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FYSIOLOGI 

Glomerulusfiltration (GFR) 
passiv process 180 L/dygn (125 ml/min) 

Njurartär 

Njurven 

Glomerulus 
Tubulus 

aktiv process 

Diures 
2 L/dygn 

Natriumreabsorption 
99% av GFR 

Renalt blodflöde (RBF) 
1000 l/dygn (15-20% av CO) 

20-­‐25	
  Na+/O2	
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NATRIUMREABSORPTION – SYRGASKONSUMTION 

21 Na+/O2 
0,82 mmol O2/mmol Na+ 

Basal syrgaskonsumtion 
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RBF och GFR regleras inbördes så att njurens syresättning hålls konstant 
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RENAL SYRGASTENSION 

Brezis, M. and S. Rosen (1995). N Engl J Med 332(10): 647-55 

Ischemi på  
människa 
framför allt 
i yttre medulla  



TVÅ GRUNDLÄGGANDE PROBLEM MED AKUT 
HUMAN NJURSVIKT 

§  Det finns ingen djurmodell som är nära att likna human akut njursvikt 
§  På människa kan man inte ta biopsier, lägga in O2-prober i parenkymet, 

svårt med timing 
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transplantation.40 Cardiac surgery has not yet yielded 
insights into pathogenesis and does not allow tissue 
assessment. Renal transplantation has been well studied 
and allows tissue assessment. However, it is aff ected by 
the use of nephrotoxic drugs and is an infrequent cause 
of acute kidney injury. Moreover, we believe that 
extrapolation of insights gained from a non-perfused, 
cold-solution-preserved organ outside the body to 
common clinical triggers of acute kidney injury such as 
sepsis, bleeding, or major surgery is diffi  cult.

Neurohormonal mechanisms
Sympathetic system activation41 and neurohormonal 
responses unique to the kidney are activated in acute 
kidney injury.42 The renin–angiotensin–aldosterone 
system,43 renal sympathetic system,42 and tubulo glom-
erular feedback system43 are activated. Knowledge of 
these changes has led to schemata of how acute kidney 
injury can be precipitated in human beings (fi gure 2). 
These frameworks show that, in situations such as 
sepsis, infection leads to induction of nitric oxide 
synthase and nitric-oxide-mediated vasodilation, which 
in turn causes arterial underfi lling and baroreceptor 
activation. These circulatory changes trigger activation 
of the sympathetic system, which induces increased 
renin–angiotensin–aldosterone activity and renal vaso-
constriction. Simultaneously, arginine vasopressin is 
released and contributes to water retention.42

These frameworks do not provide information about 
which particular pathway of injury has primacy in 

terms of importance or timing, and do not guide the 
development of new therapeutic interventions. Whether 
neurohormonal changes lead to intrarenal shunting, or 
whether such shunting contributes not only to decreased 
glomerular fi ltration rates, but also to ischaemia of the 
renal medulla is unknown. Shunting can be coupled with 
changes in the microcirculation; thus, even if overall 
renal blood fl ow could be measured with reasonable 
accuracy, under standing of acute kidney injury will 
remain poor unless the microcirculation is also assessed.

Hepatorenal syndrome is perhaps the most extensively 
studied form of acute kidney injury in terms of 
neurohormonal changes,44–46 and provides useful mech-
anistic insights. In this syndrome, as in experimental 
sepsis, acute kidney injury seems to occur without 
histopathological renal changes and thus is essentially 
functional in nature. The intense renal vasoconstriction 
associated with substantial renin–angiotensin–aldos-
terone activation is the characteristic fi nding in patients 
with hepatorenal syndrome,39 suggesting that neuro-
hormonal events bring about the development of the 
disorder. Although the mechanisms that cause such 
activation are debated, decreased systemic blood pressure 
secondary to splanchnic vasodilation is judged a key 
event.47 The neurohormonal response to such vasodilation 
supports the systemic circulation, but renal circulation 
can be adversely aff ected. Whether a similar state occurs 
in other diseases associated with hypotension and 
systemic vasodilation (eg, infl ammation and sepsis) 
remains unknown. Thus, increases in norepinephrine, 
renin, and angiotensin II concentrations can contribute 
to other forms of acute kidney injury, suggesting that, at 
least in some situations, neurohormonal renal vaso-
constriction could be a fundamental mechanism of loss 
of excretory function.

