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Validation of IC-VIEW fluorescence videography
in a rabbit model of mesenteric ischaemia
and reperfusion

Abstract Background/Aims: Mor-
tality in mesenteric ischaemia can be
reduced by an optimised extent of
resection. Up to now, no technique
supplementing a surgeon’s experience
has achieved clinical acceptance. Be-
sides a qualitative interpretation, the
new technique of computer-assisted
laser-fluorescence videography af-
fords quantification of staining inten-
sities. The aim of this study was to
investigate the scientific value of this
technique in mesenteric ischaemia in
a rabbit model of controlled mesen-
teric ischaemia and reperfusion.
Methods: We used an established
rabbit model of mesenteric ischaemia
(group I, n=6) and reperfusion (group
II, n=6). In each animal, three loops
(each of 10 cm) of the small intestine
were clamped (group I, 40 min; group
II, 60 and 20 min reperfusion). For
further evaluation, all loops were
divided into five segments of 2×2 cm
(total number of investigated areas,
n=180). Measurement of vascular
patency was performed by laser-fluo-
rescence videography (pixel intensity
per second). As standard, we used
radioactive microspheres (impulse per
minute per gram). In addition, the
extent of ischaemic tissue damage

was identified by histological exami-
nation. Statistical data were analysed
by using regression analysis to define
the regression coefficient r. Results/
Findings: Laser-fluorescence
videography and the microsphere
technique demonstrated a close and
linear correlation: ischaemic seg-
ments, r=0.90± 0.07; reperfusion
segments, r=0.85± 0.02; overall,
r=0.92±0.07. There was no reprodu-
cible correlation to cellular damage in
histology. Interpretation/
Conclusion: Computer-assisted
laser-fluorescence videography is a
feasible, reliable, and valid experi-
mental method for the detection of
mesenteric blood supply and intesti-
nal microcirculation. Clinical appli-
cation is conceivable in mesenteric
ischaemia and infarction as well as the
operative transposition of intestine. As
limiting values to identify the irre-
versible necrosis are not yet defined,
further studies have to analyse the
clinical impact more precisely.
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Introduction

Mesenteric ischaemia still is a challenging entity in di-
agnostics and therapy. Despite technical progress, current

studies persistently reveal high rates of mortality ranging
from 24 to 96% [1–3].

Besides a prompt diagnosis, an optimised extent of in-
testinal resection can reduce mortality. However, defining
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the limits of resection still depends to a high degree on the
surgeon’s experience. Various techniques supplementing
the clinical diagnosis have been suggested, but none has
achieved widespread clinical acceptance [4–12].

The measurement of regional blood flow by fluores-
cence angiography derives from the 1930s [13]. In brief,
the technique relies on the fluorescence of viable, perfused
tissue when exposed to ultraviolet or laser light after in-
jection of fluorescein dye. Although it is a well-established
technique in ophthalmology, various studies investigated
its use in the determination of intraoperative intestinal
viability [14]. Due to a consistently subjective interpreta-
tion of fluorescent images, results from the literature re-
main conflicting. Sensitivities of 88–100% were described
[15–17], but other study groups reported an accuracy of
judgement below 60% and less [18, 19].

Laser-fluorescence videography consists of two-dimen-
sional imaging including variable areas up to 20×40 cm.
Besides the observer’s qualitative interpretation, staining
intensities can be quantified through the use of a computer.
The aim of this study was to evaluate the scientific use of
computer-assisted laser-fluorescence videography in mes-
enteric microcirculation in a rabbit model of controlled
mesenteric ischaemia and reperfusion. For validation, we
used radioactive microspheres representing the gold stan-
dard in imaging of vascular patency [11, 18, 20–22].

