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Abstract

The primary objective of this study was to develop and evaluate new methods of analyzing laser-
induced choroidal neovascularization (CNV), in order to make recommendations for improving
the reporting of experimental CNV in the literature. Six laser burns of sufficient power to rupture
Bruch's membrane were concentrically placed in each eye of 18 adult Norway rats. Eyes received
intravitreal injections of either triamcinolone acetonide, ketorolac, or balanced salt solution (BSS).
Fluorescein angiography (FA) was performed 2 and 3 weeks after injection, followed by choroidal
flat mount preparation. Vascular leakage on FAs and vascular budding on choroidal mounts were
quantified by measuring either the cross-sectional area of each CNV lesion contained within the
best-fitting polygon using Adobe Photoshop (Lasso Technique or Quick Selection Technique), or
the area of bright pixels within a lesion using Image-Pro Plus. On choroidal mounts, the Lasso
Technique and Image-Pro Plus detected a significant difference in lesion size between either
ketorolac or triamcinolone when compared to BSS, while the Quick Selection Technique did not
(Lasso Technique, 0.78 and 0.64; Image-Pro Plus, 0.77 and 0.65). On FA, the Lasso Technique
and Quick Selection Technique detected a significant difference in lesion size between either
ketorolac or triamcinolone when compared to BSS, while Image-Pro Plus did not (Lasso Tool,
0.81 and 0.54; Quick Selection Tool, 0.76 and 0.57). Choroidal mounts and FA are both valuable
for imaging experimental CNV. Adobe Photoshop and Image-Pro Plus are both able to detect
subtle differences in CNV lesion size, when images are not manipulated. The combination of
choroidal mounts and FA provides a more comprehensive assessment of CNV anatomy and

physiology.
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Introduction

Choroidal neovascularization (CNV) is the most common cause of severe vision loss in
patients with age-related macular degeneration (AMD) and is responsible for substantial
vision loss in pathologic myopia (Soubrane, 2008), presumed ocular histoplasmosis
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syndrome (Prasad and Van Gelder, 2005), angioid streaks (Clarkson and Altman, 1982), and
idiopathic polypoidal choroidal vasculopathy (Yannuzzi et al., 1990). In all of these
conditions, CNV results from the growth of new blood vessels into the subretinal space
through a break in Bruch's membrane. The laser-induced animal model, whether employed
on mice, rats, rabbits, or monkeys, is arguably the most established and commonly utilized
model worldwide for studying the pathogenesis of CNV and its response to treatment (Dobi
et al., 1989; Tobe et al., 1998).

The most frequently employed technique to image and quantify laser-induced CNV lesions
is achieved by preparing and dissecting choroidal tissue (choroidal mounting), staining for
neovascular blood vessel growth, imaging the lesions with a camera, and performing two
dimensional measurements of the CNV lesions. Fluorescein angiography (FA) is another
well-established technique used to evaluate ocular neovascularization, which requires the
injection of sodium fluorescein followed by visualizing its flow within the vasculature using
a fundus camera. However, FAs are commonly restricted to large animals and human
applications.

Nonetheless, in the literature, numerous and wide ranging methods have been utilized to
measure CNV on choroidal mounts and FA (Campa et al., 2008; Campos et al., 2006;
Chakravarthy et al., 2007; Criswell et al., 2008; Edelman and Castro, 2000; Narasimha-lyer
et al., 2006; Sickenberg et al., 1999). However, results vary considerably depending on
which technique is used to quantify the CNV lesions, making it difficult to compare results
among the above referenced studies. For instance, some methods are unable to detect small,
but significant, changes in CNV lesions due to their subjective and categorical nature, such
as classifying lesions as mild, moderate, severe or based on the presence or absence of
leakage (Dobi et al., 1989; Husain et al., 1999; Kanai et al., 2000; Nishiwaki et al., 2002;
Obana et al., 2000; Qu et al., 2009; Tobe et al., 1998; Wang et al., 2007; Zacks et al., 2002).
Therefore, the purpose of this study is to develop new and compare existing methods of
analyzing laser-induced CNV, on both choroidal mounts and FAs, to determine their validity
and reliability in order to make recommendations that may improve the consistency of CNV
reporting.

