1.3.3.08

Fractal analysis of blood flow distribution in hurnan lungs
Mirja Tenhunen-Eskelinen, Jyrki. T. Kuikka*, Esko Länsimies*, Jarl-Thure Eriksson**
Department of Neurophysiology, Tampere University Hospital
P.O. Box 2000, FIN-33 521 Tampere, Finland
* Departments of Clinical Physiology and Nuclear Medicine, Kuopio University Hospital
P.O. Box 1777, FIN-70211 Kuopio, Finland
* * Tampere University of Technology
P.O. Box 692, FIN-33101 Tampere, Finland

Abstract: The bronchial tree is an example of fractal
shape, which simplified means that it is not dependent
of the scale of measurement. We have studied the
fractal nature of SPET (Singe Photon Emission
Tomography) lung images, where man can see 3dimensionally the distribution of blood flow. We
segmented lung images into ditferent numbers of region
of interests (2, 418,16,32r 64) and calculated the fractal
dimensions (D) for normal and embolic lungs. We
notice that the per{usion agent distribution is fractal
and it is therefore a property of the lung. The values of
D did not vary significantly between those two groups'
indicating n similar fractal relationship for those
groups.

INTRODUCTION
Fractal geometry is one tool for investigating nonlinear
systems independent of the scale. The qystem of airways in
the lung and pulmonary blood flow are shown to be fractal
f1,2,3,4,51. The number of pieces into which the lung is
divided may be thought of as a scale of measurement. The
heterogeneity of pulmonary blood flow distribution can be
described by the relative dispersion (RD), which is the
same as the coeffrcient of variation (CV) measured as
standard deviation divided by the mean. As the scale of
measurement becomes finer (a greater number of pieces are

examined) the calculated CV increases, such that the
largest CV comes from analysis of the finest suMivision of
the lung. To characterise the pattern complexity of fractals
the fractal dimension (D) was developed by Mandelbrot
[3]. The more complex the fractal pattern, the greater D
will be. The fractal dimension can be calculated from
o-t where n is number of
definition RD(n) : RD,,=l x n
subdivisions and RD,,=1 refers to RD obtained by
extrapolation with only one subregion (:the whole lungs).
The modern multi-head gamma camera technique give
possibilities to make rapid SPET scans for patients who are
suspected for pulmonary embolism. Then also the three

dimensional

view of blood flow distribution

and

conventional planar images from different projections can
be offered to physicians for visual inspections. The digital
image reconstruction technique and processing algorithms
give possibility also for fractal calculations.
It had been shown that fractal analysis is useful
technique to characterise the complexity and variation of

deposition of liquids [6] and independence of the changes

of overall flow [7] in animal lungs. The aim of this study
was to try this fractal technique to calculate the fractal
dimensions to human lungs from SPET images. We
compared dimensions of two groups: patients whose
pulmonary blood flow distribution are nonnal (group A)
and ones who have pulmonary emboli (group B). For
example there is a thrombus in pulmonary vessel, which
blocks the blood flow regional.
METHOD
The patients underwent normal perfusion examination
at the nuclear medicine department. The perfrrsion agent,
*TcJabelled macroalbumin particles
lehTc-MAA) were
injected to the patient few minutes prior the acquisition of
projection images (PA posterior-anterior, AP anteriorposterior, LL left lateral, RL right lateral, LPO left
posterior oblique, RPO right posterior oblique). The dose
11lMBq (3mCi) was used. After that the SPET acquisition
was done by the three head gamma camera (Siemens,

MultiSPECT3) using high resolution collimators and
matrix size 128 x 128 pixels. We collected 40 views per
each detector (=120 views) and acquisition time was 15
seconds/view. The whole scan took place 10 minutes. The
by filtered back

tomografic slices were reconstructed

projection technique @utterworth filter, cut-off 0.5). For
fractal calculations coronal slices were'summed so that the
slice thickness was 10.7 mm and divided to 2,4,8,16,32
and 64 subregions (N) covered the whole lungs. This

region drawing was done automatically by computer
program. The relative dispersion was calculated dividing
standard deviations of pixel counts by mean counts for
each subregions @D:SD/mean). The pixel counts were
proportional to the local *Tc-MAA distribution
determined the blood flow.
RESULTS

The relative dispersion (RD) was plotted as a function
of number of subregions for every patient. We noticed that
the logarithmic relationship between measured value (RD)
and the scale of measurement (N) was linearly related. A
least squares linear regression was performed and D was
calculated from one plus the resulting slope. The results
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are given

in Table 1. as means + SEM for both patient

group.

Table

1.

Results from linear regression analysis of

relative dispersion (RD) vs. number of subregions (N)
Group A

Group B

number of patients

18

7

r
k

0.955+0.005
0.457+0.035

0.975*0.003
0.389*0.044

D

t.457+0.045

1.389+0.044

b

0.191+0.023

0.264+0.046

The correlation coeffrcient (r) and slopes (s) of linear
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regressions, fractal dimensions (D) and intercepts (b) of yaxes are shown. Group A: normal patients. Group B:
patients with embolism.
DISCUSSION

The relationship between the logarithm of RD and the
logarithm of the number of subregions (N) is linear in both
groups. R values are 0.955 and 0.975. The values of slopes
(k) do not differ significantly hence neither do the values
of fractal dimensions (D). It was assumed that when the
blood flow increases the RD decreases, because the lung is
becoming more homogenously perfirsed. Patients with
embolism have then more heterogenous and decreased
local blood flow, but this is not found in fractal analysis
which conserned the whole lungs. The variation of pixel
counts put as RD shows a little smaller values in group A
than group B. This not significant difference could be seen
in every subregion level when averaged RD values were
calculated.

CONCLUSION

We conclude that fractal analysis can be used to
interpret the lung perfrrsion scans. The heterogeneity of
regional pulmonary blood flow in human lungs described
by RD is fractal in nature. The values of fractal dimensions

(D) did not vary significantly between those two groups,
indicating a similar fractal relationship for those patient
groups.
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