Materials and methods

Animal model

The study was performed in adherence to the National
Institutes of Health guidelines for the use of experimental
animals (reference number 50.203.2 AC 18, 1/02 Bezirks-
regierung Cologne, Germany) and the National Decrees for
Radiation Protection. We used the animal model for mes-
enteric ischaemia in rabbits as described by Ando et al.
[19]. Experiments were performed on 12 female rabbits
(New Zealand White) weighing 3.7–4.3 kg. Anaesthesia
was introduced by subcutaneous injection of a mixture of
0.3 ml/kg medetomidine, 0.2 ml/kg 10% ketamine, and
0.2 ml/kg diazepam. An arterial catheter (Leader Cath 20G,
Vygon, Aachen, Germany) was placed in the auricular vein
and a 2-ml blood sample was taken for routine laboratory
workup. All animals were intubated, but respired spon-
taneously. Anaesthesia was maintained by intravenous
titration of 0.3 ml/kg medetomidine and 0.2 ml/kg 10%
ketamine. After typical median laparotomy, a catheter was
placed in the descending aorta. Afterwards, four loops of
the small intestine (each of 10 cm) were isolated (Fig. 1).
In three of them, ischaemia was induced by mesenteric
clamping. The fourth segment served as control. For all
further investigations (fluorescence angiography, micro-
spheres, histology), all loops were divided into five seg-
ments of 2×2 cm (see below). Animals were randomised

and divided into two groups. In group I (n=6), ischaemia
was maintained for 40 min. In group 2 (n=6), ischaemia
was carried out for 60 min followed by reperfusion for
20 min. Blood gas samples were registered after introduc-
tion of the arterial catheter, at the beginning of clamping,
and at the end of ischaemia–reperfusion (ABL 700, Ra-
diometer, Copenhagen, Denmark). At the end of ischaemia
(group I) or reperfusion (group II), microbiologic smears
were taken from the surface of all intestinal loops to eval-
uate bacterial transmigration. The intestinal blood flow was
measured firstly by laser-fluorescence angiography, and
secondly by microspheres. Finally, all animals were killed
by an overdose of pentobarbital and the intestinal loops
were excised for further investigations.

Laser-fluorescence videography

The dynamic laser-fluorescence videography system (IC-
VIEW system, Pulsion Medical Systems, Munich, Ger-
many) consists of a digital video camcorder and a laser
light (NIR light) and is about the size of a conventional
camcorder. After intravenous bolus injection of 2 ml indo-
cyanine green solution (50 mg indocyanine green/100 ml
glucose 5%), the situs was illuminated by a laser (energy
0.16 W, wavelength 780 nm). Digital videos were recorded
showing the uptake, steady-state distribution, and clear-
ance of the dye-marked blood (Fig. 2a–c). The recorded
fluorescence served as a function of tissue perfusion. All
videos were viewed in real time and stored in a notebook.
For further quantitative evaluation, we used the IC-CALC
program (Pulsion Medical Systems). All intestinal loops
were equally divided into five regions of interest (ROIs)
of 2×2 cm and named A to E clockwise. With the as-
sistance of a computer, the ROIs were painted by hand.
The increment of fluorescence (pixel intensity) in the
ROIs was measured as steepness of the curve of light
emission (pixel intensity per second). The perfusion of the
control loop was set as 100% (reference region) (Fig. 3).
In total, 120 ROIs were analysed in each group. The re-

Fig. 1 Intraoperative position of intestine before clamping
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sults were presented graphically as the percentage of pixel
intensity of an ROI compared to the reference region
(perfusion index).

Radioactive microspheres

As control, we used the radioactive microsphere technique
introduced by Bartrum et al. [20] and established in the
measurement of intestinal blood supply in multiple animal
models [21, 22]. Directly after recording laser fluores-
cence, the microspheres were injected intra-arterially into
the descending aorta. According to the supplier’s instruc-

tions, we used 404,000/mg cerium-141 NEN-TRAC mi-
crospheres with a diameter of 15 μm (ca. 3.7 MBq, NEM-
022A, PerkinElmer, Boston, MA, USA). Through a bur
hole, a gamma camera detected the impulse rate per minute
of all 2×2-cm samples. Samples from blood and kidneys
served as internal controls. After half-time correction, re-
sults were recorded as impulse per minute per gram. Fi-
nally, the measurements were expressed as the percentage
of impulse rate of the ischaemic segments compared to the
control loop (reference region).