Diagnosis
Because acute kidney injury is asymptomatic until 
extremes of loss of function are reached and has no 
characteristic clinical fi ndings, diagnosis typically 
occurs in the context of another acute illness. Although 
oliguria is a helpful sign, it is neither specifi c nor 
sensitive.48 Under most circumstances, acute kidney 
injury is diagnosed in high-risk contexts (eg, sepsis, 
major surgery, bleeding, volume losses) by laboratory 
tests. Creatinine and urea concentrations are the 
standard diagnostic analytes.

When a patient presents with raised serum creatinine 
concentrations, to establish whether the patient has acute 
kidney injury, chronic kidney disease, or a bout of acute 
illness superimposed on chronic disease is important. 
Usually, the clinical context provides clues. Abnormal 
serum creatinine before presentation; relevant risk 
factors (eg, hypertension or diabetes); a slow clinical 
course for the presenting illness; high serum 
concentrations of creatine or phosphate, or both; and 
normocytic anaemia all suggest the presence of chronic 
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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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TVÅ GRUNDLÄGGANDE PROBLEM MED AKUT 
HUMAN NJURSVIKT 

§  Det finns ingen djurmodell som är nära att likna human akut njursvikt 
§  På människa kan man inte ta biopsier, lägga in O2-prober i parenkymet 

–  Venprover: PAH, 51Cr-EDTA, kreatinin 
–  Skademarkörer: blodprov och urinprov: NGAL, KIM1, a1-mikroglobulin mm 
–  BOLD MRI: Syrenivåer i njuren 
–  Ultraljud: Blodflödeshastigheter 
–  Njurvenskateter med retrograd thermodilution: Renalt blodflöde, 

glomerulusfiltration, natriumreabsorption, syrgaskonsumtion och 
syrgasextraktion 



NJURVENSKATETER 



KONTINUERLIG TERMODILUTION 
Indicator (internal thermistor) 

Blood (external thermistor) 

1. Calibration 

3. Indicator temperature at infusion 

3. Blood temperature at infusion 
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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 Swärd, MD, PhD;
Sven-Erik Ricksten, MD, PhD

Acute kidney injury (AKI) devel-
ops in 5–25% of patients after
cardiac and major vascular
surgery (1, 2). Dialysis-depen-

dent AKI in these patients is associated

with a mortality of up to 80% (3, 4) and
even a minimal increase in serum creat-
inine after cardiac surgery is associated
with a nearly three-fold increase in mor-
tality (3). The pathogenesis of postopera-
tive AKI is believed to be predominantly a
consequence of renal ischemia (5, 6). The
outer portion of the medulla is particu-
larly sensitive to ischemia, as medullary
tissue oxygen tension is low because of
the high oxygen utilization of the medul-
lary thick ascending limbs of the renal
medulla (7).

It is well known that tubular sodium
resorption is a major determinant of renal
oxygen consumption (RVO2) (8) and it has
been shown that there is a close correlation
between glomerular filtration rate (GFR),
renal sodium resorption, and RVO2 in post-
operative patients (9). The filtered load of
sodium is, thus, an important determinant
of RVO2 in man, and maneuvers that de-
crease GFR and the sodium load to the

distal tubules act to decrease medullary so-
dium resorption and O2 consumption,
thereby increasing medullary oxygenation
and vice versa (10). It has provocatively
been stated that “acute renal failure is acute
renal success” (11–16), as a reduction in
GFR in AKI should lead to a reduction of
the renal reabsorptive workload, thus pre-
serving medullary oxygenation with a re-
duced risk of further aggravation of ischemia.

In patients with AKI, data on RVO2,
renal blood flow (RBF), GFR, and renal
oxygenation, i.e., the renal oxygen sup-
ply-demand relationship, are lacking,
and current views on renal oxygenation
in the clinical situation of AKI are pre-
sumptive and largely based on experi-
mental studies (11).

We have, therefore, studied patients
with AKI after complicated cardiac sur-
gery with respect to their RVO2, RBF,
GFR, and renal oxygenation. RBF was as-
sessed by two independent techniques,
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Objectives: Acute kidney injury occurs frequently after cardiac
or major vascular surgery and is believed to be predominantly a
consequence of impaired renal oxygenation. However, in patients
with acute kidney injury, data on renal oxygen consumption
(RVO2), renal blood flow, glomerular filtration, and renal oxygen-
ation, i.e., the renal oxygen supply/demand relationship, are lack-
ing and current views on renal oxygenation in the clinical situa-
tion of acute kidney injury are presumptive and largely based on
experimental studies.

Design: Prospective, two-group comparative study.
Setting: Cardiothoracic intensive care unit of a tertiary center.
Patients: Postcardiac surgery patients with (n ! 12) and

without (n ! 37) acute kidney injury were compared with respect
to renal blood flow, glomerular filtration, RVO2, and renal oxygen-
ation.

