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Dear Editor,

We read with great interest the article by Popovich
recently published in Critical Care [1]. Popovich pro-
poses an elegant conceptual model in which microvas-
cular failure in septic shock becomes the predictable
consequence of three interacting variables: global vasodi-
lation, limited cardiac output and shear-stress regulation
[1]. The key mathematical point is sound: if shear stress
is to be maintained to avoid capillary derecruitment, the
flow required by any individual vessel will rise with the
cube of its radius. It follows that global arteriolar dilation
will impose a flow demand that even a hyperdynamic cir-
culation cannot meet. This model is attractive because it
offers a simple and straightforward explanation for the
hemodynamic incoherence described in septic shock [2].
However, the danger lies in crossing the line between
simple and simplistic: a mathematical model showing
that one mechanism can reproduce a phenotype does not
establish that the mechanism is dominant, necessary, or
clinically relevant in vivo.

The proposed framework simplifies the structure of
the vascular network to a degree that limits biological
interpretation. The septic microcirculation is unlikely to
be a set of independent parallel arterioles with a com-
mon shear target. It is a hierarchical, branching, het-
erogeneous network in which vessel diameter, pressure,
hematocrit distribution, local metabolism, endothelial
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signaling, leukocyte adhesion, coagulation and red blood
cell rheology interact. Endothelial mechanotransduction
is undeniably altered in sepsis, due to a derangement of
the glycocalyx [3]. However, the endothelial glycocalyx
also participates in coagulation and inflammatory sig-
naling, and exerts a crucial barrier function [3]. Altera-
tion of the glycocalyx enhances leukocyte-endothelium
interactions, exposes a pro-coagulant surface triggering
the formation of microthrombi, and increases microvas-
cular permeability leading to tissue oedema [3]. By using
sublingual videomicroscopy and calculating the perfused
boundary region as an index of glycocalyx dysfunction,
we showed that septic patients exhibit altered glycocalyx,
which correlates with the number of rolling leukocytes
visible in the venular microvessels [4]. In a recent study
by our group, sepsis-induced coagulopathy was associ-
ated with microvascular rarefaction over the first 4 days
of sepsis and glycocalyx shedding was associated with
more severe worsening in vessel density parameters [5].
Although of crucial importance, altered shear sensing is
only one of the several complex aspects that character-
ize sepsis-induced microvascular dysfunction. Moreover,
the “apparent shear target” introduced by Popovich [1] is
another vulnerable point of the model: as it is not cur-
rently a measurable clinical or experimental variable and
cannot be independently quantified, it risks becoming
a free parameter that makes the model fit the expected
direction of change without testing the underlying biol-
ogy. The existence of altered mechanosensing does not
by itself prove that the endothelium behaves as if it were
pursuing an increased shear target.

The therapeutic implications should therefore be inter-
preted cautiously. Based on his model, Popovich suggests
that vasoactive therapies that reduce global vasodila-
tion or lower the apparent shear target should restore
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microvascular coherence without requiring supranor-
mal cardiac output [1]. Nonetheless, current human data
do not support a uniform microcirculatory response to
vasoactive agents [6]. The endothelium in sepsis is gen-
erally hyporesponsive to catecholamines due to cyto-
kine storm and enhanced nitric oxide production. The
response of the microcirculation to vasoconstrictors is
highly heterogeneous: increasing norepinephrine doses
failed to yield a consistent improvement in microvas-
cular blood flow in septic shock patients [7]. On the
other hand, the use of inotropes such as dobutamine to
increase the cardiac output did not result in a consistent
improvement in microvascular blood flow [8]. Such find-
ings are more compatible with patient-specific, context-
dependent microvascular behavior rather than with a
single network constraint.

The shear stress model is valuable as a hypothesis-
generating construct. Such hypothesis should be tested
against quantitative microcirculatory datasets and
responses to vasoactive interventions.

In conclusion, Popovich proposed a stimulating and
physiologically sound model, but septic microvascular
failure remains a multifactorial and highly-complex phe-
nomenon. The appropriate conclusion is not that micro-
vascular failure is inevitable, but that shear stress may
be one potentially important constraint within a much
larger and experimentally unresolved system.
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