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Abstract
Microcirculation plays a crucial role in the interaction between blood and tissue both in physiological and pathophysiological states. Orthogonal polarization spectral (OPS) and Side stream dark
field (SDF) imaging are relatively new noninvasive methods that allow the investigation of mucosal sites, especially sublingual area, particularly in critically ill patients. OPS imaging has been validated against conventional capillary microscopy, results demonstrated that OPS images provided
similar values for RBC-velocity and capillary diameter as those measured by conventional capillary
microscopy. Despite some limitations, sublingual microcirculation has been considered as a possible surrogate measure for splanchnic blood flow. There are several areas in human medicine,
where observation of sublingual microcirculatory bed has been carried out – different kinds of
shock, cardiac arrest, effect of various treatments, drugs and extreme physiological conditions as
well. Early detection of microvascular abnormality seems to be a key factor to start early therapeutic intervention in order to reverse microvascular dysfunction, to maintain efficient microvascular
flow and to contribute to better clinical outcome. In experimental setting, observing sublingual
microcirculation is an important part of any research focused on the role of microcirculation during various diseases models and to assess effect of different treatment modalities on microcirculation.
Key words: Microcirculation, sublingual, Orthogonal polarization spectral imaging (OPS), Side
stream dark field imaging (SDF)

Introduction
Microcirculation plays a crucial role in the
interaction between blood and tissue both in
physiological and pathophysiological states.
Analysis of microvascular blood flow alterations gives a unique perspective to study
processes at the microscopic level in clinical
medicine (1). Despite the critical role of microcirculation in numerous diseases including diabetes, hypertension, sepsis or multiple
organ failure (2-5), methods for direct visualization and quantitative assessment of the
human microcirculation at the bedside are
limited (6). The interest in microhemodynamic monitoring (7) grows with the under-

standing of microcirculatory pathology in its
molecular level, especially in critically ill patients (5, 8, 9). The gold standard for assessment of microcirculation is intravital microscopy (IVM). However, this technique
cannot be performed in humans because
there is a need for fluorescent dyes and transillumination. The size of instrumentation for
IVM can be also a limiting factor for its use
in clinical medicine. For many years, capillary microscopy (capillaroscopy, nailfold
videomicroscopy) has been the only method
for assessment of the human microcirculation at the microscopic level in vivo. The use
of this technique in humans is limited to easily accessible surfaces like the skin, nailfold,
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lip or the bulbar conjunctiva (10). The nailfold microcirculation is extremely sensitive
to external temperature and vasoconstrictive
agents (11) and the nailfold videomicroscopy
may not be a reliable indicator of microcirculation in other parts of the body, particularly
in critically ill patients. Orthogonal polarization spectral (OPS) and Side stream dark field
imaging (SDF) represent relatively new noninvasive methods that allow the investigation
of mucosal sites, especially sublingual area.
There is growing evidence that relationship
between microcirculatory dysfunction and
clinical outcome exists (12, 13). Nevertheless, this technique may be used in experimental settings as well. Access to sublingual
area seems to be very easy, however the key
question is whether this area represents microcirculation status of other body tissues or
organs; nevertheless, sublingual area represents one of the best accessible mucosa surfaces in humans.

Figure 1:
Anatomy of sublingual area
(adapted from
Klijn, 2008)
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Anatomy
The sublingual area is one of the easiest to
access areas in human mucosal surfaces. The
major arteries supplying this area are the external carotid artery, the lingual artery and
the sublingual artery (9, 14-16) (Figure 1).
Only limited number of sublingual arterioles
are present, whereas numerous capillaries
(less than 20 um) and venules (20-100 um)
are present in this area (9, 17, 18). External
carotid artery contributes to the perfusion of
sublingual mucosa and therefore sublingual
perfusion may reflect cerebral blood flow as
well (9). Despite this fact, only few studies
focus on this relationship (19, 20). Sublingual microcirculation has been considered
as a surrogate measure for splanchnic blood
flow, mainly because 1) the tongue and related areas share a common embryogenic origin with the gut and 2) the close correlation
between sublingual capnometry and gastric
tonometry (21-24).
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Imaging techniques

is linearly polarized in one plane and projected through a beam splitter onto the subject. Most of the reflected light keeps its polarization and cannot pass through the orthogonal polarizer (analyzer) to form the image. The light that penetrates the tissue more
deeply and undergoes multiple scattering
events becomes depolarized. There is evidence that more than ten scattering events
are necessary to depolarize the light effectively (27, 28). Hence, only this depolarized
scattered light passing through orthogonal
polarizer (analyzer) effectively back-illuminates absorbing material in the foreground.
A wavelength of the emitted light (548 nm)
was chosen to achieve optimal imaging of
the microcirculation because at this wavelength oxy- and deoxy-hemoglobin absorb
the light equally. Thus, the blood vessels of
the microcirculation can be visualized by
OPS imaging. A detailed description of OPS
imaging technology and further technical improvement has been published previously
(26,29). A new device based on OPS technology has been developed – side stream
dark field (SDF) imaging. In this modality a

Orthogonal Polarization Spectral
Imaging and Side Stream Dark Field
Imaging
Orthogonal Polarization Spectral Imaging
(OPS) technology was invented by Cytometrics, Inc. (Philadelphia, PA, USA) during the
process of developing a videomicroscope
able to create high contrast images of blood
in the microcirculation using reflected light.
The original purpose was to develop an instrument for analyzing images of the microcirculation using spectrophotometry in order
to compute a complete blood count (CBC)
without removing blood from the body
(25,26).
In conventional reflectance imaging
(CRI), high-quality image contrast and detail
are limited by multiple surface scattering and
turbidity of the surrounding tissue (25). In
OPS imaging, the main difference from CRI
consists in the phenomenon of cross-polarization that reduces these effects. As shown
in schematic figure (Figure 2), incident light
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Figure 2: OPS imaging, optical scheme. (1) Incident polarized light is reflected toward the target tissue by beam splitter (2). Depolarized scattered light passes through orthogonal polarizer-analyzer
and (3) it is projected onto CCD videocamera. (4) Reflected polarized light eliminated by orthogonal
polarizer (adapted from Cerny, 2006)
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light guide imaging the microcirculation is
surrounded by light-emitting diodes of a
wavelength (530 nm) absorbed by the hemoglobin of erythrocytes so that they can be
clearly observed as flowing cells. Covered
by a disposable cap the probe is placed on
tissue surfaces. This way of observing the microcirculation provides clear images of the
capillaries without blurring (Figure 3) (30,
31). Recent clinical studies of the human microcirculation using OPS imaging in various
pathological states have shown a wide spec-
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trum of different clinical applications with
evident impact on diagnosis, treatment or
prognosis assessment. Thus, there is a great
effort to validate OPS imaging for various
clinical purposes. The validation experimental studies are mostly based on comparison
of IVM and OPS imaging where IVM is supposed to be a gold standard for main microcirculation parameters assessment (32-34).
OPS imaging has been validated especially
in animals (32,35,36) and partly in humans
(37). Current knowledge on the microcircu-

Figure 3: SDF imaging, optical scheme. (1) Green light is emitted by (2) peripheral 540 ± 50 nm lightemitting diodes (LEDs) toward tissue arranged in a circle at the end of the light guide. The microcirculation is directly penetrated and illuminated from the side by green light absorbed by hemoglobin
of erythrocytes which are observed as (3) dark moving cells. Imaging central part of light guide (4) is
optically isolated from LEDs. A magnifying lens (5) projects the image onto a camera (6) (adapted
from Cerny et al, 2006)
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lation is mainly derived from animal studies.
Measurements of the microcirculation in humans were limited to easily accessible surfaces such as skin and nailfold capillaries.
The basic validation studies in animals have
been performed both on peripheral tissues
and solid organs. OPS imaging techniques
has been validated using a highly standardized model of the hamster dorsal skinfold
chambre (38). Four main parameters were
measured to validate CYTOSCANTM A/R
against standard fluorescent videomicroscopy under normal conditions and in ischemia/reperfusion injury: functional capillary density (FCD), arteriolar and venular diameter and venular red blood cell (RBC) velocity. There were not significant differences
between the two techniques for any of the
parameters using Bland-Altman analysis.
Similar validation study in ischemia/reperfusion injury realized using the CYTOSCAN EII has confirmed the comparability of OPS
imaging and IVM (38). Functional capillary
density is defined as the length of perfused
capillaries per unit area and is given in
cm/cm2. The FCD is a parameter of the tissue
perfusion and an indirect indicator of the
oxygen delivery. It is widely used in clinical
studies as semiquantitative method to determine capillary density and the proportion of
perfused capillaries. OPS imaging was also
validated against IVM in mouse skin flaps
and cremaster muscle preparations. The velocities in straight vessels were comparable
in both methods (39). The dorsal skinfold
chamber model in hamsters was also used to
validate OPS imaging under conditions of
hemodilution with a wide range of hematocrit (Hct) (38). Bland-Altman analysis of the
vessel diameter and FCD showed good
agreement between OPS imaging technique
and IVM at a wide range of Hct. OPS imaging has been validated against IVM on solid
organs in rats, the model of ischemia/reperfusion injury of the rat liver has been used for
the assessment of hepatic microcirculation
applying both techniques (40). There was
significant agreement for data obtained from
both methods; correlation parameters for si-

