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History of Hemodynamic 
monitoring and fluid therapy
• Introduction of pulmonary artery catheter (Swan-

Ganz) 40 years ago

• allow measurement of Cardiac Outpul

• Arterial and mixed venous gas analysis (PaO2 and 
PvO2)

• calculation of SaO2 and SvO2

• derivation of DO2 and VO2
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Era of Supranormal 
protocol

• Improved outcome in high risk surgical patients

• Shoemaker was the first clinician to observe that 
patients with better outcome resulted to have high 
CO, DO2, and VO2 values, far higher than normal 
range

• Obtaining supranormal values of CO, DO2 and VO2 
values as 'therapeutic goals' were associated with 
reduction in mortality from 28% in the control group 
to 4% in the protocol group.
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Era of Early Goal 
Directed Therapy (EGDT)
• Rivers in 2001 reported in septic patients wiho 

were aggressively treated (therapeutic targets 
on CVP, MAP) protocol

• using ScvO2 within the first 6 hr after hospital 
admission as therapeutic goal had a better 
outcome in patients with sepsis or septic 
shcok
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What next?
• Therapeutic goals according to Shoemaker's philosophy 

(high CO, DO2, and VO2) or that of Rivers' (ScvO2 or 
O2ER or early fluid optimization)

• may be important in high risk surgical patients at time of 
induction or after the first few hours of a septic insult

• however, optimized CO and DO2 or ScvO2 may not be 
sufficient to prevent subsequent organ failures or death.

• Treating the microcirculation might be the next 
advancement in critical care. 
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Figure 1. History of fluid therapy
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Table 1. Primary 
hemodynamic 

variables

Pinsky MR, 2007 7



Table 2. Derived 
Hemodynamic parameters 

from hemodynamic 
monitoring

Pinsky MR, 2007 8



Absolute and Relative hypovolemia in sepsis

Rivers 20109



Compensatory and Non-
compensatory responses to 

hypovolemic shock
1. Movement of fluid into or out of the intravascular compartment 

is determined by hydrostatic and oncotic pressure gradient 
between microvascular and interstitial space

2. Augmentation of myocardial contractility

3. Constriction of arterial and venous capacitance vessels

4. Sustained release of corticol, aldosterone, and catecholamines

5. Release of aldosterone and arginine-vasopressin to enhance 
fluid retention (transient oliguria)

6. Microvascular alterations

Rivers 201010



Figure 2. The hemodynamic, oxygen transport, and 
utilization components of tissue perfusion

Rivers 201011



Figure 3. Protocol 
for early directed 
therapy in septic 

shock

Rivers 201012



Preload variables
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Preload variable (CVP)

• Various hemodynamic goals such as CVP, 
pulmonary artery occlusive pressure (PAOD), 
stroke volume, markers of preload variability 
(PPV, SVV) have been utilized to optimize 
cardiac output
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Figure 1. Application of Starling's law of the heart to 
identify a fluid responsive patients

Pampal T, Curr Opin Crit Care 201015



Global pressure-related 
hemodynamics in doubt?
• Current resuscitation standard for shock therapy is 

aimed at correcting global pressure-related variables

• However, correcting these variables produces variable 
survival outcomes.

• Possible reasons include:

1. recognition of early shock may be hampered

2. current shock treatment is targeted to normalize the 
variables use to assess clinical shock

Poeze M 200516



Global volume-related 
hemodynamics

• Measurement of volume-related variables may 
be more sensitive and specific of shock status 
compared to pressure-related variables.

• Studies have shown lack of relation between 
degree of hypovolemia and the pressure-
related variables.

• Use of volume-related variables is thought to 
indicate the presence of hypovolemia better

Poeze M 200517



Regional (organ) 
variables

• Measurement of regional variable such as splanchnic 
perfusion may be another better predictor of shock 
resuscitation compared to pressure-related variables.

• Studies have shown that even in apparently 
compensated shock, a disturbed splanchnic 
circulation may still be present.

• In patients with persistently inadequate splanchnic 
perfusion are at increase risk of developing MOF 
during ICU stay.