Materials and methods

All procedures were performed with strict adherence to guidelines for animal use and
experimentation of the Vanderbilt University Animal Care and Use Committee, and the
Association for Research in Vision and Ophthalmology.

Animals and Treatments

Eighteen Brown-Norway male rats (Charles River Laboratories, Inc; Wilmington,
Massachusetts) were evaluated in this study. Anesthesia for laser photocoagulation,
examination, and photography was performed by intramuscular injection of ketamine
hydrochloride, 50 mg/kg and xylazine hydrochloride, 5 mg/kg. Topical proparacaine (0.5%)
was applied for corneal anesthesia. Tropicamide (1%) and phenylephrine hydrochloride
(2.5%) were applied for pupillary dilation.

We have previously reported that treatment of laser-induced CNV with triamcinolone
acetonide (Kenalog-40, Bristol-Myers Squibb; Princeton, NJ), dramatically reduces CNV
formation and ketorolac (Sigma; St. Louis, MO) moderatively reduces CNV formation when
compared to balanced salt solution (BSS, Alcon; FortWorth, TX; Kimand Toma, 2010).
Therefore, to test our techniques' accuracy in distinguishing different CNV sizes, each of
these was intravitreally injected in a group of six rats immediately after laser
photocoagulation.

Microvasc Res. Author manuscript; available in PMC 2012 July 05.
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Laser photocoagulation

Animals were positioned before a slit lamp (Carl Zeiss Meditec, Inc; Jena, Germany) laser
delivery system. The fundus was visualized using a microscope slide cover slip with 2.5%
hydroxypropyl methylcellulose solution as an optical coupling agent. An argon green laser
(Coherent, Polo Alto; CA, USA) was used for photocoagulation (532 nm wavelength; 360
mW power; 0.07-s duration; and 50 pm spot size). This setting most reliably produced acute
vapor bubbles, indicative of the rupture of Bruch's membrane. In each eye, six focal laser
photocoagulation lesions were concentrically applied approximately two optic discs from
the center, while avoiding major blood vessels. Immediately after laser treatment, animals
were divided into three groups (triamcinolone, ketorolac, BSS) for intravitreal injections. A
total of 72 lesions (12 eyes) were present for each treatment group. No eyes were excluded
due to lens trauma or severe vitreous bleeding. Laser rupture sites which had subretinal
bleeding at the time of lasering were excluded from analysis and represented less than 10%
of total rupture sites in each treatment group.

Intravitreal injections

Prior to and immediately following injection, topical Vigamox (moxifloxacin HCI
ophthalmic solution 0.5%, Alcon; Fort Worth, TX) was applied. Under stereomicroscopic
guidance, a 30-gauge needle with a 19° bevel and a 10-ul syringe (Hamilton Co.; Reno, NV)
was used to penetrate the superior sclera just posterior to the ora serrata, and a volume of 5
ul of either triamcinolone (40 mg/ml), ketorolac dissolved in BSS (30 mg/ml), or BSS was
injected into the vitreous cavity. Both eyes of each animal received the same treatment to
avoid the possibility of a crossover effect. A total of six animals (12 eyes) were injected per
treatment group. None of the rats met the exclusion criteria, which included cataract,
vitreous hemorrhage, or death.

Fluorescein angiography

At 2 and 3 weeks after intravitreal injection, all animals underwent fluorescein angiography
(FA) using a digital fundus camera (Carl Zeiss Meditec, Inc) with a viewing angle set at 50
degrees. For a wider viewing angle a 20 diopter lens was placed in front of the fundus
camera's viewing lens. For fluorescein angiographic evaluations, 0.3 ml of 10% sodium
fluorescein was administered intraperitoneally, and photographs were taken at predesignated
times (30 s, 1, 2, 5, 10 and 15 min). Five minute (£1 min) phase angiograms were found to
be optimal and most consistent with mid phase, and used for all comparative analyses.