nusoidal perfusion rate, vessel diameter and
venular RBC velocity were significant. The
pancreatic microcirculation has also been
under investigation using OPS imaging and
IVM (41). Absolute values of the pancreatic
functional capillary density were not significantly different between the two methods.
Bland-Altman analyses confirmed good
agreement between OPS imaging and IVM.
Thus, OPS imaging is a suitable tool for
quantitative assessment of pancreatic capillary perfusion during baseline conditions. A
murine model of inflammatory bowel disease was applied to validate OPS imaging
against IVM for the visualization of colon microcirculation (42). Postcapillary venular diameter, venular RBC velocity and FCD were
analyzed. All parameters correlated significantly between the both methods. The assessment of antivascular tumour treatment
using OPS imaging and IVM showed excellent correlation in FCD, diameter of microvessels and RBC velocity between both
techniques (35). Validation studies in humans are limited to easily accessible surfaces; fluorescent intravital microscopy is
excluded because of need to use fluorescent
dye. Thus, OPS imaging has been validated
against conventional capillary microscopy in
nailfold skin at rest and after venous occlusion in healthy volunteers (37). Results
demonstrated that OPS images provided similar values for RBC-velocity and capillary diameter as those measured by conventional
capillary microscopy.

Technical limitations
Despite further development and technical
improvement in OPS and SDF imaging devices (CYTOSCANTM, MicroScanTM www.microvisionmedical.com) several limitations remain. There are two main conditions for successful OPS/SDF imaging. 1. to create an image of high quality 2. to evaluate the images
as quantitatively as possible. Three basic
technical limitations have been defined previously (Lindert et al., n d): undesirable pressure of the probe affects blood flow, lateral
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movement of tissue precludes continuous investigation of selected microvascular region,
and blood flow velocities above 1 mm/s are
difficult to measure, thus information on arteriolar flow remains hidden. Stabilizing device which maintains a fixed distance between probe and tissue has been developed
to eliminate movement and pressure artefact
as much as possible (43). Image analysis according to the principle of spatial correlation
allows extending the range of detectable
blood flow velocities to over 20 mm/s.
The methods for image analysis and quantification in clinical practise has been reported previously (44), further analysis improvement using flow scoring system has been
published recently (33). The technology of
OPS-SDF imaging has been incorporated into
a small hand-held video-microscope, which
can be used in clinical setting. OPS imaging
can assess tissue perfusion using FCD parameter, which is a sensitive parameter for determining the status of perfusion to the tissue
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and also an indirect measure of oxygen delivery. The most easily accessible site in humans
is the mouth, where OPS/SDF technology
produces excellent images of the sublingual
microcirculation (Figure 4). However, several
limitations should be acknowledged. Secretions and movement artefacts may impair image quality. In addition, movement artefacts
can spuriously interrupt flow in some microvessels. To limit movement artefacts and
to decrease the risk of pressure artefacts, use
of stabilization devices has been proposed
(43). Moreover, current OPS/SDF technology
can investigate only tissues covered by a thin
epithelial layer and therefore internal organs
are not accessible, except for perioperative
use. Another major problem with OPS/SDF
imaging is the great variability of the vessels
measured. Identical site of interest cannot be
examined over time in contrast to intravital
microscopy in animal experiments (e.g. skinfold chamber). Movement artefacts, uncontrolled application pressure, semi quantitative

Figure 4: Image of human sublingual microcirculation. SDF imaging of sublingual area in a healthy
volunteer (male, 48 years), captured by MicroScan Video Microscope System
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measure of perfusion, observer-related bias
and also inadequate sedation (if the method
is used in clinical setting) may limit quality of
obtained data and its correct analysis afterwards. Last but not least, the currently available software (Automated vascular Analysis
etc.) is not very useful for routine clinical use,
since the analysis requests training period, it
is time consuming and must be performed
off-line. However, despite all limitations of
OPS/SDF imaging, this technology represents
a promising non-invasive tool to evaluate microcirculation in both experimental and,
maybe even more importantly, in clinical settings, especially in critically ill patients. Further improvements in the technology are
pending; they probably bring rapid online
analysis of obtained data.

Experimental studies
The sublingual microcirculation and its
changes have been studied during various
experimental settings, mostly in animal models of sepsis and shock (7). Verdant determined the relationship between sublingual
and intestinal mucosal microcirculatory perfusion and his findings support the sublingual region as an appropriate region to monitor the microcirculation in sepsis (45). On
the model of endotoxemia in sheep, sublingual microvascular flow indexes were reduced, fluid resuscitation corrected both
serosal intestinal and sublingual microcirculation but was unable to restore intestinal
mucosal perfusion (46). Effects of the selective iNOS inhibitor with those of norepinephrine (NE) on sublingual microcirculation was studied in a sheep model of septic
shock, selective iNOS inhibition had more
beneficial effects than NE on microcirculation assessed by SDF imaging sublingually
(47). The use of enalaprilat prevented the
worsening of sublingual microcirculatory
variables in fluid-resuscitated, hyperdynamic
model of septic shock (48). Alterations of
sublingual microcirculation are present also
during experimental haemorrhagic shock

and these alterations arise from the first step
of the bleeding (49), restoration of microcirculatory flow may be achieved by gelatine
and hydroxyethyl starch (50). During cardiac
arrest in pigs, sublingual microcirculatory
blood flow was highly correlated with
macrocirculatory hemodynamics. Administration of epinephrine dramatically decreased microcirculatory blood flow (51).
Microvascular blood flow in the sublingual
mucosa is also closely related to coronary
perfusion pressure during cardiopulmonary
resuscitation and predictive of outcome (52).
During hypodynamic state of experimental
sepsis after infusion of E. coli time-dependent strong correlation exists between sublingual and other microvascular beds, nevertheless, the sublingual mucosa exhibited the
most pronounced alterations of microcirculatory flow in comparison with conjunctival,
jejunal, and rectal microvasculature (53). Alteration of sublingual microvascular response was also detected during experimental mild hypothermia in an ovine model,
where there was a significant decrease in the
proportion and density of small perfused vessels, all microcirculatory variables returned
to baseline levels during the re-warming
phase (54).

Clinical studies
Not surprisingly, probably due to the fact that
technology of OPS-SDF imaging has been incorporated into a small hand-held video-microscope, which can be used in clinical setting, much more studies on sublingual microcirculation are in humans, particularly in area
of critically ill patients. A growing body of evidence exists on disturbed sublingual microcirculatory functions in relation to increased
morbidity and mortality in a wide array of
clinical scenarios (12, 13). Changes of sublingual microcirculatory parameters (total and
perfused small vessel density) have been recently proposed as an early predictor for critically ill patients (55, 56) and there are several areas in human medicine, where observa-
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tion of sublingual microcirculatory bed has
been carried out – sepsis, shock, cardiac arrest, effect of various treatments and extreme
physiological conditions.

