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Critically 1ll patient

» definition
Decompensation of the status of the
patient leading without therapeutic
Intervention to the multiorganic failure
and to death



e circulatory system is ... heart, veins,
capillaries, arteries, lymph vessels, lymph
glands, ...

e ...to supply the body tissues with
nourishment and collect waste materials
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e Systemic
HIGH RES

HIGH PRE
(120/80 mm.

e Pulmonan
| LOW RES

LOW PRE
(25/10 mml
heart
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= Heart: pumps blood

= Arterial System: oxygenated blood to
tissues

= Venous system: deoxygenated blood
back to heart

= Capillaries: exchange gases, nutrients,
and wastes
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« Distribute nutrients through tissues of the
body

Transport and exchange oxygen and carbon
dioxide

« Remove waste materials

« Distribute secretions of endocrine glands
 Prevent excessive bleeding

* Prevent infection

 Reqgulate body temperature



doT

1954 EE A

I.I'iﬁ

-A

RIS —

B8 b 2R X109
PXWH S -

o {MUEIR (microcirculation) XN id=

=BR[N

W EIERIEL R, 85 (40D ShAkF0RK

(4H) sRBk=z |81

B R MR R

« The microcirculation is the i
through & smaller than 100 pm

Keywords:

(RES
<100pm

AAmu



N

At 5E XTT° I-:-l:/.-u:l-l-
MXUE1MH I T FA

—

Vascular shunt /J\ zib H7j(

Precapillary sphincters | 1
| Metarteriolﬂ (5 ON um
- horoughfare .
)

channel

e, ™ capillaries

ool J5 /NI ik
(1 0~20 1Lm)

FE4 M E 7 FELIL
AHmu

Terminal |
arteriole

(a) Sphincters open

Copyright © 2008 Pearson Education, Inc., publishing as Benjamin Cummings.




* Pressure inside is 20~40 mmHg
* 5% of the blood is in capillaries
e exchange of gases, nutrients, and wastes

e flow is slow and continuous
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Mixed _
venous blood Arterial blood
Pa02
—~ PaCO2

< 500 ml blood in pulmonary circulation
g /
Y

75 ml blood in pulmonary capillaries
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» gas exchange: across small pulmonary arterial
vessels [histologically not capillaries-functionally
capillaries| & pulmonary capillaries

+ there are about 280 billion pulmonary
capillaries for about 300 million alveoli

resulting In a gas exchange surface of
about 60-100 m2]

capillary
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Intravascular
volume
depletion




Normal Abnormal

BP =CO X SVR

Q02 = Flow X002 content




)y Mechanism of regional tissue

dysoxia (ZHPETRTETRSR)

BP 4 Lact 1 Tissue ATP
co | Pa0, | p0, 1 turnover
SVR | Vo, |

: Microcirculatory itochondria
Global hypoperfusion B

Crit Care Med 1995: 23: 1217

Lancet 2002; 360: 219 /;m-()




EdSeven Stages of Cell Death

* 1. Normal cell
Normal sodium —potassium pump

» 2. Hypoxia: intracellular ischemia
occurs; anaerobic metabolism begins;
lactic acid builds up in cell; leading to
metabolic acidosis; causes the sodium
potassium pump to fail.

3. lon shift occurs Sodium rushes into
the cell bringing water with it.
Armu



@P'Seven Stages of Cell Death

* 4. Cell swelling occurs.

5. Mitochondrial swelling occurs;
production of ATP ceases.

* 6. Intracellular disruption releases

lysosomes, cell membrane begins to
break.

