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Characterizing fibrosis in UUO mice model using 
multiparametric analysis of phasor distribution 
from FLIM images 

SUMAN RANJIT,1 ALEXANDER DVORNIKOV,1 MOSHE LEVI,2 SETH 
FURGESON,2 AND ENRICO GRATTON1,* 
1Laboratory Fluorescence Dynamics, Department of Biomedical Engineering, University of California, 
Irvine, CA, USA 
2Departments of Medicine, University of Colorado-Anschutz Medical Campus, Aurora, Colorado, USA 
*egratton22@gmail.com 

Abstract: Phasor approach to fluorescence lifetime microscopy is used to study development 
of fibrosis in the unilateral ureteral obstruction model (UUO) of kidney in mice. Traditional 
phasor analysis has been modified to create a multiparametric analysis scheme that splits the 
phasor points in four equidistance segments based on the height of peak of the phasor 
distribution and calculates six parameters including average phasor positions, the shape of 
each segment, the angle of the distribution and the number of points in each segment. These 
parameters are used to create a spectrum of twenty four points specific to the phasor 
distribution of each sample. Comparisons of spectra from diseased and healthy tissues result 
in quantitative separation and calculation of statistical parameters including AUC values, 
positive prediction values and sensitivity. This is a new method in the evolving field of 
analyzing phasor distribution of FLIM data and provides further insights. Additionally, the 
progression of fibrosis with time is detected using this multiparametric approach to phasor 
analysis. 
©2016 Optical Society of America 

OCIS codes: (170.2520) Fluorescence microscopy; (100.0100) Image processing; (170.3650) Lifetime-based 
sensing. 
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1. Introduction 

Phasor approach to fluorescence lifetime imaging has been applied to study cellular 
metabolism and to evaluate presence of reactive oxygen species in living cell and tissue 
samples [1–6]. This approach is well established for mapping lifetime to a fluorescence image 
and separating areas of image having distinctively different lifetimes. Recently we have 
applied this phasor approach to study a combination of lifetime imaging and second harmonic 
imaging to decipher the extent of fibrosis of the kidney in an unilateral ureter obstruction 
(UUO) model (manuscript under review) [7–10]. The acquisition of the second harmonic 
generation originating from the non-centrosymmetric collagen fibers in the tissue is 
dependent on the direction of the observation. The forward direction acquisition has been 
shown to be much more sensitive than the backward acquisition of the conventional 
epifluorescence microscope [11–13]. Thus the forward detection of the harmonic signals is 
usually done with a modified acquisition scheme in which the detection is performed in the 
forward direction. The evolution of collagen fibers together with the modification of the 
tissue architecture due to fibrosis can change the fluorescence lifetime signature of the 
diseased and normal tissue [8, 10]. These changes in the fluorescence lifetime modify the 
phasor distribution obtained from the FLIM images and these changes in the phasor 
distribution can be analyzed and used to separate the diseased from the normal tissue. 
Furthermore the FLIM data acquisition is independent of the direction of the acquisition 
(contrary to the detection of harmonics) and thus can be obtained from any laser scanning 
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microscope equipped with FLIMBOX [14] or other fluorescence lifetime measuring cards 
and thus this method is applicable in more commonly available instruments. Thus this 
technique offers a new method where diseased and control tissues are easily separated and the 
effect of therapeutic interventions can be measured. The main difference of this approach 
compared to the SHG generation or immunohistochemistry is that this technique does not 
involve either tissue modification or a specialized instrument. This is a new analysis method 
which uses FLIM images from any laser scanning microscope capable of fluorescence 
lifetime imaging and analyzes the phasor distribution originated from the FLIM image to 
distinguish control and diseased tissues. This paper is focused on the methodology and 
ideology of this separation and the UUO model of kidney fibrosis was used as a well-studied 
model of disease progression. This model has been studied in much detail and is known to 
develop fibrosis over time. Thus we used this method of phasor analysis to separate fibrotic 
and non-fibrotic samples and show the power and applicability of the technique [14]. The 
paper uses UUO model as a proven model of fibrosis [14] and thus as a system to show the 
methodology of this multiparametric analysis when control and diseased sets are known. 