Sepsis and septic shock
In the last few years, an important body of
knowledge has been developed showing the
pathophysiological relevance of the sublingual microcirculation in the development of
multi organ failure associated with sepsis. In
addition to the compelling experimental evidence, the development of new videomicroscopic techniques allows now the evaluation
of the microcirculation in critically ill patients. Consequently, the sublingual microcirculation can be easily monitored at bedside. Therefore, studies performed in the
sublingual area show that severe microcirculatory sublingual alterations are present in
septic patients (5). Sepsis results in derangements of microvascular flow, which can be
identified in the early stages of this disease.
These abnormalities are more marked in the
most severely ill patients (57), those changes
are present during early course of infection
even in preterm infants (3). Sepsis mortality
is closely linked to multi-organ failure; impaired microcirculatory blood flow is
thought to be a key point in the pathogenesis of sepsis-induced organ failure (58). Images of the sublingual microcirculation during septic shock and resuscitation have revealed that the distributive defect of blood
flow occurs at the capillary level. Boerma
validated intra-observer and inter-observer
reproducibility of OPS images analysis for
sublingual bed and concluded that semiquantitative analysis of sublingual microcirculatory flow provides a reproducible and
transparent tool in clinical research to monitor and evaluate the microcirculation during
sepsis (4). De Backer and coworkers investigated sublingual microcirculation in 50 patients with sepsis by using OPS technique;
the density of all vessels was significantly reduced in patients with severe sepsis (4.5
[4.2-5.2] versus 5.4 [5.4-6.3]/mm in volun-
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teers, p < 0.01). The proportion of perfused
small (< 20 um) vessels was reduced in patients with sepsis (48 [33-61] versus 90 [8992]% in volunteers, p < 0.001), these alterations were more severe in nonsurvivors and
they concluded that microvascular blood
flow alterations are frequent in patients with
sepsis and are more severe even in patients
with a worse outcome (44). The sublingual
microcirculation was investigated by using
OPS in patients with sepsis and organ failure
in order to characterize the time course of
microcirculatory dysfunction and relation to
clinical outcome. Small vessel perfusion improved over time in survivors (p<0.05 between survivors and nonsurvivors) but not in
nonsurvivors. Despite similar hemodynamic
and oxygenation profiles and use of vasopressors at the end of shock, patients dying
after the resolution of shock in multiple organ failure had a lower percentage of perfused small vessels than survivors (57.4
[46.6-64.9] vs. 79.3 [67.2-83.2]%; p =. 02)
(59). Changes in microcirculation occurred
at an early stage in all patients with severe
sepsis/septic shock treated with early goal-directed therapy, sublingual perfusion indices
were more markedly impaired in nonsurvivors compared with survivors (57, 60). Interestingly, sublingual microvascular derangements in septic shock did not differ between noncytopenic and cytopenic patients
(61). Haemodynamic monitoring of septic
patients is often impeded by the discrepancy
between the macrocirculation and microcirculations parameters, however some correlation between systemic hemodynamic parameters and microcirculation may exist, as
shown in a study comparing pulse contour
analysis (PiCCO) variables and sublingual
microcirculation perfusion indices, where
significant correlations were found for current velocity in small venules with systemic
vascular resistance (r(2) = 0.252, p < 0.05)
and mean arterial blood pressure (r(2) =
0.259, p < 0.05), in addition, a significant
correlation was also found between the oxygen transport index and the density of small
vessels in sublingual area (r(2) = 0.355; p <
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0.05) (62). Recent papers also reveal correlation between lactate level and degree of sublingual microcirculation impairment. In 31
surgical patients significant correlation between the total small vessel density at 1 h
and the blood lactate level at 24 h was found
(55). During septic shock, increased lactate
may play an important role in terms of worsening microcirculatory abnormalities, patients without hyperlactatemia presented
higher proportion of perfused vessel and microvascular flow index (63). Changes in sublingual microcirculation during sepsis were
identified also in children and infants (3, 64).
To summarize, the main characteristics of
sublingual microcirculation in patients with
septic shock are hypoperfusion and increased flow heterogeneity and nonsurvivors
showed more severe alterations than survivors (65).

Effect of various interventions
Fluids, vasopressors/inotropes during sepsis
and organ support techniques are (together
with the control of infection source) key elements of treatment in all patients with severe
sepsis and septic shock. Each of these components were extensively studied with regard to their effect on microcirculation during past years, however mainly in experimental setting and unfortunately only few
human studies have been published so far.
Early protocol directed resuscitation (including fluid administration) was associated with
reduced organ failure at 24 h and results support the hypothesis that targeting the microcirculation distinct from the macrocirculation could potentially improve organ failure
in sepsis (60). There is ongoing discussion regarding target blood pressure in patients with
septic shock (66), increasing MAP above 65
mmHg with norepineprhrine was associated
with improved microvascular function, on
the other side, the microvascular response
may vary among patients suggesting that individualization of blood pressure targets may
be warranted (67). Effect of fluid administration on microcirculatory alterations was eval-
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uated in 60 patients with severe sepsis,
where fluid administration increased significantly perfused small vessel density, importantly, microvascular perfusion increased in
the early but not in the late phase of sepsis
and microvascular effects of fluids were not
related to changes in cardiac index or mean
arterial pressure (68). Dubin compared 6%
hydroxyethyl starch (HES) 130/0.4 with normal saline for resuscitation during early goaldirected therapy (EGDT) in 20 septic patients
by using SDF, sublingual capillary density
was similar in both groups, but capillary microvascular flow index, percent of perfused
capillaries, and perfused capillary density
were higher in 6% HES (69). The use of hypertonic fluids in patients with septic shock
did not improve sublingual microcirculatory
blood flow in comparison to isotonic fluid
(70). Improvement of microcirculation in patients with severe sepsis may be achieved,
however, even by passive leg rising aiming
to increase intravascular volume (71). Using
vasopressors to maintain blood pressure has
been an important part of septic shock, according to experimental results, their use
may compromise microcirculatory flow in
different areas. To investigate the effect of
norepinephrine (NE) on sublingual microvascular flow (SDF) in patients with septic
shock, increasing dose of NE was administered to achieve MAP from 60 to 70-90 mm
Hg. No changes in sublingual microvascular
flow index, vessel density, the proportion of
perfused vessels, perfused vessel density, or
heterogeneity index were identified during
NE infusion (72). Similar study was carried
out in 20 septic shock patients where at a
MAP of 65 mmHg, norepinephrine was
titrated to reach a MAP of 75 mmHg, and
then to 85 mmHg, sublingual microcirculation was assessed by SDF imaging. All patients showed severe sublingual microcirculatory alterations failed to improve with the
increases in MAP with norepinephrine (69).
Adding terlipressin or arginine vasopressin to
norepineprhrine (NE) in patients with NE dependent septic shock does not affect sublingual microcirculatory flow (73). Dobutamin
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is recommended as an inotropic agent according to Surviving Sepsis Campaign
Guidelines. De Backer evaluated effect of
dobutamine on microcirculatory alterations
in 22 patients with septic shock, dosage of 5
mug/kg.min dobutamine can improve but
not restore capillary perfusion in patients
with septic shock and these changes are independent of changes in systemic hemodynamic variables (74). Compared to dobutamine, levosimendan improved sublingual
microcirculatory blood flow in patients with
septic shock, as reflected by changes in microcirculatory flow indices of small and
medium vessels (75) Dobutamine, however
prevented postoperative decrease of sublingual microvascular blood flow in patients after esophagectomy (76). The administration
of hydrocortisone in septic shock results in a
modest but consistent improvement in sublingual capillary perfusion (77).
Transfusion as a part of EGDT protocols
and Surviving Sepsis Campaign Guidelines
was also evaluated in terms of its effect on microcirculation in patients with sepsis and septic shock. An effect of red blood cell transfusion on sublingual microvascular perfusion
was studied in 35 patients with sepsis before
and 1 hour after transfusion by using OPS imaging. Microvascular perfusion was not significantly altered by transfusion, but there
was considerable interindividual variation.
The change in capillary perfusion after transfusion correlated with baseline capillary perfusion and red blood cell storage time had no
influence on the microvascular response to
red blood cell transfusion (78-81). Effect of
transfusion on microcirculation probably also
depends on baseline microcirculatory status,
patients with relatively altered baseline variables (proportion of perfused vessel) tend to
demonstrate improvement in perfusion following transfusion, whereas those with relatively normal perfusion at baseline tend to
demonstrate either no change or, in fact, a
decline in this parameter (82). Mechanical
ventilation and PEEP have no general deleterious effects on microvascular perfusion of
the sublingual mucosa (83).
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Heart failure and cardiogenic shock
Microcirculatory alterations are present in
patients with severe heart failure. De Backer
evaluated sublingual microcirculation in in
40 patients with acute severe heart failure,
including 31 patients with cardiogenic
shock, by using OPS and found the proportion of perfused small (<20 um) vessels was
lower in patients with cardiac failure and cardiogenic shock than in control patients (63%
[46%-65%] and 49% [38%-64%] vs. 92%
[90%-93%], P <.001). The proportion of
perfused vessels was higher in patients who
survived than in patients who did not survive
in all vessels (90% [84%-93%] vs. 81%
[74%-87%], P <.05) and in small vessels
(64% [49%-68%] vs. 43% [37%-62%], P
<.05) (84). Similar results were found in
Jung’s study evaluating 24 critically ill patients admitted to ICU. Seven patients with
cardiogenic shock had lower microflow
compared with patients without cardiogenic
shock (small p<0.001, medium p<0.001,
large p=0.003). Several other diseases, including diabetes and arterial hypertension,
age, gender, had no influence on microcirculatory parameters (85). Recent paper by Elbers revealed also microcirculatory abnormalities during atrial fibrillation and succesfull electrical cardioversion improved indices of sublingual microvascular perfusion
(86), similarly as with cardiac resynchronization (87). To summarize the key findings of
sublingual microcirculation during severe
heart failure and cardiogenic shock – there is
reduced vascular density and impaired microflow, especially in the smallest vessels
(88). Vasopressors, inotropes and intra-aortic
balloon pump represent most often therapeutic approaches in patients with severe
heart failure and cardiogenic shock. Several
studies examined effect of those common interventions with regard to sublingual microcirculation. The first paper evaluating effects
of vasopressor therapy on sublingual microcirculation by using OPS was a case report in
patients with severe distributive and cardiogenic shock following cardiac surgery,
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where vasopressin was used, however despite its strong vasopressor effects vasopressin infusion did not worsen microcirculatory alterations in this patient (89). Effect of
nitroglycerine was tested in 17 patients with
cardiogenic shock and chronic heart failure.
Nitro-glycerine dose-dependently increases
tissue perfusion in patients with severe heart
failure, as observed by an increase in sublingual perfused capillary density (90). Similar
findings were found during intravenous infusion at a fixed dose of nitroglycerine (NTG)
33 microg/min in 20 acute heart failure patients, where even low-dose NTG significantly improved sublingual microvascular perfusion (91). Effect of intra-aortic balloon pump
support (IABP) on macrocirculation and sublingual microcirculation (SDF) in patients
with cardiogenic shock was studied by Uil,
13 patients were treated with IABP at different assist ratios. Discontinuation of IABP decreased the mean arterial pressure and cardiac index; however, these changes in
macrohemodynamics did not significantly
influence sublingual perfused capillary density and capillary red blood cell velocity (92).
Improved sublingual microcirculatory flow
after IABP was described by Jung in 13 patients with cardiogenic shock (93), combining IABP with extracorporeal membrane oxygenation has led in patient with severe refractory cardiogenic shock to further improvement of sublingual microcirculatory
flow assessed by SDF imaging (94). Interestingly recent paper by Munsterman describes
discontinuing IABP support showed (SDF) an
increase of microcirculatory flow of small
vessels after ceasing IABP therapy and his
observation may indicate that IABP impairs
microvascular perfusion in recovered patients (95). Sublingual microcirculation was
assessed also during CPR, first report of using
SDF imaging during chest compressions revealed persisting capillary flow even during
CPR interruption. Indices of microvascular
perfusion were low and were relatively independent from blood pressure (96). In cardiosurgery, the use of pulsatile cardiopulmonary
bypass (CPB) preserves microcirculatory per-
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fusion throughout the early postoperative period, irrespective of systemic hemodynamics
(97), also changes in CPB flow rate within
20% did not alter the sublingual microcirculation (98) on the other side, the use of the
miniaturized extracorporeal circulation system is associated with a statistically significant reduction in sublingual microcirculatory hypoperfusion compared with the use of
the conventional extracorporeal circulation
system (99). In off-pump coronary artery bypass, cardiac displacement was accompanied by significant decrease of red blood cell
velocity (100). During cardiopulmonary bypass, different effect of various inhalational
anesthetic agents on indices of sublingual
microcirculation was shown, sevoflurane
had a negative effect on the microcirculation, isoflurane decreased vascular density
and increased flow, desflurane produced stable effects on the microcirculation (101).
Interesting physiological study was published just recently, effect of high altitude on
sublingual microcirculation was evaluated in
24 subjects using side stream dark field imaging, as they ascended to 5300 m.; one cohort
remained at this altitude, while another ascended higher (maximum 8848 m). Among
other variables, the Microvascular flow index
(MFI) and vessel density were calculated. Total study length was 71 days, images were
recorded at sea level (SL), Namche Bazaar
(3500 m), Everest base camp (5300 m), the
Western Cwm (6400 m), South Col (7950 m)
and departure from Everest base camp (5300
m; 5300 m-b). Compared with SL, altitude
resulted in reduced sublingual MFI in small
(<25 microm; P < 0.0001) and medium
vessels (26-50 microm; P = 0.006). The
greatest reduction in MFI from SL was seen at
5300 m-b; from 2.8 to 2.5 in small vessels
and from 2.9 to 2.4 in medium-sized vessels.
The reduction in MFI was greater in climbers
than in those who remained at 5300 m – in
small and medium-sized vessels (P = 0.017
and P = 0.002, respectively). At 7950 m, administration of supplemental oxygen resulted
in a further reduction of MFI and increase in
vessel density (102).

