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Syndrom

AKI akumulace
tekutin
Kauzalni Diuretika
a podpurna RRT
lécba

Abdominal

wall

« Tissue edema 1

* Poor wound healingT

« Wound infection

« Pressure ulcerst

* Abdominal
compliance |

Central nervous

system

* Cerebral edema,
impaired cognition,

* Interstitial

* Renal CS

delirium
- ICP1, CPPJ, IOP1

Respiratory

« Pulmonary edemaTl

« Pleural effusiont

« Altered pulmonary and
chest wall elastance
(cfr IAPT)

* Pa0,] and PaCO,t

« Pa0,/ FiO, |

« Extravascular lung water 1
« Lung volumes (cfr IAPY)
« Prolonged ventilation T

- Difficult weaning 1

* Work of breathingt

Malbrain MLNG et al. Intensive Care Med. 2022;48:1781-1786.

Renal @

* Renal interstitial edema
+ Renal venous pressurel
+ Renal blood flowT

+ Salt + water retentiont
+ UremiaT, GFR{, RVR1

pressurel

Hepatic

* Hepatic congestion 1
* Impaired synthetic

Gastrointestinal/

Cardiovascular

* Myocardial edema T

+ Conduction disturbance
* Impaired contractility

* Diastolic dysfunction

+ CVPTand PAOPt

+ Venous returnl

» SVland COJ

* Myocardial depression
* Pericardial effusiont

function
« Cholestasis T

- ICH, ICS, 0CS FLUID OVERLOAD/ |- :c);::ict;lrlome P 450
ACC U M U LATI ON * Hepatic compartment

syndrome

visceral %3

« Ascites formationt

* Gut edemat

« MalabsorptionT, lleust

+ Bowel concractility |

+IAPT and APP
(=MAP-IAP) |

+ Success enteral feeding |

* Intestinal permeability T

+ Bacterial translocation T

+ Splanchnic
microcirculatory flow }

+ ICG-PDRI, pHil

+ GEF|, GEDVIT, CARStT
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Metaanalyza 20 studii, n=2608
pacienti s AKI

Diuretika jako lé€ba vs. standardni péce/ placebo

Mortalita

A

Badawy 2012
Bagshaw 2017
Barbanti 2015
Bart 2003

Bart 2012
Berhelsen 2018
Cantarcwich 2004
Costanzo 2007
Costanzo 2010
Costanzo 2016
Grams 2011
Hanna 2012
Lassnigg 2000
Lim 2002
Mahesh 2008
Marenzi 2012
Marenzi 2014

van der Voort 2009
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Fig. 2 Forest plot for furosemide use and mortality
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Fig. 3 Forest plot for furcsemide use and the requirement for renal replacement therapy

Krzych LJ, Czempik PF. Ann. Intensive Care. 2019;9(1):85.
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Metaanalyza z Cochrane database
pacienti s AKI
FSM jako lécba / prevence vs. standardni péce/ placebo

Summary of findings 2. Summary of findings table - Diuretics compared to control for treating acute kidney injury (AKI) Open in table viewer

Diuretics compared to control for treating acute kidney injury (AKI)

Patient or population: treating acute kidney injury (AKI)
Setting: hospital or ICU
Intervention: diuretics

Comparison: control

Qutcomes Anticipated absolute effects” Relative Ne of Certainty of the Comments
(95% CI) effect participants evidence
(95% Cl) (studies) (GRADE)
Risk with Risk with
control diuretics
Any use of kidney replacement 456 per 424 per 1000 RR0.92 1275 HEHeo Diuretics may make little or no
therapy (KRT) 1000 (379 to 474) (0.83t0 (8RCTs) Low?®® difference to the use of any KRT.
1.04)
Death 290 per 313 per 1000 RR 1.08 2052 SToo Diuretics may make little or no
1000 (278 to 354) (0.96 to (14 RCTs) Low3® difference to the risk of death.
1.22)

Hashimoto H et al. Cochrane Database of Systematic Reviews. 2025;1:CD014937
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Fluid Balance, Diuretic Use, and Mortality in Acute

PrOé? Kidney Injury |

Morgan E. Grams,** Michelle M. Estrella,* Josef Coresh,*", Roy G. Brower,* and Kathleen D. Liu® for the National
Heart, Lung, and Blood Institute Acute Respiratory Distress Syndrome Network

POvodni RCT:
Syndrom e pacienti s ALI (n=1000)
AKI akumulace * liberalni vs konzervativni fluid management
tekutin * bez efektu na mortalitu

* lepsi plicni funkce

N EnglJ Med. 2006;354:2564-2575.

Sekundarni analyza:

Kauzalni Diuretika * pacienti se soucasnym AKI (n=306)
a podpirna RRT * FSM asociovan s nizsi mortalitou
lécba » efekt v.s. zprostredkovan priznivejsi tekutinovou
bilanci

Grams ME et al. ClinJAm Soc Nephrol. 2011;6:966-973.
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ProC podavat?
Kdy zacit?

Jak podavat?

Co kdyz to nefunguje?

Jak poznat, ze staci?




Proc¢ podavat?