Light microscopy

After passing the radiation survey, the extent of ischaemic
tissue damage was determined by histological examination.
A part of each tissue sample was fixed in 10% buffered
formalin, embedded in paraffin, and sections (4 μm) were
stained with haematoxylin and eosin. For the quantification
of ischaemic damage, we used the classification of in-
testinal mucosal lesions as introduced by Park et al. [23].
In each sample, five sections were evaluated.

Statistics

All data were expressed as mean value and standard de-
viation if not otherwise stated. In each individual ischaemic
segment including the controls, the percentage of impulse

Fig. 2 a–c Typical uptake and distribution of indocyanine green in
mesenteric vessels and microcirculation of the intestinal wall

Fig. 3 Increment of fluorescence (pixel intensity) measured as
steepness of the curve of light emission (pixel intensity per second)
for two intestinal segments (red and blue) compared to the reference
region (green)
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rate (microspheres) was compared to the percentage of
pixel intensity (fluorescence angiography). Statistical data
were analysed by regression analysis. Regression coeffi-
cients were calculated for each individual animal as well as
for the whole group. To compare laser fluorescence and
microspheres in ischaemia and reperfusion, we used Stu-
dent t test for statistical evaluation. Assessing the histo-
logical damage with a semiquantitative score, we analysed
differences of the ordinal data by the Mann–Whitney U
test for non-parametric parameters. A p value of less than
0.05 was considered significant.

Results

Laser-fluorescence videography

The perfusion videos revealed the typical time-course of
upstream, distribution, and clearance of the dye-marked
blood (Fig. 2a–c). The mesenteric architecture and the mi-
crocapillaries of the bowel wall could easily be identified.
Perfused tissue demonstrated a strong fluorescence. Con-
versely, tissues that were not perfused did not fluoresce.
The grossly qualitative (macroscopic) interpretation in-
cluded information about the speed of upstream fluores-
cence as well as the homogeneity of fluorescence.

Quantitative evaluation of the segments by means of
the IC-CALC program showed a broad range (Fig. 4). Re-
garding all segments, the perfusion index varied from 0 to
234% (mean 83.09±43.63%). On average, the reperfusion
group II (mean 97.94±46.87%, range 0–234%) showed
higher values compared to the ischaemia group I (mean
68.24±34.44%, range 11–170%). The differences were
significant (p<0.05).

In addition, the results revealed a remarkable rate of
intra- and interindividual variability. The animals’ circu-
latory function influenced the microcirculation measured
by fluorescence. A generally depressed circulation led to a
decreased tide of indocyanine green in all loops, whereas a
stable circulation induced a distinct fluorescence (Fig. 4).
In addition, we found discrepancies in the blood supply
when comparing the loops intra-individually. Single ani-

mals simultaneously showed loops with a strong fluores-
cence as well as pale loops.

Regarding the individual segments A–E (Fig. 5), group I
(ischaemia) showed the lowest indices of perfusion in the
middle segments (C), representing the greatest distance to
the skeletonised margin. Congruently, the perfusion index
consequently increased in the marginal segments A and E.
Animals of group II (reperfusion) generally demonstrated
more stable values. Among the segments A–E, we did not
find considerable differences. Generally, the fluorescence
was strongly influenced by the blood flow in the neigh-
bouring segments. Thus, regions of the lowest fluorescence
were not exclusively located in the centre of the loop but
were also found next to low perfused segments elsewhere.

Microspheres

The measurement of the segments’ radioactivity repeated
the broad range mentioned above (Fig. 4). Evaluating all
segments, the impulse rates ranged from 2 to 285% (mean
86.29±50.46%). Again, the reperfusion group II (mean
99.93±59.38%, range 2–285) showed higher average val-
ues compared to the ischaemia group I (mean 72.65±
34.91%, range 22–240). Again, the differences were sig-
nificant (p<0.05).

