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Background: Acute SarsCov2 infection is associated with
endothelial dysfunction and ‘endothelitis’, which might
explain systemic microvascular impairment. The presence
of endothelial damage may promote vasoconstriction with
organ ischemia, inflammation, tissue oedema and a
procoagulant state resulting in an increase in the incidence
of cardiovascular and cerebrovascular events. Microvascular
thrombosis has been demonstrated in postmortem autopsy
of COVID-19 patients; however, few data are available
about skin capillary alterations in these patients.

Materials and methods: We evaluated skin microvascular
alteration in 22 patients admitted to our hospital with
SarsCov2 infection. Capillary density was evaluated by
capillaroscopy in the nailfold and the dorsum of the finger in
the acute phase of the disease. Capillaroscopy was repeated
after 3months (recovery phase). In addition, blood chemistry
parameters and inflammatory markers were obtained during
acute infection and at the recovery after 3months.

Results: Patients with COVID-19 showed skin
microvascular complications, such as thrombosis,
microhaemorrhages and neoangiogenesis, which were not
detected after 3 months from the discharge. A significant
reduction of capillary density in the dorsum was observed
after 3months from the acute infection (97.2�5.3 vs.
75.81� 3.9 n/mm2 P<0.05). A significant inverse
correlation between C-reactive protein and capillary density
was observed in patients with acute SarsCov2 infection
(r¼0.44, P<0.05). Conversely a direct correlation
between capillary density during the acute phase and
lymphocyte number was detected (r¼0.49, P< 0.05).

Conclusion: This is the first in-vivo evidence of skin capillary
thrombosis, microhaemorrhages and angiogenesis in
patients with acute SarsCov2 infection, which disappeared
after 3 months, supporting the presence of endothelial
dysfunction and inflammation. Capillary alterations might
reflect systemic vascular effects of viral infection.

Keywords: capillary density, endothelial dysfunction,
microcirculation, severe acute respiratory syndrome
coronavirus 2 infection

Abbreviations: ACE2, angiotensin-converting enzyme 2;
ALI, acute lung injury; ARDS, acute respiratory distress
syndrome; BCD, basal capillaries’ density; BPC, basal
periungueal capillaries; COVID-19, corona virus disease-19;
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CRP, C-reactive protein; FGF, fibroblast growth factor; G-
CSF, granulocyte colony-stimulating factor; GM-CSF,
macrophage and granulocyte colony-stimulating factor;
IFNg, interferon g; IL, interleukin; IP10, interferon-g-
inducible protein; MCP1, monocyte chemotactic protein;
MIP1-A, inflammatory macrophage protein 1 alpha; MLR,
media–internal lumen ratio; NK, lymphocyte natural killer;
PDGF, platelet-derived growth factor; SarsCov2, severe
acute respiratory syndrome coronavirus 2; SD, standard
deviation; Th17, lymphocyte T helper 17; TNFa, tumour
necrosis factor alpha; VEGF, vascular endothelial growth
factor; WLR, wall–internal lumen ratio
INTRODUCTION
T
he ongoing pandemic emergency because of the
rapid worldwide spread of severe acute respiratory
syndrome coronavirus 2 (SarsCov2) infection has

highlighted the need of an in-depth analysis of the patho-
genic mechanisms determining the lung and extrapulmo-
nary damage induced by the infection. Three distinct
pathogenetic phases emerge from the clinical, blood chem-
istry and pathological data available to date: in the first phase
a significant viral replication prevails, in the second phase
lung damage related to the direct invasion of the bronchial
mucosa and alveolar epitheliumby the virus is present,while
in the third phase an excessive inflammatory response of the
host is prevalent and, in a high percentage of cases, it could
determine the development of acute lung damage (acute
lung injury, ALI) up to themost severe and often fatal picture
of acute respiratory distress syndrome (ARDS).

