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Letter to the Editor 

Can efficient stimulation of myogenic microcirculatory oscillations by transient ischemia predict 
low incidence of COVID-19 infection? 

Oscillations in the microcirculation, known as flowmotion, are a 
well-recognized characteristic of cutaneous blood flow (Rossi et al., 
2006). Very recently, we demonstrated that skin flowmotion can be 
monitored distinctly and precisely using the Flow Mediated Skin Fluo-
rescence (FMSF) technique (Gebicki et al., 2020a). The FMSF technique 
appears to be uniquely suited to the analysis of basal flowmotion and its 
hypoxia response, and may be used for characterization of microcircu-
latory status. The FMSF technique is based on monitoring the intensity 
of NADH fluorescence from skin tissue on the forearm as a function of 
time, in response to blocking and releasing blood flow. Full details of the 
FMSF technique are available elsewhere (Katarzynska et al., 2019). 
Measurements are performed using the AngioExpert, a diagnostic device 
constructed by Angionica Ltd. Two different periods of oscillations can 
be distinguished in the FMSF signal: basal oscillations at rest and flow-
motion during the reperfusion stage. Analysis of flowmotion on the 
reperfusion line following post-occlusive reactive hyperemia (PORH) 
allows for quantitative assessment of the patient’s reaction to hypoxia 
caused by transient ischemia. The best measure of oscillations during the 
reperfusion stage is the Hypoxia Sensitivity (HS) parameter, which 
covers the intensity of flowmotion related to myogenic oscillations 
(0.052–0.15 Hz). Since myogenic oscillations are predominantly stim-
ulated on the reperfusion line following transient ischemia, the HS 
parameter seems to be particularly well-suited for quantitative charac-
terization of the microcirculatory response to hypoxia. 

Based on FMSF studies involving several hundred patients, we have 
identified four ranges of HS values, describing distinguishable levels of 
microvascular function (very low, low, moderate and high), as shown in 
Fig. 1. Additionally, a correlation was found between the HS parameter 
and blood pressure. 

In a recent communication, we proposed that the microcirculatory 
response to hypoxia could be a prognostic factor for COVID-19 (Gebicki 
et al., 2020b). This was supported by extensive literature linking innate 
immunity directly to hypoxia (Colgan et al., 2020). We have recently 
observed that several individuals who contracted COVID-19 and for 
whom the measured HS parameter was relatively high (above 70) passed 
the infection with mild symptoms. The measured HS parameter for 
diabetes patients with chronic foot ulcer is very low (below 8) and the 
prognosis for COVID-19 infection is indeed poor. Now, we report the 
results of a limited preliminary study that suggests the HS parameter can 
be used to predict low incidence of COVID-19. The case report concerns 
four members of a household (A, B, C, D), without any associated 
medical problems, one of whom (A) was infected with the SARS-CoV-2 
virus. The characteristics of the household members are presented in 
Table 1 and FMSF traces for A and B are presented in Fig. 2. 

The FMSF trace recorded for the infected family member before 
infection shows weak microcirculatory oscillations on the reperfusion 

line (Fig. 2A). The HS value of 39.6 seems to predict moderate 
symptoms. 

The non-infected family members (B, C and D) are characterized by 
high values for the HS parameter and low blood pressure. We tentatively 
propose that both the efficient stimulation of myogenic oscillations by 
transient ischemia (high value of the HS parameter) and low blood 
pressure predispose the patient to low incidence of COVID-19 infection. 
The arguments supporting this proposition are presented below. 

As COVID-19 spreads, there have been numerous situations in which 
one member of a household is infected and has contact with the others. 
Despite precautions, it is very difficult to avoid exposing other members 
of the household to the virus. However, numerous cases have shown that 
the infection of one person does not necessarily result in transmission to 
all members of the household (Grijalva et al., 2020). Clearly, some in-
dividuals are resistant to contracting the infection, although the current 
state of knowledge is insufficient to explain why. 