X v
samotna oligurie syndrom akumulace tekutin
samotné AKI venozni kongesce

plicni edém

potreba dosazeni negativni bilance

ev. hyperkalémie, lé€Cba AHT



OMEZENI PRIVODU TEKUTIN

Kdy zacit?
DIURETIKA / RRT

Typicky prubéh kritického onemocnéni A@m@

1. Resuscitace

2. De-eskalace

3. De-resuscitace

Volume Status

Co zohlednit

* bilanci tekutin, vahovy pfirQistek

Minutes - Hours ' Days Weeks

* laboratorni parametry (hemodiluce) < EBB PHASE >
. . 3 : : ' FLOW PHASE
* zobrazovaci metody (RTG, UZ - plice, DDZ) [ ) § ;< x b h
Y Y Y Y

. . . . : T 1st Hit 2nd Hit 3rd Hit 4th Hit

* hodnoceni organoveé funkce (zejm. kardiovaskularni) Initial insult Ischemia Global Increased Risk of
reperfusion Pgrmgability Hypoperfusion
yndrome

Malbrain MLNG et al. Intensive Care Med. 2022;48:1781-1786.
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Jak podavat?

Bolusové podani Kontinualni podani
* 40 mg * 2-10mg/h
* jednoduchost * stejna diuréza a bilance pfi
* snadné hodnoceni odpovédi nizsich celkovych davkach

* bez vlivu na mortalitu
* bez vlivu na délku pobytu

Ng KT, Yap JLL. Anaesthesia. 2018;73(2):238-247.
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Co kdyz to nefunguje?

* Eskalace
* zdvojnasob davku
e ev.az1g/den

 Sekvencni blokada nefronu —vse ve forme tbl.
+ thiazid 50 mg/den
+ acetazolamid 250 mg/den (u metabolické alkalézy)
+ spironolakton 50 mg/den (u hypokalémie)
+ dapagliflozin 10 mg/den (ke zvazeni u srdeéniho selhani)

e Zvazit korekci tézké hypoalbuminémie (<25 g/l)

* RRT

Ostermann M, et al. Intensive Care Med. 2024;50:1331-1334.
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Jak poznat, ze staci?

Znamky nadmerné redukce ECF
* volémie, srdecni vydej, GFR...

NU konkrétnich lééiv
« furosemid: hypoK*, hyperNa*, hypoMg?*, hypoPO 27, hypoCa?*, MAC
* thiazidy: hypoNa*
* acetazolamid: MAL
* dapagliflozin: euglykemicka DKA

Ostermann M, et al. Intensive Care Med. 2024;50:1331-1334.
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Pacient s anur

eor

OLIGURIA

HEMODYNAMIC ASSESSMENT

v

v

| Hemodynamically unstable I

| Hemodynamically stable

—

Y
I HEMODYNAMIC RESUSCITATION I

ASSESSMENT OF FLUID STATUS

A

Y

Intravascular hypovolaemia I

‘ Intravascular euvolaemia l

Y
Fluid therapy

4 S

Exclude or treat:

* Blocked catheter

* Acute kidney injury

* Intraabdominal hypertension
* Heart failure

* Anatomical causes

* Pain

* Nausea

}

Intravascular hypervolaemia
Intravascular euvolaemia + oedema
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{ Le. serum creatinine
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ie diuretics or RTT

REGULAR RE-EVALUATION

Fig. 1 Management of oliguria. FST furosemide stress test, RRT renal replacement therapy
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’ 1. Prescription of Loop Diuretics ‘

2 f

Bioavailability Effect
Furosemide 64% Onset: IV: ~5 min,
Bumetanide 80% Oral: ~1h

Torsemide 80-100%  Duration: 2-6 hours

2. Optimizing Effectiveness and
Managing Diuretic Resistance

Increase dose of
loop diuretic
(consider
doubling dose)

Optimise diuretic
delivery to kidneys

Add acetazolamide
{250-500 mg IV daily)
orland thiazide (i.e.
HCTZ 50 mg daily) or
SGLT2 inhibitor (in
case of heart failure)

Metabolism

Hepatic

69

Half-life
Furosemide 2h
Bumetanide 1-1.5h
Torsemide 3.5h

Half life is prolonged in hepatic or
kidney disease and heart failure

uretik

P

Dose

Furosemide 40 mg (higher if kidney function reduced)
IV bolus or 2-10 mathr

Bumetanide 1mg IV bolus or 0.5 mg/hr

Torsemide 20 mg IV bolus

| 3. Monitoring for Adverse Effects J

Na* (thiazide)
K+ i
S | Na* (loop diuretics
PO:' yA pH (loop diuretics & thiazide)
glg uric acid (loop diuretics)
pH (acetazolamide)
Cardiac output

Blood pressure
Glomerular filtration rate

Fig. 1 Diuretic prescribing and monitoring. The figure depicts factors to consider when selecting a loop diuretic, monitoring effectiveness and
safety, and managing potential diuretic resistance. HCTZ hydrochlorothiazide; [V intravenous; SGLT2 sodium-glucose co-transporter-2

Ostermann M et al. Intensive Care Med. 2023;49:103-106.

Ostermann M et al. Intensive Care Med. 2024;50:1331-1334.
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1)

2)

3)

4)

Furosemid neléci AKI, ucinkuje v tubulu, neovlivhuje GFR. \W

Oligurie # potreba diuretik. \ § | ﬂ

A

Indikaci pro diuretika je akumulace tekutin.

Pri nedostatecném ucinku dvojnasobna davka nebo sekvencni blokada.
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