Various studies have shown that patients with severe
forms of coronavirus disease 2019 (COVID-19) have a high
DOI:10.1097/HJH.0000000000003271
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concentration of plasma cytokines, similar to the cytokine
storm previously encountered in severe coronavirus infec-
tions (SARS) and Middle East respiratory syndrome (MERS)
[1,2]. SarsCov2 infection can induce an ‘endothelitis’ in
various organs both as a direct consequence of the viral
invasion of the endothelium itself and following the inflam-
matory response of the host [3]. COVID-19 endothelitis
could explain the microcirculatory functional impairment
at the systemic level of different vascular districts and the
related clinical consequences. The vascular endothelium is
in fact a crucial organ for the regulation of vascular tone and
the maintenance of vascular homeostasis [4]. The presence
of endothelial damage can promote a greater vasoconstric-
tion with consequent organ ischemia, inflammation, tissue
oedema and a procoagulative state [5], resulting in an
increase in the incidence of cardiovascular and cerebrovas-
cular events. Thromboembolic complications have been
reported during SarsCov2 infection by different groups [6–
9], and these complications are associated to multiorgan
failure and high mortality rate [10]. This could be particu-
larly relevant in the presence of cardiovascular risk factors
(cigarette smoking, high blood pressure, diabetes mellitus,
obesity) and/or previous cardiovascular disease with pre-
existing endothelial dysfunction: all these risk factors are
associated with unfavourable outcome in the patient suf-
fering from COVID-19. Both pulmonary embolism and
deep vein thrombosis are more frequent thromboembolic
complications during COVID-19 disease [9]. Other macro-
vascular complications such as stroke, acute limb ischemia
and acute coronary syndromes have been reported associ-
ated to SarsCov2 infection [11–13]. However, to current
knowledge, very few data are available about microvascu-
lar alterations in that context, and most of them found
microvascular thrombosis during autopsies as a complica-
tion of severe ARDS and platelet–fibrin thrombi as a com-
mon microscopic finding in the small pulmonary
vasculature of lungs at necroscopy [14–17].

Microvascular alterations are very common in patients
with cardiovascular diseases such as high blood pressure
and diabetes mellitus. In particular, in these patients, an
increase in the tunica media/internal lumen ratio (media–
lumen ratio, MLR) is frequently observed in small resistance
arteries, isolated from biopsies of the subcutaneous adipose
tissue and evaluated with micromyography together with
an increase in the vessel wall/internal lumen ratio (wall-to-
lumen ratio, WLR) of the retinal arterioles evaluated with
noninvasive methods (scanning laser–Doppler flowmetry
or adaptive optics) [18–21]. Furthermore, it is well demon-
strated that evaluation of imaging of retinal vessels by
adaptive optics allows quantitative and qualitative micro-
vascular phenotyping and their changes based on blood
pressure levels, antihypertensive treatment, ageing and
glycaemia [20,22–24] Another mechanism involved in the
increase of vascular resistance is the reduction of microvas-
cular density (rarefaction), which mainly affects the smaller
vessels (less than 100mm) such as arterioles and capillaries
[25–27]. Rarefaction may be functional, when the micro-
vessels are temporarily nonperfused or recruited, or ana-
tomical, when the vessels are permanently absent. There is
little information available about the mechanisms involved
in the control of capillary density in the different vascular
2386 www.jhypertension.com
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districts. Numerous studies have shown the presence of
microvascular rarefaction in animal models [28]. In humans,
several studies demonstrated a reduction of the number of
capillaries in the skin of the dorsum of the finger of patients
with essential hypertension [26,29]. It is not currently
known whether capillary rarefaction may possess a prog-
nostic significance per se, but there is evidence suggesting a
correlation between capillary rarefaction and the MLR of
subcutaneous small arteries [30]. Capillaroscopy is a reliable
tool for the evaluation of capillary density in the cutaneous/
subcutaneous vascular bed [26,27,31,32]. This noninvasive
method permits to study morphological and functional
characteristics of the distal microcirculation. In this study,
we aim to evaluate the possible presence of skin capillary
alterations or signs of microthrombosis with capillaroscopy,
in patients with acute SarsCov2 infection and in the same
patients after 3 months postdischarge.

PATIENTS AND METHODS

Study population
Patients admitted to the hospital in themonths of March and
April 2020 were eligible for the study if they had laboratory-
confirmed SarsCov2 infection (see reference [31] for criteria
adopted).

The protocol of the study was approved by the Ethics
committee of our institution (Spedali Civili di Brescia,
Medical School, University of Brescia), and a written in-
formed consent was obtained from all patients. The pro-
cedures followed were in accordance with the declaration
of Helsinki and the institutional guidelines.

