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Summary 
The microcirculation plays a crucial role in the interaction between blood and tissues both in physiological and 
pathophysiological states. Despite its critical role in numerous diseases including diabetes, hypertension, sepsis or 
multiple organ failure, methods for direct visualization and quantitative assessment of human microcirculation at the 
bedside are limited. Orthogonal polarization spectral (OPS) imaging is a relatively new noninvasive method for 
assessment of human microcirculation without using fluorescent dyes. Recent clinical studies using OPS imaging in 
various pathological states have shown a wide spectrum of different clinical applications with evident impact on the 
diagnosis, treatment or prognosis assessment. Thus, there is a great effort to validate OPS imaging for various clinical 
purposes. The principles of OPS imaging, validation studies, its advantages, limitations, methods of quantitative 
assessment and current experience in clinical practice are discussed.  
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Introduction 
 

The microcirculation plays a crucial role in the 
interaction between blood and tissue both in the 
physiological and pathophysiological states. Analysis of 
microvascular blood flow alterations provides a unique 
perspective to study processes at the microscopic level in 
clinical medicine (Fagrell and Intaglieta 1997). Despite 
the critical role of microcirculation in numerous diseases 
including diabetes (Tooke 1996), hypertension, sepsis 
(Lehr et al. 2000) or multiple organ failure, methods for 
direct visualization and quantitative assessment of the 
human microcirculation at the bedside are limited. The 

interest in microhemodynamic monitoring grows with the 
understanding of microcirculatory pathology at the 
molecular level, especially in critically ill patients with 
sepsis (Esmon et al. 1999, Haley et al. 2004, Spronk et 
al. 2004). The gold standard for assessment of 
microcirculation is intravital microscopy (IVM). 
However, this technique cannot be performed in patients 
because there is a need for fluorescent dyes and 
transillumination. The size of instrumentation for IVM 
can also be a limiting factor for its use in clinical 
medicine. 

For many years, capillary microscopy 
(capillaroscopy, nailfold videomicroscopy) has been the 
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only method for assessment of the human 
microcirculation at the microscopic level in vivo. The use 
of this technique in man is limited to the easy accessible 
surfaces such as the skin, nailfold, lip or the bulbar 
conjunctiva (Fagrell 1986, Fagrell and Intaglieta 1997). 
The nailfold microcirculation is extremely sensitive to 
external temperature and vasoconstrictive agents 
(De Baker and Dubois 2001). It has also been reported 
that nailfold microvasular blood flow was reduced in 
normotensive febrile patients (Weinberg et al. 1991). 
Thus, the nailfold videomicroscopy may not be a reliable 
indicator of microcirculation in other parts of the body, 
particularly in critically ill patients. 
 Laser Doppler techniques for microvascular 
imaging are based on frequency shifts in laser light 
encountering erythrocytes. The role of laser Doppler in 
microcirculatory imaging is discussed in detail elsewhere 
(De Baker and Dubois 2001). Laser Doppler has been 
used to elucidate skin and muscle microcirculation in 
patients with severe sepsis (Young and Cameron 1995, 
Neviere et al. 1996a,b). Basal blood flow was increased 
or decreased in these patients compared to that in healthy 
subjects. The gastric and jejunal mucosal blood flow has 
also been explored in septic and surgical patients treated 
with various adrenergic agents (Neviere et al. 1996b, 
Duranteau et al. 1999, Thoren et al. 2000). The limitation 
of the laser Doppler technique consists in the 
measurement of the average of the velocities in all vessels 
in a defined tissue volume. Thus, this method does not 
reflect heterogeneity of microvascular blood flow, which 
is the major characteristic recognized in experimental 
studies. The scanning laser Doppler technique represents 
an improvement of the classic laser Doppler method. This 
technique allows a two dimensional visualization of 
microcirculation (Essex and Byrne 1991, Nielsen et al. 
2000).  
 Orthogonal polarization spectral (OPS) imaging 
is a relatively new noninvasive method for assessment of 
human microcirculation. Principles, validation studies, its 
advantages, limitations and current experience in clinical 
practice are discussed in this review. 
 
Principles of orthogonal polarization spectral 
imaging technology 
 

OPS imaging 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 (Winkelman 1991). 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 (Nadeau and 
Groner 2000).  
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Fig. 1. OPS imaging, optical scheme. (1) Incident polarized light 
is reflected toward the target tissue by a beam splitter (2). 
Depolarized scattered light passes through orthogonal polarizer-
analyzer and (3) is projected into a CCD videocamera. (4) 
Reflected polarized light is eliminated by an orthogonal polarizer. 

