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Monitoring microcirculation in critical iliness

Atila Kara®®, Sakir Akin®®, and Can Ince®?

Purpose of review

Critical illness includes a wide range of conditions from sepsis to high-risk surgery. All these diseases are
characterized by reduced tissue oxygenation. Macrohemodynamic parameters may be corrected by fluids
and/or vasoactive compounds; however, the microcirculation and its tissues may be damaged and remain
hypoperfused. An evaluation of microcirculation may enable more physiologically based approaches for

understanding the pathogenesis, diagnosis, and treatment of critically ill patients.

Recent findings

Microcirculation plays a pivotal role in delivering oxygen to the cells and maintains tissue perfusion.
Negative results of several studies, based on conventional hemodynamic resuscitation procedures to
achieve organ perfusion and decrease morbidity and mortality following conditions of septic shock and
other cardiovascular compromise, have highlighted the need to monitor microcirculation. The loss of
hemodynamic coherence between the macrocirculation and microcirculation, wherein improvement of
hemodynamic variables of the systemic circulation does not cause a parallel improvement of
microcirculatory perfusion and oxygenation of the essential organ systems, may explain why these studies

have failed.

Summary

Critical illness is usually accompanied by abnormalities in microcirculation and tissue hypoxia. Direct
monitoring of sublingual microcirculation using hand-held microscopy may provide a more physiological
approach. Evaluating the coherence between macrocirculation and microcirculation in response to
therapy seems to be essential in evaluating the efficacy of therapeutic interventions.
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INTRODUCTION

Critical illness includes a wide range of disease
states such as sepsis, high-risk surgery, cardiac arrest,
and respiratory failure, and is associated with
reduced tissue oxygenation related to a compromise
in the cardiovascular system (CVS). Microcircula-
tion involves the smallest branches of the CVS
and plays an essential role in the transport of
oxygen to the parenchymal cells needed to sustain
organ function [1]. It is generally accepted that
resuscitation procedures should aim to correct
macrohemodynamic variables during critical ill-
ness, with the goal of improving tissue perfusion.
However, although macrohemodynamic targets
may be reached, it is often uncertain whether
these procedures lead to a parallel improvement
in the microcirculation [2]. In this review, we discuss
the microcirculatory alterations in critical illness
and the importance of hemodynamic coherence
between the macrocirculation and microcirculation
that occurs in response to resuscitation. In con-
clusion, we suggest that monitoring the
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microcirculation is important for determining
hemodynamic coherence as a response to therapy
and can provide the feedback needed to ensure
good clinical outcomes. The introduction of a
new generation of computer-controlled hand-held
microscopes for monitoring the microcirculation
now provides a new clinical approach to monitoring
the determinants of tissue oxygenation.
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KEY POINTS

e Microcirculation plays a pivotal role in delivering
oxygen to the tissue cells by maintaining tissue
perfusion, and it involves the final branches of the
cardiovascular system, a complex network of small
blood vessels with diameters less than 100 pm.

o Critical illness is usually accompanied by abnormalities
in microcirculation and causes regional tissue hypoxia.
Sepsis in particular but also different states of shock,
cardiac arrest, and high-risk surgery are the main
reasons for deterioration in the microcirculation of
critically ill patients.

e The normalization of global hemodynamics does not
always lead to a parallel improvement in
microcirculation because of a loss of hemodynamic
coherence as a result of a loss in vascular regulation
caused by inflammatory mediators and hypoxia.

e Direct monitoring of sublingual microcirculation using
hand-held microscopy helps achieve a more
physiological approach to the diagnosis and treatment
in states of critical illness.

