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snizené uvolnovani PTH a tvorba vit. D3 a rezistence cilovych tkani
hypomagnezémie i hypermagnezémie

chelace (fosfor, laktat, citrat, mastné kyseliny)
precipitace ve tkanich (pankreatitida, rabdomyolyza)
presun intracelularné

kardiovaskularni insuficience
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asymptomaticky nezridka pfri iCa 0,8 mmol/I



hypokalcémie kriticky nemocného, organové

dysfunkce a mortalita

Afshinnia F1, Belanger K, Palevsky PM, Young EW. Ren Fail. 2013
Effect of ionized serum calcium on outcomes in acute kidney injury needing renal

replacement therapy: secondary analysis of the acute renal failure trial network study.
ATN Study iCa<1mmol/l =0OR 1,70

Steele T, Kolamunnage-Dona R, Downey C, Toh CH, Welters I. Crit Care. 2013
Assessment and clinical course of hypocalcemia in critical illness.
bez vlivu na mortalitu, véetné suplementace

Zhang 71, Xu X1, Ni H1, Deng H1. PLoS One. 2014
Predictive value of ionized calcium in critically ill patients: an analysis of a large clinical

database MIMIC IlI.

iCa 0,9-1,15 mmol/l = OR 1,15; iCa 0,8-0,9 mmol/l = OR 2,52
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zvySena koncentrace iCa v cytosolu u septickych
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hypokalcémie je protektivni mechanismus v dobé kritického onemocnéni ?




Calcium Supplementation During Sepsis
Exacerbates Organ Failure and Mortality via
Calcium/Calmodulin-Dependent Protein Kinase

Kinase Signaling

Richard D. Collage, BS'; Gina M. Howell, MD'; Xianghong Zhang, PhD'; Jennifer L. Stripay, BS';
Janet S. Lee, MD*; Derek C. Angus, MD, MPH* Matthew R. Rosengart, MD, MPH"*

Background: Calcium plays an essential role in nearly all cellular
processes. As such, cellular and systemic calcium concentrations
are tightly regulated. During sepsis, derangements in such tight
regulation frequently occur, and treating hypocalcemia with paren-
teral calcium administration remains the current practice guideline.
Dbjective: We investigated whether calcium administration wors-
ens mortality and organ dysfunction using an experimental murine
model of sepsis and explored the mechanistic role of the family of
calcium/calmodulin-dependent protein kinases in mediating these
physiological effects. To highlight the biological relevance of these
observations, we conducted a translational study of the associa-
tion between calcium administration, organ dysfunction, and mor-
tality among a cohort of critically ill septic |CU patients.

Design: Prospective, randomized controlled experimental murine
study and observational clinical cohort analysis.

Setting: University research laboratory and eight ICUs at a tertiary
care center.

Patients: A cohort of B70 septic ICU patients.

Subjects: C57BI/6 and CaMKK ™ mice.

Interventions: Mice underwent cecal ligation and puncture poly-
microbial sepsis and were administered with calcium chloride
(0.25 or 0.25mg/kg) or normal saline.

Measurements and Main Results: Administering calcium chloride
to septic CH7BI/6 mice heightened systemic inflammation and

vascular leak, exacerbated hepatic and renal dysfunction, and
increased mortality. These events were significantly attenuated
in CaMKK™" mice. In a risk-adjusted analysis of septic patients,
calcium administration was associated with an increased risk of
death, odds ratio 1.82 (85% CI, 1.00—-3.68; p = 0.049), a sig-
nificant increase in the risk of renal dysfunction, odds ratio 4.74
{958 CI, 2.48—9.08; p < 0.001), and a significant reduction in
ventilator-free days, mean decrease 3.29 days (0.50—6.08 days;
p=10.02).

Conclusions: Derangements in calcium homeostasis occur dur-
ing sepsis that is sensitive to calcium administration. This altered
calcium signaling, transduced by the calmodulin-dependent pro-
tein kinase kinase cascade, mediates heightened inflammation
and vascular leak that culminates in elevated organ dysfunction
and mortality. In the clinical management of septic patients, cal-
cium supplementation provides no benefit and may impose harm.
(Crit Care Med 2013; 41:2352—-e360)

Key Words: calcium; calcium/calmedulin-dependent protein
kinase; infection; inflammation; mortality; organ failure; sepsis

alcium plays an essential role in nearly all biological
processes. As such, ionized calcium concentration



526 septickych pacient(
iCa e, 1,0920,14 mmol/
iCa< 1,15 mmol/l 71,7%

bez vlivu na mortalitou, renalni dysfunkci, plicni dysfunkci

substituce 17,7% pacientd zvyseni mortality = OR 1,92, korelace s davkou
renalni dysfunkce = OR 4,74, korelace s davkou

redukce neventilovanych dni = snizeni 0 3,29 d

Survival Probability

0 50 40 60
Length of stay (days)

Mo Caldum ———-—- Calcium ]




