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NATRIUMREABSORPTION — SYRGASKONSUMTION
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RBF och GFR regleras inbérdes sa att njurens syreséattning halls konstant
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RENAL SYRGASTENSION
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TVA GRUNDLAGGANDE PROBLEM MED AKUT
HUMAN NJURSVIKT

= Detfinns ingen djurmodell som ar nara att likna human akut njursvikt

= Pa manniska kan man inte ta biopsier, lagga in O,-prober i parenkymet,
svart med timing

Sahlgrenska akademin




Ischaemic insult Systemic inflammation Sepsis

» Lipopolysaccharide/endotoxin

I I

Haemodynamic injury Prerenal Toxic injury
» Decreased filtration pressure « Hypoxic injury « Bacterial toxins

L perfusion pressure « Oxidative stress « Cytokine-induced injury

Trenal vascular resistance « Endothelial dysfunction « Efferent arteriolar
» Ischaemia-reperfusion « Nitric oxide vasodilation
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Figure 2: Key potential pathways implicated in pathogenesis of acute kidney injury due to ischaemia or sepsis
The timing of activation of each pathway, their interaction, and the hierarchy of these pathways remain unknown.
RAAS=renin-angiotensin-aldosterone system. TGF=tubuloglomerular feedback.
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TVA GRUNDLAGGANDE PROBLEM MED AKUT

HUMAN NJURSVIKT

= Det finns ingen djurmodell som ar nara att likna human akut njursvikt
= Pa manniska kan man inte ta biopsier, lagga in O,-prober i parenkymet

Venprover: PAH, 51Cr-EDTA, kreatinin

Skademarkorer: blodprov och urinprov: NGAL, KIM1, al-mikroglobulin mm
BOLD MRI: Syrenivaer i njuren

Ultraljud: Blodflodeshastigheter

Njurvenskateter med retrograd thermodilution: Renalt blodflode,
glomerulusfiltration, natriumreabsorption, syrgaskonsumtion och
syrgasextraktion
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KONTINUERLIG TERMODILUTION
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Acute renal failure is NOT an “acute renal success”—a clinical
study on the renal oxygen supply/demand relationship in acute
kidney injury

Bengt Redfors, MD, PhD; Gudrun Bragadottir, MD; Johan Sellgren, MD, PhD; Kristina Sward, MD, PhD;

Sven-Erik Ricksten, MD, PhD Crit Care Med 2010 Vol. 38, No. 8
Kontroll Akut njursvikt
= 37 patienter utan = 12 patienter med akut
njurpaverkan efter njursvikt (AKIN stage 1 & 2,
hjartkirurgi kreatininstegring 50-200%)

efter hjartkirurgi
= Vasodilaterade
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Ineffektiv syrgaskravande natriumreabsorption vid AKI
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KONTROLL VS AKI
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, Redfors et al Crit Care Med 2010;38:1695-701
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MAL MED BEHANDLING

Ta bort orsak till AKI, reparera : Multimodalt

Minska patologisk vasokonstriktion:
—\Vasodilatation

Oka GFR:]

Forbattra syresattning: Minska syreforbrukning
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FRAMTIDA

MOJLIGA
LAKEMEDEL

Kinsey et al. 2011 Am J Kid Dis 58(2): 291-301



HOGRISKPATIENT

= Gammal kvinna med dalig
EF, diabetes och kronisk
njursvikt som inkommer
intorkad, genomgar CT
med kontrast och opereras
akut. Sviktar cirkulatorisk
pa IVA och drabbas efter
nagon dag av sepsis som
behandlas med Vancocin
och Nebcina.
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Vilket lakemedel skall man satta in och vilket inte?
Vilken spelare skall man satta in och vilken inte?
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Vilket lakemedel skall man satta in och vilket inte?
Vilken spelare skall man satta in och vilken inte?
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OPTIMALT VATSKESTATUS ENLIGT GUIDELINES

= Fyll
— till systemisk hemodynamik ar tillfredsstallande
— darefter om njurfunktionen forbattras av fyllnaden

=  Undvik fortsatt fyllnad om patientens syresattning forsamras
— Overfyll inte

= Undvik starkelse

*Reinhart, K., A. Perner, et al. "Consensus statement of the ESICM task force on colloid volume therapy in
critically ill patients." Intensive Care Medicine 38(3): 368-83.(2012)

