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A B S T R A C T   

Objective: Increasing evidence points to endothelial dysfunction as a key pathophysiological factor in cor
onavirus disease-2019 (COVID-19). No specific methods have been identified to predict, detect and quantify the 
microvascular alterations during COVID-19. Our aim was to assess microvasculature through nailfold videoca
pillaroscopy (NVC) in COVID-19 patients. 
Methods: We performed NVC in patients with a confirmed diagnosis of COVID-19 pneumonia. Elementary al
terations were reported for each finger according to a semi-quantitative score. Capillary density, number of 
enlarged and giant capillaries, number of micro-hemorrhages and micro-thrombosis (NEMO score) were regis
tered. 
Results: We enrolled 82 patients (mean age 58.8  ±  13.2 years, male 68.3%) of whom 28 during the hospita
lization and 54 after recovery and hospital discharge. At NVC examination we found abnormalities classifiable as 
non-specific pattern in 53 patients (64.6%). Common abnormalities were pericapillary edema (80.5%), enlarged 
capillaries (61.0%), sludge flow (53.7%), meandering capillaries and reduced capillary density (50.0%). No 
pictures suggestive of scleroderma pattern have been observed. Acute COVID-19 patients, compared to re
covered patients, showed a higher prevalence of hemosiderin deposits as a result of micro-hemorrhages 
(P = .027) and micro-thrombosis (P  <  .016), sludge flow (P = .001), and pericapillary edema (P  <  .001), 
while recovered patients showed a higher prevalence of enlarged capillaries (P  <  .001), loss of capillaries 
(P = .002), meandering capillaries (P  <  .001), and empty dermal papillae (P = .006). 
Conclusion: COVID-19 patients present microvascular abnormalities at NVC. Currently ill and recovered subjects 
are characterized by a different distribution of elementary capillaroscopic alterations, resembling acute and post- 
acute microvascular damage. Further studies are needed to assess the clinical relevance of NVC in COVID-19.   

1. Introduction 

Coronavirus disease 2019 (COVID-19) is a newly identified re
spiratory syndrome sustained by SARS-CoV2 infection. The outbreak of 
this disease reached, during the last few months, pandemic dimensions, 
engaging healthcare professionals all over the world in an un
precedented challenge (https://www.who.int/emergencies/diseases/ 

novel-coronavirus-2019/situation-reports, n.d.). 
An initial viremic phase - with fever, dry cough, alteration of the 

upper airways and mucous membranes and arthralgias sometimes ac
companying viral pneumonia - could transit, usually in cases of parti
cular virulence and poor clinical control, in a second phase of the dis
ease, characterized by hyperactivation of the host's immune system, 
with a rapid deterioration of the respiratory function up to the acute 
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respiratory distress and multiorgan failure (Siddiqi and Mehra, 2020). 
The observation of a state of hyper-inflammation has led clinicians to 
use targeted anti-cytokine therapies in severe COVID-19, in the attempt 
to avoid the progression of lung involvement and the damage related to 
uncontrolled systemic phlogosis (Gremese et al., 2020; Cavalli et al., 
2020; Campochiaro et al., 2020; De Luca et al., 2020). 

Dysfunctional endothelial activation is a phenomenon now re
cognized during COVID-19 (Sardu et al., 2020). The pathogenetic me
chanisms of this process are still not clear and could depend both on a 
stimulus secondary to the hyperinflammatory state and a direct pa
thogenetic role of the viral agent, as suggested by the finding of indirect 
signs of endothelial activation already in the first days of the disease 
(Kaur et al., 2020). Even the first pathological evidence seems to sup
port the centrality of these phenomena, and the histological finding of 
acral vasculitis with the presence of fibrin thrombus has been reported 
(Fox et al., 2020; Colonna et al., 2020). 

Clinically, patients easily develop thromboembolism. The greatest 
evidence poses for a prevalent commitment at the level of the lung 
compartment, the target organ of the virus, while the association with 
thromboembolic phenomena at different districts - which have also 
been described - is more nuanced (Ackermann et al., 2020). Dis
seminated intravascular coagulation is mainly to refer to the severe 
cases with an advanced deterioration of the clinical picture. 