Choroidal mounts and tissue staining

Choroidal mounts and tissue staining were performed in a manner similar to that described
by Bora et al. (2005). In brief, animals were euthanized by cervical dislocation immediately
after 3-week FA imaging. The eyes were then enucleated and stored in 10% formalin for 2
h. The retinal pigment epithelium (RPE)-choroid- sclera flat mounts were obtained by
hemisecting the eyes, removing the lens, and peeling the neural retina away from the
underlying RPE. At least four radial cuts were made to allow the tissue to be flattened.
Endothelial cells of CNV were identified with FITC-conjugated isolectin B4 (Sigma; St.
Louis, MO) while the elastin of the extracellular matrix was identified using goat anti-elastin
antibody conjugated to Cy3 (Santa Cruz Biotech., Inc; Santa Cruz, CA). The eyecup was
then placed flat with the RPE-side facing up onto a microscope slide. Gel Mount media
(Biomedia; Victoria, Australia) was applied to the tissue before covering the tissue with a
cover slip.

Choroidal mounts were visualized using the 10x objective of an epifluorescent compound
microscope fitted with the appropriate excitation and emission filters (Provis AX-70,
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Olympus; Japan). Images of the neovascular lesions were captured using a digital camera
attached to the Provis system (DP71, Olympus; Japan) coupled to a PC with image capture
software (DP Controller, Olympus; Japan). Image sizes were calibrated using the DP
Controller's built-in scale bar feature.

Analysis of CNV on choroidal mounts

The extent of CNV vascular budding at each rupture site on choroidal mounts was
determined by measuring the pixel area within the circumference of each lesion using three
different methods. All measurements were performed at 100% image magnification. All
images were unaltered, except where noted. Pixel area was identified from the image
histogram set at a cache level 1.

For the first method (Fig. 1A), the pixel area of vascular budding was traced by a trained,
masked investigator using the “lasso” selection tool (Lasso Technique) in Adobe Photoshop
CS3 (Adobe Systems Inc.; San Jose, CA). The cross-sectional area of each CNV lesion was
quantified as the area contained within the best-fitting polygon. Although this method is
subjective in nature, we felt that it constituted the best standard technique of reference to
evaluate CNV lesions on choroidal mounts since it is a preferred method to measure CNV in
the animal model of laser-induced CNV (Edelman and Castro, 2000).

For the second method, color images were converted to black and white by using the
“levels” option in Adobe Photoshop CS3 to select the area under the image histogram,
ranging from 90% (lower limit) to 95% (upper limit). Images were uniformly modified this
way in order to create sharply contrasting lesion border, which was necessary for detection
by the “quick selection tool” (Fig. 1B). This tool (Quick Selection Technique), set at a
diameter of 50 pixels and hardness of 0%, was then continuously applied by a masked
investigator until the selection area of vascular budding ceased to expand beyond the lesion,
as dictated by the software's built-in edge detection algorithm. The area of each CNV lesion
was quantified as the area contained within the best-fitting polygon. These parameters were
empirically chosen to best emulate lesion selection by the Lasso Technique.

For the third method, vascular budding were measured using Image-Pro Plus software
(Image-Pro Plus 6.0, Media Cybernetics; Silver Spring, MD). A masked investigator
manually traced an area containing the lesion using the “area of interest” tool. The Image-
Pro Plus default algorithm for automatically measuring bright objects, was then applied to
measure the pixel area (the brightly stained endothelial cells) contained within the areas of
vascular budding (Fig. 1C).

Analysis of CNV on fluorescein angiograms

The extent of CNV staining and leakage at each lesion site on FA was similarly determined
by measuring the area within the circumference of each lesion using the Lasso Technique,
Quick Selection Technique, and Image-Pro Plus. The Lasso Technique was applied exactly
as described for choroidal mounts with tracing of CNV lesions performed by a trained,
masked retina specialist (Fig. 1D). This method constitutes the best standard technique of
reference to evaluate CNV lesions on FAs, since measurement of lesion area by trained
specialists has been shown to be consistent and reliable, as demonstrated in the Wisconsin
age-related maculopathy grading system (Klein et al., 1991, 1992; Mitchell et al., 1995; Tan
etal., 2008).

Unlike choroidal mounts, FAs are naturally captured in grayscale, and hence, the Quick
Selection Techniques was applied without the need for image modification (Fig. 1E).