In the phasor approach, fluorescence obtained from the tissue following a two photon 
excitation scheme is transformed to the phasor plot, where each point of an image results in a 
different phasor point [15–18]. Depending on the tissue architecture and the origin of 
fluorescence in that particular pixel, different tissues can have differential distribution of the 
phasor points and the idea in this paper is to use these divergent distributions of phasor points 
which can be exploited to distinguish diseased from normal tissue and follow the extent of 
disease progression with time. The phasor histogram and the FLIM images have been 
analyzed in different ways [16, 19–21]. In the method described in this paper, this distribution 
of phasor points is split into multiple levels based on the height of peak of the phasor 
distribution. In each level a number of characteristic parameters of the distribution, including 
average position, shape, angle and number of molecules in each level are calculated. Finally a 
spectrum can be constructed from the values of these parameters obtained at the different 
levels of the phasor distribution. Thus the phasor distribution from FLIM images of each 
animal contributes to multiple statistical parameters towards the creation of spectrum and 
creates a specific signature associated with that sample. A comparison between the two 
spectra comprised of the phasor elements calculated from the diseased and normal tissue 
samples can thus resolve and distinguish normal and diseased tissue. These comparisons were 
optimized by using weights whose values can change from 0 to 1. These weights are 
calculated by maximizing the separation between the control (normal) set of phasor plots and 
the sample (diseased) set of phasor plots. The weight values are calculated for each of the 
parameters (e.g. position, shape of distribution, etc.) in a training set and then those values 
could be used to distinguish the disease progression in unknown samples. 

2. Methods 

2.1 Unilateral ureteral obstruction model of fibrosis and tissue collection 

The animal studies were approved by University of Colorado Institutional Animal Care and 
Use Committee (IACUC). The University of Colorado animal facility is fully accredited and 
we followed the National Institutes of Health guidelines for the use of laboratory animals. 
The experiments use C57/Bl6 6J male mice between 14 and 20 weeks of age. Isoflurane was 
used as anesthetic, mice were placed prone and chlorhexidine was used to sterilely prep a 
surgical area. The retroperitoneal area was accessed after a skin incision and after right 
kidney was exteriorized, the proximal ureter was ligated with a 4-0 silk suture. The wound 
closed in two layers after the surgical area was cleansed. Kidneys were collected at seven, 
fourteen, and twenty-one days after the surgery. The left, comparatively uninjured kidneys 
were used as controls and the right kidneys were used as diseased for each of the time points. 
The right atrium was cut and mice were perfused with 20 mL phosphate-buffered saline. 
Kidneys were removed and immersion fixed in 10% formalin for 24 hours. Then kidneys 
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were processed and embedded in paraffin. 5 μm thick sections were cut onto glass slides. For 
FLIM imaging, slides were imaged by optical sectioning while embedded in paraffin. 

2.2 Data acquisition: description of the DIVER setup used for FLIM 

The autofluorescence lifetime of different tissue samples (5 μm thick and embedded in 
paraffin) were measured using the homebuilt DIVER (Deep Imaging via Enhanced photon 
Recovery). DIVER is a special modified microscope designed for deep tissue imaging and 
harmonic imaging [22–24]. The microscope utilizes a forward detection scheme which is very 
well suited for the harmonic imaging. However, this microscope is also equipped with a 
FLIMBOX [14] that can acquire fluorescence lifetime data and these FLIM images have been 
analyzed using the phasor approach to fluorescence lifetime imaging to decipher the extent of 
fibrosis in the UUO mice model. The construction of this microscope has been explained 
elsewhere [22–24]. Briefly the samples were excited with 710 nm laser line of a Spectra 
Physics MaiTai laser using a 20X air objective, and the fluorescence was collected by the 
large area PMT in the forward direction after passing through an optical filter (410 nm-510 
nm) using FLIMBOX which calculates the lifetime from each pixels of the image and 
transfers the information to the phasor plot directly. The pixel dwell time was 32 μs and the 
image size was 256x256 pixels with an image size of 360 μm. 

2.3 Data analysis 

The fluorescence collected from each pixel of the image was transformed to the Fourier space 
using the following relations: 

 0 0

0 0

( )sin( ) ( ) cos( )

( ) , ( )

( ) ( )
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I t n t dt I t n t dt
s g

I t dt I t dt

ω ω
ω ω

∞ ∞

∞ ∞= =
 

 
 (1) 

where, si(ω) and gi(ω) are the Y and X coordinates of the phasor plot, respectively; ω = 2πf 
where f is the repetition frequency of the laser source and n is the harmonic frequency. Thus 
the fluorescence collected from each pixel of an image is transformed to a point in the phasor 
plot. Changes in the tissue optical properties due to fibrosis can change the fluorescence 
lifetime signature of the tissue. The accumulation of collagen and changes in the kidney 
architecture due to UUO changes the content in the kidney and these changes are reflected in 
the distribution of the phasor point. In this paper, the primary goal is to use the information 
about the distribution of the phasor points and predict the behavior of unknown sample. 