 
 

 In conventional reflectance imaging (CRI), high-
quality image contrast and detail are limited by multiple 
surface scattering and turbidity of the surrounding tissue 
(Nadeau and Groner 2000). In OPS imaging, the main 
difference from CRI consists in the phenomenon of cross-
polarization that reduces these effects. As shown in 
schematically in Fig. 1, incident light is linearly polarized 
in one plane and projected through a beam splitter onto 
the subject. Most of the reflected light retain 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 (MacKintosh et al. 1989, 
Schmitt et al. 1992). 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 improvements have been 
published previously (Groner et al. 1999, Lindert et al. 
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2002). To resume the principle how the images in OPS 
are formed there are two main physical effects 
participating in forming an image in the reflected light: 
absorption necessary for contrast and scattering for 
illumination (Groner et al. 1999) (Fig. 1). A new device 
based on OPS technology has been developed – 
sidestream dark-field (SDF) imaging In this modality a 
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 
method of observing microcirculation provides clear 
images of the capillaries without blurring (Fig. 2) (Ince 
2005).  
 

 
 
Fig. 2. Sidestream dark-field (SDF) imaging, a scheme. (1) 
Green light is emitted by (2) peripheral 540±50 nm light-emitting 
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 a (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). 

 
 
Validation of OPS imaging 
 

Recent clinical studies of the human 
microcirculation using OPS imaging in various 

pathological states have shown a wide spectrum of 
different clinical applications with evident impact on the 
diagnosis, treatment or assessment of prognosis. Thus, 
considerable effort has been exerted to validate OPS 
imaging for various clinical purposes. The experimental 
validation 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 (Groner et al. 1999, Harris et al. 2000a,b,  
2002, Laemmel et al. 2000, Langer et al. 2000, 
Biberthaler et al. 2001, Pahernik et al. 2002, von 
Dobschuetz et al. 2003). OPS imaging has been validated 
especially in animals (Harris et al. 2000a,b, 2002, 
Laemmel et al. 2000, Biberthaler et al. 2001, Langer et 
al. 2001, von Dobschuetz et al. 2003, Pahernik et al. 
2002, Tugtekin et al. 2001) and partly in humans 
(Mathura et al. 2001).  
 
Animal models 
 

Current knowledge on the microcirculation is 
mainly derived from animal studies. Measurements of the 
microcirculation in humans were limited to easy 
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 have been validated using a 
highly standardized model of the hamster dorsal skinfold 
chamber (Harris et al. 2000a). 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 no 
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 E-II has confirmed the 
comparability of OPS imaging and IVM (Harris et al. 
2000b). The FCD is defined as the length of RBC-
perfused capillaries per unit area and is given in cm/cm2. 
The FCD is a parameter of tissue perfusion and an 
indirect indicator of the oxygen delivery. It is widely used 
in clinical studies as a semiquantitative method to 
determine capilary 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 (Laemmel et al. 2000). The dorsal skinfold 
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chamber model in hamsters was also used to validate 
OPS imaging under conditions of hemodilution with a 
wide range of hematocrit (Harris et al. 2002). Bland-
Altman analysis of the vessel diameter and FCD showed 
good agreement between OPS imaging technique and 
IVM with a wide range of hematocrit. 

OPS imaging has been validated against IVM on 
solid organs of the rat. The model of ischemia/reperfusion 
injury of the rat liver has been used for the assessment of 
hepatic microcirculation applying both techniques 
(Langer et al. 2001). There was significant agreement of 
data obtained by both methods, correlation parameters for 
sinusoidal perfusion rate, vessel diameter and venular 
RBC-velocity were significant. The pancreatic 
microcirculation has also been under investigation using 
OPS imaging and IVM (von Dobschuetz et al. 2003). 
Absolute values of the pancreatic functional capillary 
density did not significantly differ 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 inflamatory bowel disease was 
applied to validate OPS imaging against IVM for the 
visualization of colon microcirculation (Biberthaler et al. 
2001). Postcapillary venular diameter, venular RBC-
velocity and FCD were analyzed. All parameters 
correlated significantly between both methods. The 
assessment of antivascular tumor treatment using OPS 
imaging and IVM showed excellent correlation in FCD, 
diameter of microvessels and RBC-velocity between both 
techniques (Pahernik et al. 2002).  
 Recently, sepsis-related deterioration in 
microvascular perfusion has been observed in porcine 
model of sepsis using OPS imaging. Sublingual 
microvascular flow and density were assessed by OPS 
imaging and compared in survivors and non-survivors 
(Goldfarb et al. 2005). OPS imaging reliably assessed 
alterations of the microvascular circulation during the 
porcine model of sepsis. The OPS imaging technique has 
been used for measurement of villus microcirculation 
during hyperdynamic porcine endotoxemia via an 
ileostomy (Tugtekin et al. 2001).  
 