Microvasc Res. Author manuscript; available in PMC 2012 July 05.
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The background microvasculature on FA images made it difficult for Image-Pro Plus to
identify lesion area, and for this reason images were converted to black and white using an
intensity cutoff value of 205; pixels darker or brighter than an intensity value of 205 were
turned black or white, respectively. To further separate CNV area from the surrounding
microvasculature, the Image-Pro Plus “erosion” filter was applied, with the filter parameters
set at “2 x 2 boxes” and “5 passes.” This resulted in the complete attrition of the background
microvasculature, and to a lesser extent, the lesion as well. The “dilatation” filter, set at “2 x
2 boxes” and “5 passes,” was then applied in an attempt to negate the effects of the
“erosion” filter on the CNV lesion. The Image-Pro Plus default algorithm for automatically
measuring bright objects was then employed to measure CNV pixel area (Fig. 1F). These
parameters were empirically chosen to best emulate lesion selection by the Lasso Technique.

Relative ratios

Statistics

Results

The mean pixel area of CNV in the ketorolac and triamcinolone injected eyes was divided
by that of BSS injected eyes to obtain a relative ratio. Relative ratios were calculated for
each method because they automatically adjust for large differences in pixel area that existed
between choroidal mounting and FA. For example, the average pixel area of CNV for
choroidal mounts ranged from 200,000 to 300,000, but only 5000 to 9000 on FA due to
differences in image magnification. Thus, relative ratios enable direct comparison between
choroidal mounts and FA.

Descriptive statistics including mean+95% confidence interval (CI) were calculated for
continuous characteristics. The D'Agostino-Pearson normality test confirmed that the data
was distributed normally. Each treatment group (triamcinolone or ketorolac) was compared
to control (BSS) using a two-tailed unpaired t-test with unequal variance. A p<0.05 was
considered statistically significant. Statistical significance between relative ratios was
determined using mean and CI.

CNV lesions on choroidal mounts

Representative images of CNV vascular budding on choroidal mounts 3 weeks after
intravitreal injection are shown in Fig. 2A, B, and C. As expected, by visual inspection, eyes
injected with triamcinolone have reduced vascular budding compared to BSS injected eyes.
Ketorolac injected eyes also show reduced vascular budding, but to a lesser degree than
triamcinolone.

As mentioned earlier, the Lasso Technique was set as the standard technique of reference.
The Lasso Technique and Image-Pro Plus detected a significant difference (0<0.05) in mean
CNV vascular budding between ketorolac and triamcinolone injected eyes (Fig. 3). In
addition, both the Lasso Technique and Image-Pro Plus also detected a significant difference
(p<0.05) in vascular budding in ketorolac (210 + 12 um? and 168 + 9 um?, respectively) and
triamcinolone (188 + 13 um? and 155 + 8 um?, respectively) injected eyes when compared
to BSS eyes (235 + 14 um? and 190 + 10 pm?, respectively). However, in contrast to the
Lasso Technique, the Quick Selection Technique failed to detect a significant difference in
vascular budding in the ketorolac (152 + 9 pm?) or triamcinolone (164 + 10 pm?) injected
eyes when compared to BSS (156 + 9 pm?).

The relative ratio for ketorolac and triamcinolone injected eyes was 0.78 and 0.64,
respectively, using the Lasso Technique, 0.96 and 1.09, respectively, using the Quick
Selection Technique, and 0.77 and 0.65, respectively, using Image Pro-Plus (Fig. 4A).

Microvasc Res. Author manuscript; available in PMC 2012 July 05.
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Relative ratios obtained for ketorolac and triamcinolone injected eyes were almost identical
for the Lasso Technique and Image-Pro Plus, indicating a CNV reduction of 22-23% for
ketorolac and 35-36% for triamcinolone (Fig. 4B). However, the Quick Selection Technique
showed a reduction of only 4% for ketorolac and an actual increase of 9% for triamcinolone.

CNV lesions on fluorescein angiograms

Representative images of CNV lesions on FA at 2 and 3 weeks after intravitreal injection are
shown in Fig. 5A, B, and C. As in the case of choroidal mounts, eyes injected with
triamcinolone qualitatively demonstrate a reduction in CNV staining and leakage compared
to BSS injected eyes. Ketorolac injected eyes also show reduced staining and leakage, but to
a lesser degree than triamcinolone.

