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endokrinni odpovédi
jsou zaroven zdroje dysfunkce
u kriticky nemocnych

adreno kortikalni osa

thyreoidalni dysfunkce

zmeny v metabolismu rustového hormonu
insulin a stresova hyperglykemie

regulace metabolismu elektrolytu



endokrinni zmeény u Kriticky nemocného

role vSech hormond v interakci podminuje dynamiku
endokrinni odpovedi:

akutni stav vs. chronicky stav

kofaktory: lokalni trauma, SIRS, obéh, stav nutrice,
komorbidity,...

protrahovany stav vede k hypothalamickeé dysfunkci

Jsou zmény adaptivni nebo dysfunkcni?
Jaky muze byt efekt zasahu do mechanismu?
LécCit nebo nelécit (zménit dynamickou rovnovahu)?



endokrinni dysfunkce u kriticky nemocného:
akutni vs. chronické

Pulsatile GH Increased Demeased

GH Binding Protein Decreased

Decreased Very Decreased

Pulsatile TSH Increased/No change
Increased/No change

Decreased Very Decreased

Increased Increased/No
change

G Van den Berghe, Frontiers in Neuroendocrinology 2002; 23:370-91.



endokrinni dysfunkce u kriticky
nemochého: akutni vs. chronické

Hormone

Gonadotrophic Axis

Pulsatile LH

Increased/No change

Decreased

Testosterone

Decreased

Very Decreased

Pituitary-
adrenocortical Axis

ACTH

Increased

Decreased

Cortisol

Very Increased

Inc/No Change/Dec

Lactotropic Axis

Pulsatile Prolactin

Increased

Decreased

G Van den Berghe, Frontiers in Neuroendocrinology 2002; 23:370-91.




u dlouhodobé kriticky nemocnych
se vyviji 'wasting syndrom"
endokrinni abnormality v ose GH ... IGF-1

e fysiologicky stav: diurnalni kolisani cirkulujiciho GH,
nejvyssiv 6 a 21

e akutni faze kritického stavu: vyssi hladiny cirkulujiciho
GH se ztratou diurnalni variability a castéjsimi
vzestupy; periferni tkariova resistence vuci GH

e dlouhodoby prubéh kritické nemoci: nizsi hladiny
cirkulujiciho GH bez diuralni variability, obnovuje se
periferni citlivost vici GH

G. van den Berghe, Crit Care Clin, 2002



Zakladni metabolické hormony

T3 — Casny pokles spojeny se snizenim
proteinového obratu

Inzulin - Tproteosyntézy, iproteolyzy
Glukagon — glykolyza, proteolyza, lipolyza

IGF-I — deplece proteinu i energie d hladinu a
suprimuje efekt GH.

(prijem proteinu T proteosyntézu a obrat
bilkovin)



hypothalamicka odpoved na trauma
s protrahovanym prubéhem vede

k adrenokortikalni insuficienci
H-P-A osa

e hypothalamus: CRH
e hypofysa: ACTH
e kura nadledvin: kortizol, aldosteron

Vliv na: - receptory bolesti
- osmoreceptory
- baroreceptory
- chemoreceptory (ggl.hypothalamu)



ucinky kortizolu

stimulacni efekt:
- glukoneogeneza
- katabolismus: protein, nukleové kyseliny

antiinflamatorni efekt:
- inhibice migrace neutrofill a makrofagu

- stabilizujici efekt na mikrocirkulaci



adrenergni insuficience v sepsi

e relativni
e absolutni: basalni < 100 nmol/L

stimulovana < 500 nmol/L

Ktery pacient benefituje ze suplementace?
---- Syndrom relativni adrenalni insuficience

se selhanim funkce HPA osy



stresova hyperglykemie

vysoké hladiny cytokinu
dysfunkce beta-bb. pankreatu
oxidacni stres
insulinoresistence

kortizol

geneticka diabeticka predispozice



co je treba vedeéet o glukoze a insulinu

inzulinova rezistence je evolucnim mechanismem
umoznujicim prezit akutni stres

nouzovym energetickym substratem je glukoza

enteralni absorbce sacharidu je v akutni fazi
zpomalena

prilis mnoho glukozy v akutni fazi skodi
hypoglykémie zhorsuje prognozu

Preisler J Ch, ESPEN 2015



GH

e predni lalok hypofysy, hypothalamicka kontrola
e diurnalni a pulsatilni sekrece