As yet, no specific methods have been identified to predict, detect 
and quantify the endothelial alteration during COVID-19. In clinical 
practice, the dosage of humoral markers of fibrin degradation and 
systemic inflammation could be useful, also for the prognostic role 
(Zhou et al., 2020). Some case series have shown a significant pre
valence in both acutely ill and convalescent patients of antibodies re
lated to interference with the phospholipid-dependent coagulation 
pathways, and in particular of lupus anticoagulant (Harzallah et al., 
2020; Paglionico et al., 2020). The anticoagulant treatment with he
parin and derivatives, even in the absence of overt thromboembolism, is 
increasingly widespread in the therapeutic schemes for hospitalized and 
non-hospitalized patients, with promising results (Bikdeli et al., 2020). 

Nailfold capillaroscopy (NVC) is an investigation capable of iden
tifying the morphological alterations of microcirculation at the level of 
the capillaries of the nailfold bed. This method is widely used in the 
rheumatology field for the diagnostic classification of vascular acro- 
syndromes, thanks to its ability to discern typical and highly predictive 
patterns for underlying connective tissue diseases (CTDs), known as 
“scleroderma patterns” (Cutolo et al., 2000). In other clinical contexts, 
the evidence on specific patterns are less robust, but the method has 
nevertheless proved to be valid, sensitive and reproducible for the study 
and definition of elementary alterations of the microcirculation; it is 
also characterized by advantages such as economy, feasibility and non- 
invasiveness (Etehad Tavakol et al., 2015; Smith et al., 2020). 

The present study aimed to assess microvasculature and to char
acterize NVC abnormalities in acute and recovered COVID-19 patients. 

2. Patients and methods 

Eighty-two adult patients affected by COVID-19 pneumonia, diag
nosed by laboratory test (positive nasopharyngeal-swab and/or SARS- 
CoV2 serology) and suggestive chest imaging, were enrolled at IRCCS 
San Raffaele Hospital (Milan, Italy) and Fondazione Policlinico 
Agostino Gemelli IRCCS (Rome, Italy). 

In a first group of consecutive patients, the NVC was performed 
during hospitalization, while in a second group of consecutive patients 
was performed after discharge (i.e. patients' recovery based on clinical 
improvement and after repeated negative swabs confirmation) in an 
outpatient setting. 

A comprehensive medical and pharmacological history was ob
tained for all patients at each center. Specifically, the following data 

were collected: COVID-19 onset symptoms, duration and outcome, 
clinical and radiologic characteristics of COVID-19 pneumonia, lung 
parameters and need for supplemental oxygen therapy, inflammatory 
and coagulation blood markers, thromboembolic events or other 
COVID-19 related complications, comorbidities, body mass index 
(BMI), concomitant therapies and COVID-19 specific treatments. The 
presence of pre-existing or recent acral symptoms with respect to 
COVID-19 was also investigated. 

Patients with a positive history of traumatization or repeated micro- 
traumatization of the hands in the last two weeks (e.g. onychophagy, 
use of vibrating instruments and use of musical instrument), and pa
tients with diagnosed or suspected CTDs were excluded from the study. 

All patients provided written informed consent. The study was ap
proved by the Ethics Committees at each Institution (Milan: approval 
no. 34/int/2020; Rome: approval no. 0024185/20). 

A specialized VideoCap 3.0 tissue-contact type biomicroscope pro
viding color images at 200× magnification (DS Medica, Milan, Italy) 
and dedicated software for image analysis (version 10.0) with standard 
settings for NVC was used at both sites. The procedure was conducted at 
each site by two physicians at the same level of experience, already 
practicing capillaroscopy (image acquisition and analysis) for many 
years in their routine clinical practice, and applying standard re
commendations for patient preparation and execution of the exam 
(Etehad Tavakol et al., 2015). All fingers except the thumb were ex
amined bilaterally. Four different images were consecutively recorded 
for each finger, in order to accurately characterize the central area of 
the nail bed (32 images per patient in total). The images were assessed 
dynamically and, at the end of the examination, statically by the ex
ecuting physician. Considering the novelty of the pathology under 
study and the absence of specific standardization and previous data, to 
better distinguish all the possible microvascular alterations, we con
sidered a variety of elemental alterations of capillaries at the distal row, 
as previously described or defined in details below:  

1. enlarged capillary: an increase in capillary diameter (homogeneous 
or irregular) > 20 μm and < 50 μm (Sulli et al., 2008);  