« 7. Cell destruction begins leading to
tissue death.
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Time
Therap

Co-morbidity
Genes

<=

Circulatory Shock + Inflammation
Resuscitation based on
correction of systemic hemodynamics+ inflammation

herap
Microcirculatory Dysfunction
Endothelial Dysfunction RBC Coagulation Leukocytes

Barrier, Communication
Coagulation, Regulation

Deformability,Aggregation
O2transport

JNatural Anticoagulants
Microvascular Thrombosis

Adhesion, Cytokines, ROS

I

I

I

I

Dysfunction Autoregulation Cellular Distress
Mitochondria
Hibernation
Apoptosis

=

=

Microcirculatory shunting
supply-demand mismatch
Hypoxia




Specific organ failure

Circulation
Lung

Gl tract

Liver

Kidney

Nervous system
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Pulmonary Interstitial Exudative stage Proliferative stage
capillary fluid
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Epithelial Function
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Figure 16. Diagram of the epithelium of an intestinal villus and crypt.
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 Feedback loop

Sepsis depress the
gut's normal barrier
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Acute tubular necrosis
Systemic hypotension

direct renal
vasoconstriction,

cytokines : TNF

Endotoxin ,FMLP, a
three amino acid (fMet-
Leu-Phe) chemotactic

peptide...
Anrmu



 Encephalopathy:
agitation,confusion,coma

* NO Iin the brain induce apoptosis in
neurons

 Hypothalamic-pituitary-adrenal axis
Sympathetic nervous system
Cholinergic anti-inflammatory pathway
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* Intensive insulin therapy with tight
glycemic control resulted in survival
benefit

 GLUT-1,2,3 :Iinsulin-independent

hepatocyte, neurons, gut mucosal,renal
tubular,immune and endothelial cell

 GIUT-4:insulin-dependent
hear, skeletal muscle, adipose tissue
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« Microcirculation « HR
* Esophageal Doppler «+ Bp
* NICO (partial CO,

rebreathing method) !

. PICCO * RR

+ RVEF PAC -  Urine output
RVEDV/RVEDVI . ?esponse
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Nailfold videomicroscopy

Laser doppler (skin, muscle, gut)
Gl tonometry (pCO2)
Near-infrared spectroscopy
Oxygen electrodes (p0O2)

Orthogpnal polarization spectral
imaging (sublingual mucosa)



Mormal Tangue Cadiogenic Shock

Curr Opin Crit Care. 2001 Jun;7(3):200-3
Curr Opin Crit Care. 2005 Jun;11(3):240-4

_Aamu
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Goal-directed Therapy
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“Upstream” endpoints
of resuscitation

Goal-directed Therapy

Hemodynamic parameters

- Preload (CVP, PCWF)

= Anterlioad (MAF, SVH)

- Contractility (SV)

= Heart rate (BPM)

- shock index (HR/SEP)

- Coronary perfusion pressure

DO. parameters

- Hemoglobin
- Cardiac output
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Goal-directed Therapy

Hemodynamic parameters DO, parameters

» - . - Preload (CVP, PCWP) - Pa0,
Upstream” endpoints - Afterload (MAP, SVR) - Hemoglobin
uecitati = Contractility (SV) - Cardiae autput
ﬁf resuscitation - Heart rate (BPM) h gk

= Shock index (HR/SEP)
- Coronary perfusion pressure

!

Microcirculation




Goal-directed Therapy

DO, parameters
- PaO.,
- Hemoglobin

Hemodynamic parameters
- Preload (CVP, PCWP)

“Upstream” endpoints - Afterload (MAP, SVR)
z 2 - Contractility (SV) - Cardiac out t
of resuscitation - Heart rate (BPM) e e

- Shock index (HR/SBP)
- Coronary perfusion pressure

!

Microcirculation

“Downstream’™ markers
of the effectiveness of
resuscitation
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The main factors influencing blood pressure

dle.

— Cardiac output (CO)»ZX A, I_V

— Peripheral resistance (PR) »

— Blood volume » &+ B4E,
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Dopamine B,- and B,-receptors 0.5-5
o -receptors in periphery (dopaminergic);
5-10 (B and
dopaminergic);
DA, and DA, receptors >10 (o and B);
in the kidney >20 (o)
Dobutamine B,- and B,-receptors 5-10 (o and B)
(B, > B2)

Epinephrine Bi-, B>-, and 0.01-0.02 (B);
0L -receptors 0.02-0.5 (o and B)

Minimal [3, effects

T inotropy, T MAP,
T PVR.