Congruently to the laser fluorescence, we found the
same intra- and interindividual variability in impulse rates
(Fig. 4). A circulatory insufficiency decreased the impulse
rate, whereas a more stable situation during the experiment
led to higher radioactivity in all samples of the individual
animals. In addition, the microcirculation of the intestinal
loops varied in single animals.

Analysis of the impulse rates of the individual segments
A–E revealed results similar to that of the fluorescence
videography (Fig. 5). Group I (ischaemia) showed the
lowest impulse rates in the C segments with the greatest
distance to the skeletonised margin. Again, the values in-
creased in both marginal segments (A and E). As the im-
pulse rates measured in group II (reperfusion) were widely
stable, we did not find considerable differences when com-
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paring the segments A–E. In parallel to the measured fluo-
rescence, the segments’ radioactivity was obviously influ-
enced by the vascular patency of their neighbours.

Validation analysis

Statistical analysis of the results obtained from the laser-
fluorescence videography and the microsphere technique
demonstrated a close linear correlation. Comparing the
intra-individual results animal per animal, the coefficient of
correlation (r) ranged from 0.82 to 0.99 (mean 0.92±0.07).
Mean r in the ischaemic animals was 0.87±0.05, whereas
mean r in the reperfusion animals was 0.96±0.05. Re-
garding the segments A to E in the individual animals,
r varied from 0.88 to 1.0 in ischaemic segments (mean
0.90± 0.07) and from 0.82 to 0.88 in reperfusion segments
(mean 0.85±0.02). Comparing all segments in group I
(ischaemia), r was 0.86 (Fig. 6). Regarding all reperfusion
segments (group II), r was 0.86 (Fig. 7). The overall r of all
investigated segments was 0.92±0.07.

Histology

In general, the rate of cellular damage in the ischaemic
loops was low. Referring to the classification of Park et al.

[23], none of the samples reached a grading higher than
stadium 2. Figure 8 demonstrates a typical example with an
expanded Gruenhagen’s space and a moderate lifting of the
epithelium from the lamina propria. Corresponding to our
results from the laser fluorescence and microspheres, the
rate of cellular damage could not be derived from the seg-
ments’ distance to the margin of dissection. Although the
segments with a major loss of blood circulation could be
identified by a grossly higher rate of damage, we did not
find a reproducible correlation to either the laser-fluores-
cence videography or the microsphere technique.

Laboratory findings and microbiology

The results from the laboratory workup did not show a
considerable correlation to the measurements of laser fluo-
rescence and microspheres. Corresponding to the time of
ischaemia, serum lactate grossly tended to higher values at
the end of the ischaemic periods. In accordance, the fol-
lowing reperfusion in group II led to a decrease in lactate.
However, the differences were not significant in both
groups. The blood gas analyses, mainly to analyse the ar-
terial oxygen and carbon dioxide pressure, were not in-
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Fig. 6 Linear correlation between laser fluorescence (ICG) and
microspheres (MIC) after 40 min of ischaemia (r=0.86)
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Fig. 8 Expanded Gruenhagen’s space and a moderate lifting of the
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fluenced by the time of ischaemia or reperfusion and were
undisturbed.

None of the microbiologic smears taken of all ischaemic
loops revealed a bacterial translocation.

Discussion

Two-dimensional laser-fluorescence videography, includ-
ing computer-assisted quantitative evaluation of perfusion
indices, can be regarded as a feasible, reliable, and valid
technique for the measurement of mesenteric blood flow.

By embolization of the capillary bed, microspheres por-
tray the microcirculation one to one. Correspondingly, the
method still represents the gold standard in the experi-
mental measurement of regional blood flow [20, 24, 25].
All results of the laser fluorescence revealed a close linear
correlation to the microsphere method. Covering a broad
range of vascular patencies, the high correlation could be
observed in physiological perfusion as well as in ischaemia
or reperfusion of the small intestine. Thus, the computer-
assisted interpretation of the fluorescence pattern turned
out to be a useful and valid supplement.