So far only the average phasor position of a distribution has been used to separate 
differential behavior of cells undergoing different metabolism or for stem cells undergoing 
different stages of differentiation [4–6]. However, tissue samples are usually more 
heterogeneous, have a larger phasor distribution, and thus just the calculation of average 
phasor positions of the distribution is not enough to distinguish the difference between the 
samples. Furthermore, often some bright points in the image can dominate the distribution 
and thus the average g and s coordinates do not have enough sensitivity to distinguish the 
separation of the normal and the diseased tissue. 

To obtain better separation the analysis of the phasor distribution is modified the 
following way. First, the histogram of phasor points was split in four equidistance segments 
based on the height of peak of the phasor distribution [Figs. 1(a) and 1(b)]. Then six 
parameters are calculated for each level. These include the average phasor coordinates g and 
s, number of points, the shape of the distribution (major axis and minor axis) and the angle of 
the distribution [θ in Fig. 1(c)]. The shape of the distribution is defined by the length of the 
long axis of the phasor points (a) and the length of the short axis (b), as shown in Fig. 1(c). 
The following equations were used for these calculations. 
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The moment of the distribution was calculated from the position of g and s in the phasor 
histogram: 

 

( , )

( , )

i j

g s
ij

g s

g s I g s
M

I g s

⋅ ⋅
=



 (2) 

where, I(g,s) is the value of the phasor histogram at position s and g. The phasor histogram 
has 256x256 bins in the range 0-1 for both the g and s coordinate. 

The central moment is calculated from: 
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where, p, q, and f(g,s) are the indices indicating the rank of the moment, respectively. We 
only used moments up to rank 2 

The angle is calculated from: 
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The shape of the distribution is calculated from value of the major (a) and minor axis (b): 
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For the analysis using the Distance program, the measurements are divided in two groups 
that we call F and C, representing the training sets for two conditions to be separated. For 
each member of a training set we measure the pixel phasor distribution, i.e., the phasor plot 
for that member and we use the method of analysis of the phasor distribution defined by [Eqs. 
(2)-(5)]. This procedure gives for each measurement k a spectrum f(i,k) made of 24 points. 
For the 2 groups F and C we calculate the average spectrum of the group and the deviation of 
each member from the average as shown in Eq. (6) for the group F 

 
( )2

( ) ( , ) ( )
( )

avi
F
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DF k

N
−
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where the sum is over the N points of the spectrum and k is the index for a given 
measurement. For the same member we also calculate the distance from the average of the 
other group C, 

 ( )2
( ) ( ) ( , ) ( )C avi

DF k C i f i k w i N= −  (7) 

The same calculation is performed for the members of group C so that we will have the 
distance DCC and DCF. The weights w(i) are quantities that can vary between 0 and 1 and 
they are normalized so that the sum of all weights is a constant. These weights are used to 
emphasize which one of the spectral points is more important to achieve the separation of the 
two groups since we don’t know which of the points in the spectrum is important. For 
determining the weights w(i) we build the following quantity that we call Distance D 

 
1 1

min ( ) ( )
( ) ( )F C

k C F

D DF k DC k
DF k DC k

  
= + + +  
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where w(i) are weights to be determined by the minimization algorithm. If wi = 0, the 
corresponding spectral point does not influence the distance D. If w(i) = 1 it has a maximum 
influence. What this algorithm achieves is to find the parameters w(i) for the training set than 
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minimize the distance between the points of a set from the average of the set and maximize 
the distance from the average of the other set. The operator can set some of the weights to 
zero effectively removing that spectral point from D. This calculation is done only for the 
training set. After minimization, we have the values of the weights that best separate the two 
groups of the training set. By setting some of the weights = 0 we could test if the selected 
points in the spectra give a significant contribution to the separation of the two sets. The w(i) 
values are stored and associated with a given training set together with the average spectrum 
of the set F and of the set C. This is all we need to measure the position of an unknown 
sample with respect to the training set. This position is obtained using the separation index SI 
defined as 

 
( )
( )

( ) ( )
( ) 10

( ) ( )
C F

C F

DX k DX k
SI k

DX k DX k
−

= ×
+

 (9) 

where X is a measurement to be indexed. In few words, if the spectrum of X is equal to the 
average of C then SI = −10 and if it is equal to the average of F then SI = + 10. If the 
spectrum is at equal distance from C and F then SI = 0. 

