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A B S T R A C T   

Objective: COVID-19 is a multisystem disease that causes endothelial dysfunction and organ damage. Aim of the 
study was to evaluate the microvascular status in COVID-19 survivors with past different disease severity, in 
comparison with age and sex-matched primary Raynaud's phenomenon (PRP) patients and control subjects 
(CNT), including possible effects of concomitant therapies. 
Methods: Sixty-one COVID-19 survivors (mean age 58 ± 13 years, mean days from disease onset 126 ± 53 and 
mean days from recovery 104 ± 53), thirty-one PRP patients (mean age 59 ± 15 years, mean disease duration 11 
± 10 years) and thirty CNT (mean age 58 ± 13 years) underwent nailfold videocapillaroscopy (NVC) exami
nation. The following capillaroscopic parameters were searched and scored (0–3): dilated capillaries, giant 
capillaries, isolated microhemorrhages, capillary ramifications (angiogenesis) and capillary number, including 
absolute capillary number per linear millimeter at the nailfold bed. 
Results: The mean nailfold capillary number per linear millimeter was significantly lower in COVID-19 survivors 
when compared with PRP patients and CNT (univariate and multivariate analysis p < 0.001). On the contrary, 
COVID-19 survivors showed significantly less isolated microhemorrhages than PRP patients and CNT (univariate 
and multivariate analysis, p = 0.005 and p = 0.012, respectively). No statistically significant difference was 
observed between COVID-19 survivors and control groups concerning the frequency of dilated capillaries and 
capillary ramifications. COVID-19 selective therapies showed a promising trend on preserving capillary loss and 
deserving further investigations. 
Conclusions: SARS-CoV-2 seems to mainly induce a significant loss of capillaries in COVID-19 survivors at 
detailed NVC analysis in comparison to controls. The presence of a significant reduced score for isolated 
microhaemorrhages in COVID-19 survivors deserves further analysis.   

Abbreviations: BMI, Body Mass Index; COVID-19, Coronavirus disease-19; CNT, control subjects; FiO2, fractional inspired oxygen; NVC, Nailfold video
capillaroscopy; PaO2, arterial oxygen partial pressure; PRP, primary Raynaud's phenomenon. 

* Corresponding author at: Laboratory of Experimental Rheumatology and Academic Division of Clinical Rheumatology, Department of Internal Medicine and 
Specialties, University of Genova, Viale Benedetto XV, n◦ 6 - 16132 Genova, Italy. 

E-mail addresses: albertosulli@unige.it (A. Sulli), carmen.pizzorni@unige.it (C. Pizzorni), sabrina.paolino@unige.it (S. Paolino), vanessa.smith@ugent.be 
(V. Smith), mcutolo@unige.it (M. Cutolo).   

1 These Authors contributed equally to the manuscript. 

Contents lists available at ScienceDirect 

Microvascular Research 

journal homepage: www.elsevier.com/locate/ymvre 

https://doi.org/10.1016/j.mvr.2022.104361 
Received 3 January 2022; Received in revised form 8 March 2022; Accepted 14 March 2022   

mailto:albertosulli@unige.it
mailto:carmen.pizzorni@unige.it
mailto:sabrina.paolino@unige.it
mailto:vanessa.smith@ugent.be
mailto:mcutolo@unige.it
www.sciencedirect.com/science/journal/00262862
https://www.elsevier.com/locate/ymvre
https://doi.org/10.1016/j.mvr.2022.104361
https://doi.org/10.1016/j.mvr.2022.104361
https://doi.org/10.1016/j.mvr.2022.104361
http://crossmark.crossref.org/dialog/?doi=10.1016/j.mvr.2022.104361&domain=pdf


Microvascular Research 142 (2022) 104361

2

1. Introduction 

The human SARS-CoV-2 infection resulting in the Coronavirus 
disease-19 (COVID-19) is characterized by a wide range of clinical 
manifestations, including microvascular dysfunction and organ damage 
(Nägele et al., 2020). 