2. giant capillary: homogeneously enlarged loops with a diameter 
≥50 μm (Sulli et al., 2008);  

3. hemosiderin deposit: dark mass due to micro-hemorrhage (single or 
multiple hemosiderin deposits of round form at variable distance 
from the distal row, as the result of blood extravasation) or micro- 
thrombosis (hemosiderin deposit that resembles the shape of a 
capillary loop, as the result of arrest of the blood column within the 
capillary) (Sambataro et al., 2014);  

4. lower capillary density: reduction of the capillary number below 
the average normal value of 9 capillaries per millimeter (an ab
normally low value is usually considered below 7 capillaries per 
millimeter) (Smith et al., 2020);  

5. microvascular derangement: irregular capillary distribution and 
orientation (e.g. contiguous loops that do not develop parallel to 
each other), together with shape heterogeneity of the loops of the 
same finger (Sulli et al., 2008);  

6. capillary ramifications and bizarre morphology: branching, bushy 
or coiled capillaries, often originated from a single normal-sized 
capillary (Sulli et al., 2008);  

7. meandering capillary: limbs crossing upon themselves or with each 
other more than two times (if not meeting the definitions 5 and 6) 
(Bernardino et al., 2019); 

8. sludge flow: markedly slowed or discontinuous flow inside the ca
pillary at the dynamic evaluation at the time of examination 
(Bernardino et al., 2019);  

9. pericapillary edema: foggy appearance around capillaries due to 
fluids build-up (Monticone et al., 2000);  

10. subpapillary plexus visibility: observation of large and linked 
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arrangement of vessels under the distal row due to enlargement and 
congestion of venules and capillaries related to persistent opening 
of arteriovenous anastomoses (Ingegnoli et al., 2009);  

11. avascular area: distance greater than 500 μm between two adjacent 
capillary loops from the distal rows (Etehad Tavakol et al., 2015); 

12. empty dermal papilla: one or more missing capillary at the ex
pected place inside dermal papilla which does not reach the extent 
to define an avascular area. 

A widely used semi-quantitative scoring for features 1–7 was ap
plied (Sulli et al., 2008). Specifically, for each capillary abnormality the 
score for each digit was calculated as follow: absence of alterations (0), 
less than 33% of examined capillaries altered (1), 33–66% of examined 
capillaries altered (2), more than 66% of examined capillaries altered 
(3). For the definition of lower capillary density, the percentage refers 
to reduction with respect to a normal mean value of 9 capillaries per 
linear millimeter. The average score values from the eight digits were 
added, and the final value divided for eight fingers; the resulting value 
represents the score for each parameter analyzed. Since the score was 
previously developed for scleroderma patients, in whom a high fre
quency of major alterations is expected, we decided to design and apply 
in parallel a further semi-quantitative scoring approach, to avoid losing 
sensitivity. Indeed, for each feature from 1 to 12, a synthetic score was 
then assigned according to the following criteria: absent (0), present at 
least one time in only one finger (1), present at least one time in 2 to 4 
fingers (2), present at least one time in 5 to 8 fingers (3). Subpapillary 
plexus visualization was qualitatively scored as previously reported 
(Kabasakal et al., 1996), while neoangiogenesis was noted in the pre
sence of a suggestive combination of elementary alterations, based on 
the physician's evaluation (e.g. several deranged or bizarre capillaries 
which develop inside the same dermal papilla accompanied by a re
duction in capillary density). Regarding crude quantitative data, mean 
and minimum capillary density were registered for each patient, as per 
maximum diameter and number of enlarged and giant capillaries, 
number of micro-hemorrhages and micro-thrombosis (NEMO score) 
(Andracco et al., 2017), and length of representative capillaries. Finally, 
for each patient, an overall qualitative assessment was made by the 
clinician distinguishing between normal pictures and the presence of 
significant abnormalities, based on previous observations and defini
tions (Cutolo et al., 2000; Pavlov-Dolijanovic et al., 2012). 

Data were analyzed using IBM SPSS Statistics v26.0 (Armonk, NY, 
USA). Categorical variables were reported as number and percentage 

and continuous variables as mean  ±  standard deviation (SD) or 
median with interquartile range (IQR), according to the distribution of 
the data. The Fisher's exact test or the Mann-Whitney test was used for 
comparison between groups, as appropriate. Statistical significance was 
defined as a p-value (P) < 0.05. 

