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Context

The nephron is the basic functional and structural unit of the kidney. Its principal function is to
control the excretion of salts and water, and to filter out metabolic end products from blood to
preserve a proper environment for cells. This control process generates, under special conditions,
complex behaviors such as self-sustained oscillations, period doublings and even chaos, in the
evolution of proximal tubular pressure. These patterns can be explained from variation of the
blood viscosity in the efferent arteriole, as result of glomerular filtration rate, which works as a
bifurcation parameter. Classical studies apply one-dimensional bifurcation analysis to describe
multistability, also associated to hypertension or high blood pressure.

Challenge

Actual single-nephron hemodynamic models do not take into consideration the dynamics of the
blood viscosity in the efferent arteriole as an effector of the changes in the glomerulo-tubular
balance. Proximal tubular reabsorption accounts for almost 70-75% of total water and salt
reabsorption by the nephron and is an important factor in the control of salt balance and plays a
role in the control of blood pressure, extracellular pH and many other variables. It was found that
the viscosity in the blood emerging from the glomerulus affect proximal reabsorption. Many
pathological states arise from alterations in tubular reabsorption, including hypertension and
changes in blood viscosity can be detected in parallel with changes in cholesterol, polycythemia
and SIADH among others.

Contributions

The nonlinear model is improved by the inclusion [1] of drag force and related pressure drop
estimations, based on hydrodynamic equations describing the frictional effects of viscosity over
the efferent arteriole walls. This allows the calculation of the blood viscosity at each time-instant
from the values of the state variables, which may be available either from measurements or from
model simulations run in parallel and online. The estimation of viscosity and shear stresses has
wider implications in the understanding of the glomerulo-tubular balance inside the nephron [2].

In this paper, a system theoretic point of view is taken and it is shown that the dynamic behavior
of the improved single-nephron model can be explained from variation of the blood viscosity in
the efferent arteriole. Then, bifurcation diagrams for the most significant physical objects (the



proximal tubular pressure and the radius of the efferent arteriole) with the efferent viscosity as
bifurcation parameter are analyzed. From this characterization, normal and pathological levels
related to eventual efferent viscosity changes are given precise quantitative bounds. Normal
variations in viscosity range between 2 and 3 centipoises. Out from this range nonlinear
oscillations begin to be distorted. The range is also expressed in terms of hematocrit levels in the
blood, which is a more convenient pointer.
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