At <10 pg/kg, inotropic
effects predominate

Renal effects at <3 pg/kg

T inotropy, T HR via
B,- and B,-receptors

| Jilares coronary arteries
T inotropy, T HR and
MAP via B;-receptors.

Vasodilator at low doses
via [3,-receptors

Drug Site of Action Dose Range (ug/kg/min)  Hemodynamic Effects Adverse Effects
Isoproterenol 3~ and B,-receptors 0.05-0.5 (B only) T inotropy, T HR, { Tachycardia and
No a effects MAP via B;- and arrhythmias
B,-receptors
Reduced PVR and SVR

Tachycardia post-CPB
Increasing o effects
>10 pglkg/min leads to
increases in
SVR and PVR.
Tissue necrosis
Tachycardia post-CPB.
Vasodilator effects may

Tachycardia
Vasoconstiction at higher
doses via 0O-receptors
Hyperglycemia

M :

increased afterload

CPB, cardiopulmonary bypass; HR, heart rate; MAP, mean arterial pressure; PVR, pulmonary vascular resistance; SVR, systemic vascular resistance.

Bohn (2006). Inotropic Agents in Heart Fail»m

Children and Young Adults. Chang & Towbin®
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Drug Site of Action Dose Range (ug/kg/min)  Hemodynamic Effects Adverse Effects
[soproterenol ;- and B,-receptors 0.05-0.5 (B only) T inotropy, T HR, { Tachycardia and
No o effects MAP via B;- and arrhythmias
B,-receptors
Reduced PVR and SVR
Dopamine B;- and B,-receptors 0.5-5 T inotropy, T MAP, Tachycardia post-CPB
0 -receptors in periphery (dopaminergic); T PVR. Increasing o effects
5-10 (B and At <10 pg/kg, inotropic >10 ug/kg/min leads to
dopaminergic); effects predominate increases in
DA, and DA, receptors >10 (o and B); Renal effects at <3 pg/kg SVR and PVR.
in the kidney >20 (o) Tissue necrosis
Dobutamine  [;- and B,-receptors 5-10 (ot and B) T inotropy, T HR via Tachycardia post-CPB.
(B, > B,) B,- and [B;-receptors Vasodilator effects may
Minimal o effects 4 PVR and SVR result in reduced MAP
Dilates coronary arteries
Epinephrine Bi-, B;-, and 0.01-0.02 (B); T inotropy, T HR and Tachycardia

Ol -receptors

0.02-0.5 (o and B)

MAP via B;-receptors.
Vasodilator at low doses
via [3,-receptors

Vasoconstiction at higher
doses via o-receptors

Hyperglycemia

Myocardial necrosis

Bohn (2006). Inotropic Agents in Heart Failure. Heart Failure in /m

Children and Young Adults. Chang & Towbin.




]

Drug

Dose Range (ug/kg/min)

Hemodynamic Effects

Adverse Effects

Dopamine

Dobutamine

Epinephrine

No o effects

B;- and B,-receptors

DA, and DA, receptors
in the kidney
B,- and B,-receptors

(B:>B,)

Minimal o, effects

Bl': 52‘: and

Ol -receptors

Norepinephrine a;- and B,-receptors

Minimal B, effects

5-10 (P and
dopaminergic);
>10 (o and B);
>20 (&)

5-10 (ot and B)

0.01-0.02 (B);
0.02-0.5 (o and B)

0.01-0.5 (o and B)

MAP via B;- and

B,-receptors
Reduced PVR and SVR
T inotropy, T MAP,

At <10 pg/kg, inotropic
effects predominate

Renal effects at <3 pg/kg

T inotropy, T HR via
B,- and [B;-receptors

4 PVR and SVR

Dilates coronary arteries
T inotropy, T HR and
MAP via B;-receptors.