Evaluation of vital and anthropometric parameters
In all patients the following parameters have been evaluat-
ed: clinical blood pressure, heart rate, oxyhaemoglobin
saturation, weight, height and BMI.

The clinical blood pressure was measured during hos-
pitalization and after 3 months as a follow-up visit with an
automatic oscillometric device after 5min of rest in a quiet
environment; three measurements will be taken on the
same arm and the average of the three values obtained
will be considered.

Data were collected during all recoveries, including
major comorbidities, previous therapy and current treat-
ment. Data collected during acute infection after 2 days to
admission included amount of respiratory support, markers
of inflammation or progression of COVID-19, including C-
reactive protein (CRP), lymphocytes count, serum glyce-
mia, troponin T, ferritin, creatinine and D-dimer.

Assessment of capillary density
Skin capillary density was assessed by capillaroscopy, as
described elsewhere [26,29]. Briefly, capillaroscopy was
performed in a quiet and temperature-controlled room
(21–22 8C) bedside after 2 days to admission and at recov-
ery after 3months plus 5–7 days. Basal capillary density
(BCD) from the nailfold at the level of the first phalanx
(basal periungueal capillaries:) and at the dorsum of the
fourth finger (basal dorsal capillaries) of the nondominant
hand were visualized using an epi-illuminated microscope
containing a 100W mercury vapor lamp light source, and
Volume 40 � Number 12 � December 2022
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TABLE 1. Clinical characteristics and laboratory parameters
during acute infection

Mean

Age (years) 64.99�12

BMI (kg/m2) 25.81�3.22

SBP (mmHg) 133.36�20

DBP (mmHg) 77.45�11.11

Heart rate 89.91�11.73

WBC (�103/mm3) 10.32�12.15

Hb (g/dl) 12.45�1.55

Platelets (�103/mm3) 271.95�118.91

Neutrophils (�103/mm3) 6.23�4.97

Lymphocytes (�103/mm3) 3.44�1.64

Monocyte (�103/mm3) 0.61�0.61

CRP (mg/dl) 91.12�84.39

Glucose (mg/dl) 125.00�46.43

Creatinine (mg/dl) 0.95�0.32

Natrium (mmol/l) 140.27�3.6

Kalium (mmol/l) 3.74�0.4

Total calcium (mg/dl) 8.70�0.46

Triglycerides (mg/dl) 131.14�43.99

Total bilirubin (mg/dl) 0.53�0.28

AST (U/l) 53.59�38.78

ALT (U/l) 57.55�74.72

GGT (U/l) 79.48�8.98

LDH (U/l) 355.14�133.85

CK (U/l) 132.23�126.93

Troponin T (ng/ml) 15.52�14.7

PT (INR) 1.05�0.11

aPTT (s) 30.32�3.33

Fibrinogen (mg/dl) 532.05�179.52

D-Dimer (g/dl) 1146.14�1540.01

Albumin (g/l) 30.18�6.69

Circulating proteins (g/l) 60.56�4.81

Ferritin (ug/l) 1306.05�1219.59

Maximum ferritin (mg/l) 1762.00�1901.67

Maximum CRP (mg/l) 116.85�113.62

Minimum lymphocytes (x103/mm3) 1.73�4.41

Maximun D-dimer (g/dl) 1795.77�2027.11

Brixia score 7.7�2.2

ALT, alanine aminotransferase; aPTT, activated partial thromboplastin time; AST,
aspartate transaminase; Brixia score, chest X-ray-scoring system; CK, total, creatine
kinase; CRP, C-reactive protein; GGT, gamma-glutamyl transferase; Hb, hemoglobin; INR,
international normalized ratio; LDH, lactate dehydrogenase; PT, prothrombin time; WBC,
white blood cells.

Skin capillary alterations in patients with acute SarsCoV2 infection
pictures (final magnification of 200�) were obtained by
video-microscopy (Videocap 3.0 D1 200; DS Medica, Milan,
Italy) in baseline conditions (BCD). Capillary density was
defined as the number of capillaries per square millimetres
of the microscopic field and was counted by hand. The first
row of the nailfold capillaries was considered. Capillary
density was calculated by two independent operators, and
the two findings were averaged.

