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Abstract

Background—Reflux following intravitreal injection is a common phenomenon, but it is
unknown how much, if any, medication is lost as a result. Reflux is known to be a combination of
vitreous and the injected agent, but the relative composition is unknown. This paper describes a
novel method for the measurement of the volume and composition of reflux and presents data
from porcine eyes.

Methods—Twenty porcine eyes were injected with 0.05 ml of dye at intraocular pressures
(10Ps) of 15, 20, 25 and 30 mmHg (5 eyes per subgroup). Reflux was captured on filter paper and
the area of saturation and color intensity of the dye were digitally analyzed. Total refluxed volume
and proportion of dye vs. vitreous fluid were calculated from linear regression lines created from
known standards.

Results—Auverage (median) total volume of reflux from all eyes was 1.19 uL (0.93 pL), volume
of injected dye refluxed was 0.47 pL (0.11 pL), and composition of reflux was 20.8% dye
(15.5%). Less than 1% of the injected dye was lost to reflux. There were no differences between
IOP groups in the total volume refluxed, the total amount of dye refluxed, the average composition
of the reflux, or the amount of injected dye refluxed (df=3 for all comparisons; p=0.58, p=0.51,
p=0.55, p=0.51, respectively).

Conclusions—This novel method allows for measurement of quantity and composition of reflux
following intravitreal injection in vitro. While reflux occurs frequently, it is predominantly
composed of vitreous, not the injected agent. In fact, less than one percent of the original injection
was lost to reflux.
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INTRODUCTION

Since the advent of anti-vascular endothelial growth factor (VEGF) agents, intravitreal
injections have become standard of care in the treatment of a variety of retinal diseases.
Reflux and conjunctival bleb formation is frequently noted at the injection site.X Physicians
are concerned with the amount of drug lost via reflux and the possible effects this drug loss
has on therapeutic efficacy.

Previous studies have evaluated what factors influence the amount of reflux from intravitreal
injection in animal models? and humans.3-5 Other authors have attempted to quantify the
amount and composition of reflux using dye as well as radiolabeling techniques.®-8 These
studies indicated that there is some degree of reflux of the injected material. However, none
of the studies were able to quantify how much of the injected material was lost to reflux or
how much of the reflux was vitreous. In our study, we present a novel method using digital
image analysis for quantifying the volume and composition of refluxed fluid after
intravitreal injection in an in vitro model using porcine eyes.

MATERIALS AND METHODS

Creation of Standard Lines for Determining Volume and Composition of Reflux

We quantified the volume of reflux by determining how much area the fluid subtended when
absorbed by a Schirmer’s test strip (test strip; Tianjin Jingming New Technological
Development Company, China). In order to do this for unknown volumes of reflux, we first
created a standard line using known quantities of volume on test strips to determine if a
relationship existed between volume of fluid and area of fluid saturation on the test strip.

Dye (1 part hematoxylin stain mixed, 5 parts balanced salt solution (BSS)) was used in order
to make it easier to identify the area that was saturated on the test strip. The following
volumes of dye were applied to a test strips: 1, 2.5, 5, 10, 15, 20 uL. Each volume was tested
three times. Three undyed strips were also used as “0” points for a total of 21 test strips. The
test strips were then immediately scanned using a Canon LIDE 210 desktop scanner (Canon
USA, Melville, NY) with 1,200-dot per inch resolution to create digital image files.

Digital image analysis was performed using ImageJ software, a free image analysis software
package produced by the National Institute of Health (http://imagej.nih.gov/ij). The
saturated area of the test strip was selected as the region of interest (ROI). The area of the
ROI was measured in pixels. These areas subtended were plotted against their respective
volumes (Figure 2). A linear regression line was calculated to determine the relationship
between volume of fluid on the test strip and the corresponding area of saturation.