As mentioned earlier, the Lasso Technique was set as the standard technique of reference.
At 2 (Fig. 6A) and three (Fig. 6B) weeks after injection, the Lasso Technique detected
significantly (p<0.05) less CNV staining and leakage on FA in both ketorolac (7789 + 783
and 8782 + 725 at 2 and 3 weeks, respectively) and triamcinolone (5197 + 451 and 6767 £
878, respectively) injected eyes than BSS (9628 + 1205 and 9852 + 697, respectively)
injected eyes. At both 2 and 3 weeks, the Lasso Technique also detected a significant
difference (0<0.05) in staining and leakage between ketorolac and triamcinolone injected
eyes.

At 2 and 3 weeks, the Quick Selection Technique similarly detected significantly (p<0.05)
less CNV staining and leakage in both ketorolac (7390 + 972 and 8349 + 1022, respectively)
and triamcinolone (5536 + 323 and 6647 + 710, respectively) injected eyes than BSS (9750
+ 1669 and 10463 + 1141, respectively) injected eyes (Fig. 6A and B). At both 2 and 3
weeks, the Quick Selection Technique detected a significant difference (p<0.05) in staining
and leakage between ketorolac and triamcinolone injected eyes.

In contrast to both the Lasso and Quick Selection Techniques, Image-Pro Plus (Fig. 6A and
B) detected significantly less (p<0.05) CNV staining and leakage in triamcinolone injected
eyes at 2 and 3 weeks (6165 £ 2065 and 8941 + 2472, respectively), but not ketorolac
injected eyes (12057 + 1875 and 10981 + 1831, respectively) when compared to BSS
injected eyes (13529 + 2110 and 13383 + 2221, respectively). Furthermore, Image-Pro Plus
only detected a significant difference (p<0.05) in CNV staining and leakage between
ketorolac and triamcinolone injected eyes at 2, but not at 3, weeks.

Relative ratios for ketorolac and triamcinolone injected eyes on FA at 2 weeks was 0.81 and
0.54, respectively, using the Lasso Technique, 0.76 and 0.57, respectively, using the Quick
Selection Technique, and 0.89 and 0.46, respectively, using Image Pro-Plus (Fig. 7).
Relative ratios for ketorolac and triamcinolone injected eyes on FA at 3 weeks was 0.89 and
0.69, respectively, using the Lasso Technique, 0.80 and 0.64, respectively, using the Quick
Selection Technique, and 0.82 and 0.67, respectively, using Image Pro-Plus (Fig. 8).

Discussion

CNV occurs in only 10% of all AMD cases, but is responsible for approximately 90% of all
blindness (Ferris et al., 1984). By the year 2050, the number of people aged 65 years and
older in the United States will more than double to 82.7 million (Rein et al., 2009) and the
number of Americans aged 80 years and older is expected to grow to nearly 35 million.
Since the prevalence of CNV in AMD increases dramatically with age, the prevalence of
CNV is also expected to proportionally increase. For this reason, understanding the
physiology and pathogenesis of CNV in order to develop new treatments remains an urgent

priority.

Microvasc Res. Author manuscript; available in PMC 2012 July 05.
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In this regard, laser induction of CNV is arguably the most commonly used model
worldwide to study the pathogenesis of CNV and its response to treatment. Although a
senescent AMD mouse model has recently been introduced (Ambati et al., 2003; Chan et al.,
2008; Hollyfield et al., 2008), CNV occurs in a relatively small percentage of eyes and at
randomtimes and locations making this model ill suited for interventional studies.
Nevertheless, the methods of analysis, detailed herein, should also be readily applicable to
the genetic and other mouse models. Despite the importance of laser induction as a model to
study AMD, there is no uniformly accepted method to analyze or report CNV. This is
problematic as different imaging techniques and methods of analysis make direct
comparison among studies impossible and results difficult to interpret. Furthermore, absence
of accepted standards of reporting allows for selection bias, since methods of varying
accuracy may be chosen preferentially.