THE MICROCIRCULATION AND
HEMODYNAMIC COHERENCE

Microcirculation consists of a branching network
of small blood vessels (<100pm diameter) that
includes the arterioles, capillaries, and venules,
and plays a pivotal role in the delivery of oxygen
to tissue cells [3]. The main mechanisms of oxygen
transport are the convective flow of red blood cells
(RBCs) and the passive diffusion of oxygen from
the RBCs to the tissue cells [4]. As convective flow
refers to the transport of oxygen-carrying RBCs to
the capillaries, passive diffusion refers to the trans-
port of oxygen from the RBCs in the capillaries
to the tissue cells. Resuscitation procedures primar-
ily target the correction of convective RBC flow
under the assumption that hypovolemia is primarily
associated with inadequate blood flow. However,
convective and diffusive flows have an equal con-
tributory effect on the transport of oxygen [4]. Thus,
the normalization of systemic hemodynamic vari-
ables alone may increase convective flow but may
not necessarily mean that adequate oxygen is being
delivered to the tissues, especially if nonoxygen
carrying resuscitation fluids are used and if areas
of the microcirculation are obstructed [5™*]. This led
us to introduce the term of hemodynamic coher-
ence [5"] to describe the condition where resusci-
tation is successful if macrocirculatory resuscitation
causes a parallel improvement in the perfusion and
oxygen of the microcirculation. Loss of hemody-
namic coherence between the macrocirculation and

1070-5295 Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.

the microcirculation can occur under various con-
ditions of microcirculatory alterations (see Fig. 1),
where correction of systemic hemodynamic vari-
ables does not cause a parallel improvement in
the condition of the microcirculation resulting
in a lack of tissue perfusion despite apparently nor-
malized systemic hemodynamic. Because loss of
hemodynamic coherence does not improve surro-
gates of hypovolemia, such as lactate, oliguria, and
strong ion difference, which are either related to
microcirculatory dysfunction not being improved
by targeting macrocirculatory parameters or are
being caused by other factors not related to conven-
tional resuscitation procedures, clinicians at the
bedside will continue administrating inappropriate
amounts of fluids and vasoactive drugs potentially
causing harm. To identify this condition and
assess the presence or absence of hemodynamic
coherence, monitoring of the microcirculation
is essential.

The microcirculation is controlled by many
regulatory and compensatory systems including
hormonal, neural, biochemical, and wvascular
control systems that all must be intact to respond
adequately to systemic hemodynamic changes [6].
However, these regulatory systems are often dam-
aged in critically ill patients because of infection,
inflammation, and regional ischemia or hypoxia,
resulting in a loss of hemodynamic coherence
between macrocirculation and microcirculation,
and vulnerable microcirculatory units in organ beds
that become shunted and hypoxic, manifesting
clinically as a reduction in oxygen extraction
[5™%,7"]. Several studies have shown that the normal-
ization of systemic hemodynamic variables does
not always lead to parallel improvements in micro-
circulation and cell oxygenation, especially under
specific conditions [8—13].

Four types of microcirculatory alteration are
associated with a loss of hemodynamic coherence
between the macrocirculation and microcirculation
(Fig. 1) [5"]. Type 1 alterations are associated
with heterogeneity in the perfusion of the micro-
circulation, in which some capillaries are obstructed
next to capillaries with flowing RBCs, and can be
observed in states of inflammation, especially sepsis
and reperfusion injury. Type 2 represents conditions
of hemodilution, in which dilution of the blood
causes a decrease in capillary hematocrit, resulting
in increased diffusion distances between the oxy-
gen-carrying RBCs and the tissue cells; this situation
occurs mainly in cardiac surgery and also in sepsis
when excessive nonoxygen carrying resuscitation
fluids are given. Type 3 microcirculatory alterations
occur when there is a vasoconstriction/tamponade
of the microcirculation caused by the excessive use
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FIGURE 1. Microcirculatory alterations underlying the loss
of hemodynamic coherence, resulting in tissue hypoxia
(blue cells). Type 1: heterogeneous perfusion of the
microcirculation, as seen in septic patients, with obstructed
capillaries next to perfused capillaries, resulting in a
heterogeneous oxygenation of the tissue cells. Type 2:
hemodilution with the dilution of microcirculatory blood,
resulting in the loss of RBCHilled capillaries and increasing
diffusion distance between RBCs in the capillaries and the
tissue cells. Type 3: stasis of microcirculatory RBC flow
induced by altered systemic variables [e.g., increased
arterial vascular resistance (R)] and/or increased venous
pressure causing famponade. Type 4: alterations involving
edema caused by capillary leak syndrome, which results in
an increased diffusive distance and reduced ability of the
oxygen to reach the tissue cells. Red, well oxygenated RBC
and tissue cells; purple, RBC with reduced oxygenation;
blue, reduced tissue cell oxygenation. RBC, red blood cell.
Reproduced with permission [5].

of vasopressors and/or increased venous pressure.
Type 4 microcirculatory alteration is associated with

tissue edema caused by damage to the endothelial
cells and the loss of glycocalyx, capillary leakage
because of compromised vascular barriers and fluid
overload, all of which can be observed in sepsis,
reperfusion injury, and surgery.