240

V. Cerny

Summary
In humans, and especially in critically ill patients, the evaluation of the microcirculation
has long been difficult. Recent years have
witnessed the development of new techniques that can either directly visualize or indirectly evaluate microvascular perfusion.
Currently, monitoring sublingual microcirculation by OPS/SDF imaging remains the only
one possibility how to evaluate patient’s microcirculation at the bedside. In humans, further improvement, particularly in area of developing rapid, simple and fully automated
analyzing tool allowing quantitative assessment during imaging or immediately may
help to identify the patients at risk for developing multiple organ failure linked to insults
of various kind. Early detection of microvascular abnormality is a key factor to start early
therapeutic intervention to reverse microvascular dysfunction and to achieve better clinical outcome. In experimental setting, observing sublingual microcirculation is an important part of any research focused on the role
of microcirculation during various diseases
models and to assess effect of different treatment modalities on microcirculation.

3.

4.

5.

6.

Acknowledgements
Supported by the project (Ministry of Health,
Czech Republic) for conceptual development
of research organization 00179906 and by
the programme PRVOUK P37/02.

7.

References
1.

2.

Fagrell B, Intaglietta M. The dynamics of
skin microcirculation as a tool for the
study of systemic diseases. Bibliotheca
anatomica [Internet]. 1977 Jan [cited
2011 Mar 30]; (16 Pt 2): 231-4. Available
from: http://www.ncbi.nlm.nih.gov/pub
med/603524
Spanos A, Jhanji S, Vivian-Smith A, Harris T, Pearse RM. Early microvascular
changes in sepsis and severe sepsis.

8.

Shock (Augusta, Ga.) [Internet]. 2010 Apr
[cited 2010 Jul 27]; 33(4): 387-91. Available from: http://www.ncbi.nlm.nih.gov/
pubmed/19851124
Weidlich K, Kroth J, Nussbaum C, Hiedl
S, Bauer A, Christ F, et al. Changes in microcirculation as early markers for infection in preterm infants – an observational
prospective study. Pediatric research [Internet]. 2009 Oct [cited 2011 Mar 22];
66(4): 461-5. Available from: http://www.
ncbi.nlm.nih.gov/pubmed/19581833
Boerma EC, Mathura KR, van der Voort
PHJ, Spronk PE, Ince C. Quantifying bedside-derived imaging of microcirculatory
abnormalities in septic patients: a
prospective validation study. Critical care
(London, England) [Internet]. 2005 Jan
[cited 2011 Mar 22]; 9(6): R601-6. Available from: http://www.pubmedcentral.
nih.gov/articlerender.fcgi?artid=14140
44&tool=pmcentrez&rendertype=abstract
Edul VK, Ferrara G, Dubin A. Microcirculatory dysfunction in sepsis. Endocrine,
metabolic & immune disorders drug targets [Internet]. 2010 Sep [cited 2011 Mar
22]; 10(3): 235-46. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/20
597846
Awan ZA, Wester T, Kvernebo K. Human
microvascular imaging: a review of skin
and tongue videomicroscopy techniques
and analysing variables. Clinical physiology and functional imaging [Internet].
2010 Mar [cited 2011 Mar 30]; 30(2):
79-88. Available from: http://www.ncbi.
nlm.nih.gov/pubmed/20041906
Koh IHJ, Menchaca-Diaz JL, Koh TH,
Souza RL, Shu CM, Rogerio VE, et al. Microcirculatory evaluation in sepsis: a difficult task. Shock (Augusta, Ga.) [Internet]. 2010 Sep [cited 2010 Oct 28]; 34
Suppl 1: 27-33. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/20
523273
Weil MH, Tang W. Welcoming a new era
of hemodynamic monitoring: expanding
from the macro to the microcirculation.
Critical care medicine [Internet]. 2007
Apr [cited 2011 Mar 27]; 35(4): 1204-5.
Available from: http://www.ncbi.nlm.nih.
gov/pubmed/17413791

241

Sublingual microcirculation

9.

10.

11.

12.

13.

14.

15.

16.

Klijn E, Den Uil CA, Bakker J, Ince C. The
heterogeneity of the microcirculation in
critical illness. [Internet]. Clinics in chest
medicine. 2008 Dec [cited 2010 Sep 8];
29(4): 643-54, viii. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/18
954699
Fagrell B. Clinical studies of skin microcirculation. Klinische Wochenschrift [Internet]. 1986 Oct [cited 2011 Mar 30];
64(19):
943-6.
Available
from:
http://www.ncbi.nlm.nih.gov/pubmed/29
46893
De Backer D, Dubois MJ. Assessment of
the microcirculatory flow in patients in
the intensive care unit. Current opinion
in critical care [Internet]. 2001 Jun [cited
2011 Mar 30]; 7(3): 200-3. Available
from: http://www.ncbi.nlm.nih.gov/pub
med/11436528
Bezemer R, Bartels SA, Bakker J, Ince C.
Clinical review: Clinical imaging of the
sublingual microcirculation in the critically ill – where do we stand? Critical
care (London, England) [Internet]. 2012
Jun 19 [cited 2012 Jul 9]; 16(3): 224.
Available from: http://www.ncbi.nlm.nih.
gov/pubmed/22713365
Sallisalmi M, Oksala N, Pettilä V, Tenhunen J. Evaluation of sublingual microcirculatory blood flow in the critically ill.
Acta anaesthesiologica Scandinavica [Internet]. 2012 Mar [cited 2012 Mar 22];
56(3): 298-306. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/22
092221
Lopez R, Lauwers F, Paoli JR, Boutault F,
Guitard J. Vascular territories of the
tongue: anatomical study and clinical applications. Surgical and radiologic anatomy: SRA [Internet]. 2007 Apr [cited 2011
Mar 30]; 29(3): 239-44. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/17
377735
Ferreira JR, Nogueira DJ, Rodrigues BF,
Alvarenga BF. Blood supply in the tongue
of Nellore Bos indicus (Linnaeus, 1758).
Anatomia, histologia, embryologia [Internet]. 2009 Apr [cited 2011 Mar 30];
38(2): 103-7. Available from: http://www.
ncbi.nlm.nih.gov/pubmed/19183353
Yu QX, Ran W, Pang KM, Philipsen HP,
Theilade J, Chen XH, et al. The microvas-

17.