3. Results 

We enrolled 82 patients: 28 during hospitalization, and 54 post- 
recovery. Considering the entire cohort, the mean age was 
58.8  ±  13.2 years; 56 (68.3%) were male, 25 (30.5%) had hyperten
sion, 50 (61.0%) were overweight or obese (BMI  >  25 kg/m2; mean 
BMI 25.9  ±  3.5 kg/m2), 11 (13.4%) were current smoker and 9 pa
tients (11.0%) had diagnosed diabetes. Four patients (4.9%) had a di
agnosed rheumatic disease (2 rheumatoid arthritis, 1 crystal-induced 
arthritis and 1 granulomatosis with polyangiitis). None of the patients 
had active cancer at the time of evaluation. Eight patients (9.8%) re
ported acral symptoms temporally related to COVID-19 (1 Raynaud's 
phenomenon, 1 acrocyanosis, 1 “puffy” hands, 5 distal paresthesia/ 
dysesthesia) and 3 reported long term Raynaud's phenomenon, not 
associated with other symptoms suggestive for a CTD. Population's 
characteristics are reported in Table 1. 

Overall, at the NVC examination we found a high prevalence of 
abnormalities classifiable as non-specific pattern (53 patients, 64.6%), 
without pictures suggestive of scleroderma pattern. Common abnorm
alities, found in more than two fingers in at least 50.0% of cases, were 
pericapillary edema (80.5%), enlarged capillaries (61.0%), sludge flow 
(53.7%), meandering capillaries and capillary density below 9 capil
laries per linear millimeter (50.0%) (Table 2). 

In the patients evaluated during hospitalization (n = 28) the mean 
time from the onset of symptoms to the evaluation was 7.2  ±  5.0 days. 
Seventeen patients (60.7%) were on oxygen therapy (of which 5 in high 
flow oxygen therapy or non-invasive ventilation) but none was treated 
in an intensive care unit (ICU) with invasive ventilation at the time of 
NVC. Median SpO2/FiO2 ratio (Horowitz index) was of 373 (261–461). 
Two patients (7.1%) had evidence of pulmonary thromboembolism 
(PTE), in one case associated with deep vein thrombosis (DVT) while 4 
(14.2%) had isolated DVT; none suffered from disseminated in
travascular coagulation (DIC). All patients were on hydroxychloroquine 
therapy with (14, 50.0%) or without antivirals and 7 (25.0%) received 
anti-cytokine therapies; 24 (85.7%) were on enoxaparin, of which 16 
(57.1%) at prophylactic dose and the remaining at therapeutic dose. 

Table 1 
Population characteristics.        

All patients 
(n = 82) 

Acute 
(n = 28) 

Recovered 
(n = 54) 

P⁎  

Age, years, mean  ±  SD 58.8  ±  13.2 62.5  ±  13.6 57.3  ±  12.8 .068 
Male, n (%) 56 (68.3) 20 (71.4) 36 (66.7) .8 
Duration from onset, days, mean  ±  SD 37.3  ±  23.1 7.2  ±  5.0 52.2  ±  7.1  < .001 
Duration from discharge, days, mean  ±  SD NA NA 31.6  ±  9.3 NA 
Smoke (current), n (%) 11 (13.4) 7 (25.0) 4 (7.4) .039 
Hypertension, n (%) 25 (30.5) 10 (35.7) 15 (27.8) .48 
Diabetes, n (%) 9 (11.0) 7 (25.0) 2 (3.7) .006 
Rheumatic disease 4 (4.9) 3 (10.7) 1 (1.8) .11 
BMI  > 25 kg/m2, n (%) 50 (61.0) 16 (57.1) 34 (63.0) .92 
Acral symptomsa, n (%) 8 (9.8) 0 (0) 8 (14.8) .046 
Oxygen therapyb, n (%) 47 (57.3) 17 (60.7) 30 (55.6) .81 
ICU, n (%) 5 (6.1) 0 (0) 5 (9.3) .16 
Anti-IL6R, n (%) 21 (25.6) 7 (25.0) 14 (25.9) .93 
Enoxaparina, n (%) 39 (47.5) 24 (85.7) 15 (25.9)  < .001 
PTE or DVT, n (%) 8 (9.8) 5 (17.9) 3 (5.6) .15 

SD: standard deviation; BMI: body mass index; ICU: intensive care unit; IL6R: interleukin-6 receptor; PTE: pulmonary thrombo-embolism; DVT: deep vein thrombosis. 
Bold is used to highlight a p-value < 0.05 which is therefore considered statistically significant. 