Using the SI index for the spectra of the training set we can build the SI histogram and 
determine if a member is a true positive (below 0) or a false positive (above 0). After this 
maximization algorithm is employed the following parameters are calculated: AUC or area 
under the curve, False positive rate, True positive rate, Accuracy of the measurements, 
Precision or positive prediction value, Sensitivity and Specificity [25].Statistical methods 
such as the area under the curve (AUC) are then used to determine the quality of the training 
set. The Distance approach has been used previously to determine the separation of spectra in 
human cancer tissues [26]. 

This multiparametric FLIM was first used to separate the most diseased 21 day right 
kidney and the most normal 7 day left kidney samples and calculate the values of the weight 
parameters for each point of the spectrum. Then the unknown samples, including partially 
diseased 7 and 14 day right kidneys and comparatively healthier 14 and 21 day left kidney 
samples were compared with these two sets to calculate the extent of the disease (fibrosis in 
this case) progression. The histogram separating the normal and disease tissue was plotted in 
a scale of −10 to + 10. The best separation is obtained when the control set is at −10 and the 
diseased set is at + 10. These plots show how well the images from one sample can be 
separated from the images from the other samples in terms of their lifetime distribution in the 
phasor plot. 
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Fig. 1. (a) The distribution of the phasor points in the phasor plot as a heat map. (b) The 
distribution of phasor point according to number of points and splitting of the points in four 
equal heights, starting at zero height. (c) The calculation of the shape of phasor distribution (a 
and b, the long and short axes, respectively) and the angle of the distribution (θ). 

3. Results 

3.1 FLIM and phasor signature of the UUO samples 

Fluorescence lifetime images having an image size of 360 µm were obtained for each animal. 
Ten images were taken for each kidney. The left kidneys were used for the control and the 
right kidneys were used for the diseased samples. Images were obtained for eight animals at 
each time point. Examples of the images from control left kidney (top) and diseased right 
kidney (bottom) for 7, 14 and 21 days of UUO are shown in Fig. 2(a). The images were color 
mapped according to the color distribution shown in the phasor distribution of Fig. 2(b). The 
differences in the images clearly show that the tissue is different for the control and the 
diseased tissue at each time point. The distribution of phasor points along the line joining 
cursor 1 (red) and cursor 2 (green) can be converted to the fraction of species at cursor 2 
(green) by using the method of phasor addition [27]. The two cursors were arbitrarily chosen 
to show the continuous color scale. These distributions show that although there are 
noticeable differences between the images of the control and diseased kidney, the overall 
distribution of phasor points do not have any systematic difference that can be used to 
separate diseased from the control tissues [Fig. 2(c)]. Figure 2(d) shows the phasor 
histograms from Normal (top) and diseased (bottom) kidney of 7, 14 and 21 day (left to 
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right). It is evident from the histograms, that calculation of average phasor positions are not 
enough for the separating the normal from diseased tissues. This is the reason the phasor 
analysis in this paper has been modified to distinguish the two types of tissues. 

 

Fig. 2. (a) The color mapped FLIM images of the control (top) and diseased tissue (bottom) at 
different time points of UUO. (b) The phasor distribution of the FLIM images from the kidney 
and the color map used for color mapping images in Fig. 2(a). (c) The distribution of phasor 
points along the line joining the red and green cursor in Fig. 2(b). The distributions for control 
(solid) and diseased (dashed) tissue samples at 7 day (black), 14 day (red) and 21 day (blue) 
are shown. (d) The phasor histograms from representative samples of 7 day, 14 day and 21 day 
(left to right) normal (top) and diseased kidney (bottom) of the same animal. 
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3.2 Separation of control and diseased samples and calculations of ROC curves 

