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Abstract: The fluorophore indocyanine green accumulates in areas of ischemia-reperfusion 
injury due to an increase in vascular permeability and extravasation of the dye. The aim of the 
study was to validate an indocyanine green-based technique of in vivo visualization of 
myocardial infarction. A further aim was to quantify infarct size ex vivo and compare this 
technique with the standard triphenyltetrazolium chloride staining. Wistar rats were subjected 
to regional myocardial ischemia (30 minutes) followed by reperfusion (n = 7). Indocyanine 
green (0.25 mg/mL in 1 mL of normal saline) was infused intravenously for 10 minutes 
starting from the 25th minute of ischemia. Video registration in the near-infrared fluorescence 
was performed. Epicardial fluorescence of indocyanine green corresponded to the injured area 
after 30 minutes of reperfusion. Infarct size was similar when determined ex vivo using 
traditional triphenyltetrazolium chloride assay and indocyanine green fluorescent labeling. 
Intravital visualization of irreversible injury can be done directly by fluorescence on the 
surface of the heart. This technique may also be an alternative for ex vivo measurements of 
infarct size. 
© 2016 Optical Society of America 

OCIS codes: (300.2530) Fluorescence, laser-induced; (110.3080) Infrared imaging; (170.3880) Medical and 
biological imaging. 
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1. Introduction 

Experimental models of myocardial infarction are widely used to study the mechanisms and 
pathophysiology of ischemia-reperfusion injury, post-infarction cardiac remodeling and for 
studies on cardioprotection [1–3]. The consequences of myocardial infarction depend on the 
severity of the injury and the size of the myocardial infarction. The golden standard of 
assessing infarct size in experimental studies is the triphenyltetrazolium chloride (TTC) assay, 
although functional and biochemical tests give additional information as secondary endpoints 
[2]. The method with TTC staining is based on histo-enzymatic reactions of dehydrogenase 
enzymes and cofactors in the tissue with TTC to form a formazan pigment [2]. Formazan 
stains viable myocardium in a red-brick color. However, irreversibly injured myocardium 
remains unstained, and a clear delineation of viable myocardium from necrosis is created. A 
limitation of this method is that the results are reliable only after ≥ 60 min of reperfusion [4]. 

To date, only nicotinamide adenine dinucleotide (NADH) and flavin adenine dinucleotide 
(FAD) autofluorescence allows in vivo visualization of the zone of ischemia on the heart 
surface. This method is based on monitoring of changes in autofluorescence intensity due to 
myocardial ischemia [5,6]. Although NADH and FAD autofluorescence allows detection of 
myocardial ischemia, the method’s ability to accurately measure infarct size is not known [7]. 
Besides, a drawback of this method is that complete darkness is necessary for good 
visualization. Another method of in vivo measurements is echocardiography. A correlation 
has been reported between infarct size measured by in vivo echocardiography and ex vivo 
TTC staining in both mice and rat [8,9]. Unfortunately, the individual variations between the 
two methods have been considerable. Expensive equipment and a very experienced examiner 
are also necessary. 

Irreversible injury after prolonged myocardial ischemia causes severe functional and 
structural abnormalities to the microvasculature, with increased microvascular permeability 
and extravasation of proteins. In more severe cases it may lead to “no-reflow” [10]. This 
phenomenon has been named “vascular rhexis” [11,12]. The loss of functional integrity of the 
vessel wall was evident after 90 minutes of ischemia by extravasation of fluorescein 
isothiocyanate-conjugated albumin-fluorescein (FITC-albumin). Recently Fang et al (2016) 
demonstrated that ischemia-induced necrosis in skeletal muscle may be demonstrated by 
another fluorescent dye – indocyanine green (ICG) [13]. 

We hypothesize that the fluorophore ICG may accumulate in the zone of irreversible 
ischemia-reperfusion injury of the rat heart in vivo. ICG emits in the near-infrared (NIR) 
spectral range and is widely used in medicine for a variety of tasks [14]. The popularization of 
NIR-fluorescence imaging is largely determined by the development of appropriate systems 
[15–18]. Unlike TTC, ICG can be used for intravital imaging. 

Furthermore, we hypothesize that ICG can be used to develop a method of intravital 
visualization and ex vivo quantification of myocardial irreversible ischemia-reperfusion 
injury. The objectives of this study were: 1) to prove the possibility of intravital visualization 
of irreversible ischemia-reperfusion injury using ICG; 2) to compare infarct sizes obtained 
using the golden standard (TTC staining) and infarct size obtained using ICG-fluorescence 
technique. 