Poeze M 200518



Table 2. Global and regional hemodynamic variables

Poeze M 200519



Table 4. AUCs and odds ratio for the various 
hemodynamic variables

Poeze M 200520



What is meant by 
'resuscitation'?

• 'Resuscitation' in the critically ill patient is 
based on the generally accepted paradigm 
that cardiovascular optimization is needed to 
ensure adequate oxygen delivery to the tissue.

• Does correction of systemic hemodynamics 
(macro- / global hemodynamics) translate into 
improvement of oxygen delivery at the 
capillary level? 
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Microcirculation
• There is absence of a clear association between 

microcirculatory and macrohemodynamic variables.

• Persisting sublingual microcirculatory alterations 
after macro-hemodynamic optimization are known 
to be associated with worse outcome.

• Attempts to improve microcirculatory perfusion by 
increasing MAP has shown to benefit, non-effect, o 
worsening of microvascular perfusion
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Figure 1. Microvascular flow index

Velinga, 201323



Table 2. Hemodynamic variables and microcirculatory 
parameters

Velinga, 201324



Afterload variable
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Mean arterial pressure 
and SVRI

• An approach to improve microcirculation by increasing 
arterial hydrostatic pressure is the use of vasopressors

• Autoregulation threshold and pressure-dependent 
organ perfusion

• Increase in arterial perfusion pressure (MAP) could 
improve tissue perfusion due to a shift of autoregulatory 
threshold to higher values.

• However, studies have shown that levation of MAP > 65 
mmHg fails to increase organ function.
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Table 2 Changes in hemodynamic with increasing MAP 
targets

Dubin A, 200927



Table 3 Changes in serum lactate, hemoglobin, blood 
gases and oxygen saturations with increasing MAP

Dubin A, 200928



Oxygen-derived 
variables
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Global oxygen delivery 
and tissue oxygenation

• It has long been suggested that poor global 
oxygen delivery is associated with reduced 
tissue perfusion and tissue oxygen and hence 
the development of multiple organ failure
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Figure 1. Multiple physiologic, pathologic, and 
therapeutic factors may influence the value of ScvO2

van Beest P, Crit Care 201131



Figure 3. The oxygen delivery cascade indicating potential role of 
current and future therapies to optimize oxygen delivery to the tissues

Rampal T, Curr Opin Crit Care 201032



Table 2 Hemodynamic values in fluid responders and 
nonresponders

Velissaris D, Crit Care 201133



Table 3 Hemodynamic values before and after fluid 
challenge

Velissaris D, Crit Care 201134



From Macro-
hemodynamics to 
Microcirculation
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What is 
microcirculation?

• Microcirculation is the part of the circulation 
where oxygen, nutrients, hormones, and waste 
products are exchanged between circulating 
blood and the parenchymal cells.

• The microcirculation includes not only all the 
vessels with a diameter < 100um, but also the 
interactions between blood components, the 
vessels lined by endothelium, and the 
glycocalyx.
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Coupling microcirculation 
to systemic hemodynamics

• The link between global hemodynamics and 
microcirculatory perfusion is relatively loose.

• In the autoregulatory range of blood pressure, 
microvacular perfusion is relatively 
independent of global hemodynamic 
variables. 
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Abnormalities in 
microcirculation

• Characteristics of microvascular alterations

1. A decrease in capillary density

2. An increase in heterogeneity of perfused 
capillaries

3. Alteration in organ tissue extraction

4. Presence of hypoxia zones (weak points)
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Arterial Blood Pressure and 
microvascular perfusion

• Increasing MAP from 60 to 90 mmHg did not lead to any 
change in microvascular perfusion (Jhanji S. Crit Care Med 
2009)

• Microvascular perfusion did not change when MAP was 
increased from 65 to 75 to 85 mmHg.

• Changes in microvascular perfusion were inversely related to 
the baseline perfusion.

• It increased in patients with the most altered microcirculation 
at baseline, but deteriorated in patients with initially better 
preserved microcirculation. (Dubin A, Crit Care 2009)
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Microcirculation 
resuscitation?