The comparative analysis was done by comparing the most normal 7 day left kidney FLIM 
images and the most fibrotic 21 day right kidney FLIM images. The 7 day left kidney images 
were used as the control set and the 21 day right kidney images were used as sample set. Each 
of these sets included images from 8 different mice kidneys and 10 different FLIM images 
from each of these mice. We wanted to use the least amount of parameters required to 
separate the control and the sample set and hence used 5 parameters (g, s, a, b, θ) for the 
separation. The plot of true positive rate against false positive rate for this set [blue in Fig. 
3(a)] gives an AUC value of 0.957, determining the very good separation this method can 
achieve. This separation has a very small false positive rate of 0.079 and a positive prediction 
value of 0.923. This result shows the sensitivity and specificity that can be obtained by this 
analysis technique while separating the disease from the control tissue. We also compared 
how well we can separate the healthy 7 day left kidney samples from comparatively diseased 
7 and 14 days of UUO right kidneys. Figure 3(a) shows the ROC curves for comparisons 
between 7day left and 7 day right (black) and 14 day right (red) kidneys. A comparison of the 
AUC values show the most fibrotic 21 day right kidney has the best separation (AUC = 
0.957) and the separation becomes worse for the 14 day right (AUC = 0.845) and it is the 
worst for the 7 day right kidney (AUC = 0.646). The corresponding false positive rate and 
positive prediction values along with specificity and sensitivity are given in the Table 1. The 
separation obviously becomes better as the time of UUO progresses. The other pairwise 
comparison we wanted to carry out is to see how the phasor distributions of the comparatively 
healthy left kidneys differ from the diseased right kidneys at the same time point of UUO. 
These comparisons are shown in Fig. 3(b) and the ROC curves are best for the 21 day of 
UUO [blue in Fig. 3(c)] and are worse for the 7 day (black) and 14 days of UUO (red). These 
show how the obstructed right kidneys are very fibrotic on 21 days of UUO but are much less 
fibrotic before. 

 

Fig. 3. (a) ROC curves for the separation of the most normal 7 day left kidney and 21 day right 
kidney (blue), 14 day right kidney (red) and 7 day right kidney (black). (b) ROC curves for the 
comparison of comparatively healthy left kidney and diseased right kidney at different time 
points of UUO (7 day – black, 14 day – red and 21 day - blue). 

 

 

 

                                                                             Vol. 7, No. 9 | 1 Sep 2016 | BIOMEDICAL OPTICS EXPRESS 3527 



Table 1. Statistical parameters calculated from the ROC curves 

Control Sample AUC 
value 

False 
positive 

rate 

True 
positive 

rate 

Positive 
prediction 

value 

Sensitivity Specificity 

7L 7R 0.646 0.061 0.813 0.949 0.813 0.939 

7L 14R 0.845 0.109 0.878 0.923 0.878 0.891 

7L 21R 0.957 0.079 1.000 0.923 1.000 0.921 

14L 7R 0.627 0.257 0.619 0.672 0.619 0.743 

14L 14R 0.624 0.271 0.724 0.724 0.724 0.729 

14L 21R 0.889 0.047 0.859 0.948 0.859 0.953 

21L 7R 0.579 0.384 0.553 0.600 0.553 0.616 

21L 14R 0.960 0.000 0.543 1.000 0.543 1.000 

21L 21R 0.994 0.000 0.500 1.000 0.500 1.000 

7L 14L 0.698 0.410 0.696 0.688 0.696 0.590 

7L 21L 0.926 0.000 0.533 1.000 0.533 1.000 

3.3 Following evolution of fibrosis with time of UUO 

In UUO mice model the kidney with the obstruction (right kidney in these experiments) 
develops extensive fibrosis over time. The increase in fibrosis is dependent on the time of 
UUO. Amount of collagen fibers increases over time and tissue architecture also undergoes 
progressively more changes [8, 10]. Thus the lifetime signature and hence phasor distribution 
changes increasingly as time of UUO continues. A second hypothesis is that over time there 
are changes in the tissue architecture in comparatively healthy left kidney also. In absence of 
a fully functional right kidney, left kidney of an UUO animal is used more than the left 
kidney of a fully healthy mouse (hyperfiltration, etc.). Thus overtime the left kidney can also 
become diseased. Our goal was to follow the progression of UUO using the phasor 
distribution and study the evolution of the disease in both kidneys with time of UUO. To 
achieve this, the healthy 7 day left kidney phasor distributions were used as the control and 
the phasor distributions of fibrotic 21 day right kidneys were used as the sample. Then five 
parameters (g, s, a, b,θ) were used for the separation of the spectra obtained from these two 
sets. The values of the weight were obtained for each point of the spectra, i.e. the twenty 
points originating from four layers of phasor distribution. Then these values of the weights 
were used to calculate how the unknowns i.e. the 7 and 14 day right kidney samples and 14 
and 21 day left kidney samples separate from the healthy and diseased tissues. The 
comparison between the 7 day left (black) and 21 day right kidney samples (red) are shown in 
Fig. 4(a). The complete separation between the samples shows the power of this 
multiparametric analysis to decipher the extent of fibrosis from the FLIM images. The 
separation analyzed using the value of the weights obtained for Fig. 4(a) shows that fibrosis 
increase from 7 day right (magenta) to 14 day right (blue) to 21 day right (red) in Fig. 4(b). 
Similar trait is observed for the 14 day left (violet) and 21 day left (green) kidney samples 
[Fig. 4(c)]. However the left kidneys are more similar to 7 day left kidney and the extent of 
fibrosis in the left kidney tissues are much lower. These results prove the hypothesis that there 
is a progressive evolution of fibrosis in the obstructed kidney of the mouse with time and the 
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relatively healthy left kidneys [Fig. 4(c)] also become diseased, albeit to a much less extent 
[Fig. 4(b)] This shows how this multiparametric phasor analysis can enable us to follow 
fibrosis in UUO mice model. 