In particular, SARS-CoV-2 directly binds to the angiotensin- 
converting enzyme 2 receptor, largely expressed on the endothelial 
cells, thanks to S1 subunit of viral receptor-binding domain. The S2 
subunit allows the virus to adhere and enter the endothelium, disrupting 
the integrity of the endothelial barrier and driving a cascade of pro- 
inflammatory and pro-thrombotic events, that together with other risk 
factors, may aggravate the severity of the disease (Raghavan et al., 2021; 
Beyerstedt et al., 2021; Cutolo et al., 2020; Sulli et al., 2021). A recent 
autopsy-based study demonstrated the presence of endothelitis of small 
and medium-sized vessels in more than 90% of cases and thrombotic 
events in 30–60% of subjects depending on the organ involved (Hab
erecker et al., 2022). 

Nailfold videocapillaroscopy (NVC) is the best non invasive tool to 
identify microvascular status in a large spectrum of rheumatic and non- 
rheumatic diseases (Cutolo and Smith, 2021). NVC has been recently 
performed both in children and adult COVID-19 patients and several 
nonspecific abnormalities have been reported (Çakmak et al., 2021; 
Natalello et al., 2021). However, a healthy population of comparison 
was taken into account only in the study involving paediatric patients 
(Çakmak et al., 2021). 

As a consequence, the aim of this study was the comparison of NVC 
status between adult COVID-19 survivors and both primary Raynaud's 
phenomenon (PRP) patients and control subjects (CNT), looking for 
statistically significant differences in microvascular architecture, 
considering also the possible impact of COVID-19 pharmacological 
treatments. 

2. Materials and methods 

2.1. Study population 

Sixty-one COVID-19 survivors, thirty-one PRP patients and thirty age 
and sex-matched CNT underwent NVC examination at the Department 
of Rheumatology of the University of Genoa, Italy. Patients with func
tional PRP were considered as controls since potential carriers of benign 
nonspecific microvascular abnormalities at NVC (Cutolo and Smith, 
2021). 

COVID-19 survivors entered the University Hospital between March 
and November 2020 (first and second Italian pandemic wave). COVID- 
19 clinical and/or radiographic diagnosis was confirmed by the detec
tion of SARS-CoV-2 RNA on nasopharyngeal swab. Demographic data of 
all COVID-19 survivors were collected with attention to body mass index 
(BMI), smoking habit, number and type of comorbidities, concomitant 
drug therapies. Pulmonary involvement (monolateral/bilateral opaci
ties, indirect signs of interstitial fibrosis) was evaluated by conventional 
chest X-rays. D-dimer and C-reactive protein were assessed at admission 
by standard methods. Arterial oxygen partial pressure (PaO2) and ratio 
of PaO2 to fractional inspired oxygen (PaO2/FiO2) were measured by 
arterial blood gas analysis. COVID-19 therapies included antivirals 
(antiretrovirals, nucleoside analog), antibiotics (beta-lactams, macro
lides), anticoagulants (low molecular weight heparin) and immunomo
dulant drugs (glucocorticoids, hydroxychloroquine, IL-6 receptor 
antagonist-tocilizumab – single infusion, 8 mg/kg). 

COVID-19 survivors were divided in two subgroups according to the 
severity of the active infection: thirty-four survivors with past mild- 
moderate disease (not needing oxygen supplementation, or requiring 
Venturi mask) and twenty-seven survivors with past severe disease 
(need for Continuous Positive Airways Pressure – CPAP – and/or me
chanical ventilation). 

PRP was diagnosed according to LeRoy and Medsger criteria (LeRoy 

et al., 1992). Concomitant therapies of both PRP and CNT were also 
recorded. 

Exclusion criteria for CNT were to be affected by connective tissue 
diseases or other pathological conditions and therapy possibly influ
encing the microcirculation, including the secondary Raynaud's phe
nomenon (the subjects used as controls were affected by osteoporosis, 
osteoarthritis or fibromyalgia). 

COVID-19 survivors, PRP and CNT with recent traumatic events to 
their hands, due to physical trauma, jobs and/or hobbits were not taken 
into account for NVC examination, and excluded from the study. COVID- 
19 survivors that developed chilblain manifestations were also excluded 
from the study. 