Next, we determined if the amount of dye within a solution could be reliably measured. We
pipetted out the dye in volumes 5, 10 and 15 pL onto test strips. Each volume was repeated
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three times. This process was then repeated with serial dilutions in 10% increments. We then
calculated the actual amount of dye on each test strip by multiplying the concentration by
volume (eg. 10 pL of 50% dilute dye was 5 pL of dye volume). Strips were scanned in the
same fashion as previously described. Using ImageJ, the images were converted to 32-bit
gray scale images. Next, the image was processed by inverting the color scheme thereby
making previously dark (dyed) portions brighter (higher values of pixel intensity), while
light (undyed) portions were darker (lower values of pixel intensity). The total pixel
intensity was measured in the ROI (Figure 1). In this first measurement however, the test
strip itself also contributed to the measured pixel intensity. To account for this, the average
intensity of undyed portion of the strip was multiplied by the area of the dyed portion and
then subtracted from the original gross intensity measurement of the ROI. The result was a
background-adjusted intensity value that corresponded to the contribution of the dye only.
This technique is similar to previous studies that corrected for background fluorescence
when quantifying microscopy images.-11

We then plotted the pixel intensity against the calculated volume of dye in each solution
(Figure 3). A linear regression line was calculated to determine the relationship between
amount of dye in solution and the corresponding background-adjusted pixel intensity.

STATA® 12 (College Station, Texas) software was used for all statistical analyses.

Porcine Eye Preparation

Injection reflux and vitreous leakage were measured after intravitreal injection of twenty
porcine eyes. The eyes were kept in moist media and refrigerated promptly after the animal
was sacrificed but were allowed to equilibrate to room temperature for 4 — 6 hours prior to
injection (12 to 84 hours after death). Two quadrants, 180 degrees apart, were identified for
dissection. Conjunctiva and Tenon’s capsule were removed to reveal bare sclera in each
quadrant.

A 23-gauge trocar-mounted microcannula (Alcon Surgical, Fort Worth, TX) was inserted
4mm posterior to the limbus was placed with a single-step technique. The cannula was
attached to a hanging bottle of BSS and adjusting the height of the bottle controlled the
intraocular pressure.

Eyes were randomly assigned to four subgroups (5 eyes each) of intraocular pressures of 15,
20, 25 and 30 mmHg corresponding to bottle heights of 20.5 cm, 27.2 cm, 34 cm and 40.8
cm above the eye, respectively (conversion factor ImmHg = 1.36 cm H50). The intraocular
pressure of the eye was allowed to equilibrate over 2 minutes, after which the infusion line
was clamped near the insertion of the microcannula.

Injection technique

All eyes were injected with 100% concentration of the prepared dye (1:5 mixture of
hematoxylin and BSS) at varying intraocular pressures (IOP). The intravitreal injection was
prepared by withdrawing 0.3 mL of the dye into a 1 mL tuberculin syringe. A 30-gauge
needle, marked 5 mm from the tip with adhesive tape to standardize injection depth, was
attached to the tuberculin syringe. All needles used were 12.7mm in length. The needle and
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syringe were primed with the dye mixture, leaving a volume of greater than 0.05 ml for
intravitreal injection. No dye was left on the exterior of the needle at the time of injection.

The sclera was dried in the quadrant prepared for injection (180 degrees from the infusion
cannula) using a Weck-Cel sponge. A caliper was used to mark the sclera 4mm posterior to
the limbus. Pars plana intravitreal injection was performed using standard injection
technique with a non-beveled trajectory. The needle was inserted through the sclera at a 90°
angle to a depth of 5mm corresponding to the adhesive tape on the needle. The plunger was
depressed to a volume reduction of 0.05 ml, causing 0.05 ml of dye to be injected into the
eye (differential reduction method of injection). The injection took two seconds and the
needle was withdrawn one second after the syringe plunger was fully depressed.

Reflux measurement and Calculation

RESULTS

Upon removal of the needle, a test strip was immediately placed on bare sclera on top of the
site of the intravitreal injection. Refluxed fluid was collected on the test strip, which was
held in place for 30 seconds without applying pressure to the globe. The test strip was then
scanned and total area of liquid saturation on the test strip (not simply how far the dye
traveled) was measured. Also, background-adjusted color intensity was measured as
described above. The total volume of reflux was calculated using the linear regression line
based on the digital pixel area. Similarly, the amount of dye in the refluxed fluid was
calculated using the background-adjusted linear regression line described above. The
Kruskal-Wallis rank test was used to compare the total volume of refluxed fluid and the
amount of dye in the refluxed fluid between different IOP groups (p<0.05 was considered
significant).