Various methods can be used to visualize micro-
circulation. Sublingual microcirculation is the
most commonly used area to visualize the micro-
circulation, and the use of this site to investigate
the clinical effects of disease and therapy on the
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microcirculation is well established [14]. Three
generations of hand-held microscopes have been
developed to monitor the sublingual microcircula-
tion [15]. Orthogonal polarization spectral (OPS)
and sidestream dark field (SDF) imaging methods
are, respectively, the first-generation and second-
generation microcirculation-monitoring devices.
These earlier devices had some limitations such
as suboptimal optics and the lack of a direct com-
puter control in the imaging modality, which is
needed for direct bedside evaluation of the images.
Recently, a third-generation lightweight device, the
CytoCam-IDF device, was developed based on inci-
dent dark field imaging [16-18]. The CytoCam-IDF
device consists of a computer-controlled, high-
resolution image sensor in combination with
a specifically designed microscope lens that provides
better image quality, enabling the detection of
more capillaries than previous generation devices
[17,19,20]. Although this device visualizes micro-
circulatory changes better than previous devices,
it is a technique under continuous development,
as clinical requirements provide new technical
specification challenges. Pressure artifacts, the lim-
ited focus depth, the need to stabilize the micro-
scope lens on the tissue surface and improved
automatic image analysis are still limitations in need
of technical development.

MICROCIRCULATORY ALTERATIONS IN
SEPSIS

Sepsis is one of the most common syndromes
suffered by critically ill patients. It has recently been
redefined as a life threatening form of organ
dystfunction caused by a dysregulated host response
to infection [21""]. Infections associated with sepsis
trigger inflammation, and a resultant cytokine
storm can lead to cardiovascular depression, which
together causes cellular dysfunction that results in
organ failure [22]. Hemodynamic normalization
can be achieved by the rapid administration of fluids
and vasoactive drugs. Rivers’ study showed that
early goal-directed therapy (EGDT) can improve
survival rates in specific types of septic shock
patients, which led to EGDT being recommended
by Surviving Sepsis guidelines [23,24]. However,
recent multicenter trials were conducted in the
United States [Protocolized Care for Early Septic
Shock (ProCESS)] [25], Australasia [Australasian
Resuscitation in Sepsis Evaluation (ARISE) trial]
[26], and in the United Kingdom [Protocolized Man-
agement in Sepsis (ProMISe)] [27] that showed that
this approach showed no clear benefits in terms of
survival. Another large randomized trial, SEPSISPAM
(Assessment of two levels of arterial pressure on
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survival in patients with septic shock study),
included 776 septic shock patients and showed
that higher mean arterial pressure (MAP) targets
(80-85mmHg) in comparison with conventional
targets (65-70mmHg) did not improve survival
[28]. The Transfusion Requirement in Septic Shock
(TRISS) study compared lower versus higher hemo-
globin levels in septic shock [29]. They found that
mortality at 90 days and the rates of ischemic events
and use of life support were similar in both groups.
The therapeutic end points of these studies were
aimed at correcting macrohemodynamic variables
such as blood pressure, heart rate, and cardiac
output, but they did not evaluate whether correct-
ing these systemic variables resulted in improved
parenchymal perfusion, oxygenation, and microcir-
culation. It can be concluded that these large nega-
tive randomized control trial studies provide little
insight into effective therapeutic strategies for sepsis
from a hemodynamic perspective, indicating the
need for information regarding the microcirculatory
system and tissue perfusion.