Metabolické aktivity:

e lipolysa (zvyseni FFA)

e transport AA do svalu

e antiinsulinové efekty

e mitogenni a anabolické aktivity indukci produkce IGF-1



GH u kriticky nemocnych

akutné zvysena stredni koncentrace

GH resistence je zpusobena proinflamatornimi cytokiny,
umoznuje uklidovou reakci

pulsatilni sekrece je utlumena v chronicke fazi nemoci;
snizeni IGF-1 vede k upregulaci GH receptoru

dopamin snizuje pulsatilni sekreci GH
zvysena hladina je nezavislym faktorem mortality u k.n.
Takala, NEJM 1999: selhani substituce GH u k.n.



rizeni sekrece T hormonu
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akutni low-T3 syndrom

(euthyroid-sick
syndrome,
nonthyroidal illness
syndrome)

Type |l deicdinase

T3 ———> T3

Type |l deiodinase*
Type |l deiodinase*

T4
Type | delodinase Type | deiedinase
/ Type Il deiodinase

T2

*present in placenta

L. Mebis et al: Thyroid axis function and dysfunction in critical illness. Best Pract Res Clin

Endocrinol Metab. 2011,25:745-757



nizka koncentrace fT3 v akutnim stadiu

* je adaptivni odpovédi na hladoveni, hypoxii a
cytokinovou odpoved

e je ochranou pred nasledky katabolismu a nedostatku
makronutrientu

e je markerem tize onemocneni a prediktorem mortality

e zvysena lokalni aktivita dejodidazy D3 v granulocytech
navic zvysuje jejich antibakterialni kapacitu

Pozor: snaha o plnou inicialni nutrici je spojena se
zvysenim mortality

Langouche L, et al.: Impact of early nutrient restriction during critical illness on
the nonthyroidal illness syndrome and its relation with outcome: a randomized,
controlled clinical study. J Clin Endocrinol Metab. 2013;98:1006-1013



jinak je tomu v protrahované fazi

e chybeéjici pulsatilni sekrece TSH vede k snizeni fT4
(centralni hypothyroidismus)

e pricinou je snizena genova exprese TRH v nc.
paraventricularis hypothalamu
e narust TSH je signdlem pocatku faze recovery

Pozor: jodové kontrastni latky, exogenni kortikosteroidy,

dopamin, somatostatin a amiodaron vedou k snizeni
TSH

Mebis L, Debaveye Y, et al.: Changes in the central component of the hypothalamus-
pituitary-thyroid axis in a rabbit model of prolonged critical illness. Crit Care. 2009;13:R147.



Homeostatické systémy pro vodu,
elektrolyty a obéh

systém renin-angiotensin-aldosteron (RAAS)

osmoreceptory, zizen, ADH (V1 vasokonstrik¢ni, V2
tubularni)

sympatikus
ANP, BNP, vasogenic intestinal peptide a dalsi

ledviny (glomerulus, tubuly, sbérny kanalek,
glomerulo-tubularni rovnovaha, macula densa)



Vasopressin
system

Sympathetic
system

Renin-angiotensin
system

Vascular smooth muscle cells

Figure 4. Vasopressor systems in blood pressure regulation. Three
different vasopressor systems can be involved in blood pressure
regulation to counteract hypotension. Each acts on the same target,
i.e., the vascular smooth muscle cell, by inducing an increase in free
cytostolic calcium, then a cell contraction. Each system is related to
the others and may act as a compensatory mechanism (71).