18.

19.

20.

21.

culature of human oral mucosa using vascular corrosion casts and India ink injection. I. Tongue papillae. Scanning microscopy [Internet]. 1992 Mar [cited
2011 Mar 30]; 6(1): 255-62. Available
from: http://www.ncbi.nlm.nih.gov/pub
med/1626245
Ojima K, Takeda M, Saiki C, Matsumoto
S. Functional and morphological observations on the microvascular structure of
the filiform and fungiform papillae in the
cat tongue. Annals of anatomy =
Anatomischer Anzeiger: official organ of
the Anatomische Gesellschaft [Internet].
1996 Aug [cited 2011 Mar 30]; 178(4):
361-4. Available from: http://www.ncbi.
nlm.nih.gov/pubmed/8817042
Strek P, Litwin JA, NowogrodzkaZagórska M, Miodoński AJ. Microvasculature of the dorsal mucosa of human fetal tongue: a SEM study of corrosion
casts. Annals of anatomy = Anatomi-scher Anzeiger: official organ of the
Anatomische Gesellschaft [Internet].
1995 Jun [cited 2011 Mar 30]; 177(4):
361-6. Available from: http://www.
ncbi.nlm.nih.gov/pubmed/7625608
Inoue H, Kase S, Sato E, Ichiki A, Kuno Y,
Arai T, et al. [Assessment of sublingual
PCO2 during selective cerebral perfusion]. Masui. The Japanese journal of
anesthesiology [Internet]. 2006 Sep [cited
2011 Mar 30]; 55(9): 1164-7. Available
from: http://www.ncbi.nlm.nih.gov/pub
med/16984017
Elbers PWG, Ozdemir A, Heijmen RH,
Heeren J, van Iterson M, van Dongen
EPA, et al. Microvascular hemodynamics
in human hypothermic circulatory arrest
and selective antegrade cerebral perfusion. Critical care medicine [Internet].
2010 Jul [cited 2010 Aug 3]; 38(7):
1548–53. Available from: http://www.
ncbi.nlm.nih.gov/pubmed/20473147
De Backer D, Ospina-Tascon G, Salgado
D, Favory R, Creteur J, Vincent J-L. Monitoring the microcirculation in the critically ill patient: current methods and future approaches. Intensive care medicine
[Internet]. 2010 Aug [cited 2010 Aug 18];
Available from: http://www.ncbi.nlm.
nih.gov/pubmed/20689916

242
22.

23.

24.

25.

26.

27.

28.

V. Cerny

Creteur J, De Backer D, Sakr Y, Koch M,
Vincent J-L. Sublingual capnometry
tracks microcirculatory changes in septic
patients. Intensive care medicine [Internet]. 2006 Apr [cited 2011 Mar 22];
32(4):
516-23.
Available
from:
http://www.ncbi.nlm.nih.gov/pubmed/16
485092
Marik PE. Regional carbon dioxide monitoring to assess the adequacy of tissue
perfusion. Current opinion in critical care
[Internet]. 2005 Jun [cited 2011 Mar 30];
11(3):
245-51.
Available
from:
http://www.ncbi.nlm.nih.gov/pubmed/15
928474
Ma�boroda IN, Shapovalova IA. [The formation of the microcirculatory bed of the
neuromuscular systems of the tongue in
human prenatal ontogeny]. Arkhiv
anatomii, gistologii i émbriologii [Internet]. 1991 May [cited 2011 Mar 30];
100(5): 41-7. Available from: http://www.
ncbi.nlm.nih.gov/pubmed/1839204
Nadeau RG, Groner W. The role of a
new noninvasive imaging technology in
the diagnosis of anemia. The Journal of
nutrition [Internet]. 2001 May [cited 2011
Mar 30]; 131(5): 1610S-4S. Available
from: http://www.ncbi.nlm.nih.gov/pub
med/11340126
Groner W, Winkelman JW, Harris AG,
Ince C, Bouma GJ, Messmer K, et al. Orthogonal polarization spectral imaging: a
new method for study of the microcirculation. Nature medicine [Internet]. 1999
Oct [cited 2011 Mar 27];
5(10):
1209–12. Available from: http://www.
ncbi.nlm.nih.gov/pubmed/10502828
MacKintosh F, Zhu J, Pine D, Weitz D.
Polarization memory of multiply scattered light. Physical review. B, Condensed matter [Internet]. 1989 Nov [cited
2011 Mar 30]; 40(13): 9342-5. Available
from: http://www.ncbi.nlm.nih.gov/pub
med/9991437
Schmitt JM, Gandjbakhche AH, Bonner
RF. Use of polarized light to discriminate
short-path photons in a multiply scattering medium. Applied optics [Internet].
1992 Oct [cited 2011 Mar 30]; 31(30):
6535-46. Available from: http://www.
ncbi.nlm.nih.gov/pubmed/20733872

29.

30.

31.

32.

33.

34.

35.

Lindert J, Werner J, Redlin M, Kuppe H,
Habazettl H, Pries AR. OPS imaging of
human microcirculation: a short technical report. Journal of vascular research
[Internet]. [cited 2011 Mar 22]; 39(4):
368-72. Available from: http://www.
ncbi.nlm.nih.gov/pubmed/12187127
Heger M, Beek J, Stenback K, Faber D,
van Gemert M, Ince C. Darkfield orthogonal polarized spectral imaging for studying endovascular laser-tissue interactions
in vivo – a preliminary study. Optics express [Internet]. 2005 Mar [cited 2011
Mar 30]; 13(3): 702-15. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/19
494931
Goedhart PT, Khalilzada M, Bezemer R,
Merza J, Ince C. Sidestream Dark Field
(SDF) imaging: a novel stroboscopic LED
ring-based imaging modality for clinical
assessment of the microcirculation. Optics express [Internet]. 2007 Nov [cited
2010 Oct 28]; 15(23): 15101-14. Available from: http://www.ncbi.nlm.nih.gov/
pubmed/19550794
Harris AG, Sinitsina I, Messmer K. The
Cytoscan Model E-II, a new reflectance
microscope for intravital microscopy:
comparison with the standard fluorescence method. Journal of vascular research [Internet]. [cited 2011 Mar 31];
37(6):
469-76.
Available
from:
http://www.ncbi.nlm.nih.gov/pubmed/11
146400
Boerma EC, Mathura KR, van der Voort
PH, Spronk PE, Ince C. Quantifying bedside-derived imaging of microcirculatory
abnormalities in septic patients: a
prospective validation study. Crit Care
[Internet]. 2005; 9(6): R601-6. Available
from: http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Pub
Med&dopt=Citation&list_uids=162800
59
Cerný V, Turek Z, Parízková R. Orthogonal polarization spectral imaging. Physiological research / Academia Scientiarum
Bohemoslovaca [Internet]. 2007 Jan [cited 2010 Sep 14]; 56(2): 141-7. Available
from: http://www.ncbi.nlm.nih.gov/pub
med/16555953
Pahernik S, Harris AG, Schmitt-Sody M,
Krasnici S, Goetz AE, Dellian M, et al.

243

Sublingual microcirculation

36.

37.

38.

39.

40.

Orthogonal polarisation spectral imaging
as a new tool for the assessment of antivascular tumour treatment in vivo: a validation study. British journal of cancer [Internet]. 2002 May [cited 2011 Mar 30];
86(10): 1622-7. Available from:
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=2746600&tool=pm
centrez&rendertype=abstract
Tugtekin IF, Radermacher P, Theisen M,
Matejovic M, Stehr A, Ploner F, et al. Increased ileal-mucosal-arterial PCO2 gap
is associated with impaired villus microcirculation in endotoxic pigs. Intensive
Care Med [Internet]. 2001; 27(4): 757-66.
Available from: http://www.ncbi.nlm.nih.
gov/entrez/query.fcgi?cmd=Retrieve&db
=PubMed&dopt=Citation&list_uids=11
398705
Mathura KR, Vollebregt KC, Boer K, De
Graaff JC, Ubbink DT, Ince C. Comparison of OPS imaging and conventional
capillary microscopy to study the human
microcirculation. Journal of applied
physiology (Bethesda, Md. : 1985) [Internet]. 2001 Jul [cited 2011 Mar 30]; 91(1):
74-8. Available from: http://www.ncbi.
nlm.nih.gov/pubmed/11408415
Harris AG, Sinitsina I, Messmer K. Validation of OPS imaging for microvascular
measurements during isovolumic hemodilution and low hematocrits. American
journal of physiology. Heart and circulatory physiology [Internet]. 2002 Apr [cited 2011 Mar 30]; 282(4): H1502-9.
Available from: http://www.ncbi.nlm.nih.
gov/pubmed/11893588
Laemmel E, Genet M, Le Goualher G,
Perchant A, Le Gargasson J-F, Vicaut E.
Fibered confocal fluorescence microscopy (Cell-viZio) facilitates extended
imaging in the field of microcirculation.
A comparison with intravital microscopy.
Journal of vascular research [Internet].
[cited 2011 Mar 31]; 41(5):400–11.
Available from: http://www.ncbi.nlm.nih.
gov/pubmed/15467299
Langer S, Biberthaler P, Harris AG, Steinau HU, Messmer K. In vivo monitoring of
microvessels in skin flaps: introduction of
a novel technique. Microsurgery [Internet]. 2001; 21(7): 317-24. Available
from: http://www.ncbi.nlm.nih.gov/en-

41.