The pathogenesis of sepsis is defined at the level
of the microcirculation and parenchymal cells.
Sepsis causes multifactorial microcirculatory alter-
ations including endothelial cell dysfunction associ-
ated with the expression of adhesion molecules,
increased leukocyte adhesion, glycocalyx degra-
dation, connexin uncoupling, vascular leakage,
micro-thrombi formation, altered local perfusion
pressures, and functional shunting of oxygen trans-
port [6]. Although various types of microcirculatory
alterations have been observed in septic patients,
from a hemodynamic perspective, the heterogen-
eity in microvascular perfusion (type 1 microcircu-
latory alteration) is characteristic, as it explains the
origin of oxygen transport dysfunction in sepsis [7"].
Even if the total blood flow to the organs is pre-
served, hypoxic zones can occur because of hetero-
geneity in microvascular blood flow [7%9]. Thus,
recruiting microcirculation is more complex than
simply increasing the total blood flow to an organ.
De Backer et al. [13] investigated microcirculatory
alterations in 252 sepsis patients and found that
early microcirculatory deteriorations (first 24 h)
were the strongest predictor of outcomes, more
sensitive and specific than macrohemodynamic
variable. Hernandez et al. [30] and Edul et al. [9]
also showed that severe abnormalities in microcir-
culatory perfused vessel density were associated
with organ dysfunction and mortality in septic
shock patients.

A current source of debate is the relationship
between heart rate and sepsis. In a multicenter
international observational trial with 530 mixed
intensive care patients, Vellinga et al. [31] showed
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that tachycardia was the single most sensitive
parameter for predicting outcomes but that if tachy-
cardia was associated with microcirculatory altera-
tions, an even worse outcome was the result.
Recently, Morelli et al. [32] reported that the fast
acting beta-blocker, esmolol, reduced heart rate and
improved survival in septic patients. They explained
that the expected increase in stroke volume in
patients with beta-blocker-treated sepsis was associ-
ated with a decreasing heart rate. Aboab et al. [33]
found that esmolol increased stroke volume by
reducing heart rate in a porcine model of hypody-
namic sepsis. Jacquet-Lagreze ef al. [34] investigated
the beneficial effects of the fast acting beta-blocker
in improving microcirculation in a porcine model of
hyperdynamic sepsis. They found that beta-blockers
provided maintenance of sublingual and gut micro-
circulation during sepsis; however, they were not
able to show that a reduction in heart rate was
accompanied by an increase in stroke volume.
Therefore, the hemodynamic role of beta-blockers
in the treatment of sepsis remains unclear, as the
microcirculatory findings are not explained by their
macrohemodynamic changes [35].

MICROCIRCULATORY ALTERATIONS IN
SURGERY

High-risk surgery associated with cardiac surgery,
trauma, and hemorrhagic shock is another common
cause of critical illness. Yu Chang and colleagues
investigated the associations between surgical stress
and microcirculatory dysfunction in patients post
general and thoracic surgery. They concluded that
early (first 24 h) microcirculatory parameters (total
and perfused vessel density) might be used as a
predictor of surgical complications and outcomes
in critically ill surgical patients. Maddison et al. [36]
investigated sublingual microcirculatory alterations
in patients with intraabdominal hypertension.
They found that grades I and II intraabdominal
hypertension (intraabdominal pressure from 12 to
18 mmHg) was not associated with microcirculatory
alterations.

Cardiac surgery is characterized by a wide
range of microcirculatory changes and reduced
tissue oxygenation [37]. Microcirculatory altera-
tions occur not only as a result of underlying cardiac
disease or cardiogenic shock but can also occur as
a result of anesthesia, hypothermia, and hemodilu-
tion as well as the surgery itself [38,39]. The hemo-
dynamic effects of the nature of the cardiac surgery
(e.g., off-pump or on-pump cardiac surgery) are still
a source of controversy [40]. De Backer et al. [39]
showed that off-pump cardiac surgery was associ-
ated with a decrease in microcirculatory perfusion,
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whereas Atasever et al. [41] found that on-pump
and off-pump cardiac surgeries caused specific and
different types of sublingual microcirculation alter-
ations. A recent study showed that off-pump surgery
does not preserve postoperative microcirculatory
parameters better than on-pump cardiac surgery
[42]. A consistent finding in cardiac surgery, how-
ever, is that hemodilution causes a reduction in
functional capillary density, which can be corrected
by blood transfusion [43-435].