In addition, the reliability of the fluorescence videog-
raphy even reflects the varieties in collateral blood supply
of individual loops and segments. Besides circulatory dis-
orders, this represents the high rates of anastomoses and
arcades of the intestinal vasa recta. As known in animals
as well as in humans, especially the angioarchitecture
of the small intestine contains multiple collateral vessels
[26–30]. Evaluating this individual microcirculation could
be of special importance in cases of extensive resections,
which often reduce the remaining length of the gut to a
life-threatening degree.

Finally, the practical application of laser-fluorescence
videography facilitates its use in a surgeon’s daily routine.
As the system only contains a portable video camera in-
cluding a laser luminous source and a laptop, it can be used
in any operating room. Furthermore, the intravenous ap-
plication of indocyanine green is harmless to humans, and
repeated measurements are feasible, even though with a
delay of approximately 30 min due to washout effects.
On the basis of its clinical utility, laser-fluorescence vid-
eography is thus superior to the more experimental char-
acter of the microsphere method.

Despite valid and reliable quantitative results, the new
technique of laser-fluorescence videography also has tech-
nical pitfalls and limits that cannot be diminished by the
computer-assisted evaluation.

Due to physical characteristics, quantitative measure-
ments of light and energy emission from sloped layers lead
to summation effects. Thus, loops in sloped position could
present high fluorescence intensities, which falsely repre-
sent high rates of microcirculation. Consequently, intestinal
loops measured by the laser fluorescence should be dis-
played in an almost planar position.

In addition, any overlapping should be avoided. How-
ever, this concerns not only an uncovered position of the
region of interest. As two-dimensional laser-fluorescence
videography of the intestine images a three-dimensional
tube as a plane layer, the filling of the intestine influences
the rate of fluorescent emission. In case of an empty gut,
the posterior intestinal wall will at least partly contribute
to the total emission, although the penetration depth of
the laser light is limited by the first fluorescing layer. In
contrast, a full intestine could reduce the fluorescence by
covering the posterior wall. Consequently, one should aim
for standardised intestinal fillings in the ideal case.

Finally, limiting values in laser-fluorescence videogra-
phy representing irreversible necrosis are not yet defined.
In both groups (ischaemia–reperfusion), the histological
examination showed only moderate rates of cellular dam-
age. Grossly, regions with a major loss of blood circulation
could be identified by a higher rate of damage. Neverthe-
less, we did not find a general correlation either to the laser
fluorescence or to the microspheres. This widely agrees
with our non-correlating results from the laboratory work-
up. Thus, our experimental setting could not completely
reflect the time-course of the human intestine from is-
chaemia to necrosis. A too short experimental time sched-
ule must be regarded as the main cause [19]. Obviously, the
time of ischaemia used in our experimental setting did not
suffice to induce a considerable rate of irreversible cellular
damage. Similar results in histology are reported in various
models from the literature [17, 31–33]. Nevertheless, the
steadily increasing rate of mortality during the course of
mesenteric ischaemia limits the technical possibilities in
experimental settings.

Conclusion

Computer-assisted laser-fluorescence videography is a fea-
sible method for the detection of mesenteric blood supply
and intestinal microcirculation. Compared to the gold stan-
dard of the microsphere technique, its results are reliable
and valid in mesenteric ischaemia as well as in reperfusion.
Individual varieties in the angioarchitecture can be repro-
duced and its simple technique is applicable in a surgeon’s
daily routine. Clinically, the application of computer-as-
sisted laser-fluorescence videography is conceivable not
only in mesenteric ischaemia and infarction but also in the
perfusion measurement of gastrointestinal anastomoses or
transpositioned intestine. However, technical pitfalls have
to be avoided and repetitive measurements need a certain
delay. Even more important, limiting values to identify the
irreversible necrosis need to be defined in order to outline
relevant disorders in circulation from broad anatomical
varieties. Further studies have to investigate longer periods
of intestinal ischaemia and necrosis to analyse the clinical
impact of laser-fluorescence videography on gastrointesti-
nal surgery more precisely.
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