42.

43.

44.

45.

46.

trez/query.fcgi?cmd=Retrieve&db=Pub
Med&dopt=Citation&list_uids=117544
31
von Dobschuetz E, Biberthaler P, Mussack T, Langer S, Messmer K, Hoffmann
T. Noninvasive in vivo assessment of the
pancreatic microcirculation: orthogonal
polarization spectral imaging. Pancreas
[Internet]. 2003 Mar [cited 2011 Mar 31];
26(2):
139-43.
Available
from:
http://www.ncbi.nlm.nih.gov/pubmed/12
604911
Biberthaler P, Langer S, Luchting B,
Khandoga A, Messmer K. In vivo assessment of colon microcirculation: comparison of the new OPS imaging technique
with intravital microscopy. European
journal of medical research [Internet].
2001 Dec [cited 2011 Mar 31]; 6(12):
525-34. Available from: http://www.ncbi.
nlm.nih.gov/pubmed/11772540
Cerny V, Turek Z, Parizkova R. In situ assessment of the liver microcirculation in
mechanically ventilated rats using sidestream dark-field imaging. Physiol Res
[Internet]. 2009; 58(1): 49-55. Available
from: http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Pub
Med&dopt=Citation&list_uids=181989
94
De Backer D, Creteur J, Preiser J-C,
Dubois M-J, Vincent J-L. Microvascular
blood flow is altered in patients with sepsis. American journal of respiratory and
critical care medicine [Internet]. 2002 Jul
[cited 2011 Mar 27]; 166(1): 98-104.
Available from: http://www.ncbi.nlm.nih.
gov/pubmed/12091178
Verdant CL, De Backer D, Bruhn A,
Clausi CM, Su F, Wang Z, et al. Evaluation of sublingual and gut mucosal microcirculation in sepsis: a quantitative analysis. Critical care medicine [Internet].
2009 Nov [cited 2010 Aug 3]; 37(11):
2875-81. Available from: http://www.
ncbi.nlm.nih.gov/pubmed/19770750
Dubin A, Edul VSK, Pozo MO, Murias G,
Canullán CM, Martins EF, et al. Persistent
villi hypoperfusion explains intramucosal
acidosis in sheep endotoxemia. Critical
care medicine [Internet]. 2008 Feb [cited
2010 Dec 2]; 36(2): 535-42. Available

244

47.

48.

49.

50.

51.

52.

53.

V. Cerny

from: http://www.ncbi.nlm.nih.gov/pub
med/18216603
Su F, Huang H, Akieda K, Occhipinti G,
Donadello K, Piagnerelli M, et al. Effects
of a selective iNOS inhibitor versus norepinephrine in the treatment of septic
shock. Shock (Augusta, Ga.) [Internet].
2010 Sep [cited 2010 Nov 9]; 34(3): 2439. Available from: http://www.ncbi.nlm.
nih.gov/pubmed/20160666
Salgado DR, He X, Su F, de Sousa DB,
Penaccini L, Maciel LK, et al. Sublingual
Microcirculatory Effects of Enalaprilat in
an Ovine Model of Septic Shock. Shock
(Augusta, Ga.) [Internet]. 2011 Jan [cited
2011 Feb 21];
Available from:
http://www.ncbi.nlm.nih.gov/pubmed/21
283060
Dubin A, Pozo MO, Ferrara G, Murias G,
Martins E, Canullán C, et al. Systemic and
microcirculatory responses to progressive
hemorrhage. Intensive care medicine [Internet]. 2009 Mar [cited 2010 Oct 31];
35(3):
556-64.
Available
from:
http://www.ncbi.nlm.nih.gov/pubmed/19
127356
Maier S, Holz-Hölzl C, Pajk W, Ulmer H,
Hengl C, Dünser M, et al. Microcirculatory parameters after isotonic and hypertonic colloidal fluid resuscitation in acute
hemorrhagic shock. The Journal of trauma [Internet]. 2009 Feb [cited 2010 Oct
13]; 66(2): 337-45. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/19
204505
Fries M, Weil MH, Chang Y-T, Castillo C,
Tang W. Microcirculation during cardiac
arrest and resuscitation. Critical care
medicine [Internet]. 2006 Dec [cited
2010 Aug 30]; 34(12 Suppl): S454–7.
Available from: http://www.ncbi.nlm.
nih.gov/pubmed/17114977
Fries M, Tang W, Chang Y-T, Wang J,
Castillo C, Weil MH. Microvascular
blood flow during cardiopulmonary resuscitation is predictive of outcome. Resuscitation [Internet]. 2006 Nov [cited
2010 Aug 30]; 71(2): 248-53. Available
from: http://www.ncbi.nlm.nih.gov/pub
med/16987589
Pranskunas A, Pilvinis V, Dambrauskas Z,
Rasimaviciute R, Planciuniene R,
Dobozinskas P, et al. Early course of mi-

54.

55.

56.

57.

58.

crocirculatory perfusion in eye and digestive tract during hypodynamic sepsis.
Critical care (London, England) [Internet].
2012 May 15 [cited 2012 May 17]; 16(3):
R83. Available from: http://www.ncbi.
nlm.nih.gov/pubmed/22587828
He X, Su F, Taccone FS, Maciel LK, Vincent J-L. Cardiovascular and microvascular responses to mild hypothermia in an
ovine model. Resuscitation [Internet].
2011 Dec 8 [cited 2012 Mar 22]; 83(6):
760-6. Available from: http://www.ncbi.
nlm.nih.gov/pubmed/22155698
Yeh Y-C, Wang M-J, Chao A, Ko W-J,
Chan W-S, Fan S-Z, et al. Correlation between early sublingual small vessel density and late blood lactate level in critically ill surgical patients. The Journal of surgical research [Internet]. 2012 May 23
[cited 2012 Jul 9]; Available from:
http://www.ncbi.nlm.nih.gov/pubmed/22
658494
Zhao M-Y, Li A, Zhuang H-Z, Dong L, Li
J, Liu C, et al. [The clinical significance of
determining the severity and prognosis
by monitoring the changes in sublingual
microcirculation in patients with severe
sepsis]. Zhongguo wei zhong bing ji jiu yi
xue = Chinese critical care medicine =
Zhongguo weizhongbing jijiuyixue [Internet]. 2012 Mar [cited 2012 Mar 29];
24(3):
158-61.
Available
from:
http://www.ncbi.nlm.nih.gov/pubmed/22
401160
Spanos A, Jhanji S, Vivian-Smith A, Harris T, Pearse RM. Early microvascular
changes in sepsis and severe sepsis.
Shock (Augusta, Ga.) [Internet]. 2010 Apr
[cited 2010 Jul 27]; 33(4): 387-91. Available from: http://www.ncbi.nlm.nih.
gov/pubmed/19851124
Trzeciak S, McCoy JV, Phillip Dellinger
R, Arnold RC, Rizzuto M, Abate NL, et al.
Early increases in microcirculatory perfusion during protocol-directed resuscitation are associated with reduced multi-organ failure at 24 h in patients with sepsis.
Intensive care medicine [Internet]. 2008
Dec [cited 2011 Mar 22]; 34(12): 2210-7.
Available from: http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=
2821162&tool=pmcentrez&rendertype
=abstract

245

Sublingual microcirculation

59.

60.

61.

62.

63.

64.

