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DYSNATREMIE V NEUROINTENZIVNI PECI

HYPONATREMIE & HYPERNATREMIE

Casté a vazné komplikace v neurointenzivni péci
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Abstract Sodium disturbances are frequent and serious
complications in neurocritically ill patients. Hyponatremia
is more common than hypernatremia, which is, however,
prognostically worse. The aim of this study was to analyse
outcome and frequency of sod|um di siurbanc&s in relation
to measured serum s o rosurgical
critically ill patients§A 5-year retrospectwe opllection of
patients (pts) and |@ooraton o from the
Laboratory Information System database in the Clinical
Biochemistry Department. The criteria for patients’ inclu-
son was acute brain disease and serum sodium (SNa’)
\ 135 mmol/l (hyponatremia) or SNa’ [ 150 mmol/l
(hypernatremia). Hypoosmolality was defined as measured
serum ogmolality (SOsm)\ 275 mmol/kg, hyperosmolality
as SOsm [ 295 mmol/kg. We performed analysis of dif-
ferences between hyponatrerma and hypernatrerma and
subanalysis of differen - - pona-
tremia and hypernatremia. dbrain
diseases there were 251 17 % pts with hyponaliemia
(mean SNa® 131.78 + 0.46 +
11.84 mmol/kg) and 75 (5 %) pts W|th hypernatremia
(mean SNa® 15438 + 3.76 mmol/l, SOsm 326.07 +
15.93 mmol/kg). Hypoosmolal hyponatremia occurred in

50 (20 % of hyponatremic patients) pts (mean SNa’
12962 + 4.15 mmol/l; mean SOsm 267.35 = 6.28 mmol/kg).
Multiple logistic regression analysis showed that hyper-
natremia is a dgnificant predictor of mortality during
neurologic-neurosurgical intensive care unit (NNICU) stay
(OR 53, p= 0.002) but not a predictor of bad outcome
upon discharge from NNICU, defined as Glasgow Coma
Scale 1-3. These results showed that hypernatremia
occurred less frequently than all hyponatremias, but more
often than hypoosmolal hyponatremia. Hypernatremia was
shown to be a sgnificant predictor of NNICU mortality
compared to hyponatremia.

Keywords Hyponatremia - Hypernatremia -
Neurointengive care - Outcome

Introduction

Sodium disturbances are frequent and serious complica-
tions in neurointensive care [ 1-6]. Both hyponatremia and
hypernatremia cause brain injury, primary in patients
without brain damage and secondary in patients with
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The Impact of a Standardized Sodium Protocol
on Incidence and Outcome of Dysnatremias in
Neurocritical Care
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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 of 1,
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 patients; p < 0.001), and no differences were noted in hypo/
hypernatremia (p = 0.483). There were no differences in the incidence of hypo-osmolal
hyponatremia (respectively 3.5% versus 3.5% of patients; p = 0.987), cerebral salt
wasting (CSW; respectively 1.7% versus 1.7% of patients; p = 0.883), syndrome of
inappropriate secretion of antidiuretic hormone (SIADH; respectively 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
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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.
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SEKUNDARNI POSKOZENI MOZKU

V neurointenzivni péeci
je nutné se jim venovat a aktivne vyhledavat.
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NATRIUM

Hlavni extracelularni kationt

Nejvétsi podil na efektivni osmolalité ECT

ECT ICT
< >

IVT IST
Intravazalni Intersticialni

Kazda A. Vnitini prostredi. In: Zima T. Laboratorni diagnostika. Galén, 2002, 265-96.



NATRIUM

Zmeénav ECT
vytvari osmoticky gradient mezi ECT a ICT
vyrovnhavan presunem vody

edéem nebo dehydratace bunek

ECT ICT
< >

IVT IST
Intravazalni Intersticialni

Kazda A. Vnitini prostredi. In: Zima T. Laboratorni diagnostika. Galén, 2002, 265-96.



DYSNATREMIE V NEUROINTENZIVNI PECI

NITROLEBNI PROSTOR

Uzavreny nitrolebni prostor limituje nartst objemu



MOZEK

Monroova — Kellieho doktrina

V uzavieném prostoru intrakrania

+ V krve + Vlikvoru =konst.