The saturated area (in pixels) on test strips corresponding to various known volumes of dye
is shown in Figure 2. A linear regression line was found by the equation: Area (in pixels) =
24736*Volume (in pL). The linear regression model had a R?= 0.98 and the coefficient for
volume had a p-value of <0.001.

The background-adjusted image intensity corresponding to various known amounts of dye at
varying concentrations is shown in Figure 3. A linear regression line was found by the
equation: Image Intensity = 1389113*Amount of Dye (in pL). The linear regression had a
R2=0.98 and the coefficient for amount of dye had a p-value of <0.001.

Twenty porcine eyes were injected with 50 uL of mixed dye in order to test the feasibility of
using our method for measuring reflux from intravitreal injection (Table 1). The average
calculated total volume of refluxed fluid was 1.19 pL (SD: 1.25 pL; median: 0.93 uL), with
a range of 0 pL to 5.57 pL. The average calculated volume of refluxed dye was 0. uL (SD:
1.05 pl; median: 0.11 pL), with a range of O pL to 4.71 pL. The average composition of the
reflux was 20.8% dye (SD: 20.3%; median 15.5%), with a range of 0% to 84.6%. The
average dye lost to reflux from the 50 pL injection was 0.95% (SD: 2.11%; median: 0.23%),
with a range from 0% to 9.42%.
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To determine the effects of IOP on the amount and composition four subgroups of eyes at
varying 10Ps were tested. The mean (and median) volume of reflux was 0.90 uL (0.35 uL),
1.55 uL (0.72 pL), 1.33 pL (1.12 pL) and 0.98 pL (1.08 pL) in IOP groups of 15, 20, 25 and
30mmHg, respectively (Table 1). The mean (and median) total volume of dye lost was 0.31
pL (0.06 pL), 1.01 pL (0.09 pL), 0.40 pL (0.19 pL) and 0.18 pL (0.11 L) in the IOP groups
of 15, 20, 25 and 30mmHg, respectively. The mean (median) proportion of dye in the total
refluxed fluid was 17.0% (16.0%), 26.45% (17.80%), 23.49% (17.19%) and 16.30%
(10.81%) in the 1OP groups. The mean (median) proportion or refluxed dye compared to
original injected volume of dye was 0.62% (0.11%), 2.02% (0.17%), 0.80% (0.39%) and
036% (0.23%) for the 10P groups 15, 20, 25 and 30 mmHg, respectively.

Using the Kruskal-Wallis rank test for all comparisons, there were no differences between
IOP groups in the total volume of refluxed fluid, the volume of refluxed dye, the average
proportion of dye in the reflux fluid, or the volume of refluxed dye compared to original
injected volume (df=3 for all comparisons; p=0.58, p=0.51, p=0.55, p=0.51, respectively).

DISCUSSION

Intravitreal injection of therapeutic agents has become a common office procedure in
ophthalmology. These agents are typically delivered in very small volumes, often only 50 to
100 pL. Given these small injected volumes, there is some concern that even minimal visible
reflux from the injection site after withdrawal of the needle may represent significant loss of
the active pharmacologic agent.

Previous studies have examined a variety of techniques to evaluate and minimize the
subconjunctival bleb that often results from refluxed fluid, but have been unable to quantify
how much actual medication is lost.18 Hubschman et al. (2010) were the first investigators
to attempt to quantify the volume of the reflux using a standard comparison.” In their study,
150 porcine eyes were injected with 50 uL of dye and the diameter of the resultant refluxed
dye on the sclera was measured (the conjunctiva was taken down). These measurements
were compared to the diameter of known volumes of dye pipetted onto porcine eyes. The
authors found that needle gauge and injection depth both affect the amount of refluxed fluid.
However, they were not able to quantify the composition of the reflux — whether it was
refluxed from the injection or vitreous fluid.