2. Experimental setup and method 

The experiments were performed on male Wistar rats weighing 250-300g. The animals were 
fed standard laboratory rodent chow and given water ad libitum. All experiments were 
conducted in accordance with the Guide for the Care and Use of Laboratory Animals and 
approved by the local Ethics Committee. 
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2.1 In vivo rat model of myocardial ischemia-reperfusion injury 

Male Wistar rats were anesthetized by a single intraperitoneal injection of sodium thiopental 
(60 mg/kg). Body temperature was maintained at 37,0 ± 0,5 ° (ATC1000-220, World 
Precision Instruments, Inc., USA). The rats were tracheostomized and mechanically ventilated 
(CWE-SAR-830/ AP, World Precision Instruments, Inc, USA) with 60% oxygen (respiratory 
rate - 60 / min, tidal volume of - 3 ml / 100 g body weight). Ventilation was adjusted by 
repeated arterial blood gas analyses throughout the experiment (ABL80FLEX, Radiometer, 
Denmark). Femoral vein catheterization was performed to maintain anesthesia and infusion of 
ICG solution. The right common carotid artery was cannulated with a polyethylene tube (PE-
50, Intramedic, USA) for blood sample withdrawal, measurement of arterial blood pressure 
and heart rate. The arterial cannula was connected to a pressure transducer (Baxter, USA). 
During the experiments, animals had continuous monitoring of hemodynamic parameters 
(mean blood pressure (BP) and heart rate (HR)) using software PhysExp (LLC 
“Kardioprotekt”, Russia). For induction of regional ischemia-reperfusion injury, the chest was 
opened in the fourth intercostal space and the ribs were spread to expose the heart. The 
pericardium was opened and a 6.0 polypropylene non-traumatic suture was passed around the 
major branch of the left coronary artery, about 2 mm from its origin [19]. The ends of suture 
were passed through an occluder (a small polyethylene tube ~6-7 cm; PE-90, Intramedic, 
USA) and exteriorized. After the end of surgical procedures and 30 minutes stabilizing period, 
myocardial ischemia was initiated. The occluder was shifted down and locked by a surgical 
clamp. Registration of hemodynamic parameters was performed before occlusion, five and 15 
min after the occlusion, at five minutes of reperfusion and then every 30 minutes until the 
experiment was finished after 120 minutes of reperfusion. 

The following groups were included: 
Group I: After 30 minutes of stabilization, ischemia was induced for 30 minutes followed 

by 30 minutes of reperfusion (Fig. 1). 1 mL of ICG solution was infused intravenously for a 
total of 10 minutes, beginning five minutes before end of ischemia and continuing during the 
first five minutes of reperfusion. Intravital video recording of distribution of ICG on the 
external surface of the heart was performed. At the end of 30-minute reperfusion, the area 
with irreversible ischemia-reperfusion injury was visualized by the fluorescence of 
accumulated ICG in the zone of myocardial injury (see below). Then the hearts were 
harvested (at 30-minute post-ischemia) for ex vivo visualization of ischemia-reperfusion 
injury by ICG fluorescence (n = 3). 

Group II: The protocol was identical to that of group I, except that reperfusion lasted 120 
minutes. At the end of reperfusion, the hearts were harvested and processed for evaluation of 
infarct size by ICG and TTC staining (see below) (n = 7) 

 

Fig. 1. Experimental protocol. I – ischemia, R – reperfusion, ICG - indocyanine green, TTC - 
triphenyltetrazolium chloride,  – time points of imaging. 

                                                                              Vol. 8, No. 1 | 1 Jan 2017 | BIOMEDICAL OPTICS EXPRESS 154 



2.2 In vivo visualization of the ischemia-reperfusion injury 

To prepare the fluorescence solution ICG (Pulsion medical systems, AG, Germany) was 
dissolved in distilled water at a final concentration of ICG 0.25 mg/ml. NaCl was added to the 
ICG solution to get a concentration of 0.9% NaCl. 