ICP Nitrolebni hypertenze

Nitrolebni hypotenze

Nitrolebni objem

Alexander Monro — skotsky anatom a chirurg, George Kellie — skotsky anatom


Předvádějící
Poznámky prezentace
Je dán součtem objemu
Což jsou stavy, které jsou pro mozek velmi nepříznivé
Význam natria spočívá….je schopno měnit změny objemu 



Management hypo/hypernatremii

V neurointenzivni peci

Sodny protokol ma sva specifika v neurointenzivni peci.

SPATENKOVA V. Protokol diagnostiky a Ié€by hyponatremie a hypernatremie v neurointenzivni péci.
Cesk Slov Neurol N 2015,78:34-37
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HYPONATREMIE
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Hyponatremie

SNa <135 mmol/l

Lehka 130 — 134 mmol/
Stredni 129 — 125 mmol/
Tézka <125 mmol/




HYPONATREMIE V NEUROINTENZIVNI PECI

NEUROLOGICKE PRIZNAKY

<N

Hyponatremie
Hypoosmolalni

~

Edém mozku
Nitrolebni hypertenze

EFEKTIVNE OSMOLALNI DYSNATREMIE



Dysnatraemia is frequently a poor prognostic indicator in patients with acute subarachnoid
hemorrhage having targeted sodium management
Spatenkova V. 1, Bradac O. 2, de Lacy P. 3, Skrabalek P. 4, Suchomel P. ® NEUROSURGICAL
1 Neurocenter, Neurointensive Care Unit, Regional Hospital, Liberec, Czech Republic; 2 Departme e
of Neurosurgery, Central Military Hospital, Charles University, Prague, Czech Republic; 2
Department of Neurosurgery, Royal Hallamshire Hospital, Sheffield, United Kingdom; 4 Departmen -
of Clinical Biochemistry, Regional Hospital, Liberec, Czech Republic; > Neurocenter, Department o rﬁ
Neurosurgery, Regional Hospital, Liberec, Czech Republic

BACKGROUND: Dysnatraemias are common and carry a risk of poor prognosis in acute
subarachnoid hemorrhage (SAH) patlents The aim of this study was to determine the frequency and

outcome of dysnatraemlas 0 ited by a targeted sodium management

TOURNAL

(19.8%) W|th a mean SNa 18 , lerate, 0.6% severe).
Hypernatraemia occurred less commonly in 11.9%, p<0.001 with a mean SNa 154.21+3.72 mmoll/l,
(6.1% mild, 2.9% moderate, 2.9% severe). In 4.8% of pts there were episodes of both
dysnatraemias. The incidence of hypo -osmolar hyponatraemla was 6.4%, Cerebral salt wasting
(CSW) 3.5%, syndrome of inappsapsaie-sactalioa.abantidiuaticarnans SIADH) 0.3% and
Central diabetes insipidus 1.7%. Atient mortality rate
(p=0.001) and a worse overall JOutCoTME (=000 < geeT Ty ponatraernic or normotraemic
patients. Multivariate logistic regression showed that hypernatraemia was an independent risk factor
for increased inpatient mortality and poor outcome in patients with SAH. CONCLUSIONS: Our 10-
year targeted sodium management regimen in acute SAH patients showed that dysnatraemias were
frequent, predominantly hyponatraemia of which the more usual causes were CSW and not SIADH.
Hypernatraemia was shown to be an independent risk factor for inpatient mortality and poor
outcome.




OSMOLALITA

Meéerena serova osmolality (SOsm)

Osmometr
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1. krok v diagnostice hyponatrémii

Hodnota mérené sérové osmolality
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Diagnosticky management

fyziologicka odpoved’ organismu

ADH - ledviny



PORUCHY EFEKTIVNI OSMOLALITY U AKUTNIHO POSKOZENI MOZKU

diagnoza

renalni funkcni parametry
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HYPONATREMIE V NEUROINTENZIVNI PECI

Assessment of axis ADH-kidneys

Hypoosmolality, |

NC > 0,116 ml/s (10 I/day)............

ypotonicity — serum osmolality < 280 mmol/kg

&EWCE < 0,006 mi/s (0,5 I/day) .............