⁎ P comparisons between acute and recovered patients. 
a Temporally related to COVID-19. 
b During hospitalization.  
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Four patients also received antiplatelet therapy with acetylsalicylic acid 
(ASA). Median C-reactive protein (CRP) and D-dimer (DDU) levels at 
the time of evaluation were of 19.9 mg/L (6.8–38.4) and 1960 ng/mL 
(840–3380), respectively. 

At the NVC examination, all acutely ill patients showed abnormal
ities. The most frequent, found in more than two fingers, were perica
pillary edema (100% of patients), sludge flow (78.6% of patients) and 
microvascular derangement (50.0% of patients). According to the semi- 
quantitative evaluation, none of the alterations (1–7, see Patients and 
methods) involved a percentage greater than 33% of all the capillaries 
analyzed. Hemosiderin deposits as a result of micro-hemorrhage or 
micro-thrombosis were found in at least in one digit in 20 patients 
(71.4%, in 7 cases with micro-thrombotic aspect) of whom 13 (46.4%) 
had this alteration in more than one finger concurrently. The number of 
individual lesions ranged from 1 to 15 per patient; Detailed frequency 
and distribution of the considered capillaroscopic alterations are re
ported in Supplementary Table 1. Medium capillary density per linear 
millimeter in the acutely ill patients was of 8.7  ±  0.8 capillaries/mm, 
while the evaluation of the capillary length was not considered reliable 
due to the ongoing pericapillary edema. 

In the patients evaluated after hospital discharge (n = 54), the 
mean time from the onset of symptoms to the NVC evaluation was 
52.2  ±  7.1 days, while time from the discharge to the evaluation was 
31.6  ±  9.3 days. During their hospitalization, 30 patients (55.6%) 
needed oxygen therapy and 5 (9.3%) needed to be treated in an ICU 
with mechanical ventilation. Three patients (5.6%) had evidence of 
PTE, in one case associated with DVT. None suffered from DIC. All 
patients received antivirals and hydroxychloroquine, 14 (25.9%) re
ceived anti-cytokine treatment and 15 (25.9) received enoxaparin, of 
which 10 (18.5%) at prophylactic dose and the remaining at ther
apeutic dose. At time of evaluation, 4 patients (7.4%) were on antic
oagulants (warfarin, enoxaparin, edoxaban, apixaban, one patient 
each) and 4 were on ASA. Only one patient still needed low flow oxygen 
therapy at the time of evaluation and median CRP and DDU levels were 
of 0.7 mg/L (0.5–1.65) and 365 ng/mL (216–593), respectively. 

At the NVC examination, 25 patients (46.3%) showed abnormalities 
classifiable as non-specific pattern. The most frequent abnormalities, 
found in more than two fingers, were enlarged capillaries (85.2% of 
patients), meandering capillaries (81.4% of patients), pericapillary 
edema (70.4% of patients) and capillary density below 9 capillaries per 
linear millimeter (63.0% of patients). Furthermore, according to the 
semi-quantitative evaluation, the involvement of a percentage greater 
than 33% of all the capillaries analyzed was found for the following 

alterations: meandering capillaries in 10 (18.5%), enlarged capillaries 
in 3 (5.6%), capillary density below 9 capillaries per linear millimeter 
in 3 (5.6%) and microvascular derangement in 2 (3.7%) of the patients. 
Giant capillaries and avascular areas were rare (both found in 3 cases) 
and always encountered as an isolated alteration (only one digit for 
each patient), therefore they did not delineate a scleroderma pattern. 
Hemosiderin deposits as a result of micro-hemorrhage or micro- 
thrombosis were found at least in one digit in 17 patients (31.5%, of 
whom 1 with micro-thrombotic aspect) and more than in one finger 
concurrently in 6 (11.1%) cases, with a number of individual lesions 
ranging from 1 to 11 per patient. Detailed frequency and distribution of 
the considered capillaroscopic alterations are reported in 
Supplementary Table 2. Medium capillary density per linear millimeter 
of recovered patients was of 8.8  ±  1.4 capillaries/mm while the 
medium length was of 265  ±  62 μm. 

