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Microcirculation, through its complex network of ves-
sels (arterioles, capillaries and venules), plays a pivotal 
role in maintaining cellular functions. Located between 
the macrocirculatory system- the heart and large ves-
sels, and the interstitial environment, microcirculation 
acts as a gateway for oxygen supply (O2), removal of 
carbon dioxide (CO2), delivery of nutrients and hor-
mones, and plays a crucial role in the immune response, 
thermoregulation and coagulation control. 

In order to maintain an adequate supply of oxy-
gen and nutrients to cells and tissues at the levels of 
the  macro-, regional- and microcirculatory fields, the 
physiological mechanisms that regulate blood perfu-
sion are closely interrelated.

This functional interdependence between macro-
haemodynamics, microhaemodynamics, interstitial 
space and subcellular structures (such as the mito-
chondria, the bioenergetic factory of the organism) 
was demonstrated by Dr. Henry Weil, who explicitly 
defined the condition of acute circulatory failure or 
circulatory shock [1,2]. In his work, he highlights the 
catastrophic consequences of arterial hypotension as-
sociated with tissue hypoperfusion in various states of 
shock. This is illustrated by a decrease in the cellular 
supply of oxygen and by an impaired oxidative phos-
phorylation. In addition to the etiological classification 
of shock states, Dr. Weil described microcirculation’s 
behaviour in different types of shock, the haemody-
namic response to different fluid therapy strategies, 
and the utility of invasive haemodynamic monitoring. 
In other words, it has been identified a dependent link 
between macrohaemodynamics, microhaemodynam-
ics and the mitochondrial bioenergetic performance. 
Furthermore, regardless of the source of the primary 

impairment of haemodynamics (macro- or micro-
haemodynamics), the catastrophic consequences will 
always be directed against an optimal cellular function.

Conventionally, haemodynamic resuscitation is 
based on restoring macrohaemodynamics by reaching 
a target blood pressure and cardiac output. However, 
from a clinical perspective, it is much more challeng-
ing to observe changes in the microcirculation during 
therapeutic optimisation in different types of shock, 
particularly since microcirculation optimisation 
and restoration of tissue homeostasis are not always 
achieved after the normalisation of the macrohaemo-
dynamics-phenomenon also known as “the absence of 
haemodynamic coherence”.

Consequently, haemodynamic coherence between 
the macro- and microvascular systems, following the 
correction of macrocirculatory parameters, is defined 
as an optimal microcirculatory response in terms of 
oxygen supply in accordance with the metabolic needs. 
The loss of coherence between the two haemodynamic 
systems is a feature of septic shock and is associated 
with a high risk of morbidity and mortality [3].

In most situations, the restoration of macrohaemo-
dynamics should be followed by an improvement in 
microcirculatory perfusion. However, this is not al-
ways the case, particularly in patients with severe sep-
tic shock, where targeted therapy to restore microcir-
culation (e.g. plasma lactate correction) is employed to 
optimise macrohaemodynamic parameters. This often 
leads to either over- or underresuscitation, resulting in 
increased morbidity and mortality rates [4]. 

In light of these statements, in a comprehensive re-
view of the recent literature, Carlos Sanchez et all. had 
concluded that the correction of hypotension by early 
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administration of vasopressors in combination with 
small amounts of intravenous fluid in fluid-responsive 
patients may prove superior in terms of outcome to the 
strategy of administering large volumes of fluid prior to 
the initiation of vasopressors in septic shock [5].

Similarly, coherence between the microcirculation 
and the interstitial and subcellular (bioenergetic mito-
chondrial) space is achieved by maintaining an opti-
mal cellular bioenergetic performance and improving 
organ dysfunction as a result of haemodynamic resus-
citation. 

Consequently, the concept of coherence (or loss of 
coherence) between haemodynamic and cellular per-
formers is applicable in both directions: from macro-
haemodynamics to mitochondria and vice versa [6]. 

Although the concept of loss of coherence has been 
intensively studied in recent decades, it remains poorly 
understood. This demands systematic research efforts 
towards early microcirculation resuscitation and its 
impact on macrohaemodynamics.

Macrocirculatory determinants are represented by 
cardiac output and systemic arterial pressure. Micro-
circulatory determinants are the convective oxygen 
transport (flow of oxygen-carrying red blood cells 
(RBC)) and diffusion (the distance oxygen has trav-
elled from RBC to cell mitochondria). Parameters that 
describe the convective capacity (RBC velocity and 
distribution) and the diffusive capacity (functional 
capillary density) are the main evaluation instruments 
for assessing the functional status of microcirculation. 
There are numerous methods to evaluate the microcir-
culation of a patient, but many extremely expensive. 
The capillary refill time (CRT) is the simplest and most 
accessible clinical method and can be used as a routine 
method for critical cases. CRT has proven its effective-
ness in the ANDROMEDA-SHOCK study in septic 
patients, where peripheral perfusion-targeted resusci-
tation may have resulted in lower mortality and faster 
resolution of organ dysfunction when compared to a 
lactate-targeted resuscitation strategy [7]. However, a 
recent meta-analysis suggested that CRT may not be 
an accurate predictor of adverse events or death in pa-
tients at risk. Nevertheless, the accuracy of CRT can 
be improved when high-quality CRT measurement is 
performed [8]. 