• A therapeutic strategy combining volume 
resuscitation, use of vasopressors, inotropic 
agents, vasodilators, and RBC transfusion 
(aimed at optimizing global oxygen delivery) 
will not succeed in improving patient outcome 
if the treatment strategy cannot recruit the 
microcirculation or restore the microcircular 
flow.
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Targeting the microcirculation 
in resuscitation?

• Fluid therapy is one of the major therapies aimed at restoring arterial pressure 
and cardiac output in shock patients in the early period as well as the late 
phase.

• Microcirculation may not behave in the similar dose-response of improved 
cardiac output to fluid resuscitation.

• Ospina-Tascon showed improvement of microcirculation (sublingual) when 
fluid loading was given during the early phase but not during the late phase of 
sepsis.

• Dubin suggested that in septic patients, the EGDT may allow a better 
recruitment of the microcirculation when HES is used for the expansion of 
intravascular volume compared to N/S.

• Jhanji showed that microvascular flow remained constant in the stroke-volume 
guided group but was altered in the CVP guided group.
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Microcirculation in 
septic patients

• Microvascular alterations are frequent in patients with septic 
shock, even when global oxygen delivery seems adequate.

• Altered microvascular blood flow include

1. decrease in functional capillary density

2. heterogeneity of blood flow among different organs and 
within individual organ

• Persistent microvascular alterations may play an important 
role in the development of organ failure and death in septic 
patients.
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Figure 1. Schematic representation of the study group

Sakr Y, Crit Care Med 200443



Table 2. Hemodynamic variables on the first day of 
shock

Sakr Y, Crit Care Med 200444



Figure 2. Percentage of perfused small vessels versus 
ICU outcome (survivors & non-survivors)

Sakr Y, Crit Care Med 200445



Figure 3. Percentage of perfused small vessels versus 
outcome (survivors, death in shock, death in MOF)

Sakr Y, Crit Care Med 200446



Figure 4. Evolution of small vessel perfusion

Sakr Y, Crit Care Med 200447



Figure 5. Cutoff value of change in small vessel 
perfusion within the first 24 hr of the onset of shock

Sakr Y, Crit Care Med 200448



Table 5. AUC of changes over time (between first and 
second day and first and last day)

Sakr Y, Crit Care Med 200449



Microvascular 
alterations and MOF

• Even when global hemodynamic variables are 
corrected, many patients with circulatory failure will 
develop MOF and ultimately death.

• Several factors may account for this evolution:

1. Regional blood flow alterations

2. microcirculatory alterations

3. Alterations in cellular energy production in spite of a 
preserved nutrients supply
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Table 2. Hemodynamic data and microcirculatory indices of small vessels 
of healthy volunteers, uncomplicated sepsis, and severe sepsis with shock

Spanos A, Shock 201051



Figure 1. Microcirculatory alterations in sepsis and 
severe septic patients

Spanos A, Shock 201052



Figure 2. A significant differences in PPV is seem in 
survivors and non-survivors

Spanos A, Shock 201053



Table 3. Cut-off value of microcirculatory variables obtained 
during the early sepsis and severe septic patients

Spanos A, Shock 201054



Figure 1. Predictive value of PPV on ICU outcome 
compared to MAP, SvO2, and serum lactate

De Backer D, Crit Care Med 201355



Figure 2. ICU outcomes according to proportion of perfused small 
vessels. A PPV cutoff value of > 73% increased the survival rate to75%

De Backer D, Crit Care Med 201356



Physiological properties 
of microcirculatory blood 

flow 
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Diagnosis of 'inadequate' 
organ perfusion?

• Our current practice on shock resuscitation have rely on 
surrogate global upstream (MAP, SaO2) and 
downstream (CVP, ScvO2) parameters to diagnose 
'inadequate' organ perfusion.

• Current target-guided therapy is therefore based on 
preload (CVP, PAOP), afterload (MAP, SVRI), contractility 
(CI, SVI), oxygen-derived (DO2, and ScvO2) variables.