Microcirculatory dysfunction in patients with
hemorrhagic shock has a similarly poor outcome
as sepsis patients. In traumatic hemorrhagic shock
patients, Tachon et al. [11] found that despite the
successful restoration of systemic hemodynamic
variables within hours, the restoration of sublingual
microcirculation took up to 4 days. They found that
the length of recovery of the microcirculation cor-
related with the severity of organ dysfunction. Stens
et al. [46] investigated whether the hemodynamic
optimization of systemic perfusion based on pulse
pressure variation (PPV) and cardiac index (CI)
improved the microcirculation in patients with
abdominal surgery when compared with a MAP-
based strategy. They found that PPV and CI-based
therapy was not associated with an improved micro-
circulatory perfusion compared with MAP-guided
therapy. The outcomes may improve, however,
when goal-directed therapy is aimed at correcting
the microcirculation after major surgery [5™].

MICROCIRCULATORY ALTERATIONS IN
VARIOUS CLINICAL CONDITIONS IN
CRITICALLY ILL PATIENTS

Cardiac arrest is one of the leading causes of death
in critically ill patients and can cause microcircula-
tory deterioration. After cardiopulmonary resuscita-
tion, therapeutic hypothermia is recommended
to improve neurological outcomes [47]. However,
the optimal target therapeutic hypothermia level
remains unknown. In an international trial, Nielsen
et al. [48] investigated targeting the temperature
management at 33 versus 36°C after cardiac arrest.
The authors found that hypothermia at a targeted
temperature of 33°C was not more beneficial than a
targeted temperature of 36°C. From a microcircula-
tory perspective, Koopmans et al. [49] investigated
the potential differences in microcirculatory alter-
ations and vascular reactivity in comatose patients
after cardiac arrest who were treated with a target
temperature management of 33°C in comparison to
patients treated with 36°C. They found that micro-
circulatory blood flow and vascular reactivity did
not differ between the groups. Resuscitation guide-
lines also recommend keeping patients’ oxygen
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saturation levels at approximately 94% because of
the side-effects of hyperoxia [50]. Concerning the
types of microcirculatory changes, hyperoxia falls
into the type 3 microcirculatory alterations category
[5™], in which hyperoxia causes vasoconstriction
and reductions in microvascular flow, as shown
by Orbegozo Cortes et al. [51] in healthy volunteers.

Critically ill patients often have more than one
chronic disease such as diabetes, cirrhosis, and
chronic kidney disease. The microcirculatory effects
of these comorbidities and age are important in
hemodynamically stable patients. Reynolds et al.
[52] investigated the effects of age, diabetes mellitus,
cirrhosis, and chronic kidney disease on sublingual
microcirculatory flow. They showed that sublingual
microcirculatory parameters did not significantly
differ between healthy young volunteers, healthy
older adults, and patients with diabetes, cirrhosis,
and chronic renal failure. Kanoore Edul et al. [53]
evaluated sublingual microcirculation in patients
with and without chronic arterial hypertension.
They found that chronic arterial hypertension
decreased vascular density but that the microcircu-
latory variables remained unchanged over a large
age range. Dababneh et al. [54] compared micro-
circulatory alterations in patients with and without
pulmonary hypertension. They found a lower
microcirculatory flow index (MFI) in patients with
pulmonary hypertension. Interestingly, George
et al. [55] compared sublingual microcirculation
between pregnant and nonpregnant women and
observed that pregnant women had a higher MFI
compared with nonpregnant women.

