Figure S1. Granuloma microvascular density and non-uniform perfusion estimates. Comparison of experimental microvessel density (MVD) in rabbit granulomas 14 versus fitting via Eq. 34 (see Supplementary Material) for the following parameters:;  , , , and .
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Figure S2. Granuloma IFP estimates from the shell-core model. Predicted dimensionless (A) IFP and (B) IFP profiles within granulomas for different moduli  and for the shell-core perfusion model, with .

[bookmark: _Toc383526595]Figure S3. Granuloma IFP estimate comparisons from non-uniform, shell-core, and uniform perfusion models. Predicted dimensionless IFP rise within granulomas for the uniform (Eq. 30, see Supplementary Materials), shell-core (Eq. 25), and non-uniform perfusion (Eq. 35) models for case of , with an additional fitted uniform perfusion case for 
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Supplementary Material 

Mathematical Model of Oxygen Transport in Tuberculosis Granulomas II: Transvascular and Interstitial Convection, Diffusion, and Reaction 
Meenal Datta, McCarthy Kennedy, Laura E. Via, James W. Baish, Lei Xu, Veronique Dartois, Clifton E. Barry 3rd, and Rakesh K. Jain

S1. Species Mass Balance in Granulomas and Tumors
A blood-borne molecular nutrient or drug species undergoes the following sequential steps 6, 11 within a granuloma or a tumor: 1) extravasation across the capillary wall; 2) transport through the interstitial space via convection and diffusion; 3) transport across a cell membrane; and 4) metabolic reaction within the cell (Figure 1). We neglect the cell membrane transfer resistance here, but account for the cellular reaction of a species. Further, for larger molecules such as monoclonal antibodies or proteins, not considered here, there is specific or non-specific binding 2.

We adopt a coarse-grained continuum approach, and start with the molar form of unsteady-state mass balance of species j (oxygen, nutrient, or a drug) within the granuloma or tumor 4, i.e., 
	
	(Eq.1)


where  is the volumetric source term for species j. The flux of a species j, in general, contains both convective and diffusive terms, which for dilute solutions is of the form 4
	
	(Eq.2)


The effective diffusivity of a molecule in the interstitial region may be estimated from its molecular diffusion coefficient  via the relation  10, where  is the volume fraction (or void fraction) of interstitial space among the cells, and  is the so-called tortuosity factor, accounting for the tortuous diffusion paths. This is based on the assumption that the transport is limited to the interstitial domain. This is not true for molecules such as oxygen, which might well diffuse through the cellular region as well. Further, the tortuosity factor in turn can be related to the interstitial volume fraction. For example, the random pore model suggests . More generally, , where, q = 0.5 refers to the so-called Bruggeman exponent. Other factors besides the structure, e.g., partition coefficient, or solubility, can also affect the effective diffusion coefficient of a molecule 9, 11. Finally, since we are not considering large molecules, we ignore any retardation factor 11.

Combining the last two relations and carrying out the indicated differential operation
	
	(Eq.3)


The convective term itself is, thus, comprised of two parts1: 1) the usual convective term , and 2) the dilution term  containing the divergence of fluid velocity, . For transport in incompressible fluids (liquids), the second term is typically zero, since from the equation of continuity  4. However, for a granuloma or a tumor comprising of blood and lymphatic vessels that provide a net source/sink term for the fluid, the equation of continuity, i.e., overall mass balance, instead takes the form 2
	
	(Eq.4)


where  is the position () dependent interstitial fluid source term i.e., the net volumetric rate of plasma extravasated by blood vessels per unit volume of the granuloma or tumor, while  is the corresponding term for the drainage of the interstitial fluid by lymphatics. In biological tissues these terms represent the rate of plasma flow from blood vessels into the interstitial space, and from interstitial space into the lymph vessels, respectively. 

The distribution of these vessels is well-known to vary with location r, within the tumor 2, and has also been shown to similarly vary within granulomas 8. In the case of the diffusion-limited region (denoted by subscript D), where there is a complete absence of such vessels, Eq.4 reduces to the common form of the equation of continuity, . 

