenzivni péci

APLIKOVANA FYZIOLOGIE



EFEKTIVNI OSMOLALITA

VODA V ORGANISMU



Prakticky protokol hypo/hypernatremii
V neurointenzivni péci

EFEKTIVNI OSMOLALITA



EFEKTIVNI OSMOLALITA

latky, které se distribuuji pouze v nékterem prostoru
volné neprochazi

ECT ICT
GLUKOZA

UREA
VODA




EFEKTIVNI OSMOLALITA

latky, které se distribuuji pouze v nekterem prostoru
volné neprochazi

ECT ICT
GLUKOZA




EFEKTIVNI OSMOLALITA

— zmena koncentrace v ECT
— vznika osmoticky gradient mezi ECT a ICT
— vyrovnavani

— presun vody
— edém nebo dehydratace bunéek



NATRIUM
NITROLEBN|i PROSTOR

Uzavfeny nitrolebnl’"grostor limituje nartist objemu



NATRIUM
NITROLEBN| PROSTOR

NITROLEBNI

OBJEM

Uzavieny nitrolebni prostor limituje narust objemu



NATRIUM
MONROOVA — KELLIEHO DOKTRINA

MOZEK
KREV
LIKVOR

V mozku + V krve + V likvoru = konstatni



NATRIUM

MONROOVA — KELLIEHO DOKTRINA

|ICP

Nitrolebni objem

Nitrolebni
hypertenze

Nitrolebni
hypotenze

V mozku + V krve + V likvoru = konstatni




NATRIUM

MONROOVA — KELLIEHO DOKTRINA

ICP

Nitrolebni objem

Nitrolebni
hypertenze

Nitrolebni
hypotenze

V krve + V likvoru = konstatni




NATRIUM

Hyponatremie ( Hypernatremie

Hypoosmolalni

N

Edém mozku Dehydratace mozku

Nitrolebni hypertenze Nitrolebni hypertenze

EFEKTIVNE OSMOLALNI DYSNATREMIE



EFEKTIVNI OSMOLALITA

1 YA ¥ lll\'l.\l\‘.,' 1 1%l IWwwil il 1 Warla 10 IN%WEL b 1 W iVl
Sérum/Plazma
&S_GLU. - 12,5 ++ 8.6+ 14,9 ++ 41-59 mmoll

136 - 145
R K. 36 338 3.5 3.5 35-51 mmo
e Cl.. 91 - 91 - 93 - 93 - 98-107 mmo

S Ca.. 1,87 - - - - 220-255 mmo
S Mg.. 0,84 - - - 0,66 -0,99 mmo
0,81-1,45 mmo
275-295 mmolikg

272 -290 mmol/kg

S_Ogap - - <12 mmol/kg
S_BBS. 426 40,5 38,4-46,2 mmoll
Sérum/Plazma - dusik.metab.
&S UREA 54 - 2,7-81 mmoll
&S_KREA 36 - - 49-90 pmol/l

C_GFR

- = rmm

> 2,000 - 1,150 - 2,000 ml/s
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Abstract Sodium disturbances are frequent and serious
complications in neurocriticaly ill patients. Hyponatremia
is more common than hypemnalremia, which is, however,
prognosticaly worse. The am of this study was to andyse
outcome and frequmcy of axium dlsturbanes in rddation
1o measured serum Osg gaarosurgica
crifically ill palients eclion of
patients (pts) and lak
Laboratory Informaion Sysem
Biochemistry Departiment. The criteria for palients inclu-
son was acute brain dissase and serum sodium (SNa’)
\ 135 mmolA (hyponatremia) or SNa® [ 150 mmol/l
(hypematremia). Hypooanadlaity was defined as measured
serum oanalaity (SOsm)\ 275 mmol/kg, hyperoamolality
as S0gn [ 295 mmol/kg. We peformed analysis of dif-
ferences belween hyponalremia and hypandrerma and
albmdyss of dffa Ces

(mean SNa’® 13178 + 946 +
11.84 mmol/kg) and 75 (5 %) pts wﬂh hypemalremia
(mean SNa’ 15438 + 3.76 mmol/l, SOsn 326.07 +
15.93 mmol/kg). Hypoosmold hyponatremia occurred in

Mdhple logidic regression anaysis showed that hyper
nalremia is a ggnificant predictlor of mortdily during
neurologic-neurcaurgica intengve care unit (NNICU) stay
(OR 53, p= 0.002) but not a predictor of bad outcome
upon discharge from NNICU, defined as Glasgow Coma
Scade 1-3. These reaults showed that hypematremia
occurred less frequently than dl hyponatremias, but more
often than hypoosmola hyponatremia Hypemalremia was
shown to be a d@gnificant predictor of NNICU mortality

compared to hyponalremia

Keywords Hyponatremia - Hypernatremia -
Neuraintensive care - Oufcome

Introduction

Sodium dislurbances are frequent and serious complica-
tions in neurcintensive care [1-6]. Both hyponalremia and
hypernalremia cause brain injury, primary in palients
without brain damage and secondary in paients with