The microvascular abnormalities such as thrombosis,
microhaemorrhages and neoangiogenesis were detected
in the nailfold network.

Statistical analysis
Data are expressed as mean� standard deviation (SD).
Statistical significance within the group of patients and
between times was assessed by Student’s paired t-test. In
order to be most conservative, capillary density between
acute phase and recovery was also compared by Wilcoxon
nonparametric test for paired data.

Univariate correlations were evaluated considering the
Pearson coefficient. A P value less than 0.05 was considered
as statistically significant. All analyses were performed
using IBM SPSS software (version 23; IBM, Armonk, New
York, USA) and MedCalc for Windows, version 15.0 (Med-
calc Software, Ostend, Belgium).

RESULTS

Patients
The characteristics and laboratory parameters during acute
infection are summarized in Tables 1 and 2. Twenty-two
patients (14men and 8women)were evaluated: average age
was 65� 2 years, BMI 25� 3kg/m2. Twelve patients were
hypertensive (54.5%), 6 were diabetic patients (27%), 4 were
dyslipidaemic (18%) and 3 with cerebrovascular or cardio-
vascular disease history (13,6%). Seven patients were treated
with intravenous steroids (31.8%), three with tocilizumab
(13.6%) and 7 were treated with no invasive ventilation
(31.8%). During the hospitalization, all patients presented
SarsCov2-associated interstitial pneumonia, whereas vascu-
lar complications (ischemic stroke or pulmonary embolism)
were observed in three patients (13.6%). One patient died
before follow-up visit. Median CRPwas 62.55mg/dl, median
lymphocyte count was 0,72� 103/mm3, median ferritin was
1026.50ug/l and median D-dimer was 447.5mg/dl.

Capillary density
Asignificant reductionofBCDin thedorsumof the fingerwas
observed after 3months from the acute infection (Student’s
paired t test: P¼ 0.0039, Wilcoxon test: P¼ 0.009) (Fig. 1).
Interestingly enough, patients with COVID-19 showed in the
nailfold capillaries, skinmicrovascular complications such as
thrombosis (32%), microhaemorrhages (36.36%) and neo-
angiogenesis (27.27%), which were not detected at the fol-
low-up visit, after 3 months from the discharge (Fig. 2).

Correlation between capillary density and
marker of inflammation/severe acute
respiratory syndrome coronavirus 2 infections
A significant inverse correlation betweenMax CRP and BCD
was observed in patients with acute SarsCov2 infection
Journal of Hypertension
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(r¼ 0.44, P¼ 0.04) (Fig. 3a). A direct correlation between
BCD and lymphocyte count during recovery was detected
(r¼ 0.49, P¼ 0.03) (Fig. 3b). No significant correlation was
observed between dorsal BCD and D-dimer levels. A sig-
nificant inverse relation, although not a close one, was
detected between dorsal BCD and max ferritin median
levels (P¼ 0.043) (Fig. 4).

Correlation between capillary density and
population features
Taking into account dorsal BCD, a significant correlation
was observed with microvascular complications such as
thrombosis, microhaemorrhages and neoangiogenesis
(r¼ 0.48, P¼ 0.03). No significant correlations were
detected between dorsal BCD or periungueal BCD and
thrombotic events (such as stroke, pulmonary embolism),
presence of diabetes, use of antagonist of renin–angioten-
sin system, smoking habits, age and BMI (data not shown).

No other statistically significant correlation between cap-
illary density and other parameters reported in Table 1
www.jhypertension.com 2387
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TABLE 2. Demographic characteristics and treatments during
acute infection

N (/22) Percentage

Female sex 8 36.40

Hypertension 12 54.50

Diabetes mellitus 6 27.30

Dyslipidemia 4 18.20

Ischemic heart disease 1 4.50

Obesity 3 13.60

Drug treatment
ACEi 4 18.20

ARB 4 18.20

Beta-blockers 3 13.60

CCB 4 18.20

Diuretics 3 13.60

Alfa-blockers 1 4.50

Thyroid hormone 2 9.10

PPI 3 13.60

ASA 4 18.20

Statin 3 13.60

Smoking (active/former) 9 40.90

noninvasive mechanical ventilation (NIMV) 8 36.40

Thrombotic events (i.e. stroke, PE) 6 27.30

Antiviral drug 11 50.00

Hydroxychloroquine 22 100.00

Steroids 14 63.60

ACEi, angiotensin-converting enzyme inhibitors; ARB, angiotensin II receptor blockers;
ASA, acetylsalicylic acid; CCB, calcium channel blocker; PE, pulmonary embolism; PPI,
proton pump inhibitors.