Combining the last two relations, the mass balance in granulomas or tumors takes the form
	
	(Eq.5)


Further, in the above, the net rate of the species “source” term  within the tissue is a sum of two terms: 1) that due to reaction, and 2) that due to the fluid source term
	
	(Eq.6)


where the metabolic reaction rate term is assumed of the Michaelis-Menten (MM) form, as is common for many cellular reactions, with a negative sign denoting “consumption,” rather than generation, while the source term of species j from the blood vessels is , where  is the concentration of the species j in the bulk plasma. The MM kinetics appropriately reduce to first-order when , with a pseudo-first order rate constant , while it reduces to zero-order for the case when , when kinetic rate is equal to  7. In terms of the more traditional form, the MM kinetics are written as: , where the MM parameters, , and the MM constant, . In our recent publication 7, further, only the first term in Eq.6 was included, as applicable to the diffusion-dominated quiescent inner region where there are no blood vessels. This assumption is relaxed here.

Combining the last two relations
	
	(Eq.7)


which in one-dimensional (radial) form
	
	(Eq.8)


This formulation is a bit different from the corresponding mass balance equations in the literature, because it accounts for the effect of extravasation not only as a source for species j but also as a diluent, latter by virtue of the use of equation of continuity, Eq.4.

In solid tumors, further, there are few functional lymph vessels, and so that  11. Even if this were not completely true, certainly , as blood vessels are leakier in tumors, so that  may be neglected. We make the same assumption here for TB granulomas. Further, carrying out the indicated differentiation in the Laplacian term, the species mass balance reduces to
	
	(Eq.9)


The plasma flux across the microvessel walls is further given by the Starling equation 2, 19 
	
	(Eq.10)


where  is the membrane hydraulic conductivity of vessels (cm4/s·mmHg) within the granuloma,  is the surface area of the vessels/volume of tissue (cm2/cm3), i.e., S/V, which varies with location r, owing to the heterogeneous nature of blood vessel distribution in granulomas or tumors. For example, , where  is the number density of microvessels/volume, and  and  are their average diameter and length.

Further,  and  are the vascular and interstitial pressures (mmHg), respectively, while   and   are the corresponding osmotic pressures (mmHg), and  is the Staverman reflection coefficient. In other words, the driving force is the hydrostatic pressure difference minus the osmotic pressure difference between the inside of the vessels and the interstitial space in tissue. For a single solute, for instance, the osmotic pressure, , i.e., it depends on the species activity or concentration. Further, in Eq.10, we have defined an effective vessel pressure, .

Combining the last two equations
	
	(Eq.11)


where the different transport (convection and diffusion), accumulation, and source (reaction and extravasation) terms are as indicated. This may be compared to the mass balance equation of our previous work 7, that assumes: 1) that the flux is by diffusion only (i.e., , or no convection), and 2) that the last term on the right, accounting for transcapillary extravasation and plasma dilution, is zero as there are no blood vessels in the diffusion-limited region. In other words, it involves only diffusion and reaction, as in a conventional catalyst particle, the convection and the fluid source term being assumed zero. 

For this, we next non-dimensionalize this mass balance equation using the following dimensionless variables
	
	(Eq.12)


It is noteworthy that for given membrane and tissue properties, the modulus , since the square root term is independent of granuloma/tumor size, i.e., a bigger modulus means a larger granuloma/tumor. In other words, the modulus  may be roughly considered as dimensionless radius of granuloma/tumor.

In dimensionless form, the mass balance, thus, the unsteady-state mass balance for species j is 
	
	(Eq.13)


Besides the dimensionless concentration, , this equation involves the convection term on the left that is a function of  via the dimensionless velocity , as well as the extravasation term, i.e., the last term on the right, also a function of  via the dimensionless pressure difference . Thus, other relations are needed for  and , as discussed next.

For the steady-state case, the species mass balance reduces to
	
	(Eq.14)


subject to the boundary conditions
	
	 



The expressions for the dimensionless interstitial velocity  and the volumetric effusion term,  , are developed in the next section.

S2. Interstitial Fluid Pressure and Velocity Profiles 
Jain et al. and others have experimentally and theoretically investigated the interstitial fluid pressure (IFP) in tumors 1, 2, 5, 11, 12, 15-18. It is hypothesized that there is an analogous IFP rise within TB granulomas, not yet experimentally investigated, as modeled below 19.

The steady-state equation of continuity, or fluid mass balance, Eq.4 provides , which is combined with the constitutive equation for viscous flow in porous media, namely D’Arcy’s law, , normally written in the tumor literature as 18
	
	(Eq.15)


where  , is the so-called hydraulic conductivity of the tumor or granuloma, while  is the D’Arcy permeability, to provide
	
	(Eq.16)


Using the Laplacian for a one-dimensional transport in a spherical shaped granuloma, Eq.16 reduces to
	
	(Eq.17)


Assuming as above, that either , or that , for the TB granulomas and combining Eqns. (Eq.10) and (Eq.17) 
	
	(Eq.18)


where recall that . This can be written in the dimensionless form 
	
	(Eq.19)


where recall that the dimensionless interstitial pressure difference, , and the dimensionless interstitial pressure, . 