Consequently, the purpose of this study was to systematically compare and contrast the two
most established CNV imaging techniques, choroidal mounting and FA, to determine their
degree of correlation. In addition, we rigorously compared and contrasted three different
methods of analyzing laser-induced CNV in the setting of three different CNV lesion sizes
resulting from three pharmacologic treatments. The results of our study indicate that while
both FA and choroidal mounts are capable of distinguishing subtle differences in CNV
lesion size, FA may offer some advantages because it can be used to assess vascular
competency and allows for longitudinal studies in animals.

Although FA has been used clinically for nearly half a century (Dollery et al., 1962; Norton
et al., 1965; Novotny and Alvis, 1961), choroidal tissue mounting is the most commonly
used technique to evaluate CNV in animal models today. Nevertheless, FA offers several
advantages over choroidal tissue mounting as it provides real-time images of CNV lesions,
allows for assessment of blood vessel integrity, and most importantly enables serial
measurements for longitudinal evaluation in individual eyes. To our knowledge, this is the
first direct comparison of choroidal mounting and FA with respect to their ability to
distinguish differences in CNV lesion size. Although we observed good correlation between
the two techniques, we consistently observed greater inhibitory effects on CNV with
triamcinolone using FA, as reflected by smaller relative ratios. This is not surprising since
choroidal mounting only measures anatomical area of vascular budding, while FA measures
the combination of anatomical area and pathological leakage.

In addition, FA allows for serial measurements, which strengthens the reliability of results as
more than one time point is available for comparison. The neovascular plexus in choroidal
mounts has been shown to reach its maximal size and density by day 10 with no significant
increase in size thereafter to 31 days (Edelman and Castro, 2000). The reproducibility of the
Lasso, Quick Selection, and Image-Pro Plus techniques was further assessed by comparing
CNV lesions on FA at 2 and 3 weeks after treatment. In this study, we found excellent
reproducibility of CNV measurement with less than 3%, 7%, and 1% variance for the Lasso,
Quick Selection, and Image-Pro Plus techniques, respectively. These data support the
reliability of FA and demonstrate its potential to improve reporting of CNV when used alone
or in concert with choroidal mounting.

Although FA is the “gold standard” for assessing CNV in human clinical trials (1996; Arias
et al., 2008; Essex et al., 2003; Mann et al., 2008), it is used less frequently in animal
studies, due in part to poor rates of visualizing CNV on FA in earlier reports (Dobi et al.,
1989). However, our experience and recent reports (Lu and Adelman, 2009) demonstrate
that the success rate of CNV detection on FA has dramatically improved over time owing to
refinements of the technique. In this study approximately 95% of the laser-induced lesions
produced CNV.

Microvasc Res. Author manuscript; available in PMC 2012 July 05.
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In cases where FA is used, however, there is substantial variation in CNV reporting.
Recently published methods include describing CNV staining on FA relative to the size of
optic nerve head (Sickenberg et al., 1999), by measuring diameter of CNV lesion along an
axis (Criswell et al., 2008), by assessing lesion size based on the presence or absence of
leakage (Dobi et al., 1989; Husain et al., 1999; Kanai et al., 2000; Obana et al., 2000; Tobe
et al., 1998; Zacks et al., 2002), by using a qualitative grading method (Nishiwaki et al.,
2002; Qu et al., 2009;Wang et al., 2007), and by measuring the CNV staining perimeter
using imaging software (Funakoshi et al., 2006). None of these methods have been validated
and many of them are arguably unable to detect small, but significant, changes in CNV
lesion size due to their subjective and categorical (mild, moderate, severe) nature. Moreover,
many of these methods are difficult to precisely replicate and thus, ill suited to recommend
for general adoption. Furthermore, our techniques all provide quantified measurements of
the entire CNV lesion area, regardless of shape. This characteristic is essential, in our
opinion, as many CNV lesions are irregularly shaped and thus, measuring axial length or
circumference alone, as reported by others (Criswell et al., 2008; Funakoshi et al., 2006)
appears inherently less accurate.

