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Abstract. The burden of pandemic COVID-19 is growing worldwide, as the continuous increases of contagion. Only 10–15%
of the entire infected population has the necessity of intensive care unit (ICU) treatments. But, this relatively low rate of
patients has absorbed almost the whole availability of ICU during few days, becoming at least in Italy, an emergency
for the national health system. In COVID-19 ICU patients massive aggression of lung with severe pulmonary failure, as
well as kidney and liver injuries, heart, brain, bowel and spleen damages with lymph nodes necrosis and even cutaneous
manifestations have been observed. Moreover, increased levels of cytokines so-called “cytokines storm (CS), and overt
intravascular disseminated coagulation have been also reported. The hypercoagulation and CS would speculate about a
microvascular dysfunction. Unfortunately, no specific observations have been performed on microcirculatory dysfunction in
COVID-19 patients. Hence the presumed pathophysiological pathways and models about a microvascular involvement can
be gathered by sepsis models studies. But despite this lack of evidence, the COVID-19 has emphasized the compelling need
for microcirculation monitoring at the bedside in ICU patients.
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In December 2019, the outbreak of Corona virus (SARS-CoV-2) in Wuhan, Hubei province, China,
has induced a pandemic disease known as COVID-19 [1, 2]. Up to date, this illness has caused a large
number of fatalities all around the World [3]. In almost three months, in Italy, occurred more than
217,000 infections and almost 30,000 deaths [4].
The most of COVID-19 patients have complained only mild symptomatology, such as cough, fever,
arthralgia and fatigue [5]. But, about 10% has suffered from severe acute respiratory distress syndrome
(ARDS) and multi-organ failure (MOF), needing intensive care unit (ICU) assistance [6]. This low
proportion of patients, in a few weeks, has saturated most of the resources of ICU availability, becoming
an emergency for the Italian national health system.
The majority of critical patients needing ICU treatments had a massive pulmonary failure, [5, 6]
associated with alterations in the kidney, liver, heart, brain, bowel, and skin [7]. Moreover, some observations have reported very high levels of D-dimer, with a significant rate of venous thromboembolism,
(deep venous thrombosis and pulmonary embolism), as well overt intravascular disseminated coagulation (IDC) [8]. Thrombocytopenia, lymphopenia and significant increased levels of cytokines have
been found frequently in blood samples tests [9]. The elevated levels of cytokines, defined as cytokines
storm (CS) [10], and the finding of ARDS and MOF have generated speculation about the development
of severe microvascular hemodynamic ad hemorheology dysfunctions in ICU COVID-19 patients [11].
∗

Corresponding author: Romeo Martini. E-mail: romeo.martini@aopd.veneto.it.

1386-0291/20/$35.00 © 2020 – IOS Press and the authors. All rights reserved
This article is published online with Open Access and distributed under the terms of the Creative Commons Attribution Non-Commercial License (CC BY-NC 4.0).