• The controversy is in the definition of clinical shock and 
it is reflected by an underlying dilemma of assessing 
shock at bedside.
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Figure 1A. Microcirculation as a low pressure system relying on the pressure 
difference between mean capillary filling pressure and venous pressure

Boerma EC, 201059



Figure 1B. Microcirculation as a low pressure system relying on the pressure 
difference between mean capillary filling pressure and venous pressure

Boerma EC, 201060



Sepsis is a disease of 
microcirculation?

• The adaptive mechanism for regulating local-regional tissue 
oxygen transport and metabolic needs are compromised in 
sepsis. Factors include:

1. decreased deformability of RBC with inherent increased 
viscosity

2. increased percentage of activated neutrophils

• The consequences of microcirculatory alterations can result 
in tissue dysoxia either from impaired microcirculatory 
oxygen delivery or from mitochondrial dysfunction.
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Figure 2. Multitude of factors potentially impairing 
microcirculatory perfusion in sepsis

Spronk PE, 200462



Figure 3. The shunting theory of sepsis

Spronk PE, 200463



Microcirculation is the 
motor of sepsis

• The array of pathogenic factors that occur in sepsis affects 
almost every cellular component of the microcirculation, 
including:

1. endothelial cells

2. smooth muscle cells

3. leukocytes

4. erythrocytes

5. tissue cells
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Figure 1. Microcirculation is the motor of sepsis

Ince C, 200565



The fundamental theory of vascular 
blood flow - pressure gradients

• In the perspective of arterial blood flow

• maintain arterial blood pressure (MAP) is accepted as the 'main' 
prerequisite for organ perfusion

• Organ perfusion = MAP - CVP

• In the perspective of microvascular blood flow

• Mean capillary pressure is the main determinant for tissue microcirculatory 
flow. Therefore, microcirculation is considered a low pressure 
compartment.

• Mean capillary pressure is closer to venous pressure than arterial pressure 

• Microcirculatory driving pressure = post-arteriolar pressure - CVP 
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Fluid therapy and 
microvascular restoration
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Microcirculatory flow as a tool to 
select ICU patients for fluid 

therapy?

• The principle reasons for fluid therapy are

1. correction of acute or relative hypovolemia

2. improvement of tissue perfusion

• How can one define and select patients with 
'inadequate' organ perfusion?
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Figure 4. Microvascular flow index in response to fluid 
challenge

Pranskunas, Intensive Care Med 201369



De Backer , 201170



Figure 1. Principle mechanisms implicated in the 
development of microcirculatory alterations

De Backer , 201171



Figure 1. Time line of study activities

Trzeciak S, 200872



Table 2. Changes in global hemodynamic and 
microcirculatory indices

Trzeciak S, 200873



Figure 2. Change in MFI for organ failures

Trzeciak S, 200874



Figure 3. Changes in SOFA score by mean change in 
MFI

Trzeciak S, 200875



Figure 2. Evolution of PPV in early or late sepsis

Ospina-Tascon, 201076



Figure 3. Relationship between changes in PPV  and 
changes in serum lactate levels

Ospina-Tascon, 201077



Table 1. Effect of resuscitation with hydroxyethyl starch (HES) and NaCL on 
arterial and venular diameters during animal model of LPS-endotoxemia

Hoffmann JN, Anesthesiol 200278



Table 2. Rolling Leukocytes in arterioles and venules during 
resuscitation with HES and NaCl during endotoxemia

Hoffmann JN, Anesthesiol 200279



Figure 1. Effect of HES and NaCl resuscitation on LPS-
induced arterial  leukocyte adherence

Hoffmann JN, Anesthesiol 200280



Figure 2. Effect of HES and NaCl resuscitation on LPS-
induced venular leukocyte adherence

Hoffmann JN, Anesthesiol 200281



Figure 3. Effect of HES and NaCl resuscitation on LPS-
induced microvascular perfusion injury

Hoffmann JN, Anesthesiol 200282



Figure 2. Values of MAP, CVP, and ScvO2 on admission and after 
6 and 24 hr of resuscitation, in saline and HES 130/0.4 groups.

Dubin A, 201083



Dubin A, 201084



Figure 3. Values of capillary density, capillary MFI, percent of perfused 
capillaries, perfused capillary density, and capillary heterogeneity flow index

Dubin A, 201085



Thank you for your 
attention
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