SIADH

Hyperosmolality, hypertonicity — serum osmolality > 295 mmol/kg

EWC <0,005 ml/s (0,4 l/day)............. normal response ADH-kidneys
EWC 20,005 ml/s.....ccccoevviivinninnnn... abnormal response ADH-kidneys

Shoker AS. Application of the clearance concept to hyponatremic and hypernatremic
disorders: a phenomenological analysis. Clin Chem 1994; 40: 1220-7.
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CASE REPORT KAZUISTIKA
Polyurie v neurointenzivni péci — kazuistika

P\(/)I%/uria in Neurocritical Care — a Case Report

patenkoval, P. Skrabélek2 Krajsk& nemocnice Liberec, a.s.:
1 Neurocentrum, Neurointenzivni jednotka

2 Oddeleni 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)

* WENS (World Federation of Neurological
Surgeons) skore |, Fisher skore 2



CASE REPORT KAZUISTIKA
Polyurie v neurointenzivni péci — kazuistika

P\(/)I%/uria in Neurocritical Care — a Case Report

patenkoval, P. Skrabélek2 Krajsk& nemocnice Liberec, a.s.:
1 Neurocentrum, Neurointenzivni jednotka

2 Oddeleni klinické biochemie

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

Den SNa SOsm Diuréza EWC
NJIP  mmol/l  mmol/kg ml/den ml/s
1. 138 294
135 286 4 500 0.016
4., 130 265

Desmopressin

10 ug/den
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HYPERNATREMIE
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Hypernatremie

SNa > 145 mmol/l

Lehka 151 — 155 mmol/
Stredni 156 — 160 mmol/
Tézka > 160 mmol/




J Crit Care. 2006 Jun;21(2):163-72.

Hypernatremia in the neurologic intensive care unit: how high is too high?
Aiyagari V, Deibert E, Diringer MN.

Source

Neurology/Neurosurgery Intensive Care Unit, Departments of Neurology

and Neurosurgery, Washington University School of Medicine, St Louis, MO, USA. aiyagari@uic.edu
Abstract

Hypernatremia is associated with increased mortality in hospitalized patients and in medical/surgical
intensive care units. This relationship has not been studied in neurologic/neurosurgical intensive care units
(NNICUs), where hypernatremia is often a component of treatment of cerebral edema. We performed a
retrospective analysis of prospectively collected data in patients admitted to the NNICU over a 6.5-year
period. Hypernatremia (serum sodium >150 mEg/L) was seen in 339 patients (7.9%) and was more common
(24.3%) in patients who were treated with mannitol. Hypernatremic patients had a lower median admission
Glasgow Coma Scale score (8 vs 14, P <.001), higher initial Acute Physiology and Chronic Health
Evaluation Il probability of death (34.9% vs 19.1%, P <.001), higher incidence of mechanical ventilation
(80.5% vs 41.1.5%, P < .001), higher mortality (30.1% vs 10.2%, P < .001), and higher incidence of renal
failure (10.3% vs 0.9%, P < .001). Mortality increased with increasing hypernatremia; however, only severe
hypernatremia (serum sodium >160 mEg/L) was independently associated with increased mortality. Other
factors independently associated with mortality were age, mechanical ventilation, initial Acute Physiology
and Chronic Health Evaluation Il probability of death or low admission Glasgow Coma Scale score, and a
diagnosis of cerebrovascular disease. In conclusion, hypernatremia is common in the NNICU, more so in
patients treated with mannitol. In this population, severe (but not mild or moderate) hypernatremia is
independently associated with increased mortality.
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HYPERNATREMIE V NEUROINTENZIVNI PECI

|

Hypernatrémie

\ e

Dehydratace mozku
Nitrolebni hypotenze

EFEKTIVNE OSMOLALNI DYSNATREMIE


Předvádějící
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Význam natria pro mozek vychází z jeho uložení, protože se nachází v uzavřeném nitrolebním prostoru


HYPERNATREMIE V NEUROINTENZIVNIi PECI

1. Akutni poskozeni mozku
Centralni diabetes insipidus (CDI)

2. Nasledek terapeutickych postupt

Osmoterapie — Manitol, NaCl, Furosemid

3. latrogenni priciny
Zvyseny prijem soli, profuzni poceni



HYPERNATREMIE V NEUROINTENZIVNI PECI

= Centralni diabetes insipidus

Neni nejCaste€ji se vyskytujici hypernatrémie

= Multifaktorialni
osmoterapie, manitol, renalni selhan

Wong MF, Chin NM, Lew TW. Diabetes insipidus in neurosurgical patients. Ann Acad Med Singapure 1998; 27: 340-3.

