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Solution
• Heart beat triggered simultaneous measurement

of each pixel‘s velocity and area – nonperfused
intervascular space included

Interest
• Perfusion is a mirror of normal and compromised

function

Need
• Quantitative description of renal tissue perfusion

as product of velocity and perfused area



State of the art 
–

Perfusion estimation via color
evaluation

• Subjective overall evaluation of coloration

• Non-standardized



State of the art –
Doppler measurements

• RI
• Single vessel
• Only velocity measurements
• Perfused area neglected

• Contrast enhancer
• Saturation
• Influx features



Dynamic tissue perfusion
measuerment with PixelFlux

• No contrast enhancer

• Standardized acquisition
• Standardized region of interest

• Standardized measurement
• Heart beat triggered – true dynamic average

• Velocity and area simultaneously calculated
• New parameters: e.g.  flow intensity per cm², 

tissue pulsatility index, distribution skewness, flow
maps, slice-wise evaluation of the vascular tree



PixelFlux in nephrology

• Renal insufficiency
• Renal transplants
• Renal artery stenosis
• Venous congestion
• Microangiopathies
• Tumors
• Inflammation grading



Prerequisites

• Standardization!!!!
• Keep all presets constant throughout all 

investigations – otherwise no 
comparability is given

• Transducer shape and frequency, color
scale, imaging features as gain, 
persistance, time/spatial resolution, (frame
rate), 

• Standardized ROI (next image)



Definition of the  ROI
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normal elevated

Creatinine level

0,00

0,20

0,40

0,60

0,80

1,00

1,20

1,40

M
ea

n 
P

er
fu

si
on

 in
te

ns
ity

 o
f R

O
I (

cm
/s

)
comparison of recipients with normal and elevated c reatinine

Renal Transplant perfusion intensity at P50 level

p<0,001

1,36 0,82

normal elevated creatinine



Decrease of perfusion after transplantation 
(proximal cortex P50)
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Decrease of perfusion after transplantation 
distal cortex-D50
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Tissue Pulsatility Index (TPI)

at various intervals after transplantation
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Two patients – one RI –
many questions – one answer 

• Transplant insufficiency – patient 1 
(creatinine 231 mmol/l)

• Normal transplant – patient 2      
(creatinine 70 mmol/l)



Pitfall of RI measuerement

• In both cases equivalent RI values

• normal RI inside interlobar arteries!!

• RI is today the standard measure of 
quality of renal transplant perfusion 

• RI may be misleading 



lower pole RI = 0,71           central region RI = 0,61        upper pole RI = 0,66

RI measurements patient 1: 
mean value 0,66 



RI measurements fo patient 2: 
mean value 0,66 

(same as in patient 1 !!)

lower pole RI = 0,67           central region RI = 0,68        upper pole RI = 0,64



Patient 1: perfusion intensity in the 
peripheral cortex: 0,36 cm/s - disturbed 

perfusion pattern



Patient 2: perfusion intensity in 
the peripheral cortex: 2,95 cm/s 

- normal perfusion pattern 



Hypertension in a child of 2 years

right kidney left kidney

no confident estimation of tissue perfusion from sonograms alone



Diabetic kidney -
Hypertension

• Normal creatinine, 
• no microalbuminuria

Normal kidney –
normal blood pressure

• Of course normal creatinine, 
• and no microalbuminuria



Renal venous congestion
nutcracker phenomenon

Left Right



Dynamic tissue perfusion 
measurement

• Easily done
• No additional investigation
• No radiation
• No invasion
• Unprecedented insight in microvascular 

perfusion



Dynamic tissue perfusion 
measurement

• Possible impact

• Monitoring of chronic allograft nephropathy
• Measurement of vessel damage

• Evaluation of interstitial compliance (fibrosis)
• Evaluation of therapy

www.chameleon-software.de



PixelFlux – how to do?

• www.chameleon-software.de

• Download and register

• Start



Calibrate image (automatically)

Color scale recognized automatically

Maximum velocity
recognized automatically

Distances recognized automatically



Start measurement

• Select ROI : 
– parallelogram encompassing one full renal

segment
– Horizontal layers to 

discriminate peripheral
from central perfusion

intensity
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1. Select one segment
(tool: purple parallelogram)

encompassing one full segment fed by the central interlobar artery; borders: outer edge of 
the medullary pyramid – renal surface; laterally: watershed to neighbouring segments)

Renal surface

Interlobar artery

Medullary
pyramid

Medullary
pyramid

Renal surface

Interlobar artery

Medullary
pyramid

Medullary
pyramid

Renal surface

Medullary
pyramid

Medullary
pyramid

Interlobar artery



2. Select a subregion (here
proximal 50% of the cortex)



See results - compromised kidney



Display perfusion relief(1) and 
distribution curve(2) 

compromised kidney

distribution curve(2)

perfusion relief(1)



See results - healthy kidney



Display perfusion relief(1) and 
distribution curve(2) 

healthy kidney

perfusion relief(1)

distribution curve(2)



diastolic

systolic

Simple visualization of tissue perfusion is not reliable –since
relevant differences exist simply due to different heart phases in 

the moment of image capturing

Same kidney captured moments apart
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