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In the current issue of Intensive Care Medicine, Bracht
and colleagues present a study in sheep intestines where
they investigate the response of the microcirculation to
ischemia as measured by two techniques aimed at the
microcirculation: OPS imaging and laser Doppler flow-
metry [1]. Their goal was to investigate how sensitive the
two techniques aimed at the microcirculation were able to
detect a progressive flow reduction to the intestines. To
this end they applied a tourniquet around the superior
mesenteric artery and progressively restricted arterial
blood flow to the intestine. The results of their study
showed that the laser Doppler signal deviated at less
arterial flow reduction (45%) than did microcirculatory
flow as detected by direct observation of capillary red
blood cell flow using OPS imaging. Alterations in capil-
lary red blood cell flow could not be detected until an
arterial flow reduction of 75 % had been reached. Because
of this difference they concluded that OPS imaging was
insensitive in being able to detect gut ischemia.

What makes this paper of special interest is that it can be
regarded from two points of view. One would be from a

technical point of view, where two techniques, purportedly
measuring the same physiological compartment, are com-
pared to each other in terms of specificity and sensitivity.
Alternatively one can interpret the results as reflecting
physiological phenomena associated with progressive arte-
rial occlusion. Reflecting from both points of view allows
interesting and import conclusions to be drawn concerning
the study of the microcirculation in critical illness.

The first issue which has to be considered is whether the
two techniques are measuring the same physiological
compartment. OPS imaging provides precise (given that the
image quality is of sufficient standard) and direct visuali-
zation of the flowing cells in the microcirculation of the
outer most cellular layer of the surface of the intestinal villi.
This is more difficult for the laser Doppler signal where all
movement (e.g. in arterioles, capillaries and venules) in an
unknown layer of the mucosa is being measured. This affect
is exacerbated if the laser Doppler signal used is red light,
since this light penetrates deeper into tissue. In this way,
laser Doppler would measure a deeper compartment than
the green light used in OPS imaging which only penetrates
the immediate surface and where only capillary vessels are
seen. If indeed OPS imaging would be sensing flow in the
outer layer of the villi and the laser Doppler in the deeper
layer then an interesting observation arises from this paper.
Namely, that the microcirculation in the tip of the villi
(being observed by OPS imaging) is able to sustain its flow
(presumably by the action of control mechanisms) at the
expense of the flow of the deeper mucosal layer (being
measured by the laser Doppler technique). Redistribution
of blood flow within the intestines is well known. In this
light, their findings have identified the value of the critical
cut-off point for arterial occlusion for the two compart-
ments as being different. This being respectively 45 and
75% flow reduction for the outer and inner microcirculatory
layers of the mucosal villi. One could argue that monitoring
the microcirculation of the mucosa using OPS imaging is
most relevant because it identifies, almost by definition, the
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critical arterial flow reduction value which comprimizes the
most important microcirculatory compartment for the
barrier function of the gut, mainly the microculatory bed
closest to the lumen of the gut. Well, is there evidence that
the mucosa is more resilient to ischemia and shock than the
deeper layers of the intestines? Well, yes. In fact, several
animal studies have shown that during ischemia and shock
mucosal blood flow and oxygen tension is preserved in the
mucosa at the expense of the serosa (e.g. [2]).

The second aspect of the paper by Bracht et al. [1] that
requires consideration are the technical methodologies for
assessment of the microcirculation. In assessing the
microcirculation three phases should be distinguished, each
of which should be performed with great care: 1) optimal
microcirculatory image acquisition; 2) image analysis; and
3) microcirculatory scoring. Firstly, it is of major impor-
tance that high quality images are acquired in the
microcirculatory region of interest. This means that the
capillaries with (flowing) red blood cells should be clearly
visible on a monitor and that images must be recorded and
stored digitally to avoid any image compression-induced
quality loss. If microcirculatory images do not meet the
required standard, then disparity can occur in the sub-
sequent microcirculatory evaluation. That this may have
been a problem in the present study is illustrated by the
somewhat unclear images OPS images shown in Fig. 4a, b,
where capillaries can hardly be identified. This lack of
resolution is further amplified by the large discrepancy
found between the vessel densities scored by the two
investigators (Fig. 1). Indeed, the authors point out that sub
optimal images may have been a problem and that
improved image quality and a solution to movement of the
images could have benefitted their results. Such improve-
ments have recently been introduced in the form of a novel
optical modality called SDF imaging and specialized image
processing and analysis software to correct for image

movement [3–5]. Secondly, the acquired images must be
analyzed quantitatively for physical microcirculatory
parameters, such as capillary diameter and length and red
blood cell velocities. This relies heavily on the preceding
image acquisition step, i.e., with suboptimal images, the
image analysis will be inaccurate and unreliable. Thirdly,
and ultimately, the analyzed microcirculatory images must
be scored for relevant functional parameters like capillary
density and microvascular flow index [6]. The authors have
chosen to apply a semi-quantitative scoring method which
mainly discriminates between stagnant and flowing cells, a
specific characteristic of microcirculatory alterations in
sepsis for which this score was specifically developed [6]. A
more appropriate and probably more sensitive method for
detecting and quantifying the presumably step-wise
reduction of microcirculatory blood flow following pro-
gressive arterial blood flow restriction, would have been
direct determination of capillary red blood cell velocities
measured by the use of space-time diagrams [5, 7]. If one or
more of the above-mentioned steps are performed inade-
quately, unreliable conclusions could be drawn from the
microcirculatory measurements, which in turn could lead to
inter-observer bias and inconclusive results.

In conclusion, considering and reflecting on this paper by
Bracht et al. has allowed many aspects in the assessment
and (patho) physiology of microcirculatory alterations
during ischemia and shock, to be considered. Discussions
such as these can be expected to provide important contri-
butions to optimize the assessment and interpretation of
microcirculatory alterations during critical illness.
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Goedhart P, Büchele G, Ospina-Tascon
G, Dobbe I, Ince C (2007) How to
evaluate the microcirculation? Report of
a round table conference. Crit Care
11:R101–R111

7. Ellis CG, Ellsworth ML, Pittman RN,
Burgess WL (1992) Application of
image analysis for evaluation of red
blood cell dynamics in capillaries.
Microvasc Res 44:214–225

1756

http://dx.doi.org/DOI 10.1007/s00134-008-1130-8
http://dx.doi.org/DOI 10.1007/s00134-008-1130-8

	The elusive microcirculation
	Conflict of interest
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