Proportion surviving

025 050 075 1.00

0.00

Kaplan-Meier survival estimates

l

p=0.03t+
L‘ p=0.01*
L |p=noot*
0 50 100 150 200
Time (hours)
Saline-WT CaClp(0.25mg/kg)-WT
——— CaClg(2.5mg/kg)-WT CaClp(2.5mgikg)-CaMKK /-

200

BUN concentration

TNF concentration (mg/mL)

150

ALT concentration
100

p=0.009 p=0.06

150

100

50

200
L

Saline Cab\g Saline Cabl2
WT CaMKK-/-
p=0.049 p=004

300
L

Saline Cablz Saline Ca'CI2
WT CaMKK-/-
p=0.07 p=0.03
[
1
NS CaCly NS Cacly

KN92 KN93



substituce kalcia

symptomaticky pacient a pacient s tézkou hypokalcémii
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arterialni hypertenze, inzulinorezistence, bronchodilatace, neuroprotekce?

imunomodulace v sepsi? intracelularni kalciovy antagonista



Salem M1, Kasinski N, Munoz R, Chernow B. Crit Care Med. 1995
Progressive magnesium deficiency increases mortality from endotoxin challenge:
protective effects of acute magnesium replacement therapy.
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hypomagnezémie jako nezavisly faktor mortality u kriticky nemocnych?




Nephrol Dial Transplant (2013) 28: 910-916
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Hypomagnesemia as a risk factor for the non-recovery of the
renal function in critically ill patients with acute kidney injury

Sarah Cascaes Alves',
Cristiane Damiani Tomasi',
Larissa Constantinol,
Vinicius Giombelli',
Roberta Candal’,

Maria de Lourdes Bristot,
Maria Fernanda Topanottil,
Emmanuel A. Burdmann?,
Felipe Dal-Pizzol'?,

. L3
Cassiana Mazon Fraga

and Cristiane Ritter™?

Correspondence and offprint requests to: Cassiana
Mazon Fraga; E-mail: cmzf@ig.com.br

ABSTRACT

Background. The aim of this study was to evaluate the role
of hypomagnesemia as a risk factor for the development of

acute kidney injury (AKI) and non-recovery of renal function

"Laboratério de Fisiopatologia Experimental, Instituto Nacional de
Ciéncia e Tecnologia Translacional em Medicina, Programa de Pos-
Graduacao em Ciéncias da Saude, Unidade Académica de Ciéncias
da Satde, Universidade do Extremo Sul Catarinense, Criciima, SC,
Brazil,

“Division of Nephrology, University of Sao Paulo Medical School,
Sao Paulo, Brazil and

3Unidade de Terapia Intensiva, Hospital Sdo José, Cricitima, SC,
Brazil

Keywords: acute kidney injury, hypomagnesemia, 1CU, recov-
ery, RIFLE, magnesium

P =0.003). A multivariate analysis identified hypomagnese-
mia as an independent risk factor for non-recovery of renal
function (P =0.005). Patients with and without hypomagne-
semia had similar mortality rates (P =0.63).

Conclusions. Hypomagnesemia was an independent risk
factor for non-recoverv of renal functon in a cohort of criti-
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hypomagnezémie az u 50-60 % kriticky nemocnych

FEMg > 2% <
ztraty ledvinami — ztraty gastrointestinalnim traktem
volumexpanze v zvraceni
akutni tubularni dysfunkce v’ gastrickd derivace
klickové diuretikum v" maladsorbce
aminoglykosidy v' prajmy, IBD
amphotericin B, aj. v’ inhibitory protonové pumpy

polyurie rizné etiologie
hyperkalcémie
leptospiroza

vrozené defekty

jiné
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akutni pankreatitis

popaleniny
hypofosfatémie
polytransfuze

hungry bone syndrome
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predisponovani pacienti s diabetem mellitus, chronickym etylismem, malnutrici



hypermagnezémie

neprimeéreny prijem nizka renalni eliminace
zastavit prijem osie) v" konecné selhani ledvin
hydratace | v’ intoxikace lithiem, theofylinem
klickové diuretikum v endokrinopatie

hemodialyza

100-200 mg element. kalcia Jine

v tumor lysis syndrom
v" hyperkatabolismus
v’ sepse

predisponovani pacienti s postizenim ledvin, zanétlivym postizenim GIT

" CNS, GIT symptomy

— aralyza, apnoe, kdma
— hypotenze pardlyza, aphoe, ’
—

/\ asystolie




lonizovana kalcémie dobre odrazi iontovou
poruchu.

Nezname klinickou relevanci hypokalcémie
u kriticky nemocnych.

Korekce asymptomatické mirné a stredni
hypokalcémie u kriticky  nemocnych je
neopodstatnéna, rizikova a pravdépodobné
Skodliva.

Magnezémie neodrazi zcela skutecny
obsah horciku v cilovych tkanich.

Substituce horcikem muze byt bezpecna a
prospésna v radé klinickych situaci, zejména
u pacienta v riziku deficitu.

Substituce horcikem patrfi do |écby
zavazné hypokalémie a hypokalcémie. Casto
je nutné opakované podani ¢i kontinualni
infuze.
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