Acutely ill COVID-19 patients, compared to patients discharged 
after recovery, showed a higher prevalence of abnormal capillaroscopic 
findings (P  <  .001). Considering the prevalence of single alterations 
(found in at least 2 fingers), acute COVID-19 patients had more fre
quently hemosiderin deposits (P  <  .001), as a result of both micro- 
hemorrhages (P = .027) and micro-thrombosis (P = .016), sludge flow 
(P = .001), and pericapillary edema (P  <  .001), while recovered 
patients showed a higher prevalence of enlarged capillaries 
(P  <  .001), meandering capillaries (P  <  .001), capillary density 
below 9 capillaries per linear millimeter (P = .002), and empty dermal 
papillae (P = .006) (Table 2). Fig. 1 shows representative pictures of 
the alterations commonly found in acutely ill and recovered COVID-19 
patients. 

In both groups, we have not found any meaningful association be
tween available markers of inflammation and endothelial impairment 
and NVC findings. In particular, there was no correlation between 
NEMO score and CRP and DDU levels. 

Patients evaluated during hospitalization and after discharge were 
not significantly different for mean age (P = .068) and proportion of 
male (P = .8), hypertensive (P = .48), as well as for the number of 
observed major thromboembolic events during COVID-19 pneumonia 
(P = .058) and need for ICU care (P = .16, considering the hospitali
zation period for recovered patients). Acute patients were more fre
quently diabetic (P = .006) and active smoker (P = .039). As expected 
levels of CRP and DDU were significantly higher in acute patients. Both 
groups were equally exposed to anti-cytokine drugs (P = .93) while the 
proportion of patients on anticoagulation therapy with enoxaparin was 
significantly lower in recovered patients (considering the 

Table 2 
Prevalence of elementary capillaroscopic abnormalities (frequency score 2–3) and comparisons in acute vs recovered vs patients (Fisher's exact).       

Abnormality Frequency score 2–3 

All patients 
(n = 82) 

Acute 
(n = 28) 

Recovered  
n = (54) 

P⁎  

Enlarged capillary, n (%) 50 (61.0) 4 (14.3) 46 (85.2)  < .001 
Giant capillary, n (%) 0 (0) 0 (0) 0 (0) – 
Hemosiderin deposit, n (%) 19 (23.2) 13 (46.4) 6 (11.1)  < .001 

Micro-thrombosis, n (%) 6 (7.3) 5 (17.9) 1 (1.9) .016 
Micro-hemorrhage, n (%) 13 (15.9) 8 (28.6) 5 (9.3) .027 

Capillary density  < 9/mm, n (%) 41 (50.0) 7 (25.0) 34 (63.0) .002 
Microvascular derangement, n (%) 39 (47.6) 14 (50.0) 25 (46.3) .8 
Capillary ramification, n (%) 21 (25.6) 8 (28.6) 13 (24.1) .8 
Meandering capillary, n (%) 44 (53.7) 0 (0) 44 (81.4)  < .001 
Sludge flow, n (%) 44 (53.7) 22 (78.6) 22 (40.7) .001 
Pericapillary edema, n (%) 66 (80.5) 28 (100) 38 (70.4)  < .001 
Subpapillary plexus visibility, n (%) 7 (8.5) 1 (3.6) 6 (11.1) .4 
Empty dermal papilla, n (%) 12 (14.6) 0 (0) 12 (22.2) .006 
Avascular area, n (%) 3 (3.7) 0 (0) 3 (5.6) .05 
Neoangiogenesis, n (%) 6 (7.3) 0 (0) 6 (11.1) .09 

Bold is used to highlight a p-value < 0.05 which is therefore considered statistically significant. 
⁎ P comparisons between acute and recovered patients.  
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hospitalization period) compared to acute patients (P  <  .001). All 8 
patients that reported acral symptoms temporally related to COVID-19 
were in the recovered group (P = .046). 