In general, as indicated above, the microvessel surface area per unit volume also varies with location, i.e., , so that the parameter . We consider three different cases for the vasculature architecture as described below: 
1) the case of uniform perfusion throughout the granuloma/tumor, wherein  constant, i.e., independent of ; 
2) the case of non-uniform perfusion described via step change 2, wherein the diffusion-limited hypoxic core has no vessels (), while the outer shell of the granuloma/tumor is fully vascularized (), i.e., the shell-core model, and 
3) the case of non-uniform perfusion with a realistic variation in microvessel density (MVD) distribution, ). 
The first two cases allow analytical solution for the IFP and IFV, while the last requires a numerical solution. We consider below the more general Case 2 first, from which Case 1 derives as a limiting case.

S2.1. Shell-Core Model of Non-uniform Perfusion in Granulomas 
Adapting the approach of Baxter and Jain (1990) for tumors to granulomas, it is assumed here that in the region , , while in the region , . Thus, the modulus   in the shell region, defined as
	
	(Eq.20)


which represents a ratio of the interstitial resistance to vascular resistance to IF flow.
The momentum balance equation is subject to the following boundary conditions 3:
	

	(Eq.21)


where the first boundary condition specifies that the pressure at the periphery, , while the second represents no flow, or pressure gradient, along with continuity of pressure at the diffusion-limited core radius . 

The general solution to Eq.19, which is of the same form as that for molecular diffusion and first order reaction in granuloma 7, is 
	
	(Eq.22)


which upon differentiating provides
	
	(Eq.23)


Using B.C. 2 in Eq.23 while using B.C. 1 in Eq.22, and solving the resulting two equations simultaneously for the two unknown constants  and , followed by some simplification, provides 
	

	(Eq.24)


Using these in Eq.22 and simplifying further, the dimensionless pressure differential3 
	
	(Eq.25)


where we have used the identities,  and . These results are applicable to the shell region, i.e., for . The dimensionless pressure differential in the non-vascularized core of the particle is obtained by setting  in Eq.25.

Further, taking the derivative of the dimensionless pressure gradient, and combining it with the 1-dimensional Darcy’s law , provides the velocity profile within a granuloma
	
	(Eq.26)


which when evaluated at the granuloma surface (), yields the efflux velocity at the surface 
	
	(Eq.27)



The surface effusion velocity could alternately be determined as follows. From the Gauss-Ostrogradskii divergence theorem 4, , and using Eq.4 for the divergence of velocity in this, along with Eq.10 for the volumetric efflux , there results
	
	(Eq.28)


Finally, assuming , using Eq.25 for  and integrating, Eq.27 results.
From Eq.26 and Eq.27, the dimensionless velocity, ,
	
	(Eq.29)




The above algebraic relations for the dimensionless pressure difference , Eq.25, and the dimensionless IF velocity , Eq.29, can be utilized in the steady-state species j mass balance differential equation, Eq.14. In other words, Eq.14, Eq.25, and Eq.29 together form a set of differential-algebraic equations that can be solved simultaneously numerically to compute the concentration profile of a molecule within a granuloma. We have already solved the concentration profile, Eq.14, for the case of no convective flow () as well as no source term (), where we also provided analytical solutions for the two limiting cases of first- and zero-order kinetics 7. Our analysis here extends our initial results to the more general case to include both convective transport () as well as a source term ().

S2.2. Uniform Perfusion Case 
For the case when there is no hypoxic core,  , i.e., the granuloma is uniformly perfused throughout, then the corresponding relations may be obtained by simply setting  in the above. Thus, from Eq.25, the dimensionless pressure rise within the granuloma for the case of uniform perfusion 19
	
	(Eq.30)


The radial velocity profile from Eq.26
	
	(Eq.31)


while the efflux velocity at the granuloma surface, from Eq.27 with  
	
	(Eq.32)


so that the dimensionless velocity profile takes the form 19 
	
	(Eq.33)



These simpler alternate relations for the volumetric fluid effusion and the dimensionless IFV applicable for the case of uniform vasculature can next be utilized in the species j mass balance, Eq.14, to obtain concentration profile within a granuloma or a tumor.