MICROCIRCULATORY EFFECTS OF
RESUSCITATION THERAPIES IN CRITICAL
ILLNESS

Fluid therapy is the initial approach when hypovo-
lemia is suspected in critically ill patients. The afore-
mentioned early fluid resuscitation is important
in restoring microcirculation [4]. However, fluid
volume and fluid composition form are crucial
aspects of effective volume therapy. Regarding their
impact on the microcirculation from a physiological
perspective, fluid therapy increases the convective
flow in hypovolemia [56]. Pranskunas et al. [57]
assessed the changes in sublingual microcirculatory
flow in patients with impaired organ perfusion
based on clinical surrogates such as hyperlactate,
tachycardia, hypotension, and oliguria because of
fluid overload. They measured the MFI before and
after fluid challenge, and they found that fluid
administration only increased the MFI in patients
with a low baseline MFI (<2.3). The correction of
MEFI caused a parallel response in the surrogates.
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However, in patients with surrogates but not with
normal MFI, fluid was ineffective in correcting
either variable. In all the conditions, however, fluids
increased the stroke volume and were effective in
correcting the surrogates. They concluded that MFI
could be used to predict fluid response. Pottecher
et al. [56] showed that increasing the intravascular
volume by passive leg raising and intravenous
volume administration improved sublingual micro-
circulatory perfusion in severe sepsis and septic
shock patients.

Ospina-Tascon et al. [58] explored the import-
ance of the timing of fluid administration in septic
patients and the authors found that early but not
late fluid challenge can improve perfusion to the
microcirculation. However, if too much fluid is
given, hemodilution, capillary leakage, and tissue
edema cause problems in oxygen transport. Sepsis
guidelines recommend increasing central venous
pressure up to 12mmHg for adequate volume
therapy [24]. However, elevated central venous
pressure may cause different adverse effects, in
particular acute renal failure. From a microcircula-
tory perspective, elevated venous pressure can cause
a type 3 microcirculatory alteration associated with
tamponade of the microcirculation. Vellinga et al.
[59] showed this effect when they compared
critically ill patients with a central venous pressure
higher than 12mmHg to those with a venous
pressure lower than 12 mmHg; they found that there
was a significant reduction in microcirculatory flow
in the high venous pressure group. Fluid therapy
guided by optimizing stroke volume determined by
the PiCCO technique was used in the PRISM
(PiCCO-guided Resuscitation in Severe Malaria) trial
in patients with malaria [60]. PiCCO-guided resus-
citation caused fluid overload and severe tissue
edema. The normalized systemic hemodynamics
but with altered type 4 microcirculation in this
example shows the loss of hemodynamic coherence.
This generalized peripheral edema did not resolve
tissue hypovolemia or metabolic acidosis and
increased acute renal failure, highlighting the
importance of demonstrating hemodynamic coher-
ence. Hanson et al. [61] evaluated rectal microcircu-
lation in malaria patients who were resuscitated by
stroke volume-guided fluid therapy. They found
that although fluids were successful in correcting
systemic_hemodynamic variables, they had little
effect on malaria-associated RBC sequestration,
the primary pathology wunderlying malaria.
Therefore, fluid administration targeting systemic
hemodynamic parameters in this patient group was
not successful in correcting for metabolic acidosis
and resulted in adverse severe edema in the kidney,
abdomen, and lungs.

1070-5295 Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.

Types of fluids and their composition are also a
highly controversial issue in resuscitation medicine.
In a microcirculation study, Dubin et al. [62] com-
pared 6% hydroxyethyl starch 130/0.4 to an isotonic
saline solution for resuscitation in septic shock
patients, targeting an improvement in MAP. They
showed that fluid resuscitation with 6% hydrox-
yethyl starch 130/0.4 required lower volumes to
reach targeted blood pressures and caused a higher
capillary density of flowing RBCs in sublingual
microcirculation, with a higher flow being achieved
with less volume than with the isotonic saline
solution [9]. In addition to resuscitation fluids,
blood transfusions can have a positive as well as
negative effect on patient outcomes [63,64]. How-
ever, when applied physiologically, studies have
shown that blood transfusions can lead to improved
microcirculatory functional capillatry density
[44,45]. In evaluating the effects of blood transfu-
sion on critically ill patients, there is a large
variability in the quality of blood, leuco-depletion,
and age and storage solutions used. Therefore, a
reevaluation of the relative risks of hemodilution,
anemia versus blood transfusion, is required [65].