*Joannidis M, Druml W, Forni LG, et al: Prevention of acute kidney injury and protection of renal function in the
intensive care unit. Expert opinion of the Working Group for Nephrology, ESICM. Intensive Care Med;
36:392-411(2009)

*Brochard L, Abroug F, Brenner M, et al: An Official ATS/ERS/ESICM/SCCM/SRLF Statement: Prevention and
Management of Acute Renal Failure in the ICU Patient: an international consensus conference in intensive care
medicine. Am J Respir Crit Care Med; 181:1128-1155(2010)
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V ATSKESTATUS - HYPOVOLEMI
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B Hypovolemi

" Restitution

Hypovolemi genom att bléda hundar, blod tillbaka efter 90 minuter

Halpenny 2001 et al. Crit Care Med 2001 Vol. 29, No. 4, 855-860
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BLODTRYCK

= Ardet laga blodtryck som tillats pa intensivvarden under njurens nedre
autoregleringsgrans?
= Noradrenalin
— Hojer blodtrycket

= |nsattning av noradrenalin pa patienter med MAP <55 ger battre
kreatininclearance

— Vasokontringerar
= Noradrenalin har visats sanka RBF hos friska frivilliga (Richer, et al. 1996)

A
1 >
Medelartartryck

Renalt blodflode
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RESULTS

= 12 patienter med AKI efter hjartkirurgi
= Vasodilaterade
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Significances against 75 mmHg: ***=p<0.001
Sahlgrenska akademin Redfors, B et al. Intensive Care Med. 2011 Jan;37(1):60-7
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NORADRENALINS EFFEKT VID AKUT NJURSVIKT

Renal syrgastillforsel GFR Renal O, -extraction Diures
. ml/min ml/min
ml/min /
it " 40 - 0,20
60 - 30 — 0,15 -
40 - 20 — 0,10 -
20 - 10 — 0,05 -
0 - 0 ; ; 0,00 -
60 75 90 60 75 90 60 75 90 60 75 90
mmHg mmHg

Signifikanser mot 75 mmHg: *=p<0.05 **=p<0.01 ***=p<0.001

, Redfors, B et al. Intensive Care Med. 2011 Jan;37(1):60-7
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BLODTRYCK - AUTOREGLERING

A
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Al

|
60 mmHg
Mean arterial pressure

GFR

Sahlgrenska akademin




BLODTRYCKSREGELRING — VASOPRESSIN

= QOkar kreatininclearance vid septisk chock
= Minskar medullart blodfldde samt medullart pO,, pa kanin
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ADRENALIN VID
SEPSIS

= 19 patienter
— 14 med malariasepsis
— 5 med bakteriell sepsis

= Randomiserade, crossover
— Dopamin
= (Q,2.5,5,10,5, 2.5 yg/kg/min

— Adrenalin
= 0,0.1,0.25,0.5,0.25, 0.1, 0 ug/kg/min

Day, N. P,, N. H. Phu, et al. (2000)
Crit Care Med 28(5): 1353-62.
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RENALA VASODILATATORER

= Dopamine

= (Dobutamin)

= Fenoldopam

= Natriuretic peptides (ANP, BNP, urodilatin)
= [evosimendan
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LAGDOS

DOPAMIN

Author Year Patients RPF GFR

Ter Wee 1986 volunteers increase | increase
Schoors 1990 volunteers increase | no effect
Olsen 1993 volunteers increase | no effect
Olsen 1993 volunteers increase | increase
Olsen 1994 volunteers increase | no effect
Richer 1996 volunteers increase | no effect
McDonald | 1964 heart failure increase | increase
Rosenblum | 1972 heart failure increase | increase
Schwartz 1988 vasc surgery | increase | increase
Graves 1993 burn injury increase | no effect
Ungar 2004 heart failure increase | increase

