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Supporting Information 
 
 

Data and formula used to describe hematocrit dependence 

 

 

Figure S1. Ratio of 45 % hematocrit blood viscosity to native hematocrit blood viscosity at 0.277  

s-1 for blood from various species. The power law fit used to shift original data is also shown. Data 
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taken from Johnn et al., 199220. The figure shows the relatively high impact of hematocrit to the 

data justifying the correction implemented in the main manuscript.  

 
 
 
Allometric Branching Model Derivation 
 

A fluid mechanical model for circulatory branching across species was developed by West 
and coworkers29. This model assumes vessels initially branch according to an area preservation 
principle, first developed by Leonardo da Vinci and therefore also known as da Vinci’s rule35, to 
avoid pressure pulse reflection, or equivalently, minimize hydrodynamic impedance. Once viscous 
effects become relevant and the pulsation is damped out, the model proposes that vessels then 
branch according to preserving the apparent (according to the Poiseuille profile) wall shear rate 
(i.e. 4𝑢ത௞/𝑟௞ , where 𝑢ത௞ and 𝑟௞ are the mean blood velocity and radius of the 𝑘-th generation vessel, 
respectively) also known as Murray’s law29,35,43. Mathematically, West’s model can be expressed 
through the following equations: 
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Here, 𝑘 indicates the branching level (with 𝑘 ൌ 0 corresponding to the aorta), 𝑄௞ is the flow rate in 
a particular vessel, 𝑁௞ is the total number of vessels at a particular branch level, 𝛽 the ratio of 
adjacent branch level radii (i.e. 𝛽௞ ൌ 𝑟௞ାଵ/𝑟௞), 𝜈 is the number of “offspring” vessels for a “parent” 
vessel (typically 2 ൑ 𝜈 ൑ 3), and 𝑘ത is the critical branch level where the pulse waveform is damped 
out. Note that the rightmost side of Eq. S2 is the geometric integral expression for the vessel radius 
at a particular branch level. This expression will be used henceforth to eliminate discontinuities 
associated with the branch level being a discrete variable.  

In the original model, West and coworkers approximated 𝑘ത to be the point where the 
hydrodynamic wave impedance is equal to the viscous resistance29. For a total number of 𝐶 
generation of vessels, this results to 𝐶 െ 𝑘ത Murray law-following generations, which, to a good 
approximation, can be considered as a constant. This has been evaluated from West et al.27 as 
𝐶 െ 𝑘ത ൌ 15 or 22 depending whether one uses 𝜈 ൌ 3 or 2. Under those conditions, the apparent 
shear rate for 𝑘 ൒ 𝑘ത can therefore be considered as constant and equal to 4𝑢ത௖/𝑟௖, where 𝑢ത௖ and 𝑟௖ 
are the mean blood velocity and radius of the capillary vessels, respectively. Furthermore, if we 
use the additional assumptions proposed by West et al.29 that those values are universal constants 
among all species, we can estimate those values from human data as27 𝑢ത௖ ൌ 𝑢ത଴,௛/250, and 𝑟௖ ൌ
𝑟଴,௛/10ସ, where 𝑢ത଴,௛ and 𝑟଴,௛ are the mean blood velocity (𝑢ത଴ ൎ 11.44 𝑐𝑚/𝑠) and radius of the human 
aorta (�̅�଴ ൌ 1.64 𝑐𝑚), respectively41. These values result to 4𝑢ത௖/𝑟௖ ൌ 1120 𝑠ିଵ, which corresponds 
to a nominal wall shear stress (using a Newtonian viscous model and a viscosity about three times 
the plasma viscosity, 0.0016 Pa.s) of 5.36 Pa41. This value agrees reasonably to recent asymptotic 
lower vessel radius data reported by Seymour and coworkers (see Fig. 235 also evaluated based 
on a Newtonian viscosity multiplying the apparent wall shear rate as obtained from the average 
velocity and radius). 

To estimate the apparent shear rate of the larger arteries, 𝑘 ൌ 0,1, … , 𝑘ത െ 1, one can start 
with the aorta, 𝑘 ൌ 0, and use allometric expressions offered by Schmidt-Nielsen and Holt and 
coworkers for the aorta radius and mean velocity as 𝑟଴ ∝ 𝑀଴.ଷ଺ and 𝑢ത଴ ∝ 𝑀଴.଴଻, respectively5,42. 
Note that there can be considerable variation across studies in the aortic allometric scaling 
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exponents, with other authors proposing values of 0.393 and –0.048 for the radius and mean 
velocity, respectively35. Nevertheless, the apparent wall shear rate in the aorta is universally agreed 
to exhibit a negative scaling with respect to body mass. This negative scaling is valid for arteries 
up to the point that this shear rate will become equal to the universal value for the smaller vessels 
quoted above (i.e., 𝑘 ൌ 0,1, … , 𝑘ത െ 1. The behavior of the apparent wall shear rate as a function of 
body mass and for different branch levels can be better seen in Fig. S2 below. Note, that the 
apparent shear rate at the critical branch level and beyond remains constant.  
 

 
Figure S2. Apparent shear rate in blood vessels at different branching levels as a function of body 
mass. 

 
Note that in Fig. S2, before 𝑘ത, all vessels obey a –0.29 scaling with body mass. However, 

at and after 𝑘ത, all vessels transition to zero scaling with body mass. According to West and 
coworkers’ original proposition, after 𝑘ത, the shear rate is maintained, and vessels branch according 
to an area increasing branching29. For reference, the shear rate at 𝑘ఈୀଵ has also been plotted as a 
dashed line. Note that the scaling at this reference point does not follow the –0.29 scaling because 
the value of 𝑘ఈୀଵ is also changing with respect to body mass. To evaluate this point, values of 𝜈 ൌ
2.5, 𝜔௛ ൌ 80 𝑏𝑝𝑚, 𝜌 ൌ 1060 𝑘𝑔/𝑚ଷ, and –1/4 allometric scaling for the pulsation frequency were 
used. 


