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Dear Editor,
What is microcirculatory shock? The concept of shock 
has been central in the ideas governing resuscitation [1]. 
From a clinical macrocirculatory point of view, Weil and 
Henning described the four states of shock as including 
cardiogenic, obstructive, distributive, and hypovolemic 
shock [2]. Shock is defined as a condition whereby the 
circulation is unable to deliver adequate blood flow to 
meet the metabolic demands of the parenchymal cells 
needed to support organ function [1] and/or when cel-
lular metabolism dysfunction occurs [3]. In the descrip-
tion of clinical shock the conceptual origin of shock has 
been emphasized as being of a cellular nature. From this 
latest perspective, shock concerns a cellular definition. 
The physiological interface compartment between mac-
rocirculatory shock and cellular shock is therefore open 
to discussion and definition, i.e., the microcirculation 
[4]. How the target in resuscitation is achieved, how-
ever, is different in the three compartments (i.e., macro, 
micro, and cellular). For the macrocirculation, resusci-
tation mainly targets cardiac output, perfusion pressure 
achieved by heart filling, adjustment of cardiac contrac-
tility, and manipulation of vascular tone all with the aim 
of achieving adequate amounts of oxygen delivery to the 
circulation.

What makes the condition of shock complicated is 
that these three compartments are not coupled, espe-
cially in disease states, and that one compartment can 
be in shock in the presence of a relatively normal other 
compartment. Thus shock in one compartment does not 
necessarily mean there is shock in another compartment 

(a condition especially prevalent in distributive shock). 
Such a discordance can occur between the macro- and 
microcirculation but also between different organs in 
shock [5]. Furthermore the cause as well as the resolu-
tion of the perspective types of shock can be very dif-
ferent. This condition has been well described at the 
bedside using handheld video microscopes to observe 
the sublingual microcirculation whereby a relatively nor-
mal systemic circulation has been found to persist in the 
presence of microcirculatory alterations or shock [6] and 
is also routinely identified at the bedside with persistent 
skin mottling, prolonged capillary refill time despite opti-
mization of blood pressure and cardiac output [7]. Such 
a condition has been described as there being a loss of 
hemodynamic coherence and leads to the clinical mani-
festation of a reduced capacity of the tissue for oxygen 
extraction and utilization [8].

From this point of view we can consider the concept 
of microcirculatory shock as the interface compartment 
between the systemic circulation and the parenchymal 
cells, which drives cellular shock. Basically microcircu-
latory shock can be defined as the condition whereby 
its primary function of transporting oxygen to the tis-
sue cells is no longer adequate to meet the metabolic and 
oxygen needs of the cells. Its causes, however, are many 
fold and thus need defining and refining. This is impor-
tant because one needs to identify the type of micro-
circulatory shock before appropriate resuscitation is 
administered to fix the particular type of microcircula-
tory function. In this manner a drug meant to improve 
a parameter thought to be associated with macrocircu-
latory shock may not be effective in improving oxygen 
transport in the microcirculation [9, 10].

Essentially four types of microcirculatory states of 
shock can be identified each with a specific cause in need 
of specific resuscitation strategies: distributive, ane-
mic, obstructive, and hypoperfused. Their causes can be 
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macrocirculatory induced (e.g., reduction in cardiac out-
put due to loss of contractility or volume) but can also be 
purely due to dysfunction of the constituent cell types of 
the microcirculation. This has to be kept in mind since 
resuscitation will have to target functional data relating 
to the microcirculation, since as mentioned simply cor-
recting systemic hemodynamic variables does not always 
lead to a parallel improvement in the microcirculation. 
That is why an integrative and combined monitoring of 
the macro- and microcirculation is required. Since con-
ditions of inflammation, hypoperfusion, anemia, and 
reperfusion injury can cause a loss in the oxygen car-
rying capacity of the microcirculation, resuscitation of 
this condition of microcirculatory shock requires differ-
ent approaches than that of the macrocirculation. This is 
because left ventricular filling and vasoplegia requiring 

fluids and vasoactive compounds used in resuscitation 
procedures directed at the macrocirculation level may 
not be beneficial in resuscitating the microcirculation. 
The pathophysiology of microcirculatory shock requires 
the cellular constituents of the microcirculation, e.g., red 
and white blood cells, endothelial cells, and the paren-
chymal cells, to be targeted.