Interventions: None
Measurements and Main Results: Data on systemic hemody-

namics (pulmonary artery catheter) and renal variables were
obtained during two 30-min periods. Renal blood flow was mea-
sured using two independent techniques: the renal vein thermodi-
lution technique and the infusion clearance of paraaminohippuric

acid, corrected for renal extraction of paraaminohippuric acid.
The filtration fraction was measured by the renal extraction of
51Cr-EDTA and the renal sodium resorption was measured as the
difference between filtered and excreted sodium. Renal oxygen-
ation was estimated from the renal oxygen extraction. Cardiac
index and mean arterial pressure did not differ between the two
groups. In the acute kidney injury group, glomerular filtration
("57%), renal blood flow ("40%), filtration fraction ("26%), and
sodium resorption ("59%) were lower, renal vascular resistance
(52%) and renal oxygen extraction (68%) were higher, whereas
there was no difference in renal oxygen consumption between
groups. Renal oxygen consumption for one unit of reabsorbed
sodium was 2.4 times higher in acute kidney injury.

Conclusions: Renal oxygenation is severely impaired in acute
kidney injury after cardiac surgery, despite the decrease in glo-
merular filtration and tubular workload. This was caused by a
combination of renal vasoconstriction and tubular sodium resorp-
tion at a high oxygen demand. (Crit Care Med 2010; 38:1695–1701)

KEY WORDS: kidney failure; acute; renal blood flow; glomerular
filtration rate; oxygen consumption; cardiac surgery
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the retrograde renal vein thermodilution
(TD) technique and by infusion clearance
(IC) of paraaminohippuric acid (PAH),
with correction for renal extraction of
PAH. Patients undergoing cardiac sur-
gery with no postoperative renal impair-
ment served as controls. Our null hy-
pothesis was that renal oxygenation is
normal in AKI due to proportional reduc-
tions in GFR, RBF, and RVO2.

MATERIALS AND METHODS

The Human Ethics Committee of the
University of Gothenburg approved the
study protocol and written informed con-
sent was obtained from the patients at the
preoperative evaluation (control group) and
the next of kin in the AKI group. Our aim
was to compare a group of patients with AKI
to a control group with no renal impair-
ment, at a numerical ratio of 1:3. Between
September 2006 and December 2009, we
therefore prospectively included 53 adult
postcardiac surgery patients. Fourteen of
those had had a complicated coronary artery
and/or valve surgery and developed AKI. The
inclusion criteria for the AKI group were a)
cardiac surgery with cardiopulmonary by-
pass, b) normal preoperative renal function
(serum-creatinine !115 !mol/L), and c) de-
velopment of AKI stage 1 or 2, according to
the Acute Kidney Injury Network criteria,
defined as a 50 –200% postoperative increase
in serum creatinine from baseline (17).
Thirty-nine patients served as controls with
the following inclusion criteria: a) elective
cardiac surgery with cardiopulmonary by-
pass, b) preoperative left ventricular ejec-
tion fraction of "45%, and c) normal pre-
operative renal function (serum-creatinine
!115 !mol/L). Data from some of the pa-
tients in the control group have partially
been published previously (18 –20). The ex-
clusion criteria in the AKI group were as
follows: a) heart transplantation, b) thoraco-
abdominal aortic surgery, c) aortic dissec-
tion, d) use of radiocontrast agents, and e)
postoperative arrhythmias requiring treat-
ment. In the control group the exclusion
criteria were as follows: a) postoperative
need for inotropic support, b) postoperative
arrhythmias requiring treatment, and c) sig-
nificant postoperative bleeding.

In the intensive care unit, the patients
were sedated with propofol (control group:
63.8 " 3.0 !g/kg/min, AKI group: 61.7 " 4.2
!g/kg/min), treated with morphine or fenta-
nyl, with no addition of nonsteroidal anti-
inflammatory drugs, and mechanically venti-
lated to normocapnia. The hemodynamic and
renal management of the complicated patients
with AKI were at the discretion of the attend-
ing intensive care physicians. The clinical

treatment protocol includes inotropic support
with milrinone and/or norepinephrine to
maintain a cardiac index of "2.1 l/min/m2,
whole-body oxygen extraction of #40%, and a
mean arterial pressure at 70–75 mm Hg with
or without an intra-aortic balloon pump. To
promote diuresis, a continuous infusion of
furosemide (5–20 mg/hr) is used.