Sahlgrenska akadernln




DOPAMIN VID
SEPSIS

= 19 patienter
— 14 med malariasepsis
— 5 med bakteriell sepsis

= Randomiserade, crossover
— Dopamin
= (Q,2.5,5,10,5, 2.5 yg/kg/min

— Adrenalin
= 0,0.1,0.25,0.5,0.25, 0.1, 0 ug/kg/min

Day, N. P,, N. H. Phu, et al. (2000)
Crit Care Med 28(5): 1353-62.
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LAPGDOS DOPAMIN EFTER HJARTKIRURGI
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1400 -
~—~ 1200
|
£ 1000
£
x 8001
T 600
L. 400+
oM
@ 200
0 1 L} L L O T T T T
pre DA2 DA4 post pre DA2 DA4 post
RVO, RO, EX
14 0.14 4
,l:‘*12 0.12
o
g 10 m » 0.10 *k *x
x g W 0.08
e 5
< 6 & 0.06
O 4 0.04 1
E 2 0.02 1
O ¥ v v 0 T T T T
DA2 DA4 post pre DA2 DA4 post

Sahlgrenska akademin Redfors et al. Acta Anaesthesiol Scand 2010; 54:183



DOPAMIN TAKYFYLAXI

= Okningen i RBF forsvann efter 5 timmar, pa hund

» MacCannell, et al. (1983). "Haemodynamic responses to dopamine
and dobutamine infusions as a function of duration of infusion."
Pharmacology 26(1): 29-39

= Forandringen i GFR attenuerades efter 48 timmar vid sepsis pa
manniska

» Lherm, T., et al. (1996). " Intensive Care Medicine 22(3): 213-9
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= Ingen effekt pa GFR generellt

Sahlgrenska akademin

DOBUTAMIN
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Figure3 ERPF expressed as percentage changes from baseline values after dopamine (@), dopexamine
(0) and dobutamine (a). (*P < 0.05; Bars are s.e. mean).




FENOLDOPAM

= Selektiv DA;-receptor
stimulator

= Ingen effekt pa DA,-, 3- or x-

receptorer

= Hammar tubular
natriumreabsorption

= Manliga frivilliga
= Okar RBF
= Ingen effekt pa GFR

Mathur et al Crit Care
Med 1999;27:1832

Sahlgrenska akademin

20
800 -
-18 g
3 700 Bl
° S—
E —14 g
£ 600- 12 §
= 10 5
= 500 E
400 6 5
&
300 B
- (o]
-2 5
o w
200 ' s e e 0
Baseline 0.03 0.1
Infusion Dose (ug/kg/min)
_ 200 -
5 ——GFR-P
E ‘\ —e—GFR-F
180 o A —+—FF-F
.E,g L* —&—FF-P
23
[ -
@ %160 -
[ -3 -
L2090
£% *
i (C140 -
55 2
2%
£ £120 -
K] w
&
—
100 . v
0.03 0.1 0.3
Dose (pg/kg/min)




e

{8%)) GOTEBORGS UNIVERSITET

2

VERKNINGSLOKALER

Dopamin
Fenoldopam

Afferent

Afferent + Efferent dil: RBF{ GFRY|

S

Efferent
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LEVOSIMENDAN

=  Calciumsensitiserare
= |notrop effekt
=  Vasodilaterar

Sahlgrenska akademin




LEVOSIMENDAN

= Randomiserad cl RBF
- 30 1
placebokontrollerad N . |
= 15 patienter/grupp ? o .
= Postop hjartkirurgi g 10 g 10 i
5 - 57
=  Normal njurfunktion 3 e — 0 Lrl
preop N o
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30 1 * 10 -
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L
R 15 1 5
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Sahlgrenska akademin Bragadottir et al. Critical Care Med, submitted



DOPAMIN VS LEVOSIMENDAN
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VERKNINGSLOKALER

Levosimendan

Dopamin
Fenoldopam

Afferent

Afferent vasodilatation: RBF? GFR?

\

Afferent + Efferent dil: RBF$4 GFR%),
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NATRIURETISKA PEPTIDER

= A-type natriuretic peptide (ANP, carperitide)
= B-type natriuretic peptide (BNP, nesiritide)
= Urodilatin (ularitide)
»  Frisattning pga hjartmuskelstrackning

— Skyddar mot overvatskning

= Okar cardiac output, sdnker SVR, MAP oférandrat
— BNP anvands som medicin mot hjartsvikt (USA, ANP i Japan)

Sahlgrenska akademin



ANP: PATIENTER MED AKI| EFTER HJARTKIRURGI

ml/ Glomerular filtration rate ml/ Renal blood flow
: min
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VERKNINGSLOKALER

Levosimendan

ANP
Afferent Dopamln
Fenoldopam
Afferent vasodilatation: RBF$ GFR? \
Afferent + Efferent dil: RBFfM* GFRY, Efferent
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DIURETIKA-FUROSEMID