Rosei et al.
(clinical characteristics or laboratoryparametersduringacute
infection) was observed.

DISCUSSION

This is the first in-vivo evidence of skin microvascular
complications in patients with acute SarsCov2 infection
and their disappearance after 3 months of discharge; this
supports the presence of endothelial dysfunction, inflam-
mation and thrombosis during COVID-19 disease. Recently,
the presence of microvascular alterations evaluated by
nailfold-video capillaroscopy has been demonstrated in
COVID-19 patients; the alterations observed were the fol-
lowing: pericapillary oedema, enlarged capillaries, sludge
flow, meandering capillaries and also a higher prevalence
of hemosiderin deposits as a result of microhaemorrhages
and microthrombosis, sludge flow and pericapillary oede-
ma [32]. However, in this study, the authors enrolled 82
patients of whom 28 during the hospitalization and 54 after
recovery and hospital discharge, thus they evaluated two
different populations, while in our study we examined the
same patients during the acute phase of SarsCov2 infection
and after 3months of discharge.

Capillary alterations may reflect systemic vascular effects
of viral infection. Surprisingly, a reduction of BCD was
observed after 3 months from acute infection probably
because of acute inflammation and hypoxia occurred dur-
ing acute SarsCov2 infection, which might have induced
both vasodilation and angiogenesis.

Interestingly enough, we observed, in COVID-19
patients, relevant skin microvascular complications such
as microthrombosis, microhaemorrhages and neoangio-
genesis, which disappeared at the follow-up visit. It is well
2388 www.jhypertension.com
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known that the innate immune response and thrombotic
state are closely linked. The cytokine storm caused by
SarsCov2 infection consists in an excessive and uncon-
trolled release of pro-inflammatory cytokines, a condition
that can be found not only in the course of infectious but
also rheumatological pathologies and during anticancer
immunotherapy. This process is triggered at the level of
the organ primarily affected (in the case of COVID-19
disease, the lung) but extends rapidly to the whole organ-
ism by introducing inflammatory mediators into the blood-
stream, thus generating a systemic inflammatory condition
that configures the clinical picture of multiorgan failure.
Huang et al. measured plasma cytokines in 41 patients
hospitalized for COVID-19 at the dedicated Wuhan hospital
(13 of them were admitted to an ICU while 28 patients were
hospitalized in other wards) observing high concentrations
of interleukin (IL)-1B, IL-6, IL-1RA, IL-7, IL-8, IL-9, IL-10,
fibroblast growth factor (FGF), macrophage and granulo-
cyte colony-stimulating factor (GM-CSF), interferon (IFN)g,
granulocyte colony-stimulating factor (G-CSF), interferon-g
inducible protein (IP10), monocyte chemotactic protein
(MCP1), inflammatory macrophage protein 1 alpha
(MIP1A), platelet-derived growth factor (PDGF), tumour
necrosis factor alpha (TNFa) and vascular endothelial
growth factor (VEGF) [33]. In a multicentre retrospective
cohort study conducted by Zhou et al. [34], an increased
circulating IL-6 levels was observed in the sample of
patients who died with COVID-19 compared with that of
survivors; the same finding emerged in patients suffering
from severe forms of COVID-19 compared with patients
with mild symptoms [35]. All these biomarkers and acute-
phase reactants are associated with adverse clinical out-
comes, increased severity of infection and may contribute
to COVID-19-associated hypercoagulability state [36–38].