Sakr Y, Dubois M-J, De Backer D, Creteur
J, Vincent J-L. Persistent microcirculatory
alterations are associated with organ failure and death in patients with septic
shock. Critical care medicine [Internet].
2004 Sep [cited 2011 Mar 22]; 32(9):
1825-31. Available from: http://www.
ncbi.nlm.nih.gov/pubmed/15343008
Trzeciak S, Dellinger RP, Parrillo JE,
Guglielmi M, Bajaj J, Abate NL, et al. Early microcirculatory perfusion derangements in patients with severe sepsis and
septic shock: relationship to hemodynamics, oxygen transport, and survival.
Annals of emergency medicine [Internet].
2007 Jan [cited 2011 Mar 27]; 49(1):
88–98, 98.e1-2. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/17
095120
Karvunidis T, Chvojka J, Lysak D, Sykora
R, Krouzecky A, Radej J, et al. Septic
shock and chemotherapy-induced cytopenia: effects on microcirculation. Intensive care medicine [Internet]. 2012
May 15 [cited 2012 Jun 3]; Available
from: http://www.ncbi.nlm.nih.gov/pub
med/22584795
Wiessner R, Gierer P, Schaser K, Pertschy
A, Vollmar B, Klar E. [Microcirculatory
failure of sublingual perfusion in septicshock patients. Examination by OPS imaging and PiCCO monitoring]. Zentralblatt für Chirurgie [Internet]. 2009 Jun
[cited 2011 Mar 22]; 134(3): 231-6.
Available from: http://www.ncbi.nlm.
nih.gov/pubmed/19536717
Hernandez G, Bruhn A, Castro R, Pedreros C, Rovegno M, Kattan E, et al. Persistent Sepsis-Induced Hypotension without Hyperlactatemia: A Distinct Clinical
and Physiological Profile within the Spectrum of Septic Shock. Critical care research and practice [Internet]. 2012 Jan
[cited 2012 Jul 18]; 2012: 536852. Available from: http://www.pubmedcentral.
nih.gov/articlerender.fcgi?artid=3337
599&tool=pmcentrez&rendertype=ab
stract
Paize F, Sarginson R, Makwana N, Baines
PB, Thomson APJ, Sinha I, et al. Changes
in the sublingual microcirculation and
endothelial adhesion molecules during
the course of severe meningococcal dis-

65.

66.

67.

68.

69.

70.

ease treated in the paediatric intensive
care unit. Intensive care medicine [Internet]. 2012 Mar 8 [cited 2012 Mar 22];
Available from: http://www.ncbi.nlm.
nih.gov/pubmed/22398755
Edul VSK, Enrico C, Laviolle B, Vazquez
AR, Ince C, Dubin A. Quantitative assessment of the microcirculation in healthy
volunteers and in patients with septic
shock. Critical Care Medicine [Internet].
2012 Mar 16 [cited 2012 Mar 20]; Available from: http://www.ncbi.nlm.nih.gov/
pubmed/22430243
Holley A, Lukin W, Paratz J, Hawkins T,
Boots R, Lipman J. Review article: Part
two: Goal-directed resuscitation – Which
goals? Perfusion targets. Emergency medicine Australasia: EMA [Internet]. 2012
Apr [cited 2012 Apr 29]; 24(2):127–35.
Available from: http://www.ncbi.nlm.
nih.gov/pubmed/22487661
Thooft A, Favory R, Salgado DR, Taccone
FS, Donadello K, De Backer D, et al. Effects of changes in arterial pressure on organ perfusion during septic shock. Critical care (London, England) [Internet].
2011 Sep 21 [cited 2012 Mar 2]; 15(5):
R222. Available from: http://www.pub
medcentral.nih.gov/articlerender.fcgi?ar
tid=3334768&tool=pmcentrez&render
type=abstract
Ospina-Tascon G, Neves AP, Occhipinti
G, Donadello K, Buchele G, Simion D, et
al. Effects of fluids on microvascular perfusion in patients with severe sepsis. Intensive Care Med [Internet]. 2010;
36(6):949–55.
Available
from:
http://www.ncbi.nlm.nih.gov/entrez/quer
y.fcgi?cmd=Retrieve&db=PubMed&do
pt=Citation&list_uids=20221744
Dubin A, Pozo MO, Casabella CA, Pálizas F, Murias G, Moseinco MC, et al. Increasing arterial blood pressure with norepinephrine does not improve microcirculatory blood flow: a prospective study.
Critical care (London, England) [Internet].
2009 Jan [cited 2011 Mar 22]; 13(3): R92.
Available from: http://www.pubmedcen
tral.nih.gov/articlerender.fcgi?artid=
2717464&tool=pmcentrez&rendertype
=abstract
van Haren FMP, Sleigh J, Boerma EC, La
Pine M, Bahr M, Pickkers P, et al. Hyper-

246

71.

72.

73.

74.

75.

V. Cerny

tonic fluid administration in patients with
septic shock: a prospective randomized
controlled pilot study. Shock (Augusta,
Ga.) [Internet]. 2012 Mar [cited 2012 Jul
9]; 37(3): 268-75. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/22
089205
Pottecher J, Deruddre S, Teboul J-L,
Georger J-F, Laplace C, Benhamou D, et
al. Both passive leg raising and intravascular volume expansion improve sublingual microcirculatory perfusion in severe
sepsis and septic shock patients. Intensive care medicine [Internet]. 2010 Aug
[cited 2010 Sep 27]; 36(11): 1867-74.
Available from: http://www.ncbi.nlm.
nih.gov/pubmed/20725823
Jhanji S, Stirling S, Patel N, Hinds CJ,
Pearse RM. The effect of increasing doses
of norepinephrine on tissue oxygenation
and microvascular flow in patients with
septic shock. Critical care medicine [Internet]. 2009 Jun [cited 2010 Jul 28];
37(6):
1961-6.
Available
from:
http://www.ncbi.nlm.nih.gov/pubmed/19
384212
Morelli A, Donati A, Ertmer C, Rehberg S,
Kampmeier T, Orecchioni A, et al. Effects
of vasopressinergic receptor agonists on
sublingual microcirculation in norepinephrine-dependent septic shock. Critical care (London, England) [Internet].
2011 Sep 19 [cited 2012 Mar 14]; 15(5):
R217. Available from: http://www.pub
medcentral.nih.gov/articlerender.fcgi?ar
tid=3334762&tool=pmcentrez&render
type=abstract
De Backer D, Creteur J, Dubois M-J, Sakr
Y, Koch M, Verdant C, et al. The effects
of dobutamine on microcirculatory alterations in patients with septic shock are independent of its systemic effects. Critical
care medicine [Internet]. 2006 Feb [cited
2011 Mar 22]; 34(2): 403-8. Available
from: http://www.ncbi.nlm.nih.gov/pub
med/16424721
Morelli A, Donati A, Ertmer C, Rehberg S,
Lange M, Orecchioni A, et al. Levosimendan for resuscitating the microcirculation
in patients with septic shock: a randomized controlled study. Critical care (London, England) [Internet]. 2010 Dec [cited
2011 Jan 20]; 14(6): R232. Available

76.

77.

78.

79.

80.

81.

from: http://www.ncbi.nlm.nih.gov/pub
med/21182783
van Genderen M, Gommers D, Klijn E,
Lima A, Bakker J, van Bommel J. Postoperative sublingual microcirculatory derangement following esophagectomy is
prevented with dobutamine. Clinical hemorheology and microcirculation [Internet]. 2011 Jan [cited 2012 Jul 18]; 48(4):
275-83. Available from: http://www.ncbi.
nlm.nih.gov/pubmed/22012833
Büchele GL, Silva E, Ospina-Tascón GA,
Vincent J-L, De Backer D. Effects of hydrocortisone on microcirculatory alterations in patients with septic shock. Critical care medicine [Internet]. 2009 Apr
[cited 2011 Mar 22]; 37(4): 1341-7.
Available from: http://www.ncbi.nlm.nih.
gov/pubmed/19326575
Sakr Y, Chierego M, Piagnerelli M, Verdant C, Dubois M-J, Koch M, et al. Microvascular response to red blood cell
transfusion in patients with severe sepsis.
Critical care medicine [Internet]. 2007 Jul
[cited 2010 Jul 20]; 35(7): 1639-44.
Available from: http://www.ncbi.nlm.
nih.gov/pubmed/17522571
Fu SL, Bluth MH. Monitoring efficacy of
red blood cell transfusion in sepsis by
sublingual microvascular perfusion: a
tongue speaks without words. Critical
care medicine [Internet]. 2007 Jul [cited
2011 Jan 21]; 35(7): 1773-4. Available
from: http://www.ncbi.nlm.nih.gov/pub
med/17581359
Roberson RS, Lockhart E, Shapiro NI,
Bandarenko N, McMahon TJ, Massey MJ,
et al. Impact of transfusion of autologous
7- versus 42-day-old AS-3 red blood cells
on tissue oxygenation and the microcirculation in healthy volunteers. Transfusion [Internet]. 2012 Mar 27 [cited 2012
Mar 29]; Available from: http://www.
ncbi.nlm.nih.gov/pubmed/22452273
Sadaka F, Aggu-Sher R, Krause K, O’Brien
J, Armbrecht ES, Taylor RW. The effect of
red blood cell transfusion on tissue oxygenation and microcirculation in severe
septic patients. Annals of intensive care
[Internet]. 2011 Jan [cited 2012 Mar 8];
1(1):46. Available from: http://www.pub
medcentral.nih.gov/articlerender.fcgi?ar

247

Sublingual microcirculation

82.

83.

84.

85.

86.

87.