Neurologica
Belgica




Original Article

The Impact of a Standardized Sodium Protocol
on Incidence and Outcome of Dysnatremias in
Neurocritical Care

Vera Spatenkova' Ondrej Bradac? Pavel Skrabalek3

TNeurocenter, Regional Hospital, Liberec, Czech Republic Address for correspondence Vera Spatenkova, MD, PhD, Neurocenter,
2Dpepartment of Neurosurgery, Military University Hospital and First Regional Hospital, Husova 10, Liberec 46063, Czech Republic
Medical School, Charles University, Prague, Czech Republic (e-mail: vera.spatenkova@nemlib.cz).

3Department of Clinical Biochemistry, Regional Hospital, Liberec,
Czech Republic

] Neurol Surg A

Abstract Background Dysnatremias are common and prognostically serious in neurocritical
care. We studied whether a standardized sodium protocol would improve our neuro-

U) was compared with a 5-year retrospective analysis o
patients without the sodium protocol. Hyponatremia was defined as serum sodium
(SNa™) < 135 mmol/L and hypernatremia SNa* > 150 mmol/L. The sodium protocol
involved measuring SNa*, serum, and urine osmolality, measured and calculated renal
function parameters, fluid intake 40 mL/kg weight/day without hypotonic saline,
thiazide, and desmopressin acetate in all normonatremic NNICU patients.

Results In the protocol study, hyponatremia occurred slightly less often (15.7 versus
16.3% of patients; p = 0.684), hypernatremia was significantly higher (respectively
8.5% versus 5.2% of patlents p <0. 001) and no differences were noted in hypo/

inappropriate secretion of antidiuretic hormone (SIADH, respectlvely 0.1% versus 0.3%
of patients; p = 0.152), central diabetes insipidus (CDI; respectively 1.0% versus 0.6% of
patients; p = 0.149). In hyponatremia there were no differences in the Glasgow Coma
Scale (GCS) score upon onset of hyponatremia (p = 0.294), NNICU mortality (respec
tively 1.0% versus 0.4% patients; p = 0.074), and bad outcome upon discharge from

Keywords NNICU (respectively 5.1% versus 6.5% of patients; p = 0.101), butin hypernatremia GCS
- central diabetes score upon onset (p < 0.001), mortality (respectively 2.8% versus 1.0%; p < 0.001), and
insipidus bad outcome from NNICU (respectively 6.7% versus 2.7% patients; p < 0.001) were

- CSW significantly higher. Multivariate logistic regression analysis showed that hypernatre-
= hypernatremia mia, compared with hyponatremia, was a significant predictor of mortality during
= hyponatremia NNICU stay (respectively odds ratio [OR]: 1.14; p = 0.003 versus OR; 5.3; p = 0.002).
= SIADH

received © Georg Thieme Verlag KG DOI http://dx.doi.org/

November 1, 2013 Stuttgart - New York 10.1055/s-0034-1393927.

accepted after revision ISSN 2193-6315.
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Conclusions The standard sodium protocol lowered the frequency of SIADH, which
was encountered in only one patient over 5 years. However, it did not significantly
reduce the incidence and improve the outcome of hyponatremia. Hypernatremia
occurred more often and had a higher mortality and worse outcome than hypona-
tremia, but these patients were neurologically worse upon its onset. The prospective
study confirmed that CSW, SIADH, and CDI were not common in our neurocritical care.



Prakticky protokol hypo/hypernatremii
V neurointenzivni péci

VODA V ORGANISMU



Prakticky protokol hypo/hypernatremii
V neurointenzivni péci

MONROOVA — KELLIEHO DOKTRINA

V krve + V likvoru = konstatni



BILANCE TEKUTIN

24h, 6h, i na 1h

Prijem tekutin peroralni, sonda, intravenozni

Vydej] tekutin diuréza (polyurie), zvraceni, prijem, poceni
500-1000 ml, krevni ztraty, dreny, sonda, ileus, zvysena
télesna teplota (200 mlna 1° Cnad 37° C)

MONROOVA — KELLIEHO DOKTRINA

V krve + V likvoru = konstatni



PRIJEM TEKUTIN

Zakladni denni prijem tekutin u dospélych
40ml/kg/den podle BMI u dospélych

do 25 = podle hmginas
nad 25 = podI€ABW (adjusted body weight)

Substitucni prijem tekutin - substituce za ztraty
polyurie, zvraceni, prujem, poceni 500-1000 ml, krevni
ztraty, ileus, pankreatitis, teplotou, apod.