2.2. Nailfold videocapillaroscopy examination 

The same trained Rheumatologist performed the NVC evaluation in 
all patients and controls, using an optical probe, equipped with a 200×
magnification lens and connected to a picture analysis software (Vid
eocap, DS Medica, Milan, Italy). All the participants underwent NVC 
examination after acclimatization in the test room for 15 min at a 
temperature of 22 ◦C (Cutolo et al., 2008). Two pictures of the middle 
area of the nailfold bed of the fingers (thumbs excluded) were collected 
for each subject, together with the following NVC parameters: dilated 
capillaries (increase of capillary diameter between 20 and 50 μm), giant 
capillaries (homogeneously dilated capillary with a diameter ≥ 50 μm), 
microhemorrhages (dark masses due to deposits of hemosiderin), 
capillary ramifications (branching or bushy capillaries, direct sign of 
neoangiogenesis) and absolute capillary number per linear millimeter 
(normal density ≥ 7 capillaries) (Smith et al., 2020). A semiquantitative 
rating was also used to score the NVC abnormalities as follows: no 
changes (normality) = 0; <33% of capillary alterations/reduction = 1; 
33–66% of capillary alterations/reduction = 2, >66% of capillary al
terations/reduction per linear millimeter = 3) (Sulli et al., 2008). 

2.3. Statistical analysis 

Descriptive data are reported as mean with standard deviation and 
median with range (minimum-maximum) for continuous variables, or 
with frequency and percentage for categorical data. 

Any relationship between groups and capillary characteristics was 
preliminary explored with appropriate univariate analysis and then 
investigated with a subsequent multinomial logistic regression model 
with control group as reference category. All analysis were adjusted for 
age, sex, BMI, habits, comorbidities and presence of concomitant drugs. 

Supplementary subgroup univariate analysis on COVID-19 patients 
with severe disease for evaluating the impact of different treatment on 
the capillary number per linear millimeter was assessed by performing 
the independent sample t-test or the Mann-Whitney U test for inde
pendent samples. 

Any p value ≤0.05 was considered statistically significant. IBM SPSS 
version 24 was used for all analyses. 

2.4. Ethics 

The study was conducted in accordance with the principles of the 
Helsinki Declaration of 1975/83 and Good Clinical Practice guidelines 
and was approved by Regional Ethics Committee (ID 10851, 459/2020). 
All COVID-19 survivors and controls voluntarily signed the informed 
consent for the management of their clinical data and for the NVC 
analysis, as per University Hospital rules. 

3. Results 

3.1. Clinical features of enrolled subjects 

A total number of one hundred twenty-two subjects were enrolled. 

A. Sulli et al.                                                                                                                                                                                                                                     
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Baseline features, comorbidities and concomitant therapies at NVC time 
are respectively reported in Tables 1 and 2 and Supplementary Table 1. 
Among COVID-19 survivors none of them suffered from Raynaud's 
phenomenon prior to the viral infection nor developed it after recovery. 
Disease features and COVID-19 treatments of all survivors are reported 
in Table 3. 

3.2. Nailfold videocapillaroscopy findings 

COVID-19 survivors underwent NVC examination after a mean 
period of 126 ± 53 days from the disease onset. NVC abnormalities and 
related statistical analysis are reported in Table 4 and Table 5. 

Multivariate analysis showed differences in absolute capillary num
ber per linear millimeter (p < 0.001) and in the frequency of abnormal 
cases of microhemorrhages (p = 0.006) after adjusting for age, sex, BMI, 
habits, comorbidities and concomitant drugs. 

The mean (± standard deviation) absolute nailfold capillary number 

per linear millimeter was significantly lower in severe (8.2 ± 1.15) and 
mild-moderate (8.4 ± 0.75) COVID-19 survivors than in both PRP (8.7 
± 0.68) and CNT subjects (9.3 ± 0.53) (p < 0.001) (Fig. 1). Risk ratios of 
capillary reduction are reported in Table 5. 

No other significant NVC differences were observed in COVID-19 
survivors in comparison with PRP and CNT subjects, with the excep
tion of isolated microhemorrhages that, on the contrary, were signifi
cantly more frequent in PRP patients than in COVID-19 survivors (p 
univariate = 0.005 and p multivariate = 0.012); the difference between 
COVID-19 survivors and CNT was not statistically significant. 

COVID-19 survivors showed other nonspecific NVC abnormalities, 
such as dilated capillaries and isolated capillary ramifications, but none 
of these was statistically more frequent than in PRP patients and CNT. 
Giant capillaries were not found in any group (Table 4 and Table 5). 

When we analyzed the impact of treatments (CPAP or mechanical 
ventilation, glucocorticoids, anticoagulants, antibiotics, antivirals and 
IL-6 receptor antagonist-tocilizumab) on capillary density in the severe 

Table 1 
Baseline characteristics of COVID-19 survivors, primary Raynaud's phenomenon patients and control subjects at the time of nailfold videocapillaroscopy.   