88.

tid=3256106&tool=pmcentrez&render
type=abstract
Weinberg JA, MacLennan PA, Vandromme-Cusick MJ, Angotti JM, Magnotti LJ, Kerby JD, et al. Microvascular response to red blood cell transfusion in
trauma patients. Shock (Augusta, Ga.) [Internet]. 2012 Mar [cited 2012 Mar 29];
37(3):
276-81.
Available
from:
http://www.ncbi.nlm.nih.gov/pubmed/22
344313
Lauten A, Ferrari M, Pfeifer R, Goebel B,
Rademacher W, Krizanic F, et al. Effect of
mechanical ventilation on microvascular
perfusion in critical care patients. Clinical
hemorheology and microcirculation [Internet]. 2010 Jan [cited 2010 Aug 24];
45(1): 1-7. Available from: http://www.
ncbi.nlm.nih.gov/pubmed/20571224
De Backer D, Creteur J, Dubois M-J, Sakr
Y, Vincent J-L. Microvascular alterations
in patients with acute severe heart failure
and cardiogenic shock. American heart
journal [Internet]. 2004 Jan [cited 2011
Mar 27]; 147(1): 91-9. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/14
691425
Jung C, Ferrari M, Rödiger C, Fritzenwanger M, Goebel B, Lauten A, et al.
Evaluation of the sublingual microcirculation in cardiogenic shock. Clinical hemorheology and microcirculation [Internet]. 2009 Jan [cited 2011 Mar 22]; 42(2):
141-8. Available from: http://www.ncbi.
nlm.nih.gov/pubmed/19433887
Elbers PWG, Prins WB, Plokker HWM,
van Dongen EPA, van Iterson M, Ince C.
Electrical Cardioversion for Atrial Fibrillation Improves Microvascular Flow Independent of Blood Pressure Changes. Journal of cardiothoracic and vascular anesthesia [Internet]. 2012 Jun 8 [cited 2012
Jul 9]; Available from: http://www.ncbi.
nlm.nih.gov/pubmed/22683158
Erol-Yilmaz A, Atasever B, Mathura K,
Lindeboom J, Wilde A, Ince C, et al. Cardiac resynchronization improves microcirculation. Journal of cardiac failure [Internet]. 2007 Mar [cited 2011 Feb 1];
13(2): 95-9. Available from: http://www.
ncbi.nlm.nih.gov/pubmed/17395048
Jung C, Fritzenwanger M, Lauten A,
Figulla HR, Ferrari M. [Evaluation of mi-

89.

90.

91.

92.

93.

crocirculation in cardiogenic shock].
Deutsche medizinische Wochenschrift
(1946) [Internet]. 2010 May [cited 2011
Mar 27]; 135(3): 80-3. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/20
077381
Dubois MJ, De Backer D, Creteur J,
Anane S, Vincent J-L. Effect of vasopressin on sublingual microcirculation in
a patient with distributive shock. Intensive care medicine [Internet]. 2003 Jun
[cited 2011 Mar 22]; 29(6): 1020-3.
Available from: http://www.ncbi.nlm.
nih.gov/pubmed/12736775
den Uil CA, Caliskan K, Lagrand WK, van
der Ent M, Jewbali LSD, van Kuijk JP, et
al. Dose-dependent benefit of nitroglycerin on microcirculation of patients with
severe heart failure. Intensive care medicine [Internet]. 2009 Nov [cited 2011
Mar 22]; 35(11): 1893-9. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/19
639300
den Uil CA, Lagrand WK, Spronk PE, van
der Ent M, Jewbali LSD, Brugts JJ, et al.
Low-dose nitroglycerin improves microcirculation in hospitalized patients with
acute heart failure. European journal of
heart failure: journal of the Working
Group on Heart Failure of the European
Society of Cardiology [Internet]. 2009
Apr [cited 2011 Mar 13]; 11(4): 386-90.
Available from: http://www.ncbi.nlm.
nih.gov/pubmed/19211570
den Uil CA, Lagrand WK, van der Ent M,
Jewbali LSD, Brugts JJ, Spronk PE, et al.
The effects of intra-aortic balloon pump
support on macrocirculation and tissue
microcirculation in patients with cardiogenic shock. Cardiology [Internet]. 2009
Jan [cited 2011 Mar 22]; 114(1): 42-6.
Available from: http://www.ncbi.nlm.
nih.gov/pubmed/19365113
Jung C, Rödiger C, Fritzenwanger M,
Schumm J, Lauten A, Figulla HR, et al.
Acute microflow changes after stop and
restart of intra-aortic balloon pump in cardiogenic shock. Clinical research in cardiology: official journal of the German
Cardiac Society [Internet]. 2009 Aug [cited 2011 Mar 22]; 98(8): 469-75. Available from: http://www.ncbi.nlm.nih.gov/
pubmed/19367424

248
94.

95.

96.

97.

98.

99.

V. Cerny

Jung C, Lauten A, Roediger C, Fritzenwanger M, Schumm J, Figulla HR, et al.
In vivo evaluation of tissue microflow under combined therapy with extracorporeal life support and intra-aortic balloon
counterpulsation. Anaesthesia and intensive care [Internet]. 2009 Sep [cited 2010
Nov 27]; 37(5): 833-5. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/19
775051
Munsterman LDH, Elbers PWG, Ozdemir
A, van Dongen EPA, van Iterson M, Ince
C. Withdrawing intra-aortic balloon
pump support paradoxically improves
microvascular flow. Critical care (London, England) [Internet]. 2010 Jan [cited
2011 Mar 22]; 14(4): R161. Available
from: http://www.pubmedcentral.nih.
gov/articlerender.fcgi?artid=2945145&t
ool=pmcentrez&rendertype=abstract
Elbers PWG, Craenen AJ, Driessen A, Stehouwer MC, Munsterman L, Prins M, et
al. Imaging the human microcirculation
during cardiopulmonary resuscitation in
a hypothermic victim of submersion trauma. Resuscitation [Internet]. 2010 Jan [cited 2011 Mar 28]; 81(1): 123-5. Available
from: http://www.ncbi.nlm.nih.gov/pub
med/19963312
Koning NJ, Vonk ABA, van Barneveld LJ,
Beishuizen A, Atasever B, van den Brom
CE, et al. Pulsatile flow during cardiopulmonary bypass preserves postoperative
microcirculatory perfusion irrespective of
systemic hemodynamics. Journal of applied physiology (Bethesda, Md.: 1985)
[Internet]. 2012 Mar 8 [cited 2012 Mar
29]; Available from: http://www.ncbi.
nlm.nih.gov/pubmed/22403352
Forti A, Comin A, Lazzarotto N, Battistella G, Salandin V, Sorbara C. Pump Flow
Changes Do Not Impair Sublingual Microcirculation During Cardiopulmonary
Bypass. Journal of cardiothoracic and vascular anesthesia [Internet]. 2012 Mar 1
[cited 2012 Mar 29]; Available from:
http://www.ncbi.nlm.nih.gov/pubmed/22
387079
Yuruk K, Bezemer R, Euser M, Milstein
DMJ, de Geus HHR, Scholten EW, et al.
The effects of conventional extracorporeal circulation versus miniaturized extracorporeal circulation on microcirculation

during cardiopulmonary bypass-assisted
coronary artery bypass graft surgery. Interactive cardiovascular and thoracic surgery [Internet]. 2012 Jun 14 [cited 2012
Jul 9]; Available from: http://www.ncbi.
nlm.nih.gov/pubmed/22700685
100. Atasever B, Boer C, Speekenbrink R,
Seyffert J, Goedhart P, de Mol B, et al.
Cardiac displacement during off-pump
coronary artery bypass grafting surgery:
effect on sublingual microcirculation and
cerebral oxygenation. Interactive cardiovascular and thoracic surgery [Internet].
2011 Dec [cited 2012 May 25]; 13(6):
573-7. Available from: http://www.ncbi.
nlm.nih.gov/pubmed/21979985
101. Ozarslan NG, Ayhan B, Kanbak M,
Celebiog�lu B, Demircin M, Ince C, et al.
Comparison of the Effects of Sevoflurane,
Isoflurane, and Desflurane on Microcirculation in Coronary Artery Bypass Graft
Surgery. Journal of cardiothoracic and
vascular anesthesia [Internet]. 2012 May
14 [cited 2012 Jun 3]; Available from:
http://www.ncbi.nlm.nih.gov/pubmed/22
592139
102. Martin DS, Goedhart P, Vercueil A, Ince
C, Levett DZH, Grocott MPW. Changes
in sublingual microcirculatory flow index
and vessel density on ascent to altitude.
Experimental physiology [Internet]. 2010
Aug [cited 2011 Mar 22]; 95(8): 880-91.
Available from: http://www.ncbi.nlm.
nih.gov/pubmed/20418348

Correspondence address
Vladimir Cerny
Charles University in Prague
Faculty of Medicine in Hradec Kralove
University Hospital Hradec Kralove
Dept. of Anesthesiology and Intensive Care
Medicine
Hradec Kralove
Czech Republic
cernyvla1960@gmail.com