The strong correlation between the HS parameter and blood pressure 
presented in Fig. 1b and c is intriguing. A recently published report by 
Whelton et al. shows a strong association between systolic blood pres-
sure (SBP) and coronary artery calcium, with rising incidence of 
atherosclerotic cardiovascular disease (ASCVD) in patients without 
other risk factors (Whelton et al., 2020). At SBP levels as low as 90 mm 
Hg, there appears to be a continuous increase in the presence of coro-
nary artery calcium, and the risk of incident ASCVD rises with SBP 
levels. This poses the question of what blood pressure should be regar-
ded as normal. Given the correlation between SBP above 90 mm Hg and 
artery stiffness, it is not surprising that the HS parameter representing 
the stimulation of myogenic oscillations by transient hypoxia is strongly 
blood pressure dependent and reaches the highest values at very low 
blood pressure levels. 

There are numerous reports indicating the protective effects of HIF- 
1α against epithelial injury via the hypoxic preconditioning mechanism 
(Olson et al., 2011; Serebrovska et al., 2020). Such protection can 
minimize the loss of epithelial barrier integrity by oxidative stress. 
SARS-CoV-2 binds to the angiotensin-converting enzyme 2 (ACE2) re-
ceptor and transmembrane serine protease 2 (TMPRSS2) when it enters 
the host cell. It is postulated that HIF-1α exerts an inhibitory effect on 
ACE2, thereby controlling the entry of the virus into pulmonary 
epithelium. This assumption is supported by the decreased severity of 
infection by SARS-CoV-2 under hypoxic conditions at high altitudes 
(Arias-Reyes et al., 2020). It is likely that the high value of the HS 
parameter reflects the efficient stabilization of HIF-1α under transient 
hypoxia. The response to hypoxic stress due to the presence of a virus 
should result in stabilization of HIF-1α. As HIF-1α participates in regu-
lation of immune cells the individuals with a remarkable response to 
hypoxia (high values of the HS parameter) might have an elevated level 
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of CD4 T-cells reactive against the spike glycoprotein of SARS-CoV-2 
(Braun et al., 2020; Taylor et al., 2016). 

As shown in Fig. 1, the HS parameter correlates with the blood 
pressure and both these variables seem to be regulated by HIF-1α in 

vascular smooth muscle cells (Cowburn et al., 2013; Huang et al., 2013). 
Therefore, it is not surprising that hypertension has been recognized as a 
serious cause of the severity and mortality of COVID-19. This pre-
liminary observation deserves careful verification in further studies. If 
confirmed, it could be of valuable assistance in managing the COVID-19 
pandemic. 

As hypoxia is associated with the development of many diseases and 
disorders, it may more generally be concluded that the body’s normal 
reaction to oxygen deficiency via stimulation of myogenic microcircu-
latory oscillations can minimize detrimental hypoxic effects on tissues. 
The HS parameter measured with FMSF technique seems to offer a 
simple and quite universal estimate of microcirculatory status. 
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Fig. 1. (a) Distribution of the HS parameter in a group of healthy middle-aged 
individuals, n = 35 (male-22, female-13), mean age 38.5 (30–50 y.). Correla-
tion between the HS parameter and systolic (SBP) (b) and diastolic (DBP) (c) 
blood pressure for this group. 

Table 1 
Characteristics of the household members.  

Household 
members 

Infection 
severity Sex 

Age 
[years] 

Blood 
pressure 
[mm Hg] HS 

SBP DBP 

A moderatea,b M 50 114 80 39.6 
B non-infectedc F 49 108 64 117.5 
C non-infectedc F 19 102 61 109.1 
D non-infectedc M 14 98 58 186.2 

a High temperature, severe headache, loss of smell and taste, fatigue, symptoms 
duration – 12 days. 
b, c IgG and IgM antibody test: positive (b), negative (c). 

Fig. 2. FMSF traces for household members (A and B) with the measured 
HS parameters. 
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