In our study, microthrombosis and microhaemorrhages
were seen in patients with hypertension suggesting that
COVID-19-associated endothelial dysfunction may worsen
preexisting hypertension-linked microvascular alterations.
In these patients, the extent of inflammation, in terms of
circulating CRP and ferritin levels, was mild, and no
thrombocytopenia was present. One patient that showed
very pronounced microthrombosis was also affected by
rheumatoid arthritis and chronic cerebral ischaemia. No
association between microthrombosis and severe hypoxia
was observed; in fact only two patients with evidence of
microthrombosis were treated with no invasive ventila-
tion, suggesting that capillary alterations are present also
in patients with mild symptoms of COVID-19. Two
patients with microthrombosis had also systemic throm-
botic complications such as acute cerebral ischemia and
pulmonary embolism. The presence of microthrombosis
and microhaemorrhages is not surprising as it is consistent
with previous findings of diffuse microvascular thrombosis
in the lungs of COVID-19 patients at postmortem exami-
nations [16,17].

The disappearance of capillary alterations after 3 months
from the discharge is of clinical interest, suggesting an acute
and reversible effect of hypoxia and inflammation. In
addition to microthrombosis and microhaemorrhages, neo-
angiogenesis was observed in four patients with elevated
inflammatory profile and thrombocytosis. In particular,
Volume 40 � Number 12 � December 2022
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FIGURE 1 Dorsal capillary density during acute severe acute respiratory syndrome coronavirus 2 infection (acute infection) and after 3 months from discharge (recovery).
Student’s paired t test: P¼0.0039, Wilcoxon test: P¼0.009.

Skin capillary alterations in patients with acute SarsCoV2 infection
vascular angiogenesis seems to be a distinctive feature of
SarsCov 2 infection. A recent autoptic study has demon-
strated that, in the lung of patients who died from COVID-
19, the amount of vessel growth was 2.7 times higher than
that in the lungs from patients who died from ARDS
secondary to a flu-syndrome [39] with unexpected intus-
susceptive angiogenesis. It was also recently demonstrated
that higher VEGF levels were present in COVID-19 patients
compared with healthy controls [33]. The anti-VEGF drug
bevacizumab, added to standard therapy, was demonstrat-
ed to be beneficial for patients with severe COVID-19,
improving oxygen-support in 92% of patients during a
28-day follow-up, shortening the duration of oxygen ther-
apy and reducing mortality to nil compared with the control
cohort [40]. In this trial, in addition to an improvement of the
respiratory pattern, a rapid disappearance of fever, an
increase of peripheral blood lymphocyte counts and amore
than 12-fold decrease of CRP levels were observed in a
bevacizumab-treated patient, suggesting that VEGF plays a
crucial role in SarsCov2 infection-associated acute inflam-
mation. On the other hand, VEGF blockade with conse-
quent NO inhibition could result in vascular abnormalities.
Mourad et al. [41] in a study of 2007, showed that bevaci-
zumab treatment resulted in endothelial dysfunction and
capillary rarefaction with consequent rise in blood
pressure levels.
Journal of Hypertension
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SarsCov2 infects target cells by interacting with the
converting enzyme of angiotensin 2 (ACE2), which is
expressed in various organs, including the lung, the heart,
the kidney and the gut. ACE2 receptors are also expressed
in endothelial cells [42,43] within which the presence of
viral included bodies has been shown. This may determine
the accumulation of inflammatory cells and the recruitment
of immune cells, both through direct viral invasion of the
endothelium and through an immune-mediated mecha-
nism, promoting widespread endothelial dysfunction asso-
ciated to apoptosis.

In fact, another interesting finding in the blood of
COVID-19 patients is a reduction in circulating lymphocytes
[44,45], with an increase in total leukocytes and in the
neutrophil-to-lymphocyte ratio. In our study, all patients
showed the presence of lymphocytopenia, nomore present
at follow-up and a positive correlation between BCD and
lymphocyte count during recovery was detected.

Another interesting aspect of our study is the observation
of a significant reduction of BCD in the dorsum of the finger
after 3months from the acute infection. In this capillary
district, the absolute number of perfused vessels contrib-
utes to the total vascular resistance. Vascular rarefaction is
defined either as a functional rarefaction (when vessels are
temporarily not perfused) or anatomical rarefaction (when
vessels are permanently absent) [46,47]. In our study, we
www.jhypertension.com 2389
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FIGURE 2 Nailfold capillaroscopy abnormalities found in patient with acute coronavirus disease 2019 (a–c arrows) and after 3 months from acute infection (d) (200�
magnification) (arrow). (a) Recent capillary microbleeding with an irregularly enlarged loop in a patient with SarsCov2 acute infection. (b) Microbleeding of the cuticle,
which suggests previous occlusion of capillaries (capillary thrombosis) or a solution of continuity of the vascular wall (capillary haemorrhage). (c) Capillaroscopic pattern
indicative of previous and synchronous episode of multiple capillary thrombosis. The alignment of the microbleeding on the cuticle is a typical pattern of capillary
thrombosis. Elongated and tortuous capillaries are signs of vascular neoformation. (d) Morphological and architectural derangement with capillary loss, irregularly enlarged
loops and neoformation of capillaries. A vascular area in the right-hand part of the image is present, where it is possible to see the deep microvascular network.