4. Discussion 

To the best of our knowledge, this is the first study investigating the 
presence of microvascular alterations evaluated by NVC in COVID-19 
patients. We performed NVC and described in detail the morphological 
appearance in patients who needed hospital admission for COVID-19 
pneumonia, in two different stages of the disease: patients still hospi
talized with acute pneumonia, and patients already discharged and 
evaluated at outpatient clinics. The most striking result was that, while 
a clear scleroderma pattern was absent in both cohorts of patients, a 
significant number of microvascular abnormalities was depicted in the 
vast majority of both groups. Interestingly, the prevalent abnormalities 
that we observed were different according to the stage of the disease. 
Specifically, the prevalence of hemosiderin deposits was significantly 
higher in acute COVID-19 pneumonia patients compared to patients 
already discharged from hospital. Conversely, recovered patients out of 
the acute phase had a higher prevalence of altered capillary bed with 
enlarged capillaries, meandering capillaries and frequent capillary 

density below 9 per millimeter with empty dermal papillae. 
Among all abnormalities, the presence of hemosiderin deposits is 

particularly interesting in the context of acute patients as it suggests a 
higher prevalence of micro-hemorrhages and micro-thrombosis in this 
phase of the disease. Also, consistently with a pro-thrombotic alteration 
of the microcirculation in acute COVID-19, we observed more fre
quently a sludge flow in these patients. This is in keeping with the 
proposed cardinal role of diffuse lung micro-thrombosis in the physio
pathology of SARS-CoV-2 infection (Ciceri et al., 2020); recent patho
logical studies (Fox et al., 2020; Colonna et al., 2020) have indeed 
shown how a diffuse microvascular thrombosis is a common finding in 
the lungs of COVID-19 patients at post-mortem examination. Moreover, 
coagulation abnormalities and increased risk of thrombosis have been 
widely recognized as peculiar clinical features of COVID-19, high
lighting the use of anticoagulation as fundamental for the treatment 
strategy (Bikdeli et al., 2020). It is then not surprising that even the 
nailfold capillary bed is affected by microvascular abnormalities in the 
acute phase of the disease. In addition, the frequent finding of enlarged 
capillaries and capillary density at the lower limit in post-acute patients 
strengthens this concept as these findings could reasonably be the result 
of previous thrombotic capillary damage in the acute phase. 

Our results suggest therefore a continuum spectrum of 

Fig. 1. Nailfold capillaroscopy abnormalities found in COVID-19 patients (200× magnification). A) Meandering capillaries and microvascular derangement; B) 
pericapillary edema; C) low capillary density; D) capillary ectasia; E) micro-thrombosis; F) micro-hemorrhage. 
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microvascular alterations in the nailfold capillary bed that goes from 
micro-thrombosis to altered capillary structure, according to COVID-19 
phase. It is interesting to note that only in post-acute patients there was 
an involvement greater than the cut-off of 33% of the capillaries ex
amined with regard to specific alterations (i.e. enlarged capillaries, 
capillary density below 9 per millimeter, microvascular derangement 
and meandering capillaries). This observation could be justified by the 
longer exposure time of post-acute patients to the detrimental effects of 
viral infection on microcirculation, which may have resulted in a 
greater accumulation of damage than in patients with acute disease, 
usually examined in the first days after onset of symptoms. 

These observations pave the way to some important clinical ques
tions on the role of the evaluation of the microcirculation and, speci
fically, of the use of the NVC in the management of COVID-19 patients. 
First, it would be important to further investigate whether the use of 
NVC in acute patients could rapidly detect those at risk of major mi
crovascular complications. Second, it would be worth considering 
whether the detection of micro-thrombosis at NVC could be used, to
gether with other clinical parameters, to individually tailor the extent 
of anticoagulation therapies. Remarkably, a recent study first high
lighted the presence of capillaroscopic changes in a viral infectious 
disease, analyzing with univariate statistics the findings obtained from 
a cross-sectional cohort of patients with chronic hepatitis B and C 
compared with healthy controls (without any capillaroscopic altera
tion) with a low magnification technique. Similar to our observations, 
capillary tortuosity, capillary enlargement and alterations of the dis
tribution were common findings in the chronic phase of both diseases, 
which have been well characterized by the presence of extrahepatic 
pathological manifestations on a micro- and macro-vascular basis. The 
authors also concluded that capillaroscopy could be able to identify the 
microvascular damage as a result of endothelial injury secondary to the 
viral disease, mainly through immune-mediated mechanisms (Pancar 
et al., 2020). 

