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Introduction
In modern medical practice, shock resuscitation is usu-
ally targeted towards the restoration of conventional 
parameters, such as those based on blood pressure, acid/
base indicators, and partial pressures of gases. Since 
these are only surrogate markers of shock, it is appeal-
ing to consider the addition of microcirculation data to 
better inform the physician about the true behaviour 
of the interface at which shock is most relevant. Recent 
advances in technology that allow for the acquisition of 
microcirculatory data, such as transcutaneous oximetry, 
near-infrared spectroscopy (NIRS), and non-invasive 
handheld video-microscopy (HVM), make this a tanta-
lising prospect [1]. However, technologies to monitor 
the microcirculation have been used within the research 
domain for decades without being adopted into clinical 
practice. Although some investigators have proposed 
mechanisms to obtain bedside point-of-care microcircu-
lation data [2–4], these techniques have been controver-
sial, and their uptake slow. In order for microcirculation 
data to be useful for the resuscitation of patients, data 
must be easy to acquire at the bedside; easily interpreted, 
with universal understanding of parameters between cli-
nicians; and must be useful as a target for goal-directed 
therapy or incorporation into diagnostic criteria. Fur-
thermore, there would need to be widespread adoption 
of practice, with consensus regarding the utility of micro-
circulation data. Each of these criteria presents chal-
lenges that have the potential to stymie the practice of 

microcirculatory monitoring before it ever benefits clini-
cal practice.

Problems with acquisition at the bedside
Although newer technologies such as HVM or NIRS 
offer a non-invasive approach to acquiring microcircula-
tion data, these techniques require considerable training 
in order to achieve the highest reproducibility. For exam-
ple, NIRS measurements rely on vascular occlusion test 
to estimate microvascular reserve and its use is still con-
troversial in the literature, most likely due to the differ-
ent methodologies used in different trials [1]. Similarly, 
in order for videos acquired with HVM to be of any use, 
the microscopist must minimise movement and pres-
sure artefacts, provide adequate focus and illumination, 
and take an adequate length of video for analysis [5]. This 
must also be undertaken in an environment of limited 
space, movement, and time (Fig.  1). These devices are 
expensive, meaning that procurement may be more ame-
nable to research grant funding than large-scale clinical 
provision. Prohibitive costs and training requirements 
may be insurmountable obstacles to the development of 
familiarity of these techniques to clinicians, so that they 
remain niche technologies.

Issues with interpretation
NIRS data may be confounded by factors other than the 
true marker of tissue oxygenation and mislead the bed-
side clinician to assume that hypoperfusion of micro-
circulation is present, when in fact it may merely reflect 
cold extremities [2]. Similarly, video clips from HVM 
must be checked for quality, and then specialist com-
puter software must be employed to derive numerical 
values for vessel density, perfusion, and heterogeneity [6]. 
Although automated analysis has been a goal for some 
years, it is yet to be realised, compounded by delays and 
frustrating early results. Even if automated analysis is 
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achieved, there are still a limited number of users in the 
world who are able to make any meaningful interpreta-
tion of the parameters of interest. Attempts to propose 
direct user-interpretation [3, 7] have not led to adoption 
in clinical practice, since there is still uncertainty about 
the value of these data and how they might be interpreted 
during resuscitation. Furthermore, it still remains to be 
answered whether microcirculation data acquired on one 
site can mirror equally vulnerable microcirculatory units 
in other organs.

Pitfalls of guiding therapy
It is unclear whether the addition of microcirculation 
data will add any value to the large collection of param-
eters already available in clinical practice. Modern point-
of-care tests and monitoring devices combined with 
competent clinical examination already provide a pleth-
ora of physical, physiological, and biochemical param-
eters with which to base sound clinical decisions. The 
addition of a new modality within the scope of resusci-
tative care must first be shown to improve the accuracy 
of diagnostic assessment. Although investigators have 
reported that poor microcirculatory parameters have an 
association with worse clinical outcomes [8, 9], there is 
uncertainty about whether treatments targeted at micro-
circulatory parameters have any bearing on clinical out-
comes. Within the framework of early goal-directed 
therapy (EGDT), patients with more favourable microcir-
culation data have been reported to have superior clinical 

outcomes in an observational study [10]. However, it 
is uncertain what role these data may have, especially 
within the context of increased scepticism about EGDT 
for patient resuscitation [11, 12]. There is further uncer-
tainty regarding exactly which treatments might restore 
the microcirculation during resuscitation, with preclini-
cal data being heterogeneous, and with high risk of bias 
[13]. For example, which treatments might improve ves-
sel density, perfusion, heterogeneity, or a combination 
of these? Should microcirculation data to guide resusci-
tation be used at the end of the macrocirculatory resus-
citation process, or guide resuscitation alone? To date, 
objective data supporting any of these two approaches is 
merely speculative. In order to overcome the problems 
with costs, familiarity, and data interpretation, the rou-
tine use of microcirculation data for resuscitation will 
not be achieved without some evidence that the addition 
of these data improve the decision-making and treatment 
of patients.

Lack of consensus
There is no standardized technique for the arterial 
occlusion test when using NIRS, and there is a lack of 
supporting evidence regarding which method is supe-
rior and more reliable to assess NIRS-derived micro-
circulatory data [1, 2]. In the field of microcirculation 
imaging, the most recent update [14] does not recom-
mend routine clinical use for resuscitation since there 
is lack of consensus on how this might be achieved, 
and the definition on the reference values for micro-
circulation-guided resuscitation end points are not yet 
established. Furthermore, in their recent consensus on 
haemodynamic monitoring and circulatory shock, the 
Task Force of the European Society of Intensive Care 
Medicine has recommended that techniques to moni-
tor the microcirculation be used for research purposes 
only (Recommendation 20) [15]. This lack of agreement 
is based on paucity of evidence for any benefit of using 
microcirculation data for resuscitation, and a great deal 
of work is still required if this is ever to be changed. The 
use of microcirculation data for resuscitation is desir-
able, and may be achieved in the future, but is not yet 
justified at the time of writing.
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Fig. 1 Bedside sublingual microcirculation monitoring using a 
handheld video-microscope. This figure illustrates the requirement 
for space to perform the technique, in a confined environment, com-
pounded by urgency and movement, and surrounded by multiple 
clinicians involved in the care of the patient
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