To establish more standardized methods of reporting CNV, we analyzed digital FA images
using widely and commercially available imaging software (Adobe Photoshop and Image-
Pro Plus) and used parameters and modifications that could be consistently replicated by
others. The Lasso Technique, using the “Lasso” tool in Adobe Photoshop, represented a
completely subjective method since it relied entirely on identification and tracing of CNV
lesion area by a masked, trained investigator. The Quick Selection Technique using the
“Quick Selection” Tool on Adobe Photoshop relied on subjective and objective elements. It
required a masked investigator to identify and trace the area of CNV by continuous
application of the “Quick Selection” tool, as deemed necessary, to completely cover the area
of interest. Each application of the tool increased the traced area by a pre-set amount
determined by relative brightness. The Image-Pro Plus technique, on the other hand,
represented a more objective method since it did not depend on a masked grader to trace
lesion area, but instead relied on the software's own default algorithm for measurement. All
three methods consistently distinguished three different CNV lesion sizes created by
treatment with intravitreal triamcinolone, ketorolac, or BSS.

Although Image-Pro Plus compared favorably to our standard technique of reference in
detecting CNV budding on choroidal mounts, it failed to do so when employed on FA. Its
detection of CNV staining and leakage using FA was more variable, as reflected by the
larger confidence intervals for each of the treatment groups (Fig. 6A and B). Consequently,
it failed to detect a statistically significant difference in CNV lesion size between ketorolac
and BSS injected groups at both 2 and 3 weeks, and between triamcinolone and ketorolac at
3 weeks, in contrast to both the Lasso and Quick Selection Techniques. We believe that
image conversion to black and white (binary image) and application of erosion and dilation
filters, which were necessary to reduce background vasculature, resulted in a loss of the
relatively dim spectrum of pixels that make up a portion of CNV. This is a drawback of
setting an artificial intensity cutoff value to create binary images. This loss of pixels
appeared to negatively affect the reliability and sensitivity of Image-Pro Plus. Thus, while
all three methods showed comparable trends, we discourage the use of filters and arbitrary
cutoff values to create binary images for this reason.

Although the Quick Selection Technique was proficient at quantifying CNV on FA, it did
not accurately detect differences in CNV area on choroidal mounts. While both the Lasso
Technique and Image-Pro Plus correlated well and demonstrated a significant decrease in
CNV vascular budding of 22% and 23%, respectively, for ketorolac and 36% and 35%,
respectively, for triamcinolone injected eyes, the Quick Selection Technique demonstrated a
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decrease of only 4% for ketorolac and an actual increase of 9% for triamcinolone. The
“quick selection” tool is the only automated tracing tool in Adobe Photoshop that selects
objects based on their relative, rather than absolute brightness. This feature reduced the
potential of over detecting or under detecting relatively well circumscribed CNV lesions on
FA images due to variation in brightness. However, CNV lesions on choroidal mounts
typically have irregular borders due to peripheral vascular budding with patchy fluorescence
(Fig. 1A). Despite conversion of images to black and white (Fig. 1B), the Quick Selection
Technique was unable to accurately detect these irregular borders and thus, underestimated
lesion area in eyes treated with BSS, and to a lesser extent ketorolac, where greater vascular
budding was present. Furthermore, the use of binary images may have resulted in the loss of
relatively dim pixels, as previously discussed, which would have minimized differences
between CNV lesions. These factors combined were likely responsible for the failure of the
Quick Selection Technique to detect significant differences between the three treatment
groups.

As with all studies, our results should be interpreted with caution. An important underlying
premise of our study was that treatment with triamcinolone and ketorolac would have
different inhibitory effects on CNV. Although it is well established that triamcinolone is a
potent inhibitor of CNV (Ciulla et al., 2001; Falkenstein et al., 2008; Kato et al., 2005; Tatar
et al., 2009), ketorolac's inhibitory effect has only been recently established (Kim and Toma,
2010).

However, several other studies have reported inhibition of CNV with other nonsteroidal
anti-inflammatory drugs (Hu et al., 2005; Takahashi et al., 2003, 2004).