After 20-25 minutes of ischemia, the ribs were spread to visualize the external surface of 
the heart for video recording. The surface of the heart was recorded by two types of videos 
which were saved at the same time: in visible light and in near infrared light (NIR; Fig. 2). 
5W diode laser was used with a wavelength of 808 nm, which provides infrared fluorescence 
excitation of ICG (detailed description of the research complex is in section 2.4). ICG was 
infused intravenously for 10 minutes at a dose of 0.25 mg/ml as described above. 

 

Fig. 2. The research complex, infrared imaging system ICG-Scope, which was used for 
intraoperative visualization of ischemia-reperfusion myocardial injury in an experimental 
model in vivo. a) – Image of the setup: 1 – television camera, 2 – semiconductor laser, 3 – 
heart, 4 – fiber illuminator, 5 – PC., b) – Schematic image of the complex. 

2.3 Ex vivo visualization of the ischemia-reperfusion injury 

At the end of the experiments (after 30 or 120 minutes of reperfusion) the left coronary artery 
was reoccluded, followed by intravenous administration of 2.5 mL of 2.5% Evans Blue (MP 
Biomedicals, Santa Ana, CA) for identification of the area at risk (perfusion deficit zone 
following a coronary artery occlusion). The hearts were excised for photographing of the 
outer surface followed by the registration of the fluorescence area and intensity of ICG in 
areas of irreversible ischemia-reperfusion injury and the surrounding undamaged 
myocardium. Then hearts were cut into five 2 mm thick slices parallel to the atrioventricular 
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groove. The basal surface of each slice was photographed, using a digital camera. To compare 
results of ICG-fluoroscopy (potential infarct indicator) with TTC assay (infarct indicator after 
>90 min reperfusion), the slices were immersed in a 1% solution of 2,3,5-triphenyltetrazolium 
chloride (TTC; TTH, ICN Pharmaceuticals, USA) at 37°C (pH 7.4) for 15 minutes and 
photographed again for identification of infarct area (TTC-negative sites) and registration of 
fluorescence area of ICG. The images were analyzed using software ImageJ 
(https://imagej.nih.gov/ij/). The area at risk was expressed as a percentage of the whole slice, 
and the infarct area (TTC-negative sites or ICG fluorescence area) was expressed as a 
percentage of the area at risk. We introduced an arbitrary threshold for measurement of the 
size of myocardial infarction to delineate nonviable myocardium in the area at risk. The area 
at risk and area of necrosis of each slice were calculated by an investigator blinded to the 
results of staining with another dye. Values of the area at risk and infarct size for each heart 
were obtained by summarizing data for the slices and calculating the percentage. 

2.4 Near-infrared fluorescence imaging system 

Video registration of the NIR fluorescence was performed by using custom built NIR 
fluorescence optical imaging system FLUM-808 (Fig. 2) [18]. It includes 5W diode laser with 
a wavelength of 808 nm, which provides infrared fluorescence excitation, and a multispectral 
video system ICG-scope, created by the Russian Research Centre in Seoul [20]. The laser 
beam is directed at the surface of the heart through the optical fiber. The excitation power 
density at the site was 44mW / cm2. The measurements were made using a power meter 
QB230 (Advantest Corp, Japan). The camera has two CCD image sensors – black-and-white 
and color. TV sensors installed after the dichroic prism which separates the light entering the 
camera in two different directions - infrared and visible (VIS). The color sensor features long-
pass edge filter which, basing on the spectral sensitivity of the TV sensor, enables reception of 
the NIR light in the range 820-950 nm. The color sensor features Bayer filter mosaic RGBG, 
which allowing the formation of three spectral channels: B (410-500 nm), G (490-585 nm) 
and R (575-730 nm). NIR and VIS digital images (1280x960) are simultaneously transmitting 
to a computer via the same USB-3 cable with frequency 25 frames-per-seconds. Image 
analysis was performed by using a computer program (RSScam, South Korea) that in dual-
mode allows simultaneous viewing on the screen of one object in two adjacent picture frames 
– black-and-white and color. A black-and-white image of the object is formed in NIR 
fluorescence using laser illumination, while a color picture is representing a normal view of 
the object when illuminated by a white light source. Color imaging is used for anatomical 
identification of different areas of the object with infrared fluorescence. Analysis of the 
obtained image in interactive mode of the program allows measuring NIR fluorescence signal 
in areas of ICG accumulation caused by irreversible myocardial ischemia-reperfusion injury 
and comparing with the signal in undamaged areas. 

