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Druck ist nicht gleich Fluss

Stephen Hales, 1733 

Linton RF. J Cardiothorac Vasc Anesth 2002; 16:4-7

Druck oder Fluss?

4

Fluss = Volumen pro Zeit

Druck = Wandspannung auf die 
Gefäße
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Perfusiondruck

5

Definition of Hypotension:
- keine einheitliche Definition (absolut vs. relativ; Dauer)
- Mitteldruck vs. Perfusionsdruck
- Druck an der Maschine; postoperativ auf der Intensiv

Inzidenz: 
- abhängig von der Definition
- abhängig vom Eingriff

Outcome:
- ?

Hypotension während der Anästhesie

6

Walsh: 33.000 patients
MAP < 55 mmHg
- Acute kidney injury
- Perioperative myocardial

injury
- Increased mortality

Walsh M Anesthesiology 2013;119:507-515
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Perfusionsdruck auf der Intensiv

7

Retrospective cohort study
274 patients with sepsis from
PDMS

Perfusion Pressure > 45 mmHg
MAP > 60 mmHg

Dünser M. Intensive Care Med 2009; 35:1225-33

Abbott TEF Anesth Analg 2018;126:1936-1945
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Intraoperative blood pressure & MINS

Salmasi, et al., 2016, Anesthesiology

65 mmHG - 20% decrease

Which BP component ?

Systolic 90 mmHg

MAP 65 mmHg

Ahuja, et al., 2019, Anesthesiology
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Determinant Time of Tachycardia

Abbott TEF Anesth Analg 2018;126:1936-1945

was signif cantly higher in the HighHR group compared 

to the LowHR group (Fig.2A).  T e in-hospital mortal-

ity rates of the LowHR,  MediumHR,  and HighHR 

groups were 1.0%,  4.5%,  and 14.6%,  respectively; that 

of the HR <100 group was 0.5%.  In-hospital mortality 

was signif cantly higher in the HighHR group compared 

to the LowHR group (Fig.2A ,B).

T e odds ratios (ORs) of MediumHR and HighHR 

against LowHR were calculated.  In terms of ICU mor-

tality,  the ORs of MediumHR and HighHR were 1.5 

(95%CI : 0.1-37.2) and 7.3 (95%CI : 1.2-138.0,  p<0.05),  

respectively.  With respect to in-hospital mortality,  the 

ORs of MediumHR and HighHR were 4.5 (95%CI :  

0.6-91.7) and 13.7 (95%CI : 2.5-256.6,  p<0.01),  

respectively (Table 2).

We next analyzed the three groups stratif ed by the 

duration of HR >100: MildT,  ModerateT,  and SevereT.  

T e groups’ patient characteristics are shown in Table 3.  

April 2 0 1 9 Tachycardia Is Associated with Mortality 1 4 9

Table 1 Stratific

a

t ion of  pat ient s by HR

Total LowHR MediumHR H ighHR

Variables
(n＝476)

HR＜100

(n＝222)

100≦HR＜1110

(n＝98)

110≦HR＜120

(n＝67)

120≦HR

(n＝89)

Age 58.4±0.9 59.8±1.2 60.9±1.9 55.4±2.3 54.6±2.0

The number

of Female (% )

200

(42)

92

(41.4)

53

(54.1)

23

(34.3)†
32

(36.0)†

APACHEⅡ

Score
16.6±0.3 15.7±0.4 16.3±0.7 16.9±0.8 18.8±0.7

Use of

β-blockers (% )

117

(24.6)

45

(20.3)

23

(23.5)

17

(25.4)

41

(46.1)＊

Sinus rhythm
(% )

391

(82.1)
195

(87.8)
81

(82.7)
55

(82.1)
60

(67.4)†

Int. Med. (% ) 38 (8.0) 13 (5.9) 4 (4.1) 4 (10.5) 17 (14.4)
GI Surg . 138 (29.0) 61 (27.5) 30 (30.6) 10 (26.3) 37 (31.4)

Lung Surg. 26 (5.5) 6 (2.7) 4 (4.1) 4 (10.5) 12 (10.2)

Esop h. Surg . 13 (2.7) 7 (3.2) 2 (2.0) 2 (5.3) 2 (1.7)
Cardiac surg . 54 (11.3) 23 (10.4) 18 (18.4) 2 (5.3) 11 (9.3)

Neuro Surg. 40 (8.4) 24 (10.8) 7 (7.1) 1 (2.6) 8 (6.8)

Others 167 (35.1) 88 (39.6) 33 (33.7) 15 (39.5) 31 (26.3)

（ † : ＜0.05,  ＊: ＜0.01）

LowHR

MediumHR

HighHR＊

timeline (days)

A B

1.00

0.98

0.96

0.94

0.92

0.90

0.88

0.86
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†

Fig. 2 A ,  The mortality in the ICU and in the hospital.  The patients were stratified  by HR alone as LowHR (100 ≤ HR ＜110),  
MediumHR (110 ≤ HR ＜120),  and H ighHR (HR ≥ 120).  Both the ICU and in-hospital mortality rates were significa nt ly higher in the 

H ighHR group compared to the LowHR group.  † p＜0.05,  ＊p＜0.01 by Fisher’s exact test; B ,  The Kaplan-Meier curves of the LowHR,  

MediumHR,  and H ighHR groups.  These results confir

m

e d those i llust rat ed i n panel  A.  † p＜0.05,  ＊p＜0.01 by log rank test.