MONROOVA — KELLIEHO DOKTRINA

V krve + V likvoru = konstatni



VOLEMIE

SVV - Stroke Volume Variation

= SVV ‘ |
s PVV PPV F:'LJ|:‘3'D Pressure Variation

MONROOVA — KELLIEHO DOKTRINA

V krve + V likvoru = konstatni



Prakticky protokol hypo/hypernatremii
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APLIKOVANA FYZIOLOGIE



Prakticky protokol hypo/hypernatremii
V neurointenzivni péci

ADH - LEDVINY



NEPHRON

CALCULATED RENAL FUNCTION PARAMETERS

Glomerular capsule  Neck 18 convoluted tubule

Afferent vessel __ Y 1| S
Efferent vessel . §~

Tubular part of nephron

. ? Cortical substance Tu bular reabsorbtion
Tubular secretion

Definitive urine

Henle's { Ascending limb : B .
loop \ Descending Uimb E oundary sons

Arterial arch
Venous arch




NEPHRON

CALCULATED RENAL FUNCTION PARAMETERS

HYPO - HYPENATREMIE

Lolin Y, Jackowski A. Hyponatraemia in neurosurgical patients: diagnosis using derived parameters of sodium and water homeostasis. Br J
Neurosurg 1992; 6: 457-66.

Shoker AS. Application of the clearance concept to hyponatremic and hypernatremic disorders: a phenomenological analysis. Clin Chem
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Kazda A, Balik M. Osmolalni dysbalance v intenzivni pé¢i a moznosti jejich monitorovani. Klin Biochem Metab 1995; 4: 223-7.
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ADH - LEDVINY

Fractional excretion(FE)

shows the ratio of originally filtration in glomerules  which are excluded
into definitive

|:EX = (UX/ UCreatinine) i (Pcreatinine/ PX)

FE; 10 0,01 — 0,02
FEo.r < 0,035
FEy.. 0,004 — 0,012
FE,, 0,04 — 0,19



ADH - LEDVINY

Osmotically active substances clearance (C,.,) Cocmn = (Uosm * V) / Pogrm
Electrolyte clearance (Cg)) Ce = ((Ungs + Uks) * V) / (Pras + Pis)

Sodium clearance (Cy.) Crar = (Unar * V) / Ppas

Solute free water clearance (Cyy0) Cioo = V- Coem

Electrolyte free water clearance (EWC) JEWC =V - Cg, pfipadné, EWC =V - C; =

=V -V [(Uyar + Uks) 2+Ujpe] -VI[(Pyas + Pi.)-2+Uothers]

V = urine volume, ml/s U smolalitas €SP Posmotaiita = Mmol/kg H,O Unass resp Pya: = mmol/l Uy, ,resp Py, = mmol/l
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ADH - LEDVINY

Hypoosmolalita, hypotonicita — sérova osmolalita < 280 mmol/kg

WC 0,000 — 0,110 mi/S............. znhorsena odpoved osy ADH-ledviny




HYPONATREMIE

DIAGNOSTIKA



hyponatremie
SNa < 135 mmol/I

’

meéfena sérova osmolalita osmometrem
(ne vypoctena sérova osmolalita)

v v

hypoosmolalni normo/hyperosmolalni s
SOsm < 275 mmol/kg SOsm = 275 mmol/kg hyperglykemie
ZVysena urea

L L manitol
UNa < 30 mmol/I UNa > 30 mmol/I renalni selhani

¢ ¢ hypokortikalizmus
extrarenalni renalni hypotyre6za

GIT nefropatie
zvraceni diuretika — thiazid

otoky
prajmy
drény

Ny C——— SIADH: EWC < 0,006 mi/s
tieti prostor ronizmus

polydypsie, hypotonické roz-
toky: EWC > 0,116 ml/s

SPATENKOVA V. Protokol diagnostiky a IéCby hyponatremie a hypernatremie v neurointenzivni peC|
Cesk Slov Neurol N 2015;78:34-37

41



HYPONATREMIE

CSW SIADH
Natriuréza Retence Cisté vody

Na H,0 2



HYPONATREMIE V NEUROINTENZIVNI PECI

1. Akutni poskozeni mozku
CSWS, SIADH

2. Nasledek terapeutickych postupu
Thiazidy

3. latrogenni priciny
Hypotonicky roztok
latrogenni SIADH (normonatremie a desmopressin)