Controls 
(N = 30) 

Primary Raynaud's 
phenomenon 

(N = 31) 

Mild/moderate 
COVID-19 
(N = 34) 

Severe 
COVID-19 
(N = 27) 

Sex Males 10 (33.3%) 7 (22.6%) 11 (32.4%) 22 (81.5%) 
Females 20 (66.7%) 24 (77.4%) 23 (67.6%) 5 (18.5%) 

Age (years) 58.1 ± 13.36 
59.0 (31.0–80.0) 

59.7 ± 14.60 
58.0 (35.0–88.0) 

59.4 ± 14.13 
59.5 (23.0–88.0) 

57.1 ± 11.96 
61.0 (32.0–75.0) 

BMI (kg/m2) Normal 27 (90.0%) 27 (87.1%) 31 (91.2%) 20 (74.1%) 
Obesity 3 (10.0%) 4 (12.9%) 3 (8.8%) 7 (25.9%) 

Smoking habit No 28 (93.3%) 29 (93.5%) 33 (97.1%) 26 (96.3%) 
Yes 2 (6.7%) 2 (6.5%) 1 (2.9%) 1 (3.7%) 

Primary Raynaud's 
phenomenon 

No 30 (100.0%) 0 (0.0%) 34 (100.0%) 27 (100.0%) 
Yes 0 (0.0%) 31 (100.0%) 0 (0.0%) 0 (0.0%) 

Primary Raynaud's 
phenomenon duration (years) 

/ 10.4 ± 8.60 
10.0 (1.0–37.0) 

/ / 

Presence of at least one comorbidity No 11 (36.7%) 11 (35.5%) 8 (23.5%) 8 (29.6%) 
Yes 19 (63.3%) 20 (64.5%) 26 (76.5%) 19 (70.4%) 

Concomitant drugs No 11 (36.7%) 9 (29.0%) 13 (38.2%) 6 (22.2%) 
Yes 19 (63.3%) 22 (71.0%) 21 (61.8%) 21 (77.8%) 

Results are express as: mean with standard deviation and median with range (minimum-maximum), or with frequency and percentage, as appropriate. BMI: Body Mass 
Index (“Normal”: between 16 and 30 kg/m2; “Obesity”: more than 30 kg/m2). 

Table 2 
Comorbidities of COVID-19 survivors, primary Raynaud's phenomenon patients and control subjects at the time of nailfold videocapillaroscopy.   

Controls 
(N = 30) 

Primary Raynaud's 
phenomenon 

(N = 31) 

Mild/moderate 
COVID-19 
(N = 34) 

Severe 
COVID-19 
(N = 27) 

Arterial Hypertension No  21 (70.0%)  19 (61.3%)  20 (58.8%)  13 (48.1%) 
Yes  9 (30.0%)  12 (38.7%)  14 (41.2%)  14 (51.9%) 

Type II diabetes No  29 (96.7%)  29 (93.5%)  32 (94.1%)  23 (85.2%) 
Yes  1 (3.3%)  2 (6.5%)  2 (5.9%)  4 (14.8%) 

Chronic atrial fibrillation No  28 (93.3%)  27 (87.1%)  32 (94.1%)  26 (96.3%) 
Yes  2 (6.7%)  4 (12.9%)  2 (5.9%)  1 (3.7%) 

CHD No  29 (96.7%)  31 (100%)  33 (97.1%)  25 (92.6%) 
Yes  1 (3.3%)  0 (0.0%)  1 (2.9%)  2 (7.4%) 

COPD No  27 (90.0%)  30 (96.8%)  33 (97.1%)  23 (85.2%) 
Yes  3 (10.0%)  1 (3.2%)  1 (2.9%)  4 (14.8%) 

Asthma No  25 (83.3%)  29 (93.5%)  26 (76.5%)  24 (88.9%) 
Yes  5 (16.7%)  2 (6.5%)  8 (23.5%)  3 (11.1%) 

Neurological disorders No  27 (90.0%)  29 (93.5%)  32 (94.1%)  27 (100%) 
Yes  3 (10.0%)  2 (6.5%)  2 (5.9%)  0 (0.0%) 