Vasodilator at low doses
via [3,-receptors

T MAP via o,-receptors

arthythmias

Tachvycardia post-CPB

>10 ug/kg/min leads to

increases in

SVR and PVR.
Tissue necrosis
Tachycardia post-CPB.
Vasodilator effects may

result in reduced MAP

Tachycardia
Vasoconstiction at higher
doses via o-receptors

Hyperglycemia

Myocardial necrosis

Vasoconstriction and
increased afterload

CPB, cardiopulmonary bypass; HR, heart rate; MAP, mean arterial pressure; PVR, pulmonary vascular resistance; SVR, systemic vascular resistance.

Bohn (2006). Inotropic Agents in Heart Failure. Heart Failure in

Children and Young Adults. Chang & Towbin.
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Dobutamine

Epinephrine

0. -receptors in periphery

DA, and DA, receptors
in the kidney
B,- and B,-receptors

Viinimal ¢, ettects

Bl': 52‘: and

Ol -receptors

Norepinephrine a;- and B,-receptors

Minimal B, effects

(dopaminergic);
5-10 (P and
dopaminergic);
>10 (o and B);
>20 (&)

5-10 (ot and B)

0.01-0.02 (B);
0.02-0.5 (o and B)

0.01-0.5 (o and B)

Drug Site of Action Dose Range (ug/kg/min)  Hemodynamic Effects Adverse Effects
[soproterenol ;- and B,-receptors 0.05-0.5 (B only) T inotropy, T HR, { Tachycardia and
No « effects MAP via B;- and arrhythmias

B,-receptors

At <10 pg/kg, inotropic
effects predominate

Renal effects at <3 pg/kg

T inotrop £ T HR via

VR and SVR
Dilates coronary arteries
T inotropy, T HR and
MAP via B;-receptors.
Vasodilator at low doses
via [3,-receptors

T MAP via o,-receptors

Increasing o effects
>10 ug/kg/min leads to
increases in
SVR and PVR.
Tissue necrosis
Tachycardia post-CPB.

result in reduced MAI

Tachycardia
Vasoconstiction at higher
doses via o-receptors

Hyperglycemia

Myocardial necrosis

Vasoconstriction and
increased afterload

CPB, cardiopulmonary bypass; HR, heart rate; MAP, mean arterial pressure; PVR, pulmonary vascular resistance; SVR, systemic vascular resistance.

Bohn (2006). Inotropic Agents in Heart Failure. Heart Failure in /gﬁa

Children and Young Adults. Chang & Towbin.
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Drug Site of Action Dose Range (ug/kg/min)  Hemodynamic Effects Adverse Effects
[soproterenol ;- and B,-receptors 0.05-0.5 (B only) T inotropy, T HR, { Tachycardia and
No « effects MAP via B;- and arrhythmias
B,-receptors
Reduced PVR and SVR
Dopamine B;- and B,-receptors 0.5-5 T inotropy, T MAP, Tachycardia post-CPB
0 -receptors in periphery (dopaminergic); T PVR. Increasing o effects
5-10 (B and At <10 pg/kg, inotropic >10 ug/kg/min leads to
dopaminergic); effects predominate increases in
DA, and DA, receptors >10 (o and B); Renal effects at <3 pg/kg SVR and PVR.
in the kidney >20 (o) Tissue necrosis

,-receptors Vasodilator etfects may

12> P2
Minimal o effects 4 PVR and SVR result in reduced MAP
Dilates coronary arteries
Epinephrine Bi-, B;-, and 0.01-0.02 (B); T inotropy, T HR and Tachycardia
Vasodilator at low doses doses via oi-receptors
via B,-receptors Hyperglycemia
Myocardial necrosis
Norepinephrine a;- and B,-receptors 0.01-0.5 (o and B) T MAP via 0, -receptors Vasoconstriction and
Minimal B, effects increased afterload
CPB, cardiopulmonary bypass; HR, heart rate; MAP, mean arterial pressure; PVR, pulmonary vascular resistance; SVR, systemic vascular resistance.