Human studies 
 

Validation studies in man have been limited to 
easy accessible surfaces, fluorescent intravital 
microscopy was excluded because of the need to use a 

fluorescent dye. Thus, OPS imaging has been validated 
against conventional capillary microscopy in nailfold skin 
at rest and after venous occlusion in healthy volunteers 
(Mathura et al. 2001). 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 improvement 
in CYTOSCANTM A/R including a ring illumination and 
an external more powerful light source compared to 
CYTOSCAN E-II (Langer et al. 2000), several 
limitations remain. There are two main conditions for 
successful OPS imaging: 1) to create an image of high 
quality, and 2) to evaluate the images as quantitatively as 
possible. Three basic technical limitations have been 
defined previously (Lindert et al. 2002): undesirable 
pressure of the probe affects blood flow, lateral 
movement of tissue precludes continuous investigation of 
selected microvascular region, and blood flow velocities 
above 1 mm/s are difficult to measure, so that 
information on arteriolar flow remains unavailable. These 
limitations have been solved by further technical 
improvement previously (Lindert et al. 2002). A 
sterilizable device which maintains a fixed distance 
between probe and tissue has been developed to eliminate 
movement and pressure artifact as much as possible. 
Image analysis according to the principle of spatial 
correlation allows extending the range of detectable blood 
flow velocities up to 20 mm/s (current technical limit). 
The methods for image analysis and quantification in 
clinical practice have been reported previously 
(De Backer et al. 2002), further analysis improvement 
using flow scoring system has been published recently 
(Boerma et al. 2005). This semi-quantitative analysis of 
OPS flow imaging has been validated in terms of 
reproducibility comparing the sublingual microvascular 
architecture and gut villi in an ileostomy and crypts in a 
colostomy.  
 
Current clinical use 
  

The technology of OPS-SDF has been 
incorporated into a small hand-held video-microscope, 
which can be used in a clinical setting. OPS can assess 
tissue perfusion using FCD parameter, which is a 
sensitive parameter for determining the status of 
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perfusion in a tissue and also an indirect measure of 
oxygen delivery. The most easily accessible site in man is 
the mouth, where OPC produces excellent images of the 
sublingual microcirculation. There is only weak 
correlation (r=0,13) between the microvascular flow 
index calculated from paired OPS imaging in the 
sublingual region and in teeth (Boerma et al. 2005). De 
Backer et al. (2002) demonstrated that the sublingual 
microcirculation in patients with severe sepsis and septic 
shock was markedly altered and these alterations were 
more severe in non-survivors. The improvement of 
microcirculatory alterations in the first 24 h of 
resuscitation was found to be a better predictor of the 
outcome than changes in cardiac index, blood pressure or 
lactate (Sakr et al. 2004). OPS imaging was used as an 
objective bedside method for monitoring effect of the 
treatment on microcirculatory perfusion, the passive leg 

elevation resulted in a rise of sublingual capillary 
perfusion in hypovolemic patients (Spronk and 
Ziekenhuizen 2005).  

However, several limitations of the OPS 
technique in clinical use have to be pointed out. Current 
OPS technology can investigate only tissues covered by a 
thin epithelial layer and therefore internal organs are not 
accessible, except for perioperative use. Movement 
artifacts, a semiquantitative measure of perfusion, 
observer-related bias and also inadequate sedation may 
limit the quality of obtained data and its correct 
interpretation.  
 
Conclusions 
 

Despite limitations of OPS, this technology 
represents a promising noninvasive tool for evaluating 
microcirculation in both experimental and, maybe even 
more importantly, in a clinical setting, especially in 
critically ill patients. Further improvements in the 
technology are pending, they will probably bring rapid 
online analysis of obtained data. Microcirculation plays a 
key role in tissue oxygenation and there are many 
physiological and pathological conditions affecting 
microcirculation differently in various organs and tissues. 
The availability of monitoring microcirculation by using 
OPS or SDF imaging technology is not only of great 
potential for obtaining new informations about human 
physiology, but also to change our treatment strategies we 
have been used to.  
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