Dyslipidemia No  27 (90.0%)  26 (83.9%)  31 (91.2%)  24 (88.9%) 
Yes  3 (10.0%)  5 (16.1%)  3 (8.8%)  3 (11.1%) 

Cancer No  28 (93.3%)  28 (90.3%)  33 (97.1%)  24 (88.9%) 
Yes  2 (6.7%)  3 (9.7%)  1 (2.9%)  3 (11.1%) 

Chronic arthritis No  30 (100%)  31 (100%)  28 (82.4%)  26 (96.3%) 
Yes  0 (0.0%)  0 (0.0%)  6 (17.6%)  1 (3.7%) 

Thyroid disease No  26 (86.7%)  24 (77.4%)  27 (79.4%)  26 (96.3%) 
Yes  4 (13.3%)  7 (22.6%)  7 (20.6%)  1 (3.7%) 

Results are express with frequency and percentage, as appropriate. CHD: Coronary Heart Disease; COPD: Chronic Obstructive Pulmonary Disease. 
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COVID-19 patients (Supplementary Table 2), a positive trend (preser
vation of the capillary number) was observed with antivirals and anti-IL- 
6 receptor antagonist administration, while none of the other drugs was 
shown to be effective (Supplementary Table 2). 

4. Discussion 

Endothelial dysfunction and vasculopathy represent a well charac
terized pathophysiological process in course of SARS-CoV-2 infection 
(Wagner et al., 2021; McGonagle et al., 2021). As previously mentioned, 
NVC has been recently used to investigate microvascular involvement in 
active and recovered COVID-19 patients (Çakmak et al., 2021; Natalello 
et al., 2021). Concerning these two studies, in child COVID-19 patients, 
Authors reported statistically significant differences in capillary density, 
capillary ramifications, microhemorrhages and neoangiogenesis 
compared to a control group (Çakmak et al., 2021). In adult COVID-19 
subjects, a comparison between acute and recovered patients was car
ried out, however without the inclusion of a control group of healthy 
subjects (Natalello et al., 2021). Indeed, in recovered patients, a higher 
prevalence of enlarged capillaries, meandering capillaries and lower 
capillary density than in acute patients was reported (Natalello et al., 
2021). 

In our study we examined only the most objective NVC parameters 
reported in the literature, without taking into account questionable 
items such as pericapillary edema, capillary meandering, microvascular 
derangement, sludge flow, and similar. 

We report that the reduction of the absolute capillary number is the 
only significantly altered parameter in adult COVID-19 survivors at the 
level of the nailfold bed, while the number of isolated micro
hemorrhages was found significantly lower in COVID-19 with respect to 
PRP patients. 

This last observation might be explained in part by the increased 
tendency of COVID-19 patients to develop thrombotic rather than hae
morrhagic events (Bonaventura et al., 2021), and in part by the fact that 
PRP patients may develop alterations of the microcirculation attribut
able to underlying connective tissue diseases (Bernero et al., 2013). 

Other nonspecific NVC abnormalities observed in all COVID-19 
survivors were not significantly more frequent than in both PRP and 
CNT subjects; on the other hand, the absence of giant capillaries and 
avascular areas in COVID-19 survivors excluded the presence of a 

Table 3 
Disease features and treatments of COVID-19 survivors.  

Total COVID-19 61 
Severe COVID-19 27 (44.3%) 
Mild-moderate COVID-19 34 (55.7%) 
Days between NVC and onset of COVID-19 symptoms 125.6 ± 53.38 

111.0 (60.0–317.0) 
Days between NVC and hospital discharge 103.8 ± 52.71 

90.0 (40.0–309.0) 
Days between hospitalization and discharge 15.4 ± 11.14 

14.0 (0.0–57.0) 
Days between onset symptoms and hospitalization 7.5 ± 4.28 

7.0 (0.0–19.0) 
Active disease duration (days) 23.2 ± 9.46 

22.0 (8.0–58.0) 
D-dimer (mcg/l) 2602.1 ± 4046.75 

1282.0 (193.0–23,653.0) 
C-reactive protein (mg/l) 97.1 ± 70.42 

85.0 (3.0–274.0) 
PaO2 (mmHg) 63.8 ± 12.66 

64.5 (40.0–99.0) 
No need of oxygen supplementation 20 (32.8%) 
Venturi Mask 14 (23.0%) 
CPAP 21 (34.4%) 
Mechanical ventilation 6 (9.8%) 
P/F ratio 178.2 ± 87.72 

