
 

 
 

Supplementary Figure 1.  Numerical validation of the Eigenspectra model of light fluence in tissue simulations of arbitrary structures. 
(a,b) Examples of the assumed random spatial maps of (a) ɛŬ(r ) at 800 nm and (b) ɛsǋ(r ), with random, normally distributed values. (c) 

Example of a random spatial map of sO2. (d) Example of multi-wavelength absorbed energy density simulation (wavelength 800 nm 

presented), created using the FEM DE light propagation model. (e) Statistics (ïerror-bars indicate standard deviation) of the fitting residual of 

the Eigenspectra model computed from all pixels of each simulated multispectral dataset. (f) Error propagated to sO2 estimation due to the 

fluence approximation using the Eigenspectra model (forward model error). (g-i) Examples of tissue simulations of low spatial variation of 

optical properties (g), partially uniform optical properties with highly absorbing vessel like structures (h) and cases of high melanin absorption 

at the tissue surface as well as wavelength dependent scattering (i). (j -l) Statistics of the fitting residual of the forward model corresponding to 

the simulations presented in (g-i), respectively. (m) Monte Carlo simulations of the wavelength dependent light fluence (fluence of one 

wavelength is presented) in the ballistic and semi-ballistic regime, assuming semi-uniform multi-layered tissue; Layers are highlighted with red 

arrows and their optical properties are summarized in the enclosed table. Statistics of the fitting residual of the Eigenspectra model (mean and 

standard deviation) are also presented. 

 



 
Supplementary Figure 2. Validation of the Eigenspectra model using light fluence measurements obtained in vivo and post mortem. (a) 
MSOT image (one wavelength presented) of a CD1mouse imaged in the abdominal region with a capillary tube containing a reference absorber 

inserted in the lower abdominal area (red circle). Scale bar, 1 cm. (b) Comparison of the measured spectrum of light fluence in the area of 

absorber insertion (black curves) with the fitted spectrum using the 3-dimensional Eigenspectra model in the case of in-vivo imaging (blue 

curve) and post-mortem imaging (red curve). (c) The two light fluence spectra corresponding to the in vivo (blue) and post mortem case (red) 

are decomposed into a linear combination of spectra ūM(ɚ), m1ū1(ɚ), m2ū2(ɚ) and m3ū3(ɚ). 

 

 

 

 

Supplementary Figure 3. Explanation of eMSOT constrained inversion. (a) eMSOT inversion is performed simultaneously on a grid of 

points in the image domain (red points).  (b) A non-directed weighted connectivity graph defined on the grid of points penalizes large 

variations of the Eigenfluence parameters m1 and m3 between neighbor points. The penalization is inversely proportional to the distance w 

between the grid points. (c) A directed graph on the grid of points enforces a decrease on the values of m2 with depth. (d-f) An initial 

approximation of tissue blood oxygenation is obtained using nonnegative constrained least squares fitting (d) and used for obtaining a prior 

estimate of ἀ1(r ) (e) and ἀ3(r ) model parameters. These prior estimates are used for constraining the total search space for m1 and m3 during 

optimization. (f) Prior ἀ1 estimate (blue line), limits of the search space (blue vertical lines), actual m1 values (green line) and m1 values 

estimated after optimization (red line) for a radial line of the grid presented in (a).  

 



 

Supplementary Figure 4. Numerical validation of eMSOT in simulations of arbitrarily structured tissues. (a) Examples of the assumed 

random maps of optical absorption, optical scattering and sO2 varying from finely granulated to smoothly varying structures and vessel-like 

patters. The combination of these maps was used to simulate the absorbed energy density of complex tissue using a light propagation model. 

(b) The simulations of multispectral absorbed energy density were formed using varying mean optical properties simulating weakly to strongly 

absorbing/scattering tissue. (c) Simulated multispectral optoacoustic image (one wavelength presented). A polar grid is placed on the upper left 

part of the image for analysis using eMSOT. (d) Original (green) and noisy (blue) simulated absorbed energy density spectrum stemming from 

one pixel of (c). (e-g) Maps of Eigenfluence parameters m1, m2 and m3, respectively, obtained after inversion and interpolation. (h-i) sO2 

estimation using linear unmixing (h) and eMSOT (i). (j ) Actual simulated sO2 map. (k) sO2 estimation error corresponding to all pixels of the 

analyzed area using conventional linear unmixing (red points) and eMSOT (blue points), sorted per depth. (l) Mean sO2 error of linear 

unmixing (red) and eMSOT (blue) corresponding to each simulated data-set tested (2358 data-sets in total). (m) Histogram of the mean sO2 

estimation error corresponding to eMSOT (blue) and linear unmixing (red) for all simulated data-sets tested. (n) Histogram of the relative sO2 

estimation error of linear unmixing as compared to eMSOT for all simulated data-sets tested and simulated tissue depths > 5mm.   
 

 