Tisdall M, Crocker M, Watkiss J, Smith J, Smith M. Disturbances of sodium in critically ill adult neurologic patients: a clinical review.
J Neurosurg Anesthesiol 2006; 18: 57-63.
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Central diabetes 1nsipidus 1s not a
common and prognostically worse type of
hypernatremia in neurointensive care

Vera SPATENKOVA !, Ondrej BRADAC 2, Antonin KAzDA 3, Petr SUCHOMEL *

1 Neurocenter, Neurologic-Neurosurgical Intensive Care Unit, Regional Hospital, Liberec, Czech Republic

NNICU. RESULTS: We found cDI in 8 pts (mean SNa* 154.8 +5.4 mmol/l). Most
pts (67) were classified as “non cDI” hypernatremias (mean SNa* 154.3+3.6
mmol/l). There were no differences in serum sodium (p=0.682), serum osmolality
(p=0.476) between the two groups, however patients with cDI indicated low urine
osmolality (p=0.001) and positive EWC (p=0.049). We did not find any difter-
ences in GCS score on onset of hypernatremia (p=0.395), incidence of cerebral
complications (p=0.705), GOS score upon discharge from NNICU (p=0.61) and
mortality in NNICU (p=0.638). More patients in the “non cDI” group received
antiedematic therapy (p=0.028) and diuretic furosemide (p=0.026). Multivariate
logistic regression analysis showed that independent predictors of NNICU mor-
tality was the highest level of serum sodium (Odds ratio, OR 1.13, per 1 mmol/l
increase in maximal hypernatremia during NNICU stay, 95% confidence interval,

y - o1, i

1.41-5.44, p=0.003). CONCLUSIONS: Central diabetes insipidus is not a frequent

type of hypernatremia in neurointensive care. Prognosis is connected with serum
sodium level, not with type of hypernatremia.
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DYSNATREMIE V NEUROINTENZIVNI PECI

Sodny management ma své misto v
neurointenzivni péci. Dysnatremiim je nutné se v
neurointenzivni péci vénovat a aktivhé
vyhledavat.

Cilem neurointenzivni pece je prevence
hypo/hypernatremii z iatrogennich pficin.

Sodny protokol ma sva specifika v neurointenzivni
PECI.



NOVE ZALOZENA SEKCE CSIM

NEUROINTENZIVNI

VAZENE KOLEGYNE, VAZENI KOLEGOVE,

je mi velkym potésenim informovat Vés o zalozeni Neurointenzivni sekce CSIM (NCSIM) a pfizvat Vas ke
spolupraci na jejim rozsiteni a rozvoji. Péce o pacienty s onemocnénim nervového systému vyzaduje
specializované vybaveni a ma také specifické postupy a priority. V soucasné dobé jsme svédky rapidniho,
celosvétového rozvoje neurointenzivni péce a tento trend lze v nasi zemi sledovat, udrzet a pripadné k
nému prispét pouze skrze funguijici spolecenstvi odbornikd. Cilem Neurointenzivni sekce je poskytnout
pevnou platformu pro takovou spolupraci.

Prvnim cilem sekce je registrace lékafti a pracovist poskytujicich neurointenzivni péci, dale pfipravujeme
organizaci odbornych akci, formulaci doporucenych postupti a spelupréci vice pracovist na vyzkumnych
projektech. Samoziejmosti je navazani oficialni spolupréce s mezinarodni spolecnosti NCS

(Neurocritical Care Society) a Neurointenzivni sekei ESICM (European Society of Intensive Care Medicine).

MUDTr. Véra Spatenkova, PhD.
Predsedkyné vyboru NCSIM - Neurocentrum, Neurointenzivni jednotka, Liberec

V Liberci 10, ledna 2016

WWW.NCSIM.CZ

sekretariat@ncsim.cz



Dékuji za pozornost
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