2.5 Statistics 

Statistical analyses were performed by GraphPad Prism 5.0 software (GraphPad Software, 
Inc., California, USA). The Wilcoxon matched pairs test was used to compare medians of two 
repeated measurements of infarct sizes (TTC and ICG). Data was presented in median with 
range (min-max). Linear regression was used to test for significant correlation of infarct sizes 
measured by two methods. p< 0.05 is considered to be statistically significant. 

3. Results 

No differences in hemodynamic parameters (HR and BP) were observed between the two 
groups. Neither were any important changes in hemodynamics observed (data not shown). 
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3.1 ICG fluorescence for in vivo and ex vivo visualization of irreversible ischemia-
reperfusion injury 

Figure 3 shows example images of anterior and lateral walls of the left ventricle through the 
fourth intercostal space by fluoroscopic angiography at the time of formation of local 
ischemia-reperfusion injury (Fig. 3(a)-3(d)). Panels 3(a) and 3(b) shows ICG distribution in 
the myocardium during ischemia (last five minutes of occlusion). The occluder obstructed 
blood flow and passage of fluorophore distal to the coronary occlusion. Panel 3(b) shows 
fluorescent dye-filling defect: no fluorescent emission of ICG in the ischemic zone, while 
fluorescence was observed in the neighboring or remote myocardium. 

 

Fig. 3. – Intravital and post-mortem visualization of the ischemic-reperfused area of the heart 
with ICG. (a), (b) – Perfusion defect immediately after ICG administration; (c), (d) – Intravital 
epicardial ICG fluorescence; (e), (f) - Epicardial ICG fluorescence in the excised heart; (g), (h) 
– Transverse heart slices stained with Evans Blue and ICG obtained after 30 min of 
reperfusion. 

At the onset of reperfusion and the remaining five minutes of infusion of ICG, its 
fluorescence was observed on the entire surface of the heart. A clear demarcation from normal 
surrounding myocardium was found at 20 minutes after the completion of infusion of the 
fluorescent dye, which was due to the accumulation of the ICG in the zone of irreversible 
injury (Fig. 3(c), 3(d)). Panel 3(d) shows intense fluorescence distal to the site of coronary 
occlusion and low fluorescence intensity in the surrounding tissue. 

At the end of 30 minutes of reperfusion, the heart was excised and viewed in NIR light in 
whole and sliced. Plots 3(f) and 3(h) show fluorescence of accumulated ICG in the area at risk 
with clear demarcation from normal surrounding myocardium at the 30th minute of 
reperfusion. Within the area at risk (Evans-negative, pink region, Fig. 3(g) accumulation of 
ICG, was seen (Fig. 3(h)). 
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3.2 Comparing infarct size evaluated by ICG fluorescence and TTC staining 

To compare infarct size obtained by TTC staining and ICG-fluorescence technique ex vivo, 
the length of reperfusion was 120 minutes which is essential for TTC staining. Figure 4 shows 
increased uptake of ICG (Fig. 4(d)) in areas of irreversible injury within area at risk 43 ± 8% 
of ventricular mass (Fig. 4(a)) with a matching TTC-negative staining (ischemia-reperfusion 
injury (IRI)) in the same sections of the rat heart (Fig. 4(b) and 4(c)). Infarct size was similar 
when measured by TTC assay and ICG fluorescent labeling (medians 66% and 69%, 
respectively, n = 7, Fig. 4(e)). 

4. Discussion 

The present study showed that ICG accumulates in the zone of irreversible IRI of the heart 
already after 30 minutes, demonstrating real-time, myocardial injury in vivo. Furthermore, 
ICG accumulated solely in the TTC-negative area of myocardium, and infarct size measured 
by ICG was identical to infarct size measured by TTC staining. 

The injured area was visible by ICG fluoroscopy with a clear delineation between injured 
and viable myocardium already at 20-30 minutes of reperfusion. Because ICG fluoroscopy 
allows earlier estimates of infarct size than the traditional TTC method, the ICG method may 
possibly be used as an alternative method for measurement of the infarct size. The present 
study is also the first report on ICG fluoroscopy for in vivo evaluation of irreversible 
ischemia-reperfusion injury in the heart. 