Bohn (2006). Inotropic Agents in Heart Failure. Heart Failure in/.;m-a

Children and Young Adults. Chang & Towbin.
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Research

Increasing arterial blood pressure with norepinephrine does not

improve microcirculatory blood flow: a prospective study
Arnaldo Dubin!2, Mario O Pozo?, Christian A Casabella!, Fernando Palizas Jr3, Gaston Murias?,
Miriam C Moseincol, Vanina S Kanoore Edul' 2, Fernando Palizas?, Elisa Estenssoro! and

Can Ince?

Abstract

Introduction Our goal was to assess the effects of titration of a
norepinephrine infusion to increasing levels of mean artenal
pressure (MAP) on sublingual microcirculation.

Methods Twenty septic shock patients were prospectively
studied in two teaching intensive care units. The patients were
mechanically ventilated and required norepinephrine to maintain
a mean artenal pressure (MAP) of 85 mmHg. We measured
systemic hemodynamics, oxygen transport and consumption
(DO, and VO], lactate, albumin-corected anion gap, and
gastric  intramucosalartenal  PCO,  difference  (APCO,).
Sublingual  microcirculation was  evaluated by sidestream
darkfield (SDF) imaging. After basal measurements at a MAP of
65 mmHg, norepinephrine was titrated to reach a MAP of 75
mmHg, and then to 85 mmHg. Data were analyzed using
repeated measurements ANOVA and Dunnett test. Linear
trends between the different vanables and increasing levels of
MAF were calculated.

Results Increasing doses of norepinephrine reached the target
values of MAP. The cardiac index, pulmonary pressures,

systemic vascular resistance, and left and nght ventricular stroke
work indexes increased as norepinephrine infusion  was
augmented, Heart rate, DO, and VO,, lactate, albumin-
corrected anion gap, and APCO; remained unchanged. There
were no changes in sublingual capillary microvascular flow index
(21 £0.7 2.2 £ 0.7, 2.0 £ 0.8) and the percent of pedfused
capillanes (72 + 26, 71 £ 27, 67 £ 3200) for MAP values of 65,
75, and 85 mmHg, respectively. There was, however, a trend to
decreased capillary perfused density (18 1017 £ 1014 £ 2
vesselsimm?, respectively, ANOVA P = 0.09, linear trend P =
0.045). In addition, the changes of perfused capillary density at
increasing MAP were inversely correlated wiath the basal
perfused capillary density (R2=0.95, P<0.0001).

Conclusions Patients with septic shock showed severe
sublingual microcirculatory alterations that failed to improve with
the increases in MAP with norepinephrine. Nevertheless, there
was a considerable intenndivdual vanation. Our results suggest
that the increase in MAF above 65 mmHg 1s not an adequate
approach to improve microcirculatory perfusion and might be
harmful in some patients.
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Increasing arterial blood pressure with norepinephrine does not

improve microcirculatory blood flow: a prospective study
Arnaldo Dubin!2, Mario O Pozo?, Christian A Casabella!, Fernando Palizas Jr3, Gaston Murias?,
Miriam C Moseincol, Vanina S Kanoore Edul' 2, Fernando Palizas?, Elisa Estenssoro! and

Can Ince?

Abstract

Introduction Our goal was to assess the effects of titration of a
norepinephrine infusion to increasing levels of mean artenal
pressure (MAP) on sublingual microcirculation.

Methods Twenty septic shock patients were prospectively
studied in two teaching intensive care units. The patients were
mechanically ventilated and required norepinephrine to maintain
a mean artenal pressure (MAP) of 85 mmHg. We measured
systemic hemodynamics, oxygen transport and consumption
(DO, and VO], lactate, albumin-corected anion gap, and
gastric  intramucosalartenal  PCO,  difference  (APCO,).
Sublingual  microcirculation was  evaluated by sidestream
darkfield (SDF) imaging. After basal measurements at a MAP of
65 mmHg, norepinephrine was titrated to reach a MAP of 75
mmHg, and then to 85 mmHg. Data were analyzed using
repeated measurements ANOVA and Dunnett test. Linear
trends between the different vanables and increasing levels of
MAF were calculated.