FIGURE 3 (a) Inverse correlation between max C-reactive protein level and basal dorsal capillary. (b) Direct correlation between basal capillary density and lymphocyte
count. CRP, C-reactive protein.

Rosei et al.
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Skin capillary alterations in patients with acute SarsCoV2 infection
did not observe a real rarefaction because we measured
only BCD and not total capillary density. The BCD reduc-
tion seen in the postacute viral infection state could be the
result of an increase of capillary recruitment as a conse-
quence of neoangiogenesis, inflammation and hypoxia
during acute viral phase. As mentioned, it is well accepted
that a low inflammation condition associated to hyperten-
sion is associated to capillary rarefaction [26,28,29,30]. It
also has been demonstrated that, in chronic and systemic
inflammatory conditions, such as in rheumatoid arthritis,
microvascular and macrovascular damage is present [48–
50]. COVID-19 represents amodel of acute and pronounced
inflammation with consequent microvascular complication,
such as transient thrombosis and neoangiogenesis. Recent-
ly, the role of effects of COVID-19-related capillary damage
and preexisting microvascular alterations has been ana-
lysed; the presence of a vicious cycle was postulated as
SarsCov2 infection and consequent inflammation and hyp-
oxia could determine capillary dysfunction, which, in turn,
could accelerate hypoxia-related inflammation and tissue
damage [51].

The crucial role of microcirculation on integrity of tissue
and organ function is well evidenced by Levy et al. [52] in
their review of 2008. In this study, they demonstrated that
impaired tissue perfusion because of abnormality of the
microvascular system is a common hallmark among car-
diovascular risk factors and diseases. In our study, we
postulated that microvascular changes, in particular capil-
lary alteration could represent a mechanism underlying
COVID-19 complications.

In our study, an inverse relationship between dorsal
capillary density and circulating CRP or ferritin was ob-
served, whereas a direct relationship was observed with
circulating lymphocyte count. There is no clear explanation
for such an observation; however, it is possible that angio-
genesis, with increased number of capillaries may occur
during COVID-19, but the extent of the angiogenetic
Journal of Hypertension
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process is more pronounced in those patients with a less
severe disease (less inflammation, more circulating lym-
phocytes), although this should be confirmed in larger
populations.

However, there are some important limitations of the
present study that are to be taken into account. First of all,
the sample size is relatively small: the critical clinical
situation that was faced in that period limited the chances
of clinical research, in terms of number of patients that
could be enrolled or preventing us from the possibility to
perform venous congestion during the capillaroscopic
investigation and, thus, to measure total capillary density.
Second, we could not measure BCD before the viral
infection, and finally, there is a dispersion of some of
the data related to thrombosis and inflammation that may
have influenced results.

In conclusion, this is the first in-vivo evidence of skin
capillary thrombosis, microhaemorrhages and angiogene-
sis in patients with acute SarsCov2 infection, which dis-
appeared after 3 months from acute infection, supporting
the presence of potentially reversible endothelial dysfunc-
tion and inflammation. Capillary alteration might reflect
systemic vascular effects of viral infection. Whether Sar-
sCov2-associated microvascular alterations and/or related
complications remain long-term is unclear. In this study, a
reduction in BCD was observed after 3 months after acute
viral infection, although major capillary complications,
such as thrombosis or neoangiogenesis were no more
present.

Therefore, further studies are needed in order to confirm
these preliminary evidences also after a longer follow-up.
Video-capillaroscopy could be a useful, noninvasive meth-
od in order to detect early signs of microthrombosis, micro-
haemorrhages and other capillary alterations that may
represent a relevant therapeutic target, with the aim of
protecting capillary function and stimulating capillary re-
pair.
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