Given its exploratory nature, the present study nevertheless presents 
several shortcomings that deserve to be discussed. The main limitation 
of our study is the small number of patients evaluated, especially in the 
acute phase. Fortunately, this is due to the timing of our study (mid- 
May 2020) when the peak of new COVID-19 cases had already passed in 
Italy. Another major limitation is the cross-sectional design. Indeed, the 
evaluation of the same patients in the acute and post-acute phase, 
which would provide more solid and clear data on the possible evolu
tion of microvascular damage, is missing. For these reasons, we cannot 
rule out the absence of correlation between the severity of the clinical 
status and the NVC results. Similarly, the impact of some in
homogeneities in clinical features such as the presence of diabetes and 
active smoking cannot be clearly defined. 

Of note, in our cohort there were no patients with CTD classically 
linked to specific alterations of the microcirculation (i.e. scleroderma 
pattern), however, it should also be considered that non-specific ca
pillaroscopic changes have been described in several non-rheumatolo
gical diseases such as arterial hypertension, diabetes, Alzheimer's dis
ease, glaucoma, and interstitial lung disease, among others (Ciaffi et al., 
2020; Faggioli et al., n.d.). Some of these comorbidities (e.g. arterial 
hypertension and diabetes) have been reported as risk factors for 
COVID-19 pneumonia (Zhou et al., 2020; Apicella et al., 2020) and 
therefore, having applied only a generic exclusion criterion (hand 
trauma), they are fairly represented in our cohort, representing a fur
ther variable to consider. 

Regarding the influence of pharmacological treatments, the differ
ence in exposure to enoxaparin in the two groups needs to be addressed: 
since the recovered patients had been hospitalized on average 
5–8 weeks before the patients of acute group, should be emphasized 
that the observed difference probably reflects the change in clinical 

attitude in relation to the use of enoxaparin in patients with COVID-19 
pneumonia, with use gradually increased during the pandemic. 
Exposure to other specific drugs such as antivirals, hydroxychloroquine 
and anti-IL6R and oxygen therapy during hospitalization was homo
geneous as a result of defined treatment protocols within the clinics. In 
general, it should be emphasized that at present there is no clear evi
dence regarding the impact of these or other common treatments (e.g. 
lipid-lowering and antihypertensive drugs) on capillary morphology 
detected with NVC. 

Longitudinal studies with a substantial number of patients, in
cluding both patients with asymptomatic or mild SARS-CoV2 infection 
(e.g. patients without pneumonia) and patients actively treated in ICU, 
are thus needed to make the application of more stringent exclusion 
criteria sensible and correct for possible confounding factors, such as 
known determinants of microvascular damage, and get further clues on 
the physio-pathogenetic implications of microvascular alterations seen 
at nail bed. 

For the same purpose, the comparison between the capillaroscopic 
data of patients before and after COVID-19 would also be of great in
terest. Clearly, this kind of evaluation is difficult to implement since 
generally the capillaroscopy has restricted clinical indications. 
However, careful monitoring of patients followed up at rheumatology 
clinics, who regularly perform capillaroscopy for acral symptoms (e.g. 
primary RP without an underlying CTD) for re-evaluation of those with 
COVID-19, would be desirable. Another possibility would be to carry 
out capillaroscopic assessment in an at-risk population included in 
follow-up clinical studies. 

Finally, some technical limitations inherent to the NVC must be 
considered. Considerable efforts for the standardization of the metho
dology and the definition of capillaroscopic changes have been made 
recently (Smith et al., 2019), providing a fundamental framework for 
the diagnosis and follow-up of CTDs; however, a part of the alterations 
considered in this work, even though previously described, could have 
uncertain reliability (Smith et al., 2020). Specifically, the frequent 
finding of pericapillary edema, particularly in acute patients, may have 
marginally influenced the finding of milder alterations such as mean
dering capillaries, contributing in part to the difference observed be
tween the two groups. Furthermore, bearing in mind that NVC is not the 
examination of choice for the evaluation of the flow, the reported as
sessments on rheological aspects of the microcirculation (i.e. sludge 
flow), must be taken cautiously, and future studies should include 
dedicated methods such as sidestream dark field imaging (Eriksson 
et al., 2014) for better peripheral perfusion measurements along with 
the NVC morphological assessment. 

5. Conclusion 

COVID-19 patients present microvascular abnormalities at direct 
assessment through NVC. Acutely ill and recovered subjects are char
acterized by a different distribution of elementary capillaroscopic al
terations, resembling an acute and post-acute type of microvascular 
damage. These preliminary results could pave the way to further 
longitudinal studies in larger cohorts. 
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