Colson P Anesth and Analg 1999



rychlé a pomalé komponenty
tekutinové a objemové homeostazy

RAAS:
e angiotensin Il je rychly
 aldosteron je pomaly

ADH:

e ve vysokych koncentracich okamzita vasokonstrikce
na V1 receptoru

* v nizkych koncentracich vede (pomalu) k retenci
volné vody ve sbérném kanalku cestou stimulace
receptoru V2



2
Cardioregulatory =
center _ ((/ i

A

f g k"
i b
. Fl

7 !
)'( |l I
Glossopharyngeal
and vagal afferents | $
from high-pressure
fﬁ}_-"”d baroreceptors {
- Sympathetic trunk I
\\
3 Sympathetic ganglia AVP g
‘ \\‘ . Aldosterone
\; Sympathetic

| nerves

; "

| N A

S —
Y = = . ,
*'/‘K_/ Angiotensin ||
;/ i
Peripheral s
vasoconstriction } Solute-free water excretion

l- Sodium excration

Figure 4 Unloading of high-pressure baroreceptors in the left ventricle, carotid sinus, and aortic arch generates afferent signals that
stimulate cardioregulatory centers in the brain, resulting in the activation of efferent pathways in the sympathetic nervous system. The
sympathetic nervous system appears to be the primary integrator of the neurchumoral vasoconstrictor response to arterial underfilling.
Activation of renal sympathetic nerves stimulates renin release, thus activating the renin-angiotensin-aldosterone system. Concomitantly,
sympathetic stimulation of the supraoptic and paraventricular nuclei in the hypothalamus results in the nonosmotic synthesis and release of
arginine vasopressin (AVP). Sympathetic activation also causes peripheral and renal vasoconstriction, as does angiotensin II. Angiotensin
IT also stimulates the release of aldosterone from the adrenal gland and increases tubular sodium reabsorption in addition to remodeling
cardiac myocytes. Aldosterone enhances cardiac fibrosis and increases sodium reabsorption of sodium and the secretion of potassium and
hydrogen ions in the collecting duct. Gray arrows designate circulating hormones. | = decreased. (Reprinted with permission from N Engl

J Med."?)

Schrier RW The American Journal of Medicine (2006) Vol 119 (7A), S47-S53



Figure 1 Plasma vasopressin levels rise in acute phase of severe hypotension and shock
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(a) Vasopressin is synthesized in the osmoreceptor neurons of the hypothalamus and secreted in the neurohypophysis. (b) Thus, as shown with the
oblique solid line, when the osmolality of the extracellular fluid increases, the hormone is secreted and its concentration in plasma increases. The figure
also shows, however, that vasopressin synthesis and secretion are also under the control of the sympathetic nervous system; i.e., the baroreflex (a) so
that regardless of extracellular osmolality, vasopressin will be secreted if cardiovascular stability is threatened (e.q., hypotension). Indeed, during the
initial phase of profound hypotension and shock, plasma vasopressin concentration can reach extremely high levels; e.g., =100-500 pg/ml [dotted line
(b); note the different concentration ranges when plasma vasopressin increases due to rises in osmolality and when it increases due to baroreflex
stimulation]. At these plasma concentrations, vasopressin is a critical mechanism to maintain arterial pressure by increasing systemic vascular
resistance.

Juan A. Oliver and Donald W. Landry Curr Opin Crit Care 13:376-382. 2007
Lippincott Williams & Wilkins.
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ucinky aldosteronu

vede k retenci vody ... regulace ECT
e zvysuje koncentraci Na

e zvysSuje ztraty K



regulace objemu a elektrolytu
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efektivni osmolarita u kriticky nemocnych

Hporams- zpetnovazebna regulace ADH

Osmoreceptons —

g Privary Gland

s Oosmoreceptory

* baroreceptory v aorte

. Vomriee * baroreceptory v karotidach
R  atrialni natritureticky faktor

Zvyseni osmolarity nebo snizeni
volumu vedou k stimulaci sekrece
hypofyzarniho ADH

#
’ i
Raleasa of ADH

SIADH
CSWS
diabetes insipidus



SIADH

ADH: stresova stimulace neurohypofysy a
ektopicka produkce (plice) cestou
osmoreceptoru