Systemic Hemodynamics. All patients
were monitored by a pulmonary artery TD
(Baxter Healthcare, Irvine, CA) and arterial
catheters. Measurements of TD cardiac output
were performed in triplicate, and indexed to
body surface area to get the cardiac index.
Systemic vascular resistance index, left ven-
tricular stroke volume index, systemic oxygen
delivery index (DO2I), systemic oxygen con-
sumption index (VO2I), and systemic oxygen
extraction (O2Ex) were calculated according
standard formulae.

Measurements of Renal Variables. An 8-Fr
catheter (Webster Laboratories, Baldwin Park,
CA) was introduced into the left renal vein via
the right femoral vein under fluoroscopic
guidance. The catheter was placed in the cen-
tral portion of the renal vein and its position
was verified by venography with ultralow
doses of iohexol (Omnipaque 300 mg I/mL, GE
Healthcare, Stockholm, Sweden) (21) (con-
trol: 30–60 mg I/kg, AKI: 5–15 mg I/kg). Us-
ing the renal vein catheter, we measured RBF
by two independent techniques, continuous
retrograde TD and IC of PAH (Merck, White-
house Station, NJ) with correction for the
PAH concentration in the renal vein (22, 23).
An intravenous priming dose of PAH, (8 mg/
kg) and chromium ethylenediaminetetraacetic
acid (51Cr-EDTA) (GE Healthcare Limited, The
Grove Center, Amhersham, England) (0,6
MBq/m2 body surface area) were given, after
blood and urine blanks were taken, followed
by an infusion at a constant rate individualized
to body weight and serum creatinine. Serum
concentrations of PAH and serum 51Cr-EDTA
activity were measured by a spectrophotome-
ter (Beckman DU 530, Life Science UV/Vis,
Fullerton, CA) and a well counter (Wizard 3”,
1480, Automatic Gamma Counter, Perkin
Elma LAS, Turkuu, Finland), respectively.

Experimental Procedure. In the control
group, measurements started when the pa-
tients had a stable body temperature of
$36,0°C, approximately 4–6 hrs after end of
cardiopulmonary bypass. The AKI group was
studied 2 to 6 days after cardiac surgery. After
an equilibration period of at least 60 mins, two
30-min urine collection periods ensued. At the
end of each period, cardiac output and renal
TD measurements were performed and blood
samples were taken from radial artery, pulmo-
nary artery, and renal vein. The inotropic
medication and the fluid infusion rate were
not changed during the experimental proce-
dure. In the control group, serum creatinine
was assessed on the first and second postop-
erative days.

Data Calculation. RBF was measured by
retrograde TD of the left renal vein as fol-
lows: RBFTD % (left renal vein blood flow & 2)
' urine flow. RBF was also measured by the
IC of PAH: RBFIC % (amount PAH infused
per min)/([PAH arterial] ( [PAH renal
vein])/(1 ( hematocrit). Furthermore, for
comparison we calculated effective RBF as
follows: effective RBF % (amount PAH in-
fused per min)/[PAH arterial]/0.9/(1 ( he-
matocrit). Renal extraction of PAH was cal-
culated as follows: renal extraction of
PAH % ([PAH arterial] ( [PAH renal vein])/
PAH arterial]. Filtration fraction was mea-
sured as renal extraction of 51Cr-EDTA: fil-
tration fraction % (renal plasma flow [RPF]
& [51Cr-EDTA arterial] ( (RPF(urine flow)
& [51Cr-EDTA renal vein] / (RPF & [51Cr-
EDTA arterial]), where RPF % RBF & (1 (
hematocrit). GFR was filtration fraction &
RPF and renal vascular resistance was (mean
arterial pressure ( central venous pres-
sure)/RBF. Renal oxygen consumption, de-
livery, and extraction were calculated ac-
cording to standard formulae. The
glomerular sodium filtration was the prod-
uct of GFR and serum sodium concentration
and the tubular resorption of sodium was
the difference between filtered and excreted
sodium. All renal data were normalized to a
body surface area of 1.73 m2.

Statistical Analysis. Intragroup data on
renal and hemodynamic variables from the
two 30-min measurement periods were
compared using paired Student’s t test and
thereafter pooled. To test difference between
the groups, independent-samples t test as-
suming nonequal variances between groups
were used. To detect a difference in renal
oxygen extraction of 30% between the
groups at an SD of 0.032 (9), 12 and 35
patients were needed at power of 78% (1-ß %
0.78), and a significance level of .05 () %
.05). Categorical baseline data were com-
pared using a chi-square or Fisher’s exact
test. In both groups, linear regression anal-
yses were performed to correlate RVO2 to
renal sodium resorption and GFR, respec-
tively. Furthermore, in the AKI group, dose
norepinephrine was correlated to renal vas-
cular resistance and the furosemide dose
was correlated to urine flow, fractional ex-
cretion of sodium, and RVO2. A probability
level (p value) of less than .05 was consid-
ered to indicate statistical significance. The
data are presented as mean " SEM.