Among the devices used for microcirculation evalu-
ation, methods that use optical properties of haemoglo-
bin and laser-based techniques are of particular inter-
est. The newest generation of hand-held microscopes 

(HVM) allows proper image acquisition of high-qual-
ity videos and detect in the sublingual mucosa (or any 
other organ with a transparent surface) the parameters 
that characterize the convective and diffusive determi-
nants of microvascular oxygen transport [9]. However, 
although HVM has scientific value as a tool in clinical 
research, it is important to know that it is not ready for 
routine clinical use. This is due to the increased costs 
and reduced availability, the need for education and 
training of the users, the limitation in the accessibility 
of the place to be investigated, the lack of evidence in 
terms of benefit in reducing morbidity and mortality 
[10]. The review of Duranteau et al. highlights evalua-
tion tools and microcirculation analysis in critically ill 
patients [11].

The structural and functional complexity of the mi-
crocirculation can only be understood when considered 
in the context of its relationship with the interstitium 
and the cellular space surrounding it. The intercon-
nection between the intravascular environment of the 
microcirculation and the interstitial space is mediated 
through the endothelial glycocalyx, which is regarded 
as a “permeability barrier”. The capillary wall is lined 
by a single cell layer of endothelial cells, which play a 
pivotal role in maintaining vascular integrity, homeo-
stasis, vasomotor control and immunological defence. 
Endothelial cells synthesise a range of molecules with 
important biological roles and vascular effects. The 
most representative key mediators of the vascular tone 
are nitric oxide (NO), prostacyclin (both vasodilators) 
and endothelin-1 (a potent vasoconstrictor). 

The luminal surface of endothelial cells is coated by 
the glycocalyx, a mesh-like network of proteoglycans 
and glycoproteins. The endothelial glycocalyx plays a 
crucial role in maintaining vascular homeostasis, ex-
hibiting anti-adhesive and antithrombotic effects, and 
protecting the endothelium from oxidative stress. It 
also regulates the barrier function and the vascular 
permeability as well as modulating erythrocyte rheol-
ogy. By binding the serum albumin, it maintains col-
loid osmotic pressure and contributes to maintaining 
vascular barrier integrity. 

Endothelial cell and glycocalyx destruction (also 
known as endotheliopathy) occurs in different situa-
tions, such as ischemia-reperfusion injury, hypoxia, 
hyperoxia, severe inflammation, sepsis, haemorrhagic 
shock, hyperglycaemia and excessive shear stress. The 
aforementioned events induce severe modifications 
in the structural architecture of the endothelial gly-
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cocalyx, including an increased egress of leukocytes, 
mechanotransduction impairment, loss of coagulation 
control and antioxidant defence and increased vascu-
lar permeability. Currently, the endothelial glycocalyx 
is unanimously accepted as a crucial mediator of en-
dothelial homeostasis, heavily involved in the sepsis 
pathophysiology [12,13].

Another point of interest is the pathway of the oxy-
gen molecule via the cytoplasm from the capillary to 
the mitochondria, where the process of oxidative phos-
phorylation takes place. Surprisingly, there is a lack of 
knowledge regarding this aspect. Experimental stud-
ies and computer models show that oxygen diffusion 
into cells is strongly related to its lipid solubility. This is 
achieved through a channelling process, especially near 
the midplane of lipid bilayers. It appears that diffusion 
via lipid networks is the preferred pathway, while dif-
fusion via interstitial fluid is disadvantageous due to 
the low solubility of oxygen in aqueous fluid and the 
limited extracellular space between cells. Diffusion via 
cytosol is also hampered by the low solubility of oxygen 
in cytosol and subcellular structures such as membra-
nous organelles [14].

In theory, any alteration to the structural integrity, 
volume, or composition of cells, including the destruc-
tion of cell membranes, the formation of oedema, or 
any other phenomenon, can additionally impede the 
rate of oxygen diffusion within the pathway towards 
the mitochondria.  

The data presented demonstrate that microcircula-
tion employs sophisticated physiological mechanisms 
to facilitate the transfer of nutrients and vital gases 
(mainly oxygen). Given its complex structure and the 
significance of the vascular barrier, any impairment of 
its integrity can result in significant adverse outcomes. 
In these circumstances, it can reasonably be assumed 
that these impairments represent a significant issue in 
the initiation and persistence of the “absence of coher-
ence”.

From a physiological perspective, it is evident that 
the maintenance of microcirculatory integrity is of 
paramount importance. Expressed metaphorically, 
concerning cell populations, the microcirculation can 
be likened to the Greek mythological titan Atlas, who 
carried the weight of the world on his shoulders [15]. 
In considering the potentially devastating consequenc-
es of disruptions in microvascular function, it is once 
again illustrative to return to the Greek mythology in a 
metaphorical sense. In this context, a condition of dys-

functional microcirculation can quickly devolve into a 
Sisyphean condition [16].
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