 

Fig. 4. Comparison of images of infarction areas obtained by the new method of visualization 
using ICG and using the traditional method of staining with Evans blue and TTC. There was no 
difference in infarct size determined by two methods of staining. (a), (b) - Transverse heart 
slices stained with Evans blue and TTC after 120 min of reperfusion; (c), (d) – The images of 
the same slices obtained using ICG-scope television camera: (c) - in the visible light, (d) - in 
the NIR light; (e) – Comparing infarct size evaluated by ICG fluorescence and TTC staining. 
Medians are not different; (f) – Correlation of infarct sizes obtained by ICG fluorescence and 
TTC staining is significant. 

ICG accumulation at the site of injury has been described for different injuries such as 
ischemic tissue damage, inflammation, and tumors [13–16] and observed in various organs, 
but the accumulation of ICG in the myocardium to date has not yet been described. ICG 
choroidal angiography allows the observation of injury caused by ischemia or inflammatory 
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processes that are detected by leakage of ICG [16,21]. Irreversible ischemia-reperfusion 
injury in the heart leads to extravasation of fluorescein isothiocyanate-tagged albumin [10]. 
The authors named this phenomenon “vascular rhexis” [10–12] and explained it as the loss of 
integrity of the coronary microcirculation caused by the death of vascular cells. The studies by 
French et al (2010) [11] and Zaman et al (2011, 2013) [10,12] described that one-hour 
ischemia or longer initiated vascular rhexis, whereas shorter ischemic periods did not. The 
present study showed that shorter ischemic insults followed by reperfusion caused increased 
permeability of the coronary vasculature and extravasation of ICG. Some explanation for 
these discrepancies may lie in the different experimental protocol, fluorophore structure, and 
method of detection. Zaman et al (2013) injected FITC–albumin 24 hours after the induction 
of nonsustained ischemia for subsequent measurement of fluorescent activity in the entire left 
ventricular homogenate [10]. Despite these discrepancies, there is now evidence that 
increased permeability of coronary vessels may allow detection of irreversible injury during 
extended periods of time, beginning within 30 minutes after start of reperfusion till 24 hours. 
Along with the increased vascular permeability, decrease of lymph drainage is another 
possible explanation of accumulation of ICG in the area of myocardial injury. Intravenous 
injection of ICG delivers the dye to the blood circulatory system. Return of the ~10% of 
fluid/ICG that will not enter the venous capillaries, but instead enters the lymphatic capillaries 
may be deferred, because the inflammation caused by ischemia could induce production of 
inflammatory cytokines and other molecular mediators of lymphatic flow arrest [22,23]. Fang 
et al (2016) detected necrosis in the rat skeletal muscle using fluorescence molecular imaging 
with ICG [13]. The authors suggest that increased vascular permeability is an insufficient 
explanation for indocyanine staining of necrosis, and proposed a mechanism by which ICG 
selectively binds to necrotic tissue. The mechanism is based on the interaction between the 
ICG-lipoprotein complex circulating in the blood stream and hydrophobic tails of 
phospholipids of injured cell membranes. However, in our view, increased vascular 
permeability may be the sole reason for indocyanine accumulation in necrotic tissue. 

Fluorescence in the NIR spectrum provides important additional benefits for 
intraoperative visualization due to the greater depth of penetration of the radiation into the 
tissue as compared with the radiation in the UV and visible region of the spectrum, as well as 
the ability to work in well-lit rooms. Also, fluorescence in the NIR region provides a high 
contrast due to lower background fluorescence and lack of autofluorescence. The amphiphilic 
properties of ICG allow these molecules easily bind to plasma proteins such as albumin, 
globulins, and lipoproteins. Because of this, ICG has extended time of circulation with decay 
kinetics consisting of two phases: the initial phase with a half-life of four minutes and a 
second slow phase lasting about one hour. After intravenous injection of ICG solution, the 
dye is retained for 3-4 minutes in the capillaries and then rapidly cleared from the 
bloodstream by the liver (less than 4% remaining in the plasma 20 min after administration of 
the initial bolus) [24]. Fluorescence emission of ICG is concentration and solvent dependent 
[25]. In aqueous solution, ICG in the chosen concentration has very low fluorescence because 
of the tendency of ICG molecules to aggregate. It fluoresces in the bloodstream due to its 
binding to plasma proteins, leading to disaggregation of dimers and formation of ICG 
monomers having a bright fluorescence [26]. One-two seconds are required for almost 
complete plasma protein binding [27]. Only 2% of ICG remains not bound to plasma proteins 
[28]. Consequently, the feasibility of pre-binding of ICG to albumin in experimental studies to 
enhance the brightness of fluorescence at the infarct site awaits further exploration. Binding 
of ICG with albumin was used by Chen et al (2015) prior to intravenous injection to mice to 
avoid self-aggregation of ICG in physiological solution, nonspecific binding to plasma 
proteins, and rapid renal elimination from the body [29]. 