RESULTS

In the control group, one patient was
excluded because of significant postoper-
ative bleeding. In the AKI group, one
patient developed ventricular fibrillation
during the equilibration period, which
was successfully converted. This patient
was excluded. Furthermore, one patient
in each group was excluded because of

1696 Crit Care Med 2010 Vol. 38, No. 8

Kontroll 

§  37 patienter utan 
njurpåverkan efter 
hjärtkirurgi 

Akut njursvikt 

§  12 patienter med akut 
njursvikt (AKIN stage 1 & 2, 
kreatininstegring 50-200%) 
efter hjärtkirurgi 

§  Vasodilaterade 
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 Ineffektiv syrgaskrävande natriumreabsorption vid AKI 
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HYPOTES VID AKI 
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KONTROLL VS AKI 
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MÅL MED BEHANDLING 

Ta bort orsak till AKI, reparera : 
 

Minska patologisk vasokonstriktion: 
 

Öka GFR: 
 

Förbättra syresättning: 

Multimodalt 

Vasodilatation 

Minska syreförbrukning 



cooperation necessary for the genesis of clinical trials to stem the morbidity and mortality of
AKI.

Box 1

New Agents for Treatment of AKI

• Anti-apoptosis/necrosis agents

◇ Caspase inhibitors

◇ Minocycline

◇ Pifithrin-Į (p53 inhibitor)

◇ PARP inhibitor

• Anti-sepsis

◇ Activated protein C

• Growth factors

◇ Recombinant erythropoietin

• Vasodilators

◇ Carbon Monoxide release compounds

◇ Bilirubin

• Anti-inflammatory drugs

◇ Sphingosine-1-phosphate analogs

◇ Adenosine 2A agonists

◇ Adenosine analogs

◇ iNOS inhibitors

◇ Fibrates

◇ Thiazolidinediones

◇ Alkaline phosphatase

• Cell-based therapies

◇ M2 macrophages

◇ Regulatory T cells

◇ Bone marrow multipotent stromal cells

Abbreviations: ADP, adenosine diphosphate; AKI, acute kidney injury; iNOS, inducible
nitic oxide synthase; PARP, poly(ADP-ribose) polymerase
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HÖGRISKPATIENT 

§  Gammal kvinna med dålig 
EF, diabetes och kronisk 
njursvikt som inkommer 
intorkad, genomgår CT 
med kontrast och opereras 
akut. Sviktar cirkulatorisk 
på IVA och drabbas efter 
någon dag av sepsis som 
behandlas med Vancocin 
och Nebcina. 



Vilket läkemedel skall man sätta in och vilket inte? 
Vilken spelare skall man sätta in och vilken inte? 



Vilket läkemedel skall man sätta in och vilket inte? 
Vilken spelare skall man sätta in och vilken inte? 



OPTIMALT VÄTSKESTATUS ENLIGT GUIDELINES 

§  Fyll 
–  till systemisk hemodynamik är tillfredsställande 
–  därefter om njurfunktionen förbättras av fyllnaden 

§  Undvik fortsatt fyllnad om patientens syresättning försämras 
–  Överfyll inte 

§  Undvik stärkelse 
 

• 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) 

• 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) 



VÄTSKESTATUS - HYPOVOLEMI 

Halpenny 2001 et al. Crit Care Med 2001 Vol. 29, No. 4, 855-860 
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BLODTRYCK 
§  Är det låga blodtryck som tillåts på intensivvården under njurens nedre 

autoregleringsgräns? 
§  Noradrenalin 

–  Höjer blodtrycket 
§  Insättning av noradrenalin på patienter med MAP <55 ger bättre 

kreatininclearance 

–  Vasokontringerar 
§  Noradrenalin har visats sänka RBF hos friska frivilliga (Richer, et al. 1996)  
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RESULTS 
§  12 patienter med AKI efter hjärtkirurgi 
§  Vasodilaterade 

–***– 

–***– 

Significances against 75 mmHg: ***=p<0.001 

– * – – ** – 

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



NORADRENALINS EFFEKT VID AKUT NJURSVIKT 
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BLODTRYCK - AUTOREGLERING 

Mean arterial pressure 

 G
FR

 