2

R. Martini / The compelling arguments for the need of microvascular investigation

oo
f

Whether the CS or the direct virus attack might provoke a microcirculatory dysfunction in COVID-19
patients it is not yet understood. To date, there are few studies of microvascular function in COVID-19
[12]. But, many previous studies have reported that CS can provoke massive microvascular dysfunction in critical ICU patients suffering from similar disease [13]. Furthermore, some of the treatments
performed in ICU COVID-19 patients, base their rationale in the suppression of cytokines’ actions
[14].
Moreover, there is a lack of equipment that may allow a suitable assessment of microcirculation at
the bedside [15]. Hand-held vital microscopy (HVM) is the only instrument that has shown accuracy at
the bedside investigation of microcirculation in ICU critical patients [16–18]. But, its use is still poorly
spread and limited. Hence the new Corona virus infection, has spotlighted the compelling need of
beside microcirculation assessment in critical ICU patients. The direct observations of microvascular
bed may improve the understanding of COVID-19.
This paper aims to be of help in supporting this need.
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2. The hypothesis of microvascular damage on COVID-19 patients: Cytokines storm and
endothelial dysfunction
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Several authors have reported a very elevated number of cytokines and chemokines in patients
affected by COVID-19. Cytokines such as tumor necrosis factor (TNF ␣), interleukin 1B, IL-1RA,
IL-2, IL-6, IL-7, IL-8, IL-9, IL-10 (IL-1␤), or chemokines as granulocyte-colony stimulating factor,
interferon gamma-induced protein-10, monocyte chemoattractant protein-1, macrophage inflammatory
proteins 1-, platelet-derived growth factor (PDGF) [19] have shown very high haematic levels in these
patients. This event observed in the later phases of the disease and defined CS [20–22], has been
described in previous coronavirus cases of pneumonia, such as severe acute respiratory syndrome
(SARS) and the Middle East respiratory syndrome (MERS) [10, 24, 24]. But, in severe COVID-19
patients, its intensity has been much greater [10, 25]. The CS is a reaction of the immune system to
different causes such as tumors, sepsis, and virus infection too [10, 26].
Its consequence is the damage of many organs of the human body because induce endothelial
cell dysfunction. The CS activates platelets, neutrophils, monocytes, and macrophages [10]. These
haematic cells adhere to the adhesion molecules exposed by endothelial cells (EC) during inflammation. Consequently, the ECs mitochondria release reactive oxygen-derived free radicals (ROS) with a
reduction of endothelial NO synthase (eNOS) activity and of nitric oxide (NO) levels [27, 28]. The
NO is a key factor in endothelial microhaemodynamic regulatory activity. NO stimulate the guanylate
cyclase, responsible for the synthesis of cyclic guanosine monophosphate (cGMP) that induces the
relaxation of micro vessels myocells [29]. Moreover, erythrocytes deformability is altered and may
aggregate with endothelial cells inducing further turbulence and dysfunction to micro hemodinamic
perfusion [30]. But, as eNOS is not homogeneously expressed in different organs and different parts
of each organ microvessel bed, the reduction of NO may result heterogeneously [16]. Consequently,
hypo and hyperperfused areas may exist within each organ. This “shunted” perfusion may determine an
ischemic organ condition that may persist longer than systemic hemodynamic recovering and determining the maintenance of organ failure.
The loss of endothelial barrier effect may be presumed in COVID-19 as interstitial edema is frequently reported in autopsies of patients [31, 32]. Systemic hypoxia generated by ARDS is one of
the main causes that may induce the release of vascular endothelial growth factor (VEGF) [33]. This
molecule is related to Hypoxia-Inducible Factor 1, produced under hypoxic conditions [34, 35].
Therefore, it could be presumed that the severe pulmonary failure in COVID-19, may induce tissue
hypoxia with a huge release of VEGF leading to massive interstitial lung edema.
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Fig. 1. Cytokines Storm and induced Endothelial dysfunction in COVID-19 : EC: Endothelial Cell; ROS: reactive oxygen
species; eNOS: Endothelial Nitric Oxide Synthasis; NO: Nitric Oxide; cGMP: guanosine monophosphate; VEGF: Vascular endothelial growth factor; VWF: von Willebrand factor; PAI-1: plasminogen activator inhibitor type 1; TPA: tissue
plasminogen activator; f VII: factor VII; fIX: factors IX; fX; factor X.
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Finally, the EC regulates hemostasis via the production of the von Willebrand factor (VWF), tissue
factor (TF), and plasminogen activator inhibitor type 1 (PAI-1) [36]. The VWF binds platelets to collagen components once ECs have been destroyed [9]; TF interacting with the factor VII, activates the
factors IX and X; the PAI-1 regulates fibrinolysis by inhibiting tissue plasminogen activator [37–39].