Collecting tubule

" UtsoOndras aktivt till tubuli— | e
och hammar fran tubuli | iy
Na-K-2Cl co-transporter i
MTAL
— Urinkonc bestammer effekt

— Dvs furosemid ar beroende
av att tubuli fungerar for att
kunna transporteras till sin
verkningsplats

:‘mm/ U
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FUROSEMID

50 1
o 4. Furosemide — cortex ; ;in
E B 301 l 35
= E
_g £ 201 30 -
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0 1 min E 201
3 2307 3
S _ 2101 og_ 15 A
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S S 170 10 -
E § 150-: 5 J
>3 130
S o 1101 0
=8 [ 0 4
g 907 CONTRAST MANNITOL FUROSEMIDE
= ;g Fig. 4. Representative experiment illustrating effects of mannitol and

furosemide after a radiocontrast injection (ioversol, 1.0 ml iv). This
experiment, performed twice, showed a marked improvement in
medullary Pog only following furosemide.

Fig. 2. Representative experiment illustrating in parallel the effects of
furosemide on medullary oxygenation and blood flow.

Brezis, M., Y. Agmon, et al. (1994). Am J Physiol 267(6 Pt 2): F1059-62
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GFR

Renal blood flow

FUROSEMID NJURFRISKA EFTER ACB

S

M M..,/fmx/fmxﬁ m/u.
f/////% nlu

00000
S 288 IS  TTLSwoTao
11111

oooooooooo
oooooo
mmmmm

Sward et al Int Care Med 2005;31:79-85



TUBULOGLOMERULAR FEEDBACK
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DIURETIKA-MANNITOL

= Filtreras fritt i glomeruli —

. Peritubular [ i r n

» Reabsorberas mycket begransat b il ce! Tubular lume

. . . Na
= Osmotiskt diureticum & o
8 annito
— Hammar reabsorptionen av ~ N Mannito
vatska och elektrolyter i tubuli - - N+ Mannitol
Mannitol " 2°

S=— Tight junction

Basolateral
membrane

Basement membrane

Apical membrane

-

NE’(%W = Active transport by Na*/K*-ATPase

< - —Na* = Passive transport of Na*
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MANNITOLS EFFEKTER PA MANNISKA

%-andring
25 -
Okar RBF och GFR sannolikt
20 - pga sin avsvallande effekt
pa epitel och endotel
15 -
B Njurfriska

10 - W AKI

N I|

0 AJI/ A—/ ‘—/ J

RO2Ex

Njurfriska: Efter hjartkirurgi med ECC Redrors et al intensive Care Med 2009; 35:115
AKI: AKIN stage 1 & 2 Bragadottir et ai Crit Care. 2012 Aug 17:16(4):R159
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SAMMANFATTNING

Renalt blodflode Glomerulusfiltration Syresattning

Noradrenalin MAP 75 (+) ++ +
Vasopressin - + -
Adrenalin - 0 S
Dopamin +++ 0 4+
Fenoldopam ++ 0 ++7?
Levosimendan + + 0
ANP ++ ++ 0?
Mannitol + ++ 0
Furosemid 0 (-) F++
Metolazon ? ? +?
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SAMMANFATTNING

Renalt Glomerulus- Syresattning
blodflode filtration

Noradrenalin MAP 75 (+) ++ + Aff konstr
Vasopressin - + -— Efferent
Adrenalin L 0 L vasokonstrikt
Dopamin +++ 0 +++ Aff + Eff
Fenoldopam ++ 0 ++7? dilatation
Levosimendan + + 0 Afferent
ANP t tt 0? dilatation
Mannitol + ++ 0 Avsvallning
Furosemid 0 (-) +++ Hammar
Metolazon ? ? +7? natriumreabs
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Renalt Glomerulus- Syresattning Effekt

blodfléde filtration

Noradrenalin MAP 75 (+) ++ + Aff konstr
Vasopressin - + -— Efferent
Adrenalin L 0 L vasokonstrikt
Dopamin +++ 0 +++ Aff + Eff
Fenoldopam ++ 0 ++7? dilatation
Levosimendan + + 0 Afferent
ANP t tt 0? dilatation
Mannitol + ++ 0 Avsvallning
Furosemid 0 (-) +++ Hammar
Metolazon ? ? +7? natriumreabs
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