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Introduction
The Pearl Imager provides uniform area illumination by laser excitation, eﬀectively minimizing variability when imaging
animals and organs. However, any additions such as walls or barriers can have undesirable eﬀects with respect to capturing the most accurate ﬂuorescent signal from the target. This document will illustrate some of these eﬀects and provide
guidance when imaging high and low intensity targets (i.e., organs, tissues) in the same ﬁeld of view.
Note: Analysis was performed using Pearl Cam Software. For instructions on how to analyze
small animal and organ images in Image Studio(TM) Software, see licor.com/sai_guide.

1: Pearl Imager Precision Evaluation
The beneﬁts of an imaging ﬁeld with even area illumination are many, not the least of which is knowing the mouse can be
placed anywhere on the imaging bed and receive the same laser exposure. As many who conduct animal imaging studies
know, it is critical to set up a positioning routine that will minimize variability.
To gain an understanding of this variability, two diﬀerent scenarios were evaluated; ﬁrst, how much instrument variability would
be expected between images of a stationary target; and second, how much variability would be expected from a target repositioned and imaged several times. Targets included a low intensity brain, medium intensity kidney, and high intensity liver.
Organs were recovered after administration of an IRDye® 800CW labeled optical agent providing a variety of signal intensities
for evaluation. Figure 1A, B, and C represent repeated imaging of a brain, kidney, and liver, respectively, with the Pearl Imager.
Liver images included a brain; however, the brain did not contribute measurable signal to the liver.
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Figure 1. A) Three separate images taken of a brain with no change in position or orientation (Mean total intensity =241.1; CV = 0.04%).
B) Four separate images taken of a kidney with no change in position or orientation (Mean total intensity = 1341.0; CV = 0.18%).
C) Four separate images taken of a liver with no change in position or orientation. The brain (blue organ) contributed no change
in overall liver signal intensity (Mean total intensity = 11262.7; CV = 0.21%).

In all organ evaluations where no repositioning occurred between images, CV were ≤ 0.21%. This provides a realistic
evaluation of precision and low variability that can be expected with the Pearl Imager.
Some degree of repositioning, however, will occur during placement of animals and organs over the course of an imaging study.
Therefore, the signal variability of an organ (brain, kidney and liver) moved to a variety of areas in the imaging ﬁeld will provide
a representative assessment of the inherent variability of the instrument. Figure 2 shows the brain imaged at diﬀerent locations on the imaging bed. Care was taken to keep the brain in the same relative orientation during the process.

Figure 2. A brain imaged and repositioned eight times to illustrate Pearl Imager precision with an organwith very low signal intensities.
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Regions of Interest (ROIs) were placed around each brain and Total Intensities determined for eachimage (Figure 3). Brain
images taken without a positional change yielded a CV of 0.04%, whereas when the organ was moved between each image
capture, the signal variability increased slightly, giving a CV of 2.24%.

Figure 3. Total intensity data for a brain imaged and
repositioned ten times (P) or imaged three times with
no change in position (NP).
P = Mean Total Intensity = 247.0; CV = 2.24%
NP = Mean Total Intensity = 241.1; CV = 0.04%

These data are extremely uniform considering the low intensity of the organ where any small change would have been magniﬁed. This process was repeated for a moderately high signal intensity organ, the kidney (Figure 4A and B).

Figure 4. A) A kidney imaged and repositioned
seven times to illustrate Pearl Imager precision with
a moderate signal intensity organ. B) Total intensity
data for a kidney imaged and repositioned seven
times (P) or imaged four times with no change in
position (NP).
P= 1296.0; CV = 4.3%;
NP= 1341.0; CV = 0.18%.

Very low CV were achieved for the brain and kidney. These organs are fairly well contained and moving them is straightforward.
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Yet, these tests have not addressed the inherent variability of imaging after repositioning with achange in orientation. Longitudinal studies will require an animal to be imaged repeatedly and it will be important to standardize the animal positioning
to minimize variability. To get a clear impression of this eﬀect, a liver was imaged and repositioned several times without
regard to maintaining the original position and orientation. The liver, with its many lobes, is an ideal template for this test
because repositioning the organ in exactly the same fashion is nearly impossible. Figure 5A shows nine images of a liver repositioned in each image to a new area of the imaging ﬁeld. When the total intensities were plotted, a CV of 8.1% was noted
(Figure 5B).

Figure 5. A) A liver was imaged and repositioned
nine times to illustrate Pearl Imager precision with
an organ that would be very diﬃcult to move and
reposition in exactly the same manner. B) Total
intensity data for a liver imaged and repositioned nine
times. Mean total intensity = 14426.6; CV = 8.13%.

These data demonstrate the degree of variability that might be expected if organ positioning is not standardized.

2: Eﬀect of Analyst Variability
Variability may be introduced if multiple individuals contribute to data analysis. For example, individuals may draw and place
ROIs diﬀerently. The same seven kidney images were analyzed by three diﬀerent analysts with results presented graphically
in Figure 6. Data analysis with Pearl Cam software was very reproducible among Analysts.

Figure 6. Three separate Analysts analzed the same
7 images independently. Analysts 1 and 3 used an
ROI while Analyst 2 used the free-hand draw tool.

Total intensity

Analyst 1
Analyst 2
Analyst 3

Mean

CV, %

N

1297.28
1274.17
1296.20

4.30
4.42
4.29

7
7
7
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3: Eﬀect of High Fluorescent Intensity Organs
Fluorescent photons are emitted from all surfaces of the organ as illustrated in Figure 7. Image A isan optimized image of a liver
containing a ﬂuorescent probe. By increasing the signal intensities ofan image, allowing us to visualize the eﬀect, it becomes
evident that the “bloom” could be a potential problem if the liver were placed in close proximity to another organ/tissue.