Microcirculatory assessment using handheld vital 
microscopy can be used to identify the specific type of 
microcirculatory alteration which is dominant, thus pro-
viding an indication as to the most appropriate type of 
resuscitation for correcting microcirculatory shock. In 
addition an advantage of evaluating the microcirculation 
by direct visualization is that a normal microcirculation 
requires all participating cellular systems to be healthy. 
Any pathogenic alteration in any one of the participating 

Fig. 1 The conceptual research strategy for integrative resuscitation of the macrocirculation followed by the resuscitation of microcirculation. Mac‑
rocirculatory resuscitation initially targets goal‑directed hypovolemia, low perfusion pressure, and low cardiac output by fluid therapy, vasopressors, 
and inotropes if cardiac dysfunction is detected. If there is hemodynamic coherence between the macro‑ and microcirculation then resuscita‑
tion is complete. If, however, microcirculation alterations persist, microcirculatory targeted resuscitation may be initiated. Signs of hypoperfusion 
in the presence of normalized macrocirculatory variables require possibly vasodilator agents, heterogeneous follow indicating the presence of 
inflammation and endothelial dysfunction requiring tissue protective agents (TPA) such as anti‑inflammatory or anti‑apoptotic agents and anemic 
microcirculatory shock identified by a small amount of capillaries filled with red blood cells would require red blood cell transfusion (BTx) or a newly 
developed Hb‑based oxygen carrier. By analyzing the type of microcirculatory alterations the intervention might be tailored. A low vascular density 
with normal flow (diffusion limitation) would indicate hemodilution, requiring diuretics or red blood cell transfusion. On the other hand a normal 
density with low flow can indicate heart failure (convection limitation) where as a therapy the heart could be supported, e.g., with a cardiac assist 
device. Of course, although the above concept makes physiologically sense, it remains highly theoretical and would have to be tested in clinical 
trials with suitable diagnostics and therapeutic modalities
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cell types of the microcirculation (e.g., red and white 
blood cells, endothelial cells, or parenchymal cells) will 
manifest itself as a dysfunctioning microcirculation.

Each type of microcirculatory shock has its own pathol-
ogy and the intervention needs to be based on the under-
standing of what is wrong [11]. To this end, cells which 
are sick need to be identified and resuscitation focused 
on their well-being [12, 13]. If microcirculatory hypop-
erfusion is the cause then vasodilators can be considered 
[14]. Dysfunctioning endothelial cells or parenchymal 
cells may require tissue protective agents (TPA) such as 
anti-inflammatories, specific treatments [15], or even 
tissue regenerative compounds currently under devel-
opment can be considered. On the other hand, if a low 
vascular density with normal flow (diffusion limitation) is 
observed, it would indicate hemodilution, requiring diu-
retics or red blood cell transfusion. Under such extreme 
conditions of course where true damage has been done to 
the parenchymal cells resulting in loss of organ function, 
mechanical assist devices can be considered and adjunct 
therapies administered to allow regeneration of damaged 
organs (Fig.  1). It must be underscored, however, that 
the subject matter presented in this paper regarding the 
clinical efficacy of the correction of a lack of microcir-
culation will have to be demonstrated in future clinical 
investigations. Targeting the microcirculation as a clini-
cal end point at present lacks clinical data and should be 
regarded as a program for research for the near future 
where clinical studies will need to be carried out. It is 
clear that the future will require better phenotyping and 
tailored treatment for integratively treating conditions of 
macro, micro, and cellular shock present in our critically 
ill patients.
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