In addition our direct intraocular injection of ketorolac explains its greater inhibitory effect
on CNV when compared to previous studies which relied on systemic or topical application
(Baranano et al., 2009; Castro et al., 2004). Although the use of isolectin B4 to stain and
measure CNV is well established (Lee and Rewolinski, 2009; Yanni et al., 2009), it may
have resulted in background staining of the laser rupture site on choroidal mounts which
may have resulted in our overestimation of CNV lesion size for both triamcinolone and
ketorolac treated eyes. However, we do not believe this had any effect on our conclusions
since this was a comparative study which focused on inter-method agreement and not on
pharmacologic effect.

In conclusion, the Lasso Technique accurately measures CNV on both choroidal mounts and
FA in contrast to the other techniques, which are accurate on one, but not both, imaging
methods. Image manipulation techniques, such as the application of erosion or dilatation
filter, or setting arbitrary cutoff values to create binary images should be discouraged, as
they limit the ability to detect subtle differences between lesions. Furthermore, evaluation of
CNV using the combination of choroidal mounts and FAs provides corroboration of results
and a more comprehensive assessment of CNV anatomy and physiology and should
therefore be encouraged. General application of our results may improve the reporting of
experimental CNV.
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Fig. 1.

INustrative images of different techniques. Illustrative images of laser-induced choroidal
neovascularization (CNV) on choroidal mounts and fluorescein angiograms (FA)
demonstrating application of the Lasso Technique (A and D); Quick Selection Technique (B
and E); and Image-Pro Plus (C and F).
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Fig. 2.

Laser-induced CNV on choroidal mounts. Representative images of laser-induced (CNV) 3
weeks after injection of (A) balanced salt solution (BSS), (B) ketorolac, or (C)
triamcinolone. Note dramatically reduced vascular budding in triamcinolone and to a lesser
extent ketorolac injected eyes compared to BSS.
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CNV on choroidal mounts. Mean+95% confidence interval (CI) in pixels (upper graph) and
calculated area in pm? (lower table) of vascular budding at 3 weeks after injection of BSS,
ketorolac or triamcinolone injected eyes. * denotes statistically significant (p<0.05)
difference between ketorolac and triamcinolone when compared to BSS. T denotes
statistically significant (p<0.05) difference between ketorolac and triamcinolone.
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Fig. 4.

Relative ratio and percent change of CNV on choroidal mounts at 3 weeks. (A) Relative
ratios £95% CI of ketorolac and triamcinolone injected eyes. * denotes statistically
significant (p<0.05) difference in triamcinolone for the Quick Selection Technique when
compared to the Lasso technique or Image-Pro Plus. (B) Percent change of ketorolac and
triamcinolone eyes. * denotes statistically significant (p<0.05) difference between ketorolac
and triamcinolone.
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Fig. 5.

Laser-induced CNV on fluorescein angiogram. Representative images of CNV staining and
leakage on fluorescein angiograms (FA) at 2 and 3 weeks after injection of (A) BSS, (B)
ketorolac, or (C) triamcinolone. Note dramatically reduced staining and leakage in
triamcinolone and to a lesser extent ketorolac injected eyes compared to BSS at 2 and 3
weeks.
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Fig. 6.

CNV on fluorescein angiogram. (A) Mean+95% CI CNV staining and leakage at 2 weeks
after injection of BSS, ketorolac or triamcinolone. (B) Mean £+ 95% CI CNV staining and
leakage at 3 weeks after injection of BSS, ketorolac or triamcinolone. * denotes statistically
significant (p<0.05) difference between ketorolac and triamcinolone when compared to
BSS. T denotes statistically significant (p<0.05) difference between ketorolac and
triamcinolone.
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1.2 A

Relative ratio and percent change of CNV on fluorescein angiogram at 2 weeks. (A)
Relative ratios +95% CI of ketorolac and triamcinolone injected eyes. (B) Percent change in
ketorolac and triamcinolone. * denotes statistically significant (p<0.05) difference between
ketorolac and triamcinolone.
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Fig. 8.

Relative Ratio and Percent Change of CNV on Fluorescein Angiogram at 3 weeks. (A)
Relative ratios +95% CI of ketorolac and triamcinolone injected eyes. (B) Percent change in
ketorolac and triamcinolone. * denotes statistically significant (p<0.05) difference between
ketorolac and triamcinolone.
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