S2.3. Non-uniform Perfusion Case 
In the above shell-core model, we considered the case where the granuloma/tumor was assumed to be fully vascularized outside of the hypoxic core, while there was no perfusion within it. This is not physically realistic, as the microvessel density (MVD) distribution does not change so abruptly, but rather more gradually. In fact, the MVD distribution in a granuloma has been measured by us 8, as shown in Figure S1. 

Clearly the blood vessels are restricted to the granuloma periphery and tend to be absent from the central region, as we found previously 8, but this change happens gradually. In fact, it might be argued that the MVD distribution appears to follow the pressure difference distribution, i.e., the extravasation driving force, . As a result, in analogy with Eq.30, we might simply assume the MVD distribution
	
	(Eq.34)


Where  is a fitted constant. This would be used in both momentum balance, Eq.19, and mass balance, Eq.14.

It is apparent from Figure S1 that the agreement is good. There might, in fact, be physiological reasons for this. Thus, we might surmise that functional blood vessels are not present beyond the point where , since the plasma can no longer flow out of the blood vessels. Clearly, in this case, analytical solution for the pressure profile is not possible, and Eq.19 must be solved numerically, which, when combined with Eq.34, may be written as  
	
	(Eq.35)


A numerical solution of this provides the pressure differential profile within the granuloma. This is next related to the velocity profile via
	
	(Eq.36)


where from Eq.28 and Eq.34
	
	(Eq.37)


where  is obtained from a solution to Eq.35.
Alternately, we can write the dimensionless velocity as
	
	(Eq.38)



The last two ODEs, for  (Eq.35) and for  (Eq.36 or Eq.38), along with Eq.14, the ODE representing the mass balance of species j, represent a system of three differential equations that need to be solved simultaneously in order to numerically obtain the pressure difference, velocity, and species j concentration profiles within the granuloma or the tumor. This is then the most general case considered here, wherein few simplifying assumptions have been made. 

S3. Comparison of Interstitial Perfusion for Varying Vascular Distribution
Because IFP and IFV have not yet been measured experimentally in granuloma vessels, we first predict these profiles assuming that granulomas and tumors share certain physiological parameters. Thus, in combination with oxygen consumption parameters values from our previous work 7, we use the following parameter values (provided from tumors 2, 11, 15-17, 19):
	;  
	(Eq.39)


Assuming, that these values are a good first estimate for granulomas as well, 

Thus, for  mm, a common size of granulomas observed in rabbits (though they can be larger if multiple lesions coalesce) 8, 20, this provides the range of the modulus , which would hence be of the primary interest for granulomas.

S3.1. Predictions with the Shell Core Model ()
We provide figures (Figure S2) of dimensionless pressure rise  and velocity profile (Eq.7) for the case of  and different values of  based on the use of Eqs. (Eq.25) – (Eq.29). These expressions are applicable to the shell region, i.e., for . For the hypoxic core, the dimensionless pressure differential is obtained by setting  in Eq.25, providing
	
	(Eq.40)


As Figure S2A shows, the pressure rises sharply in the shell and then levels out at the value indicated by Eq.40. In fact. for , the interstitial pressure in the particle core attains the value in the effective vascular pressure.

Figure S2B plots the resulting effusion velocity as a function of radial distance in the shell. The velocity in the core is zero, due to the absence of any pressure gradient therein. It is interesting that for small modulus , the velocity profile has a slight convexity to it. In fact, it is possible that the small  values () are inconsistent with the assumptions inherent in the shell-core model, as for small  , the hypoxic core is unlikely to exist.

S3.2. Predictions with the Uniform Vasculature Model  ()
The case of uniform vasculature is actually consistent with smaller values of the modulus  (), which recall is rather a dimensionless particle radius. Nonetheless, the computations for the case of uniform vasculature are provided in for the pressure rise (Figure 2) and the velocity profile (Figure 3) for a variety of the values of the modulus .

It is evident that the maximum pressure rise at a given value of  is higher for the case of uniform perfusion rather than for the case of shell perfusion. The velocity profiles (Figure 3) are also more reasonable for smaller values of  than that in Figure S2B based on assuming perfusion limited to a shell.

On the other hand, for the case of larger modulus  (), the difference in the predictions of the two models are small. In summary, we can surmise that for smaller values of the modulus  (smaller particles), the uniform perfusion model is a better approximation, while for the case of larger particle sizes and , the shell-core model is more physically realistic, but even the uniform perfusion model is adequate. In short, the simpler uniform perfusion model is adequate in general.