Hayashi M Acta Med Oca 2019;73:147-153
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Conclusion der perioperativen Hypotension

13

Schweregrad und die Dauer einer 
perioperativen Hypotension sind 
unabhängige Risikofaktoren für:

- Acute kidney injury
- Myocardial damage
- Postoperative mortality

Definition of low cardiac output

There is no consensus on the absolute definition
ESC: Cardiac index <2.4L/min/m2 with evidence of organ dysfunction
There is a continuum from a low-cardiac-output state to cardiogenic
shock

“evidence of tissue hypoperfusion induced by
cardiac dysfunction after correction of
preload.”        ESC homepage

- Systolic blood pressure of <90 mmHg (or a 
drop of >30 mmHg)

- Urine output of <0.5 ml/kg/hour
- Heart rate >60 beats per minute
- With or without evidence of congestion

The European Society of Cardiology (ESC) homepage October 2023
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Woher kommen die Werte des Low Cardiac
Output?

Forrester JS. NEJM 1976;295:1356-1362

MEDICAL PROGRESS
Medical Therapy of Acute Myocardial Infarction by Application of Hemodynamic
Subsets
James S. Forrester, M.D., George Diamond, M.D., Kanu Chatterjee, M.B., M.R.C.P., and
H. J. C. Swan, M.D., Ph.D.
N Engl J Med 1976; 295:1404-1413

Patienten mit akutem Myokardinfarkt unter einem 
CI < 2.2 L/min/m2 signifikant höhere Mortalität

Fluss – was ist „normal“ - Woher 
kommen die Daten?

de Simone, G. et al. Circulation 1997;95:1837-
1843

CI = 2.7 mL/min/m2 (median)

1.9 – 3.5 range!

Guyton 1996:

Median CI = 3 im Alter 40

Median CI = 2,4 im Alter 80

Guyton AC: Cardiac output, venous return, and their regulation, 
in Guyton AC: Textbook of Medical Physiology, Saunders 1996, p 
241.
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Heart Failure and Mortality in Non-Cardiac
Surgery

Van Diepen. Circulation 2011; 124:289-296

Low Cardiac Output Syndrome and
Mortality in Cardiac Surgery

Rao V et al. J Thorac Cardiovasc Surg 1996; 12: 38-51
Rudiger A et al. Swiss Med Wkly. 2009; 139: 110-116 

Mortality Herzchirurgischen Patienten mit LCOS 16,9% vs. 0,9% !!! 
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Acute Heart Failure and Outcome in Critically Ill

Rudiger A. Swiss Medical Weekly 2009;139:110-116

Surviving Sepsis Campaign

20
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„Werte“ therapieren

Kein Hinweis für Organdysfunktion 

keineTherapie
-Wach und orientiert

-Warme Extremitäten

-Adäquate Urinproduktion

-Akzeptable gemischt/zentralvenöse Sättigung

-Keine metabolische Azidose oder erhöhte Laktat-Werte

Ramsay J. J 
Cardiothoracic
and Vasc
Anesthesia 2002; 
16: 1-3

Outcome and Positive Inotropic Agents

Fellahi JL. Anesthesiology 2013;118:1460-5
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Catecholamines and Outcome

Nielsen DV et al. Anesthesiology 2014; 120: 1098-1108.

Einfluss des Flusses auf das Outcome

Prospective observational study
504 patients
Ziel: Flow 40 mL/kg/min

Druck > 50 mmHg
Endpunkte: adverse renal and neurologic outcome
Ziel nicht erreicht Fluss: 21,6% und im Druck 97,1%
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Was passiert, wenn ich bei konstantem Fluss 
den Druck mit Vasopressoren anhebe?

49 mmHg47 mmHg 68 mmHg

Ergebnisse
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Ohne Phenylephrine Mit Phenylephrine Ohne Phenylephrine

Intravitalmikroskop

Klinische Folgerung: Wenn ich den Druck erhöhen möchte, dann über den 
Fluss bei gleichem Widerstand

Endpoints of resuscitation
normal or supranormal? 
Ausflug in die Intensivmedizin

Kern JW, Shoemaker WC. Crit Care 
Med 2002; 30:1686-1692

Supranormal:

CI > 4.5 L/min/m2

DO2I > 600 ml/min/m2

VO2I > 170 ml/min/m2



18.04.2024

15

Fluss oder Druck?

Fluss: Kapitän 

Druck: 1. Offizier

Discussion

'Ether Day' von W.Prosperi, 1846

"Gentlemen, this is no
Humbug" 

John C. Warren, 1846

johann.knotzer@klinikum-wegr.at