152.0 (50.0–351.0) 
Lung thromboembolism 6 (9.8%) 
Normal X-ray chest 10 (16.4%) 
Monolateral opacity X-ray chest 7 (11.5%) 
Bilateral opacities X-ray chest 34 (55.7%) 
Interstitial involvement plus opacities X-ray chest 10 (16.4%) 
Glucocorticoids 48 (78.7%) 
Dose of glucocorticoids (mg/day) 47.5 ± 23.78 

40.0 (5.0–100.0) 
Duration of glucocorticoids therapy 13.8 ± 8.10 

14.0 (2.0–35.0) 
Hydroxychloroquine 29 (47.5%) 
Anticoagulants 51 (83.6%) 
Antibiotics 51 (83.6%) 
Antivirals 23 (37.7%) 
Tocilizumab 17 (27.9%) 

Results are express as: mean with SD and median with range (min-max), or with 
frequency and percentage, as appropriate. D-dimer normal range: 0–500 μg/l. C- 
reactive protein: 0–5 mg/l. PaO2 and P: arterial partial pressure of oxygen, F: 
fractioned inspired oxygen, CPAP: continuous positive airway pressure. 

Table 4 
Nailfold videocapillaroscopy alterations in COVID-19 survivors, primary Raynaud's phenomenon patients and control subjects. The absolute capillary number per 
linear millimeter is also reported. A semiquantitative rating was used to score the NVC abnormalities as follows: no changes = 0; <33% of capillary alterations/ 
reduction = 1; 33–66% of capillary alterations/reduction = 2, >66% of capillary alterations/reduction per linear millimeter = 3.   

Controls 
(N = 30) 

Primary Raynaud's 
phenomenon 

(N = 31) 

Mild/moderate 
COVID-19 
(N = 34) 

Severe 
COVID-19 
(N = 27) 

Dilated capillaries Normal 0 (0.0%) 0 (0.0%) 1 (2.9%) 0 (0.0%) 
< 33% 19 (63.3%) 13 (41.9%) 23 (67.6%) 14 (51.9%) 
34%–66% 11 (36.7%) 18 (58.1%) 10 (29.4%) 13 (48.1%) 
>66% 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 

Microhemorrhages Normal 16 (53.3%) 11 (35.5%) 23 (67.6%) 21 (77.8%) 
< 33% 13 (43.3%) 19 (61.3%) 11 (32.4%) 6 (22.2%) 
34%–66% 1 (3.3%) 1 (3.2%) 0 (0.0%) 0 (0.0%) 
>66% 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 

Giant capillaries Normal 30 (100.0%) 31 (100.0%) 34 (100.0%) 27 (100.0%) 
Capillary number Normal 30 (100.0%) 31 (100.0%) 33 (97.1%) 22 (81.5%) 

< 33% 0 (0.0%) 0 (0.0%) 1 (2.9%) 5 (18.5%) 
34%–66% 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 
>66% 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 

Capillary ramifications Normal 23 (76.7%) 27 (87.1%) 29 (85.3%) 19 (70.4%) 
< 33% 7 (23.3%) 3 (9.7%) 4 (11.8%) 8 (29.6%) 
34%–66% 0 (0.0%) 1 (3.2%) 1 (2.9%) 0 (0.0%) 
>66% 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 

Absolute capillary 
number per linear mm 

9.3 ± 0.53 
9.0 (9.0–11.0) 

8.7 ± 0.68 
9.0 (8.0–10.0) 

8.4 ± 0.75 
8.0 (6.0–10.0) 

8.2 ± 1.15 
8.0 (5.0–10.0) 

Results are express as: mean with standard deviation and median with range (minimum-maximum), or with frequency and percentage, as appropriate. 
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scleroderma-like pattern (Smith et al., 2019). 
These data partially contrast with the previous observation in the 

paediatric COVID-19 population, where Authors reported significantly 
higher frequency of microhemorrhages and neoangiogenesis (Çakmak 
et al., 2021). These discrepancies could be explained by the different age 
of the enrolled subjects (median age 60 vs 12 years) and by the different 
time of NVC examinations after COVID-19 diagnosis: NVC was per
formed 111 median days after COVID-19 diagnosis in our cohort of 
patients and within a median 73 days after diagnosis in the study of 
Çakmak, probably reflecting still active disease sequelae in the cohort of 
young subjects. Furthermore, microvasculature may differently answer 
to damage in young than adult subjects. 