Results Increasing doses of norepinephrine reached the target
values of MAP. The cardiac index, pulmonary pressures,

systemic vascular resistance, and left and nght ventricular stroke
work indexes increased as norepinephrine infusion  was
augmented, Heart rate, DO, and VO,, lactate, albumin-
corrected anion gap, and APCO; remained unchanged. There
were no changes in sublingual capillary microvascular flow index
(21 £0.7 2.2 £ 0.7, 2.0 £ 0.8) and the percent of pedfused
capillanes (72 + 26, 71 £ 27, 67 £ 3200) for MAP values of 65,
75, and 85 mmHg, respectively. There was, however, a trend to
decreased capillary perfused density (18 1017 £ 1014 £ 2
vesselsimm?, respectively, ANOVA P = 0.09, linear trend P =
0.045). In addition, the changes of perfused capillary density at
increasing MAP were inversely correlated wiath the basal
perfused capillary density (R2=0.95, P<0.0001).

Conclusions Patients with septic shock showed severe
sublingual microcirculatory alterations that failed to improve with
the increases in MAP with norepinephrine. Nevertheless, there
was a considerable intenndivdual vanation. Our results suggest
that the increase in MAF above 65 mmHg 1s not an adequate
approach to improve microcirculatory perfusion and might be
harmful in some patients.
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e The predominant 3-AR in the heart is
the 34,-AR (75%)).

* B,-ARs are largely found in vascular
smooth muscle.

» A,-ARs predominate in vascular
smooth muscle although they are
present in the neonatal myocardium.
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* Catacholamines are good in the short
term for hemodynamic support but most
increase myocardial oxygen demand,
increase diastolic pressures, and can lead
to apoptosis

PDE inhibitors, while increasing
intracellular Ca®, are lusiotropic and
inotropic agents that do not increase
myocardial O, demand and are not

associated with tachyphylaxis.

Aamu



Key Concepts

e A strategy of combining a PDE inhibitor with
a catecholamine may be the best approach
to support of the myocardium and
circulation.

 Most inotropic agents to date have a
common final intracellular pathway of
increased intracellular Ca*, which may
ultimately lead to cell (myocyte) death.

Aamu
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* A new generation of inotropic agents known as
calcium-sensitizing agents achieve their positive
inotropic effects without an increase in
intracelluar Ca* or myocardial O, consumption.
Unfortunately they early studies of the first of
these drugs demonstrated less benefit than was
anticipated

Leyosimendan
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* Resuscitation
— Resuscitation goals
* Time
 CV parameters
— Fluid management

* Crystalloid vs. colloid
— Vasopressor management

e “Low-dose” corticosteroid therapy
 Microvascular circulation
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MAP>65 mmHg/SBP>90 mmHg

« CVP 8-12 mmHg

* Urine output 0.5-1 ml/kg/hr
« ScvO2 >70%

* Hgb >70-100 g/L
* pH >7.30
 Lactate <4

However time frame is likely
as important as absolute goals!!  JmMu



Conclusion

Prevention

MET (medical emergent team)
Early goal directed management
Sepsis protocol

Organ supportive and replacement
treatment

“Microcirculation Recruitment Manoeuvres”

Open the microcirculation and keep it open by
support of the pump, fluids, vasodilators and
restricted use of vasopressor agents.




Percentage reduction: 66.6%

351

30-/

251

P=0.0003

201

ist”

10-

L
Cardiac arrests
Bellomo R et al. Crit Care Med 2004:32:916-921. /m

[] Control
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pact of Medical Emergency Team on ARF
qguiring Renal Replacement Therapy

p<0.001

0 Control
B MET

NANANANANE

Events /g{\
Bellomo R et al. Crit Care Med 2004;32:916-921. - Mu
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