CASE REPORT KAZUISTIKA
Polyurie v neurointenzivni péci — kazuistika

Polyuria in Neurocritical Care — a Case Report

V. Spatenkoval P. Skrabdlek2 Krajska nemocnice Liberec, a.s.:
1 Neurocentrum, Neurointenzivni jednotka

2 Oddéleni klinické biochemie

Cesk Slov Neurol N 2014; 77/110(5): 647-647

" 34-leta pacientka

= Akutni subarachnoidalni krvaceni z ruptury
aneurysmatu na arteria carotis interna
(coiling)

= WFNS (World Federation of Neurological
Surgeons) skore |, Fisher skore 2



CASE REPORT KAZUISTIKA
Polyurie v neurointenzivni péCi — kazuistika

Polyuria in Neurocritical Care — a Case Report

V. Spatenkova1, P. Skrabalek2 Krajska nemocnice Liberec, a.s.:
1 Neurocentrum, Neurointenzivni jednotka

2 Oddéleni klinické biochemie

Cesk Slov Neurol N 2014; 77/110(5): 647647
Den SNa SOsm Diuréza EWC
NJIP  mmol/l  mmol/kg mi/den ml/s
1. 138 294
3. 135 286 4 500 0.016
4. 130 265



CASE REPORT KAZUISTIKA
Polyurie v neurointenzivni péCi — kazuistika

Polyuria in Neurocritical Care — a Case Report

V. Spatenkova1, P. Skrabalek2 Krajska nemocnice Liberec, a.s.:
1 Neurocentrum, Neurointenzivni jednotka

2 Oddéleni klinické biochemie

Cesk Slov Neurol N 2014; 77/110(5): 647-647

Den SNa SOsm Diuréza EWC
NJIP  mmol/l  mmol/kg mi/den ml/s

1. 138 294
3. 135 286 4 500 0.016

4. 130 265

Desmopressin

10 ug/den



HYPERNATREMIE

DIAGNOSTIKA



hypernatremie
SNa > 150 mmol/I

zvyseny pfijem soli GIT: prajmy

infuze NaCl, NaHCO, kize: profuzni poceni

enaln
diabetes insipidus
diureza > 4 mi/kg/h, EWC = 0,005 ml/s

centralni x nefrogenni (nereaguje na po-
dani DDAVP)

osmoticka diuréza
glukoza, urea, manitol
diuretika — furosemid
renalni selhani

SPATENKOVA V. Protokol diagnostiky a IéCby hyponatremie a hypernatremie v neurointenzivni péci. ,q
Cesk Slov Neurol N 2015;78:34-37



HYPERNATREMIE V NEUROINTENZIVNI PECI

1. Akutni poskozeni mozku
Centralni diabetes insipidus (CDI)

2. Nasledek terapeutickych postupu

Osmoterapie — Manitol, NaCl, Furosemid

3. latrogenni priciny
Zvyseny prijem soli, profuzni poceni



HYPERNATREMIE



HYPO — HYPERNATREMIE

Riziko pontinni a extrapontinni myelinolyzy

pri rychlé uprave

8 mmol/l/den



HYPERNATREMIE



Prakticky protokol hypo/hypernatremii
V neurointenzivni péci

APLIKOVANA FYZIOLOGIE



HYPO/HYPERNATREMIE

v' Kauzalni terapie: desmopressin u CDI

v' Nekauzalni terapie:
NaCl
infuzni roztoky
thiazidy



HYPERNATREMIE



TAKE HOME MESSAGE
MONROOVA - KELLIEHO DOKTRINA

4
.. 4 e .
Uzavreny nitrolebni prostor limituje narust objemu



TAKE HOME MESSAGE

v Hypo/hypernatremie v neurointenzivni péci
zpusobuji sekundarni poskozeni mozku,
ovlivauji klinicky vysledek

v Hyponatremie jsou CastéjSi, ale hypernatremie

AL AN 4

v" Prakticky protokol diagnostiky, terapie, korekce
natremie: princip aplikované fyziologie
- efektivni osmolalita
- voda v organismu: ABW
- osa ADH - ledviny: EWC



TAKE HOME MESSAGE

v Hyponatremie: méfena sérova osmolalita

v Thiazidy zpusobuji hyponatremii
Furosemid hypernatremi

NEPOUZIVAT
Thiazidy u hypo/normonatremie
Desmopresin NE u polyurie s hypo/normonatremii

v' Kauzalni terapie jen u CDI



NEUROINTENZIVNI SEKCE
CESKE SPOLECNOSTI
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AKADEMIE NEUROINTENZIVNI MEDICINY

Vzdelavani
V neurointenzivni peci

WWW.NCSIM.CZ



NEUROINTENZIVNi PECE
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Dékuji za pozornost
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