Renal autoregulation 

60 mmHg 



BLODTRYCKSREGELRING – VASOPRESSIN 
§  Ökar kreatininclearance vid septisk chock 
§  Minskar medullärt blodflöde samt medullärt pO2, på kanin 

 

12 patienter efter hjärtkirurgi 
Ej septiska 
Normal njurfunktion 
Låg till måttlig dos vasopressin 

Bragadottir Acta Anaesthesiol Scand 2009; 53:1052 

Försämrar njurens 
syresättning 



ADRENALIN VID 
SEPSIS 

§  19 patienter 
–  14 med malariasepsis 

–  5 med bakteriell sepsis 

§  Randomiserade, crossover 
–  Dopamin  

§  0, 2.5, 5, 10, 5, 2.5 µg/kg/min 

–  Adrenalin 
§  0, 0.1, 0.25, 0.5, 0.25, 0.1, 0 µg/kg/min   

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



FYSIOLOGI 

Afferent 

Efferent 
Vasopressin 
Adrenalin 

P   GFR 

RBF 

Syrgasextraktionen 

Noradrenalin 



RENALA VASODILATATORER 

§  Dopamine 
§  (Dobutamin) 
§  Fenoldopam 

§  Natriuretic peptides (ANP, BNP, urodilatin) 
§  Levosimendan 



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 

LÅGDOS DOPAMIN 



DOPAMIN VID 
SEPSIS 

§  19 patienter 
–  14 med malariasepsis 

–  5 med bakteriell sepsis 

§  Randomiserade, crossover 
–  Dopamin  

§  0, 2.5, 5, 10, 5, 2.5 µg/kg/min 

–  Adrenalin 
§  0, 0.1, 0.25, 0.5, 0.25, 0.1, 0 µg/kg/min   

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



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

LÅPGDOS DOPAMIN EFTER HJÄRTKIRURGI 



DOPAMIN TAKYFYLAXI 

§  Ökningen i RBF försvann efter 5 timmar, på hund 
»  MacCannell, et al. (1983). "Haemodynamic responses to dopamine 

and dobutamine infusions as a function of duration of infusion." 
Pharmacology 26(1): 29-39 

§  Förändringen i GFR attenuerades efter 48 timmar vid sepsis på 
människa 

»  Lherm, T., et al. (1996). ” Intensive Care Medicine 22(3): 213-9 



DOBUTAMIN 

558 S. Mousdale et al.
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Figure 3 ERPF expressed as percentage changes from baseline values after dopamine (@), dopexamine
(0) and dobutamine (A). (*P < 0.05; Bars are s.e. mean).

Heart rate

Dopexamine caused a dose related increase in
heart rate (P < 0.05) which reached a mean
increase of 64.5% above the pre-infusion rate at
the high dose. Dobutamine caused a significant
rise in heart rate (mean rise of 23.9% above
control) at the high dose only (P < 0.05).
Dopamine had no effect on heart rate.

Blood pressure

Dopexamine caused a small rise systolic blood
pressure (SBP) at all three doses (P < 0.05) but
with no significant increase with increasing dose.
Dobutamine caused a greater increase in SBP
than dopexamine at the mid and high doses (P <
0.05). Dopamine caused a progressive rise in
SBP which was significant at the mid and high
doses (P < 0.05).
Mean diastolic blood pressure (DBP) fell pro-

gressively with all three drugs. However, for
dopamine this fall was only significant at the high
dose infusion with a mean fall of 35.2% below
control (P < 0.05). In contrast all dose levels of
dopexamine caused a progressive and compara-

tively greater fall in DBP (P < 0.05) with a mean
fall of 38.1% of control at the high dose.

ERPF

Dopexamine caused a progressive rise in ERPF,
significant at the mid and highest doses (P <
0.05). Dobutamine caused a small mean increase
in ERPF at all dose levels none of which were
significantly different from control. Dopamine
caused a large rise in ERPF which was significant
at all three dose levels (P < 0.05). The peak level
occurred at the middle infusion rate (5 jig kg-'
min-') with a mean increase of 58.9% over the
control. After administration of both dopamine
and dopexamine infusions a persistently raised
ERPF was still present 30 min later. However,
this was only statistically significant for dopamine
(P < 0.05).