It is further seen from Figures 2 and 3 that when flow resistance of the interstitial space is smaller (large ) than the flow resistance of the vessel walls, or when the granuloma particle size is small, i.e., when , the pressure rise within the granuloma is small, and the convective velocity of the plasma leaving the vessels is linear all the way to the particle center, so that the entire granuloma is well-perfused and there is no hypoxic ring or necrotic core, i.e., transport of a solute is not limited by diffusion. 

On the other hand, when flow resistance of the interstitial space is higher (smaller ) than the flow resistance of the vessel walls, or when the granuloma particle size is large, , and the IFP rise is rapid, and within a short distance  of the particle surface,  or . Further, in this case, the convective velocity of the plasma  for , after which convective transport of oxygen/solute comes to a halt, so that the oxygen and other nutrients must diffuse thereafter, resulting in a hypoxic ring, as well as a necrotic core inside the granuloma. Thus, Swabb et al. (1974) concluded that for small molecules, e.g., oxygen, glucose, and amino acids, the transport via diffusive mechanism is dominant. On the other hand, larger molecules such as antibodies are largely dependent on convective transport.

S3.3. Comparisons with the Non-uniform Vessel Distribution 
The uniform and shell-core model microvessel distributions discussed above are two limiting cases of a more realistic and gradual vessel distribution of the kind discussed above. We next explore how the predictions of pressure rise, e.g., for this case are in comparison to the above two limiting distributions.

Based on the numerical integration of Eq.35, Figure S3 provides a comparison of the pressure rise for the case of a particle with MVD distribution as described by Eq.34 for the case of , which is rather an intermediate value in the range of interest (). The case of uniformly distributed vessels Eq.30 overpredicts the pressure rise in comparison, while the shell-core distribution can provide a reasonable estimate provided the thickness of the well-perused shell is used a s a fitted parameter. Thus, in Figure S3, the value of  provides a good approximation. For that matter, the simple uniform distribution model can also provide a good estimate of the pressure profile, provided the modulus  is used as a fitted parameter. Thus, the use of  provides a pressure rise profile (dotted line) that adequately mimics that resulting from the case of non-uniformly distributed vessels (Eq.35). In summary, the uniform MVD distribution model would be adequate in most cases for a prediction of the pressure rise, and consequently, the effusion velocity distribution while it has the advantage of simple explicit expressions.

S4. Overcoming Transport Barriers 
To theoretically investigate the effect of improving delivery (e.g., of oxygen, nutrients, or drugs) by improving the tissue hydraulic conductivity of the tumors or granulomas, we retain as the base case the parameters used above, namely, those in Eq. (7.39), along with the following typical values: 
	
	(Eq.41)


The first-order rate constant and the effective diffusion coefficient are typical of nutrient of the size of glucose 14, rather than a smaller molecule such as oxygen. Larger molecules (>50,000 Da), e.g., antibodies, are also of interest where a diffusion retardation factor 17 may be needed to describe diffusion in the interstitial space.

Further, as discussed above, the simpler explicit expressions describing the IFP and IFV within a granuloma or tumor for the case of uniform MVD distribution are adequate. Consequently, even though the other cases discussed above, namely, the abrupt shell-core model, or the more gradually declining MVD distribution described by the fitted model, may be more realistic, in what follows, we will simply adopt the uniform MVD distribution model (Eq.30 and Eq.33) for use in the steady-state species mass balance relation, Eq. 14 

Figure 5B provides the simulated species distribution profile within a tumor or a granuloma based on the above parameters: 1) as the base case for the hydraulic conductivity provided in Eq.39 () and 2) the case of improved hydraulic conductivity by a factor of 10. For the parameters adopted, this means the following dimensionless parameters: a Thiele modulus, ; the modulus characteristic of the vessel to tissue hydraulic conductivity, ; and the parameter . Additionally, for the base case, the surface effusion velocity from Eq.32, , so that the Peclet number at the surface, .

The hydraulic conductivity  can, in fact, be described in terms of tissue structural parameters 18. For example 10, by visualizing a porous medium as a bundle of capillaries of radius a, and using the Poiseuille equation for laminar capillary flow, , where  is the interstitial fluid viscosity. Other factors affecting hydraulic conductivity have been discussed 11.