In an attempt to answer this question, Christoforidis et al. (2013) injected 29 rabbit eyes
with radiolabeled anti-VEGF agents.8 The rabbits subsequently underwent PET-CT to
visualize the composition of the bleb. The authors concluded that bleb contained drug based
on its appearance in the PET-CT images. However, similar to the study by Hubschman et al.
(2010), they were unable to quantify the composition of the bleb, and thereby were unable to
measure to proportion of injected medication versus vitreous fluid that had refluxed out of
the eye.

Our study presents a novel method for measuring the volume and composition of reflux
following intravitreal injection using digital imaging analysis. Consistent with prior studies
on this topic’, our data shows that refluxed volumes range between 0 to 5.7 pL. However,
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the amount of injected dye that refluxed ranged from 0 to 4.71 pL. In our study, up to 9.42%
(4.7 yL) of the initially injected 50 microliters of dye was lost through reflux, with an
average loss of less than 1% (0.47 pL).

The overall composition of this reflux was, on average, 20.81% dye and 79.19% vitreous
fluid. Intraocular pressure was not found to have an effect on either total volume refluxed or
amount of dye refluxed, which was consistent with previous reports.12

There are potential limitations to our study. Identification of the boundaries of saturation on
the test strip was done by visual inspection. The process of cleaning the needle tip prior to
injection could have wicked a small amount of fluid out of the needle, thereby altering the
volume of injection. Similarly, placing the test strip on the injection site could have wicked
up additional dye from the needle tract that would not have otherwise been refluxed. Had
this occurred, our data would be expected to overestimate the total volume and dye refluxed.

Background adjusted color intensity was used to calculate the amount of dye refluxed
because it is not affected by the movement of dye across the filter paper or the relative
dilution of the dye in solution — rather, it effectively measures the absolute amount of dye
present as shown by the goodness of fit (R2 =0.98) between across many dilutions (Figure
3). However, in order to calculate the total volume of reflux, the area of saturation was
measured. The movement of refluxed vitreous along the test strip could have been
influenced proteins present in the vitreous and not accounted for in the creation of the
standard line. Therefore, the presence of intravitreal proteins within the reflux may have
reduced the distance fluid was able to travel on the test strip resulting in an underestimation
of the total volume of reflux.

Previous studies have shown that the preparation and injection of small volumes is imprecise
and delivered volumes vary from the target.1518 Experimental injections on porcine eyes in
this study were performed by clinicians using their normal clinical technique. The
differential injection method used in our experiment has previously been found to be the
most precise method for delivering the desired volume with a mean variation of less than
29%.15

This experimental model used porcine eyes because the thickness of sclera and the location
of the pars plana are similar to that of humans.13.14 Porcine eyes have also been used in
previous studies.” However, we did not account for other anatomic variations between
porcine and human eyes. For example, many patients receiving intravitreal injections are
older and may have more syneretic vitreous than a younger population. We were unable to
quantify how formed the vitreous was in these younger porcine eyes, and how this might
affect the quantity or composition of the reflux from the intravitreal injection. Additionally,
a limitation of the experimental data is the delay in time of death to experimental use. It is
unknown how this affects factors such as scleral rigidity and permeability. Eyes were kept
cool and moist until use in an effort to minimize these effects.

There have been many studies on how a variety of factors influence the amount reflux after
intravitreal injection. However, these studies predominantly rely on diameter of the resultant
bleb and are unable to quantify how much actual drug is lost to reflux. This study
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demonstrates a new method for quantifying the volume and composition of reflux following
intravitreal injection. This method can be used by others in evaluating techniques (for
example, altering the speed of an injection) to minimize reflux thereby allowing researchers
to assess not only the volume, but also the composition of the refluxed material.

Data from our study suggests that although reflux following intravitreal injection occurs
frequently, the reflux contains some of the injected material but is predominantly composed
of vitreous. Further, the amount of the injected pharmacologic agent lost to reflux is limited
and represents only a small fraction of the original injection volume. Future work will
evaluate this model in cadaveric human eyes.
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Undyed

Figure 1.
Example of Schirmer test strip showing dyed versus undyed areas.
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Scatter Plot of Dye Versus Image Intensity
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Figure 3.
Pipetted Volumes of Dye on Schirmer Strips versus Adjusted Image Intensity
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