 

Fig. 4. Plot of number of images against separation index. The separation index has a value of 
−10 to + 10. (a) The separation between 7 day left (black) and 21 day right (red) shows the 
efficiency of this analysis to separate the diseased and normal tissue. (b) The evolution of 
fibrosis in the right kidney with time of UUO (purple-7R, blue – 14 R and red – 21R) 
compared to the 7 day left (black). (c) Similar plot for the fibrosis in left kidneys (black – 7L, 
violet – 14L, green – 21L, and red – 21R). 

4. Discussion 

UUO model of kidney fibrosis is a well-studied model for fibrosis evolution in mice kidneys. 
The obstruction of the ureter increases tubular pressure, reduces glomerular filtration rate, and 
activates many vasoactive hormones and cytokines through the kidney leading to fibrosis over 
time. The increasing amount of collagen as the disease progresses can be quantified by 
staining, immunohistochemistry or second harmonic generation (SHG) microscopy. Staining 
by Picrosirius red or Masson Trichrome requires tissue modifications and is dependent on the 
pathologists [28–30]. Immunohistochemistry depends on development of specific antibodies 
for each antigen and can produce variable results. SHG imaging, as mentioned earlier, is 
much better suited for the forward detection and usually requires a modified laser scanning 
microscope construction. The power of FLIM methodology is in the automated analysis 
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which does not need an intervention from a pathologist. This can greatly reduce the time and 
cost of the understanding in fibrosis at the initial stages. These experiments and analysis have 
been performed on 5 µm slices. However, in an epifluorescence microscope equipped with 
FLIM capability these measurements can be carried out close to the surface with optical 
sectioning. SHG generation in forward direction is harder to acquire in thick tissue samples 
and thus this method have a much higher potential to be used in the thick samples. 

A method of studying fibrosis was developed in this work by analyzing the fluorescence 
lifetime images and the phasor approach to lifetime imaging. This multiparametric analysis of 
phasor histogram does not require any special laser scanning microscope. Any laser scanning 
fluorescence microscope equipped with either FLIMBOX or any other fluorescence lifetime 
measuring card can be used to acquire fluorescence lifetime images and can be converted to a 
distribution in the phasor plot. The main goal of this paper is to quantitatively distinguish 
healthy tissue from the diseased fibrotic tissues using the phasor distribution. The calculations 
of just the average positions of the phasor coordinates were not enough to distinguish the 
changes in the tissue signature due to fibrosis. The AUC value obtained between the least 
fibrotic 7 day normal kidney and the most fibrotic 21 day right kidney from the comparison of 
just the two parameters g and s using the method described in this paper is 0.865. This value 
improves to 0.957 when five parameters were used, demonstrating the power of this analysis. 
Thus the analysis of the phasor distribution was enhanced to calculate multiple parameters 
and create a spectrum involving those parameters. Comparisons between spectra from 
different samples required use of weights for each parameter and to identify the best 
separation between the control and diseased samples. Weights for each parameter were 
calculated using the healthiest 7 day left and the most diseased 21 day right kidney. These 
same weights are then used to evaluate the separation index for the tissue samples with 
unknown extent of disease. The results show that the UUO-induced fibrosis progresses with 
time and the progression is faster for the obstructed right kidney compared to the 
unobstructed left kidney. 
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