S5. Convective Zone Thickness 
The convective zone thickness  of the outer well-perfused rim, where the dimensionless concentration , can be estimated from a numerical solution of the mass balance equation. We are interested in approximately determining the thickness of this zone, where convective transport dominates. It is necessary to select a criterion for this, e.g., at a location when the pressure gradient becomes small enough so that convective velocity  0 (at the edge of the diffusive, non-vascularized zone, RD, Figure 1), before diffusion becomes the dominant mode of transport. For this, a reasonable estimated Peclet number can be assumed, e.g., . Then from the definition of the Peclet number, one can obtain the corresponding velocity, i.e., 
	
	(Eq.42)


For example, for the case of oxygen, with  cm2/s, and  cm, and assuming , the limiting perfusion velocity,   cm/s. Thus, the dimensionless, limiting perfusion velocity for determining the thickness , . 
In other words, from Eq.33 for the uniform MVD distribution case, we can determine the corresponding dimensionless convective zone thickness , where , for an assumed of say , i.e., by solving the following
	
	(Eq.43)




Abbreviations, symbols, and terminology 

Abbreviations:

B.C. 		Boundary condition

CFZ		Clofazamine

Da		Dalton

GME		Granuloma microenvironment 

HDT		Host-directed therapy 

IFP		Interstitial fluid pressure

IFV		Interstitial fluid velocity 

MM		Michaelis-Menten

MVD		Microvascular density

RIF		Rifampicin

ODE		Ordinary differential equation

TME		Tumor microenvironment 


Roman Symbols: 


		surface area of the vessels/volume of tissue (cm2/cm3)
B0		D’Arcy permeability 
Ci 		integration constant, where [image: ]
[image: ]		concentration of oxygen (mol/cm3)
[image: ]		constant bulk concentration of oxygen in the perfused region	(mol/L)
[image: ]		effective diffusion coefficient of oxygen in the interstitial fluid (mm2/s)
dv		average microvessel diameter
[image: ]		dimensionless concentration of oxygen 
[image: ]		Henry’s law constant for oxygen solubility (mol/cm3-mmHg)
[image: ]		first-order rate constant for oxygen consumption (s-1)
[image: ]		inverse of the half-saturation Michaelis-Menten constant (L/mol)

 		half-saturation constant of the Michaelis-Menten equation (mol/L)
Kv		hydraulic conductivity coefficient (mm/s)

		membrane hydraulic conductivity of blood vessels (mm4/s-mmHg)
lv		average microvessel length 
Nv		microvessel density

		interstitial fluid pressure (mmHg) 
pv,e		effective vessel pressure (mmHg)

		Péclet number for radial transport

 		Péclet number below which diffusion dominates
q		Bruggeman exponent
[image: ]		radial position in the granuloma
[image: ]		radial thickness over which the shell-balance is performed (mm)
RD		radius of diffusive region (mm)
[image: ]		radius of the granuloma (mm)

		radial interstitial fluid velocity (mm/s)


		radial velocity associated with 
V		granuloma/tumor volume 

		maximum rate of respiration (mol/mm3 s)

Greek Symbols: 


		dimensionless modulus (i.e., granuloma/tumor size)

[image: ]		dimensionless Michaelis-Menten kinetic factor
[image: ]		thickness of well-perfused layer (mm)

		void fraction

[image: ]		Thiele modulus 

		volumetric rate of oxygen delivery from the vasculature into the tissue			(mm3/s)

		volumetric flow rate of plasma to the lymph vessels (mm3/s)
[image: ]		ratio of the first-order rate constant for oxygen consumption to the
half-saturation constant of the Michaelis-Menten equation (mol/Ls)

		dimensionless well-perfused layer thickness 

		interstitial oncotic pressure (mmHg)

		vessel oncotic pressure (mmHg)
[image: ] 		solute (Staverman) reflection coefficient

		tortuosity factor

		dimensionless IFV
[image: ]		dimensionless radial depth

		dimensionless IFP
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	Parameter
	Value
	Units
	Reference

	av,0
	200
	cm2/cm3
	2, 3

	
	8.04 x 10-8
	mol O2/cm3
	7

	
	1 x 10-6
	cm2/s
	7

	
	2.5 x 10-5
	cm2/s
	7

	
	1 x 10-7
	cm2/s
	13

	
	1.09
	s-1
	7

	Kv
	4.13 x 10-8
	cm2/(mmHg-s) 
	2, 3

	Lp
	2.8 x 10-7
	cm2/(mmHg-s) 
	2, 3

	
	20
	mmHg
	19
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