Indocyanine green fluorescence angiography is used in cardiac surgery as an additional 
instrumental method to control grafts function during coronary artery bypass graft surgery 
[30]. The interpretation of ICG angiography is based on analysis of three main phases of ICG 
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distribution in the coronary vasculature, each phase provides useful information: 1) arterial 
phase - distribution of ICG in large coronary vessels 2) capillary (microcirculatory) phase - 
distribution of ICG in small vessels, 3) and venous phase – clearance of ICG. 

Arterial phase begins immediately after administration of ICG. With a delay of about one 
minute, depending on the site of injection and the observed organ, fluorescence is observed. 
During this time ICG binds to plasma proteins, and the pericardial coronary arteries brightly 
fluoresce. An occlusion in the coronary circulation is seen as a perfusion defect with no 
fluorescence in the vessel [14,31]. 

In the capillary phase, dye fills small vessels, which leads to a uniform fluorescence of the 
entire surface of the organ. If there is perfusion defect, the intact (remote) myocardium will 
begin to fluoresce, while ischemic myocardium will remain unstained. The duration of the 
second phase is about 10 minutes. 

The venous phase is characterized by a gradual decline in the concentration of the ICG in 
the bloodstream. Therefore, the brightness of the intact tissue is gradually reduced. This phase 
lasts more than two hours. 

Figure 5 shows changes in the distribution of ICG in the case of restoration of blood flow 
in the ischemic myocardium. During the arterial phase (Fig. 5(b), ICG will fill coronary 
arteries of the entire heart, including arteries with restored blood flow. In the next capillary 
phase (Fig. 5(c)) delayed fluorescence occurs in the region of myocardial injury with altered 
coronary microcirculation. The blood vessels in an area of irreversible IRI have excessive 
leakage of plasma containing ICG. This causes retention of ICG in the injured tissues and 
increased the brightness of fluorescence in the venous phase (Fig. 5(d)) as compared to 
remote, unharmed myocardium. It allows identification of the areas of irreversibly damaged 
myocardium as early as 15-20 minutes after administration of ICG. 

The present ICG method may provide additional armamentarium to study IRI of the heart 
as well as cardioprotection. It provides an alternative to the standard TTC staining to quantify 
infarct size ex vivo. It also allows measurement of infarct size in an early phase of reperfusion. 
The detection sensitivity of this approach is high and comparable with TTC assay. The 
smallest necrosis that is successfully detected is 0.6 mm [13]. However, maybe most 
important is the ability to visualize the infarcted area in vivo. Future studies are necessary to 
decide if surface fluorescence in vivo may provide a reliable measurement of infarct size as 
well as to investigate whether the early infarct size after 30 minutes of reperfusion is similar 
to the more delayed infarct size. 
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Fig. 5. Phases of distribution of fluorescent dye (ICG) in the heart with regional IRI. (a) - 
initially, before administration of ICG, red oval denotes the area of IRI. (b) - the first, arterial 
phase - distribution of ICG on large coronary vessels. (c) - Capillary phase - distribution of 
ICG on small vessels. (d) – the venous phase of ICG with delay of ICG in the area of IRI and 
complete clearance from undamaged myocardium, (e) - the final washout of ICG. 

5. Conclusion 

The data presented in this study indicate that ICG accumulates in the area of IRI, which 
become visible in the NIR light 20-30 minutes after ICG administration. Visualization of 
irreversible ischemia-reperfusion injury of the heart can be done directly on the surface of the 
myocardium in animal models with the chest opened. Infarct size in rats obtained by the ICG 
assay was similar to the golden standard of infarct size measurements, TTC. There are two 
possible mechanisms of accumulation of indocyanine after injury: 1) extravasation followed 
by slow elimination of the dye because of the low rate of lymph flow, 2) extravasation 
followed by interacting of indocyanine with phospholipid membranes of injured cells. The 
present ICG technique is a new, alternative method to measure infarct size and may in the 
future be used to measure infarct size in animal studies in vivo. 
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