Even if the reduction of capillary number reflects neither a clinical 
peripheral vascular alteration in COVID-19 survivors neither a real 
pathological relief (in rheumatic diseases a normal density is considered 
≥7 capillaries per linear mm), the data is of real interest from a patho
physiological point of view and reinforce the current literature that re
ports a lower microvessels density in different peripheral body districts 
(Kanoore Edul et al., 2021; Rovas et al., 2021; Abrishami et al., 2021; 
Cennamo et al., 2021; Rodman et al., 2021; Cetinkaya et al., 2021). 

A report including twenty-seven mechanically ventilated patients 
with COVID-19-related acute respiratory distress syndrome and an 
observational study regarding twenty-three hospitalized COVID-19 

patients, remarked significant alterations of tissue perfusion at sublin
gual level with reduction of capillary density as evaluated by video- 
microscopy (Kanoore Edul et al., 2021; Rovas et al., 2021). 

A reduction of microvascular density has also been described in two 
independent study groups of thirty-one and forty COVID-19 survivors 
respectively, using optical coherence tomography angiography, in the 
retinal superficial capillary plexus, deep capillary plexus and radial 
peripapillary capillaries (Abrishami et al., 2021; Cennamo et al., 2021; 
Rodman et al., 2021; Cetinkaya et al., 2021). 

Moreover, a functional laser Doppler perfusion imaging investiga
tion on thirty-two COVID-19 patients showed a marked reduction of 
microvascular flow in the skin of the forearm, in comparison with 
healthy controls (Sabioni et al., 2021). 

The most dramatic consequence of this pathological process in 
course of COVID-19 is the rare “systemic capillary leak syndrome” or 
Clarkson's disease, a life-threatening condition characterized by an 
increased capillary permeability, with massive extravasation of plasma, 
hypoalbuminemia, hypotension, edema and subsequent organs failure 
due to shock (Case et al., 2020; Lacout et al., 2021). 

In our study we also tried to assess for the first time the correlation 
between COVID-19 therapies and capillary parameters as analyzed at 
NVC, including capillary density. No drug was found to induce statisti
cally significant effects in reducing the capillary loss in COVID-19 

Table 5 
Statistical analysis of nailfold videocapillaroscopy abnormalities in COVID-19 survivors, primary Raynaud's phenomenon patients, and control subjects.   

Mild - 
Moderate 
COVID- 
19 

Severe 
COVID- 
19 

PRP Controls P 
univariate 

P 
multivariatea 

p- 
valueb 

RRb p- 
valuec 

RRc p- 
valued 

RRd p- 
valuee 

RRe 

Number of patients 34 27 31 30            

NVC SCORES 
Dilated capillaries               

Normal 1 
(2.9%) 

0 
(0%) 

0 
(0%) 

0 
(0%) 

0.46 0.73 n.s. – n.s. – n.s. – n.s. – 

Abnormal 33 
(97.1%) 

27 
(100%) 

31 
(100%) 

30 
(100%)           

Microhemorrhages               
Normal 23 

(67.6%) 
21 
(77.8%) 

11 
(35.5%) 

16 
(53.3%) 

0.005 0.012 0.02 0.27 0.004 0.12 n.s. – 0.06 0.23 

Abnormal 11 
(32.4%) 

6 
(22.2%) 

20 
(64.5%) 

14 
(46.7%)           

Giant capillaries               
Normal 34 

(100%) 
27 
(100%) 

31 
(100%) 

30 
(100%) 

– – – – – – – – – – 

Abnormal 0 
(0%) 

0 
(0%) 

0 
(0%) 

0 
(0%)           

Capillary 
ramifications               
Normal 29 

(85.3%) 
19 
(70.4%) 

27 
(87.1%) 

23 
(76.7%) 

0.34 0.40 n.s. – n.s. – n.s. – n.s. – 

Abnormal 5 
(14.7%) 

8 
(29.6%) 

4 
(12.9%) 

7 
(23.3%)           

Capillary number               
Normal 33 

(97.1%) 
22 
(81.5%) 

31 
(100%) 

30 
(100%) 