Haematology and biochemistry

During the infusion with dopexamine there was
a persistent fall in neutrophil and platelet counts
(mean falls - 23.4% and 17.4% respectively;
both significant at P < 0.05). One subject's

§  Ingen effekt på GFR generellt 
ERBF 

Dopamin 

Dobutamin 

Dopexamin 



FENOLDOPAM 

§  Selektiv DA1-receptor 
stimulator 

§  Ingen effekt på DA2-, ß- or ∝-
receptorer 

§  Hämmar tubulär 
natriumreabsorption 

§  Manliga frivilliga 
§  Ökar RBF 
§  Ingen effekt på GFR  
 

Mathur et al Crit Care 
Med 1999;27:1832 



VERKNINGSLOKALER 

Afferent 

Efferent 

Afferent + Efferent dil: RBF    GFR 

Dopamin 
Fenoldopam 



LEVOSIMENDAN 

§  Calciumsensitiserare 
§  Inotrop effekt 
§  Vasodilaterar 
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LEVOSIMENDAN 

§  Randomiserad 
placebokontrollerad 

§  15 patienter/grupp 
§  Postop hjärtkirurgi 
§  Normal njurfunktion 

preop 

Bragadottir et al. Critical Care Med, submitted 
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VERKNINGSLOKALER 

Afferent 

Efferent 

Afferent vasodilatation: RBF   GFR 
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§  A-type natriuretic peptide (ANP, carperitide) 
§  B-type natriuretic peptide (BNP, nesiritide) 
§  Urodilatin (ularitide) 
§  Frisättning pga hjärtmuskelsträckning 

–  Skyddar mot övervätskning 
§  Ökar cardiac output, sänker SVR, MAP oförändrat 

–  BNP används som medicin mot hjärtsvikt (USA, ANP i Japan) 

NATRIURETISKA PEPTIDER 
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ANP: PATIENTER MED AKI EFTER HJÄRTKIRURGI 



VERKNINGSLOKALER 

Afferent 

Efferent 

Afferent vasodilatation: RBF   GFR 
 
Afferent + Efferent dil: RBF    GFR 

Dopamin 
Fenoldopam 

Levosimendan 
ANP 



DIURETIKA-FUROSEMID 

§  Utsöndras aktivt till tubuli 
och hämmar från tubuli 
Na-K-2Cl co-transporter i 
mTAL 
–  Urinkonc bestämmer effekt 
–  Dvs furosemid är beroende 

av att tubuli fungerar för att 
kunna transporteras till sin 
verkningsplats 

x 
x 



FUROSEMID 
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nal oxygen tensions. While medullary PO, was un- 
changed (17 t 7 vs. 16 t 6 mmHg, n = 4), cortical PO, 
increased significantly from 48 t 6 to 67 t 7 mmHg 
(n = 5, P < 0.005). Experiments performed with a 
laser-Doppler probe on the cortex showed no effect of 
acetazolamide on cortical blood flow (n = 3). 
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Fig. 1 . . Effectc 5 of furosemide on intrarenal oxygen tensions. 

PO, from 15 t 3 to 32 t 5 mmHg (n = 5, P < 0.01). 
Similarly, bumetanide increased medullary PO, from 
14 t 3 to 35 t 8 mmHg (n = 3, P < 0.05). Cortical PO, 
was not significantly affected by either of these loop 
diuretics, indicating selective improvement of medullary 
oxygenation by these agents. 

Experiments with laser-Doppler probes showed that 
the signals generated by medullary blood flow were 
remarkably reduced by furosemide (-28 t 6% from 
baseline; n = 14, P < 0.0001). Several experiments (n = 
3) were performed with the simultaneous presence of an 
oxygen microelectrode and a laser-Doppler probe in the 
medulla. As shown in Fig. 2, medullary PO, increases 
following the injection of furosemide, parallel with and 
despite a decrease in medullary blood flow. 

Figure 3 shows the effects of acetazolamide on intrare- DISCUSSION 

We have previously reported the detrimental effects of 
radiocontrast and mannitol on intrarenal oxygenation 
(12). Because mannitol and furosemide have been used 
in the prevention of radiocontrast nephropathy, their 
effects on renal PO, were examined after an injection of 
radiocontrast. As shown in Fig. 4, mannitol induced a 
further decrease in medullary PO,, which was strikingly 
reversed by furosemide. Cortical PO,, transiently re- 
duced by the radiocontrast, was not markedly affected 
by either mannitol or furosemide. 
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Similarly, bumetanide increased medullary PO, from 
14 t 3 to 35 t 8 mmHg (n = 3, P < 0.05). Cortical PO, 
was not significantly affected by either of these loop 
diuretics, indicating selective improvement of medullary 
oxygenation by these agents. 