The effects of vasoactive compounds on the
microcirculation have been extensively investigated
in critically ill patients. Vasopressor agents are
administered to achieve targeted systemic hemody-
namic values with the expectation that this will
augment oxygen delivery to the tissues [66]. How-
ever, excessive vasopressor therapy can cause micro-
circulatory stasis (type 3) by severe vasoconstriction
[67]. For example, Boerma et al. [68] showed that the
vasopressin analog terlipressin impaired sublingual
microcirculation in a patient with catecholamine-
resistant septic shock. They also concluded in a
review of the literature over the past 15 years that
there were no beneficial effects of increasing MAP
above 65 on microcirculatory perfusion [69]. Xu
et al. [70] evaluated the impact of increasing MAP
levels to approximately 70 mmHg through norepi-
nephrine administration in patients with chronic
hypertension. They concluded that increasing the
arterial blood pressure improved sublingual micro-
circulation independent of other tissue perfusion
indicators such as lactate and urinary output.
Dubin et al. [71] found that increases in MAP from
65 to 85mmHg in septic shock patients resulted
in decreased perfusion of the microcirculation,
strongly dependent on the basal microcirculation.
When basal microcirculation was normal at a MAP
of 65 mmHg, increases in MAP worsened the micro-
circulation because of vasoconstriction (type
3 microcirculatory alteration). If, however, there
was a slow flow in the baseline microcirculation,
increases in MAP improved microcirculatory flow
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parameters [71]. Similar results were found by
Jhanji et al. [72].

The vasoactive therapy most effective in pro-
moting regional perfusion is vasodilatory therapy.
Spronk et al. [73] showed that nitroglycerin admin-
istration improved sublingual microcirculatory per-
fusion in pressure-resuscitated septic shock patients.
Boerma and Ince [69], however, were not able
to reproduce this effect in fluid-resuscitated septic
patients. Groeneveld and Lima [74], on the other
hand, showed that increasing the doses of nitro-
glycerin was able to recruit microvascular perfusion
in circulatory shock patients.

In addition to vasoactive and fluid therapy, anti-
inflammatory therapy can also have positive effects
on the microcirculation. Recombinant human
activated protein C, which has an anti-inflamma-
tory effect, was used in septic shock patients [735].
Another anti-inflammatory drug, cortisol, was
recommended in vasopressor refractory septic
shock patients [24]. Recently, an interesting study
by Povoa et al. [76] investigated the effects of
stress dose steroids with or without recombinant
activated protein C therapy in septic shock patients.
They found that there were no beneficial effects.
From a microcirculatory perspective, Donati et al.
[77] showed that activated protein C treatment
improved microcirculation in severe sepsis and
septic shock patients. Buchele et al. [78] evaluated
the effects of hydrocortisone on microcirculation
in patients with septic shock. They found that
hydrocortisone improved capillary perfusion.

CONCLUSION

Critical illness is associated with a wide range of
diseases such as sepsis, high-risk surgery, cardiac
arrest, and respiratory failure and is characterized
by reduced tissue oxygenation caused by microcir-
culatory dysfunction. Optimal fluid therapy is the
most important hemodynamic intervention in
critically ill patients. The main goals of fluid therapy
are not only to maintain macrocirculation but also
to recruit microcirculation. The loss of hemody-
namic coherence between macrocirculation and
microcirculation should always be kept in mind,
and all therapeutic approach should aim to correct
hemodynamic incoherence. This requires microcir-
culatory directed therapy to be considered. Direct
observations of the microcirculation are essential
to monitor hemodynamic coherence. By doing so,
a more physiological approach could prevent
the unnecessary and inappropriate administration
of large volumes of fluids. In the state of hypovole-
mia, colloid solutions are approximately three times
more effective in volume expansion than
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crystalloids and improve the microcirculation more
effectively than crystalloids. Apart from fluids,
blood transfusions may improve microcirculatory
parameters and, more importantly, transport
oxygen more effectively than nonoxygen carrying
fluids. The new generation microcirculation-
monitoring device, the CytoCam-IDF, enables the
clinical monitoring of sublingual microcirculation,
and it can be easily used for the functional
assessment of the hemodynamic state of the
microcirculation.

Direct visualization of the microcirculation
at the bedside should be integrated with monitoring
systemic hemodynamic variables for the early
diagnosis and treatment of critical illness. Establish-
ing and monitoring hemodynamic coherence and
targeting not only the normalization of the macro-
circulation but also that of microcirculation can be
considered an essential component in the hemody-
namic management of critically ill patients.
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