The ECs activate also the protein C via thrombomodulin and endothelial protein C receptor, which
inhibits factor V, factor VIII, and PAI-1 [40]. In severe COVID-19 patients, a procoagulant status is
determined by an elevated level of fibrinogen, D dimer, Protein C, IgG anti-cardiolipin antibodies
(ACA), anti-beta2-glycoprotein I (anti-␤2-GPI), Factor VIII and VWF, both VWF antigen and activity. Moreover, a reduction of antithrombin III, protein S antigen have also been observed [8]. The
resulting prothrombotic effects stimulate a further adhesion of leukocytes and platelets to the vascular
endothelium, causing a further increase of endothelial dysfunction with vascular micro-thrombosis,
capillary plugging, and greater impairment of capillary flow [41, 42].
In conclusion in COVID-19, the CS, in the late phase of the infection, may determine a microvascular
dysfunction starting by EC injury, Fig. 1.
The main events are a maldistribution of organ perfusion, the endothelial barrier leak, and a prothrombotic state. Associated with this pattern, other alterations of hemorheology such as compromised
deformation of red blood cells, as well as leukocytes may induce capillary plugging and capillary
thrombosis with microcirculatory stasis and increased tissue hypoxia. The clinical findings related
to the microvascular dysfunction are ARDS and MOF with cardiac, renal, hepatic, brain, bowel and
skin damages. The blood hypercoagulability with disseminated microvascular thrombosis may be also
sustained by a diffuse and massive endothelial injury.
The CS then has a key role in the progression of the disease towards a critical stage and could be
considered as a prognostic indicator of fatal events in COVID-19 [1, 19].
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The bedside microvascular evaluation remains a problematic issue. The major obstacle to its spread
is the lack of available instruments with a good diagnostic accuracy [15].
To date, the only instrument that has shown good accuracy in the microvascular bedside assessment
is the hand-held video microscopy used to observe the sublingual microcirculation [15].
Rather than other methodologies such as laser Doppler techniques or near-infrared spectroscopy,
HVM allows the direct visualization of the microvascular bed permitting to assess the blood flow velocity and the capillary density. The HVM allows to monitor the patient’ microcirculation functionality
during his permanence in ICU and assesses his response to treatments [15, 16].
The clinical significance of sublingual microcirculation in representing the microcirculatory in other
organ microcirculatory districts has been demonstrated in several studies [43–46]. Moreover, the HVM
has proved how sublingual microcirculation is much more sensitive and specific than macro haemodynamic variables, in predicting patient morbidity and mortality [47–53]. The relevance of HVM has been
highlighted in an international consensus paper on the measurement of sublingual microcirculation in
critically ill patients by the European Society for Intensive Care Medicine [54].
However, as reported by Miranda, the ideal instrument for monitoring microcirculation at the patient
bedside should not only be limited to the direct non-invasive visualization of the capillary, but should be
able to integrate the hemodynamic parameters with biomarkers of vascular permeability, inflammatory
response, coagulation, and transport of oxygen to the tissue [16].
The biomarkers are difficult to interpret and expensive to dose in blood samples. Indeed, the lactate,
is widely used to assess tissue hypoperfusion but, the increased lactate production may not only be
related to anaerobic metabolism. Other not hypoxic mechanisms anaerobic may increase the lactate
level. On the contrary tissue hypoperfusion may be present if lactate is not elevated [15, 55].
Furthermore, circulating ECs may indicate direct endothelial damage [56] as well as proteases,
VCAMs, and other selectins and integrins levels that are increased during inflammation [57]. However,
most of the biomarkers above reported have uncertain origin because of the heterogeneity of the
endothelium among organs and vessels of each organ [58].
Regarding tissue oxygen assessment we are still far from having reliable test or instruments that can
be utilised to measure the oxygen quantity that tissue needs [16]. But, this argument is not the focus
of this paper. The target of this document is to reports the urgent needs for improve efforts to spread
the bedside assessment of microcirculation in critical ill patient.
But, it is well known that the restoring of body optimal perfusion sometimes is not coherent with the
recovery of organs function. This may be due to the persistence of microvascular dysfunction in each
single body organ, such as micro-thrombosis, capillary stasis with shunted perfusion, or interstitial
edema. To date, in clinical practice, the recovery of organ perfusion is assessed by the monitoring of the
macro-hemodynamic parameters associated with laboratory indexes of organ functionality or lactates.
Conventional macro-hemodynamic parameters fail to intercept the microcirculatory dysfunction.