Figure 7. A) Liver image adjusted
for optimal visualization;
B) Identical liver image adjusted
to enhance low-level ﬂuorescence
emitted from the organ.

To what degree do the emitted ﬂuorescence photons aﬀect a neighboring organ? Figure 8 shows theliver reﬂection on the facing
side of the brain. Although this may seem to be an insigniﬁcant amount of signal, it represents an increase in brain signal of
approximately 18%.

Intensity:

Normal

High

Higher

Figure 8. Illustration of the ﬂuorescent signal from a high signal intensity liver on a low signal intensity brain. Panels reﬂect an increase
in the intensity scale to illustrate the reﬂection of the liver signal on the brain (arrow).

This eﬀect noted for the brain may be due to the extremely low overall signal in that organ. What eﬀect, if any, is noted for organs
with diﬀering levels of ﬂuorescence, such as lung and kidney? Is there a working distance where these eﬀects would be
minimized or eliminated?
Organs were imaged alone and at speciﬁed distances (0.5, 1.0, 2.0, and 3.0 cm) from the liver. Total signal intensities were determined with respect to the target organ-only signal (%) and are shown in respective images (Figure 9).
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Figure 9. Example image series illustrating the distance testing for kidney with respect to the liver. This process was repeated for lung
and brain. Percent signal diﬀerence from organ only images are presented in Table 1.

Table 1. Percent Intensity Increase Compared to Intensity Organ Only

Distance from Liver
(cm)

Brain

Lung

Kidney

0.5
1
2
3

28.1
17.5
11.6
6.6

8.6
8.6
8.6
8.6

7.4
5.7
6.1
3.1

4.24E+02

1.39E+03

2.29E+03

Organ only
Total Intensity

The most dramatic eﬀect was noted in the brain series, where we saw a 28% increase in brain signal when placed 0.5 cm from
the liver (Table 1). Surprisingly, very small changes were seen with increased distances from the liver for the kidney and lung.

4: Eﬀect of Shadows
The use of a wall or barrier may seem to be the answer for blocking the transmitted ﬂuorescence from one organ to the next.
However, this is not the case. By placing a wall or barrier in the imaging ﬁeld, the even area illumination is disrupted, creating
new issues that can aﬀect image analysis.
If the barrier does not ﬁt seamlessly to the imaging bed, ﬂuorescent signal will be able to escape under the barrier (Figure 10).
Even though a barrier was placed between two organs, we have not eliminated the contaminating ﬂuorescence.

Figure 10. With the intensity of
theimage set higher than normal, the
ﬂuorescent signal can be seen coming
beneath the 1.0 cm high wall placed
between two organs. Arrow identiﬁes
the barrier location.
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With a barrier/wall comes shadows, which will cause a problem with the collection of the ﬂuorescent signal. The following set
of images in Figure 11 illustrates this phenomenon. Total intensity for the liver in each image is represented in white text. The
yellow bars in Panels B and C highlight the wall/shadow complex and the respective width. Figure 11C shows the shadow
encroaching on the edge of the liver and the resulting intensity values reﬂect a 4.2% loss in signal.

Figure 11. A) Liver and kidney 1 cm apart with no
wall; B) with a 1.0 cm wall; C) with a 1.5 cm wall.
Total Intensity values for the liver are presented in
white text. Yellow text and bars represent the wall/
barrier and shadow complex.

Therefore, if a wall/barrier is deemed necessary, it should be placed between organs and spaced far enough apart to avoid the
resulting wall/barrier shadow. In Figure 11, the kidney would need to be placed � 2 cm from the liver to avoid any shadows
created by the 1.5 cm wall. Yet, if the wall were notused, you would still need to place the kidney 2-3 cm from the liver to
minimize the liver bloom eﬀect.
Table 2. Kidney Wall Analysis

Kidney only (n=11)

1307.04 ± 51.34 (image not shown)

Liver added to image area:*

Total Intensity

Increase over
no liver control

Kidney without wall (n = 2)
Kidney + 0.5 cm wall
Kidney + 1.0 cm wall
Kidney + 1.5 cm wall

1397.25
1382. 80
1340.86
1292. 59

6.5%
5.5%
2.5%
-1%

* Distance between liver and kidney = 1 cm

Table 2 compares total intensities for the images in Figure 11 with and without barriers of various heights. When the organs are
placed 1 cm apart, we see an increase in kidney signal of 6.5%. With the inclusion of a wall/barrier with a height of 1 cm, the
kidney signal increases at a lower rate of 2.5%; however, that distance would need to be increased to accommodate the wall
shadow eﬀect onthe liver. A loss of signal when using a 1.5 cm wall is due to the shadow eﬀect noted earlier. Conversely, placing
the kidney � 3 cm from the liver with no wall/barrier will accomplish the same result with � 3% increase in signal.

5: Summary
The even area illumination implemented in the Pearl Imager allows for accurate and repeatable imaging. Every case of organ
analysis will be unique due to the intensity of the organs with respect to the speciﬁc optical agent used. We have presented
a clear demonstration of the inherently low variability in the Pearl Imager and some of the pitfalls that can be problematic
when adding solid features such as barriers/walls to an imaging ﬁeld optimized to provide uniform illumination.
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