CNS: meningitis, encephalitis, tumor, ICH,
hypoxie, trauma, Guillain Barre

plice: pneumonie, PEEP, pneumothorax
30-40% hyponatremii na JIP

porucha koncentracni schopnosti, retence
cisté vody, dilucéni hyponatremie



® Funkce ADH:

® zvysuje permeabilitu pro vodu v distalnim tubulu
prostrednictvim V2 receptoru)

® zvysuje permeabilitu pro ureu
® zvysuje systémovou vaskularni rezistenci (endotel)
® (iCinky na CNS (cirkadialni rytmus)
® Inadekvatni sekrece ADH vede:
® k snizeni exkrece vody ... retence vody

® k poruse suprese sekrece ADH



Dif. dg. SIADH

edémy (kard. dysfunkce, hypoproteinemie,..)
renalni insuficience

hypothyreoza, hypokortikalismus
Balik, Kazda, CLC 137, 1998, 16:488-492

terapie: restrikce tekutin, klickova diuretika,
kortikosteroidy, H2 blokatory



CSWS

cerebralni léze — CMP, SAK 6.-12.d., tumor
polyurie, dehydratace, hypovolemie
deplecni hyponatremie

hormonalni mediator CSWS: atrialni natriureticky

peptid (ANP)

Neadekvatneé normalni nebo nizky aldosteron

sekundarni vzestup ADH, aktivace RAA
terapie: substituce



jak pristupovat k SIADH a CSWS
SIADH

* restrikce tekutin, event. hypertonické roztoky (osmolalita >
osmolalita moce]

e klickova diuretika

e |éky interferujici s uCinky ADH na tubulus (lithium,
demeklocyklin)

* manitol - osmoticka diuresa.
CSWS
* restrikce tekutin je kontraindikovana (volumova deplece)

* hypertonické roztoky (k zvyseni efektivniho plazmatického
volumu)



diabetes insipidus

e typicky u kraniocebebralnich lezi
e polyurie, dehydratace
e dilucni hyponatremie

test restrikce tekutin: - pokles diurézy

- zvySeni u_osm o 30 mmol/kg

terapie: pricina? Volumova substituce, DDAVP



diferencialni diagnostika
SIADH / CSWS / DI

| sAbH | ow | D

Serum Na+ <135 mEqg/L <135 mEqg/L > 145 mEqg/L
Urine Na+ > 25 mEq/L > 40 mEq/L <25 mEg/L
Serum Osm <270 mOsm/kg <270 mOsm/kg > 285 mOsm/kg
Urine Osm > 300 mOsm/kg > 300 mOsm/kg <300 mOsm/kg
Urine O/P oliguria polyuria polyuria
CVP normal/high low normal/low
Plasma ADH high normal low
Rx Fluid restrict, give Give volume, give Drink to thirst,
Na+, vaprisol, Na+, DDAVP (central),

demeclocycline

fludrocortisone

HCTZ (nephrogenic)



endokrinni zmeény u kriticky nemocnych

Akutni pokles hladiny fT3 je spojen s hladovénim a je
tak soucasti adaptacni odpovedi a uklidové reakce.

Vlastni produkce kortizolu je v kritickém stavu jen mirné
zvysena a je odpovedi na SIRS. V pripadé nepritomnosti
SIRS neni produkce zvysena .

Clearance kortizolu je vyrazné snizena u vsech kriticky
nemocnych a a vede k hyperkorkalismu, nezavisle na
typu a tizi kritického stavu ani na inflamatornim stavu.

Benefit kontroly glykémie je v kontrole hyperglykémie.
Hypoglykémie je spojena s komplikacemi vCetné
zvyseni mortality. Proto stredni hodnoty glykemie s
nepresahovanim renalniho prahu jsou racionalnim
kompromisem.



jak pristupovat k endokrinopatiim u
kriticky nemocnych

pochopit problém

znat mediatoroveé, hormonalni a metabolické
interakce a meziorganovy metabolismus

diagnostikovat fazi onemocnéni
dostat kyslik do tkani

zajistit nutrici

nelécit , patologickou laborator®
substituovat obezretné
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