4. Is the beside microcirculation assessment a compelling need in critical ICU COVID-19
patients?
The direct assessment of the microcirculatory bed using HVM integrated with available biomarkers
could provide useful information to compare with patient clinical status and response to therapies used.
Therefore, the loss of coherence between micro and macro hemodynamic parameters is one of
the reasons that suggest a compelling need for microvascular monitoring at bedside in ICU patients
[59, 60].
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The other argument that may support the push toward a need for microvascular assessment in ICU
COVID-19 patients may be considered the lack or, at least, the poor knowledge that the medical
community still has about COVID-19.
The COVID-19 has caused a tremendous earthquake in our ordinary lives but it has also hit, in
particular our national health systems. In all countries the ICUs have been stressfully overwhelmed by
the continuous request of beds availability.
This pneumonia that causes ARDS with urgent needs of assisted pulmonary ventilation has surprised
us and it was a completely new illness.
In the first weeks from the COVID-19 outbreak, patients with general acute hypoxia and systemic
acidosis have been treated with mechanical respiratory assistance and with all the possible treatments
disposable. A mainstay has been the comprehension that CS was the key factor to fight with the opening
to the cytokine’s actions treatments with rapid successful outcomes in many cases. The following step
was the treatment of hypercoagulation with heparin with the evident reduction of mortality associated
with pulmonary embolism, myocardial infarction, or intravascular disseminated coagulation.
If we could have had soon the possibility to monitor the patient microcirculatory function at the
bedside, perhaps much many lives could have been saved.
But of course, these are hypotheses and we need pieces of evidence in medicine.
Maybe the COVID-19 emergency has spotlighted again the role of bedside microvascular assessment
in the scenario of ICU patients.
The microcirculatory diagnostic has already proved to have a good prognostic value in clinical practice in not ICU patients. The nailfold capillaroscopy or transcutaneous oxygen pressure measurement
(TcpO2) are routinely used, the first in the diagnostic pathway of the Raynaud’s phenomenon, the
latter in the selecting critical limb ischemia and predicting healing of skin lesions [61, 62].
Therefore, the bedside evaluation of microcirculation could be also useful in the diagnostic and
therapeutic pathways of ICU patients.
Many colleagues have struggled with a substantially unknown disease such as COVID-19 [63].
During these times, frequently they required advice to angiologists or vascular medicine specialists
about the sign and symptoms to monitor patients’ microcirculatory functional status.
The D-dimer, the neutrophil to lymphocyte ratio, as well as thrombocytopenia, lymphopenia, or
IL-6. Levels and ratio have been defined as predictive values of mortality in the COVID-19 [7].
These alterations if associated with direct functional morphological evaluation such as HVM might
increase the predictivity of the values reported.
Finally, it is likely that also the assessment of microcirculation for the monitoring of treatment
could be of help. The effects of mechanical ventilatory assistance and the effects of drug inhibition on
CS such as tocilizumab inhibitor of the IL- 6 could be implemented by the bedside microcirculation
investigation [64].
In conclusion all the above-reported considerations support the compelling necessity of microvascular assessment in ICU patients. This old but recurrent problem is recently exploded with the COVID-19
outbreak because of the absence of specific knowledge and treatments of the disease.
The need to go beyond the current monitoring modalities sounds like “Plus Ultra” in reply to “Hic
Sunt Leones” of the current status of this new disease.
This review, despite its limits, aimed to diffuse some elements to increase investigation on microcirculation at the bedside in ICU patients with the hope to be of such help.
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