Experiments with laser-Doppler probes showed that 
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baseline; n = 14, P < 0.0001). Several experiments (n = 
3) were performed with the simultaneous presence of an 
oxygen microelectrode and a laser-Doppler probe in the 
medulla. As shown in Fig. 2, medullary PO, increases 
following the injection of furosemide, parallel with and 
despite a decrease in medullary blood flow. 

Figure 3 shows the effects of acetazolamide on intrare- DISCUSSION 

We have previously reported the detrimental effects of 
radiocontrast and mannitol on intrarenal oxygenation 
(12). Because mannitol and furosemide have been used 
in the prevention of radiocontrast nephropathy, their 
effects on renal PO, were examined after an injection of 
radiocontrast. As shown in Fig. 4, mannitol induced a 
further decrease in medullary PO,, which was strikingly 
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Swärd et al Int Care Med 2005;31:79-85 
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TUBULOGLOMERULÄR FEEDBACK 



DIURETIKA-MANNITOL 

§  Filtreras fritt i glomeruli  

§  Reabsorberas mycket begränsat 

§  Osmotiskt diureticum 

–  Hämmar reabsorptionen av 
vätska och elektrolyter i tubuli 

Mannitol 

Mannitol 

Mannitol 

Mannitol 

H2O 

H2O 

H2O 



MANNITOLS EFFEKTER PÅ MÄNNISKA 
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Njurfriska: Efter hjärtkirurgi med ECC Redfors et al Intensive Care Med 2009; 35:115  

AKI: AKIN stage 1 & 2 Bragadottir et al Crit Care. 2012 Aug 17;16(4):R159 

Ökar RBF och GFR sannolikt 
pga sin avsvällande effekt  

på epitel och endotel 



SAMMANFATTNING  

Renalt	
  blodflöde	
   Glomerulusfiltra3on	
   Syresä7ning	
  

Noradrenalin	
  MAP	
  75	
   (+)	
   ++	
   +	
  

Vasopressin	
   –	
   +	
   –	
  –	
  	
  

Adrenalin	
   –	
  –	
   0	
   –	
  –	
  –	
  

Dopamin	
   +++	
   0	
   +++	
  

Fenoldopam	
   ++	
   0	
   ++?	
  

Levosimendan	
   +	
   +	
   0	
  

ANP	
   ++	
   ++	
   0?	
  

Mannitol	
   +	
   ++	
   0	
  

Furosemid	
   0	
   (-­‐)	
   +++	
  

Metolazon	
   ?	
   ?	
   +?	
  



SAMMANFATTNING  
Renalt	
  

blodflöde	
  
Glomerulus-­‐
filtra3on	
  

Syresä7ning	
   Effekt	
  

Noradrenalin	
  MAP	
  75	
   (+)	
   ++	
   +	
   Aff	
  konstr	
  

Vasopressin	
   –	
   +	
   –	
  –	
  	
   Efferent	
  
vasokonstrikt	
  Adrenalin	
   –	
  –	
   0	
   –	
  –	
  –	
  

Dopamin	
   +++	
   0	
   +++	
   Aff	
  +	
  Eff	
  
dilataEon	
  Fenoldopam	
   ++	
   0	
   ++?	
  

Levosimendan	
   +	
   +	
   0	
   Afferent	
  
dilataEon	
  ANP	
   ++	
   ++	
   0?	
  

Mannitol	
   +	
   ++	
   0	
   Avsvällning	
  

Furosemid	
   0	
   (-­‐)	
   +++	
   Hämmar	
  
natriumreabs	
  Metolazon	
   ?	
   ?	
   +?	
  



TACK! 
Renalt	
  

blodflöde	
  
Glomerulus-­‐
filtra3on	
  

Syresä7ning	
   Effekt	
  

Noradrenalin	
  MAP	
  75	
   (+)	
   ++	
   +	
   Aff	
  konstr	
  

Vasopressin	
   –	
   +	
   –	
  –	
  	
   Efferent	
  
vasokonstrikt	
  Adrenalin	
   –	
  –	
   0	
   –	
  –	
  –	
  

Dopamin	
   +++	
   0	
   +++	
   Aff	
  +	
  Eff	
  
dilataEon	
  Fenoldopam	
   ++	
   0	
   ++?	
  

Levosimendan	
   +	
   +	
   0	
   Afferent	
  
dilataEon	
  ANP	
   ++	
   ++	
   0?	
  

Mannitol	
   +	
   ++	
   0	
   Avsvällning	
  

Furosemid	
   0	
   (-­‐)	
   +++	
   Hämmar	
  
natriumreabs	
  Metolazon	
   ?	
   ?	
   +?	
  