0.005 – – – – – – – – – 

Abnormal 1 
(2.9%) 

5 
(18.5%) 

0  
(0%) 

0 
(0%)           

ABSOLUTE 
CAPILLARY 
NUMBER PER 
LINEAR 
MILLIMETER  

8.44 ±
0.75  

8.22 ±
1.15  

8.74 ±
0.68  

9.30 ±
0.53  

<0.001  <0.001  n.s.  -  0.038  2.75  <0.001  7.76  <0.001  11.18 

P-values equal or lower than 0.05 were considered statistically significant. 
a Analysis adjusted for age, sex, body mass index, habits, comorbidities and concomitant drugs. NVC: nailfold videocapillaroscopy. PRP: primary Raynaud's phe

nomenon. RR: risk ratio. Normal: NVC semiquantitative rating of abnormalities = 0. Abnormal: NVC semiquantitative rating of abnormalities between 1 and 3. 
b P-values comparisons between mild-moderate COVID-19 survivors and PRP patients. 
c P-values comparisons between severe COVID-19 survivors and PRP patients. 
d P-values comparisons between mild-moderate COVID-19 survivors and controls. 
e P-values comparisons between severe COVID-19 survivors and controls. 

A. Sulli et al.                                                                                                                                                                                                                                     



Microvascular Research 142 (2022) 104361

6

survivors, although very interesting and protective trends on capillary 
loss were suggested and deserve further investigations. 

However, such results might be explained by a direct viral damage 
on endothelial cells rather than a less specific effect secondary to the 
pro-inflammatory cytokine storm (Vanderbeke et al., 2021; Castro et al., 
2021; Landewé et al., 2021; Alunno et al., 2020). 

Our study has some limitations. First of all, it is a monocentric study 
with a numerically limited cohort of subjects; by considering this limi
tation, the evaluation of a larger number of subjects might show sta
tistically significant results also for other capillaroscopic parameters, 
including microhemorrhages and ramifications. Secondly, NVC exami
nations at baseline and in course of active COVID-19 disease are lacking: 
it was not possible to perform the NVC analysis in Hospital COVID-19 
wards or intensive care units for safety and ethical reasons, so confer
ring a cross-sectional nature to our study. Furthermore, COVID-19 
variant was not defined in our cohort of patients, therefore no data 
are evaluable on possible different effect of alpha or delta variants on 
nailfold microcirculation (omicron variant was not yet present between 
March and November 2020). Finally, no further evaluations over time 
were performed in our cohort of COVID-19 survivors, therefore pro
spective data concerning the behaviour of capillary number are not 
available. 

Despite these limitations, it should be considered the relevance of 
these pilot results emerging from the short-term report. The collection of 
NVC data is ongoing as a longer follow-up needs to better detect and 
analyze the full NVC microvascular changes related to COVID-19. 

5. Conclusions 

In conclusion, SARS-CoV-2 infection doesn't seem to induce in sur
vivors a peculiar “COVID-19 pattern” at NVC examination, rather it is 
associated to a significant capillary loss as distinctive feature. 

Studies including the comparison of capillary density pre-COVID-19 
and post-COVID-19 are desirable to reinforce the strength of the current 
observations. The positive trend in saving the number of capillaries 
induced by aggressive anti-inflammatory therapies in COVID-19 survi
vors needs larger cohorts of patients to confirm this important 
hypothesis. 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.mvr.2022.104361. 
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Fig. 1. Nailfold videocapillaroscopic images of: (A) control (S.C.), showing a regular capillary array and density (mean capillaries 9.30 ± 0.53 per linear millimeter), 
with a majority of stereotype hairpin shaped capillaries and occasional crossing capillaries (B) primary Raynaud's phenomenon patient (E.S.), some nonspecific 
capillary dilations and crossing shapes are evident (mean capillaries 8.74 ± 0.68 per linear millimeter), (C) mild-moderate COVID-19 survivor (M.C.) with reduced 
number of capillaries and nonspecific abnormalities (tortuous and crossing capillaries) (mean capillaries 8.44 ± 0.75 per linear millimeter) and (D) severe COVID-19 
survivor (G.G.) showing reduced number of capillaries, capillary ramifications and abnormal shaped capillaries (non-convex head) (mean capillaries 8.22 ± 1.15 per 
linear millimeter) (200× magnification). Horizontal bar is one millimeter long. 
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