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Abstract: Background: Chronic obstructive pulmonary disease (COPD) has higher rates among
the general population, so early identification and prevention is the goal. The mechanisms of
COPD development have not been completely established, although it has been demonstrated that
endothelial dysfunction plays an important role. However, to date, the measurement of endothelial
dysfunction is still invasive or not fully established. Nailfold video capillaroscopy (NVC) is a safe,
non-invasive diagnostic tool that can be used to easily evaluate the microcirculation and can show
any possible endothelial dysfunctions early on. The aim of this review is to evaluate if nailfold
microcirculation abnormalities can reflect altered pulmonary vasculature and can predict the risk of
cardiovascular comorbidities in COPD patients. Methods: A systematic literature search concerning
COPD was performed in electronic databases (PUBMED, UpToDate, Google Scholar, ResearchGate),
supplemented with manual research. We searched in these databases for articles published until
March 2024. The following search words were searched in the databases in all possible combinations:
chronic obstructive pulmonary disease (COPD), endothelial damage, vascular impairment, functional
evaluation, capillaroscopy, video capillaroscopy, nailfold video capillaroscopy. Only manuscripts
written in English were considered for this review. Papers were included only if they were able to
define a relationship between COPD and endothelium dysfunction. Results: The search selected
10 articles, and among these, only three previous reviews were available. Retinal vessel imaging,
flow-mediated dilation (FMD), and skin autofluorescence (AF) are reported as the most valuable
methods for assessing endothelial dysfunction in COPD patients. Conclusions: It has been assumed
that decreased nitric oxide (NO) levels leads to microvascular damage in COPD patients. This finding
allows us to assume NVC’s potential effectiveness in COPD patients. However, this potential link is
based on assumption; further investigations are needed to confirm this hypothesis.

Keywords: chronic obstructive pulmonary disease (COPD); emphysema; nailfold video capillaroscopy
(NVC); endothelial dysfunction; nitric oxide (NO)

1. Introduction

Chronic obstructive pulmonary disease (COPD) is a global problem and currently is
the third cause of death worldwide, leading to almost 6 million deaths annually around the
globe [1-6]. While the management of this disease is a hugely important objective, at the
same time, it is quite complicated and challenging because COPD is commonly exhibited
in patients with multiple comorbidities [2-8]. COPD often occurs with some relevant
cardiovascular comorbidities, such as arterial hypertension, heart failure, acute myocardial
infarction, stroke, or peripheral arterial disease. These comorbidities largely contribute to

Diagnostics 2024, 14, 950. https:/ /doi.org/10.3390/ diagnostics14090950

https:/ /www.mdpi.com/journal /diagnostics


https://doi.org/10.3390/diagnostics14090950
https://doi.org/10.3390/diagnostics14090950
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/diagnostics
https://www.mdpi.com
https://orcid.org/0000-0002-7043-9639
https://orcid.org/0000-0002-0864-9766
https://orcid.org/0000-0002-7284-5016
https://orcid.org/0009-0007-6338-598X
https://orcid.org/0000-0003-3361-4909
https://orcid.org/0000-0002-4791-768X
https://orcid.org/0000-0001-8990-859X
https://doi.org/10.3390/diagnostics14090950
https://www.mdpi.com/journal/diagnostics
https://www.mdpi.com/article/10.3390/diagnostics14090950?type=check_update&version=2

Diagnostics 2024, 14, 950

20f13

increasing COPD’s severity and accelerate the disease’s progression, leading to progres-
sive deterioration in quality of life, resulting in poorer clinical outcomes [3-10]. In-depth
studies of this pathology and progress in our knowledge of the underlying pathogenetic
mechanisms have led to evidence in the literature that support a strict correlation between
chronic systemic inflammation, which characterizes COPD patients, and comorbidities
that are commonly associated with COPD, especially cardiovascular comorbidities [11-20].
In particular, this generally increased inflammatory state plays an important role in pro-
moting atherosclerotic mechanisms, which are obviously a main cause of cardiovascular
events [20-32].

Except for a few unusual situations, COPD can undoubtedly be considered a medical
condition that is specifically related to old age. Both prevalence and incidence of this
disease are higher within age groups >50 years old, and the average age of patients with
COPD is 70 years old [4-8].

COPD is a virtually untreatable disease; it is defined as chronic airflow obstruction,
not fully manageable, and with an inevitable progression over time [5-9]. In this chronic
lung disease, there is increased inflammation in the airways and pulmonary remodelling,
often related to parenchymal destruction and primarily responsible for emphysema; in
addition, mucous hyper-secretion and loss of elastic recoil are major events that are related
to the development of airflow obstruction [6-10]. These mechanisms underlie the typical
symptomatology of COPD, in particular dyspnoea, wheezing, fatigue, cough, and possibly
sputum production [6-10].

It is stated that cigarette smoking is the main risk factor of COPD; in fact, the literature
has proven that non-smokers develop this disease less frequently [7-10]. Nevertheless,
smoking is not the only cause of this disease, and as a matter of fact, only 30% to 50% of
smokers develop COPD, so there are other major risk factors that play an almost equally
key role related to the disease [5,8]. For example, exposure to high levels of indoor and
outdoor air pollution, tuberculosis infection, frequent childhood infections, or childhood
asthma all contribute to COPD development [5,8].

On the other hand, there is also a small percentage of people affected by COPD due to
genetic abnormalities leading to a deficiency of alpha-1 antitrypsin, which plays a major
role in protecting the lungs against proteolytic damage [5-9].

Diagnosis of COPD should be made starting from an analysis of exposure history,
considering both smoking and the other main risk factors previously indicated, then
moving towards clinical examination and instrumental exams [2-6].

A firm diagnosis is mainly based on spirometry parameters which show airway obstruc-
tion, characterized by irreversibility, revealed after the administration of a bronchodilator.

Moreover, the two major spirometry parameters of interest are FEV1 (forced expiratory
volume during the first second) and the FEV1/FVC ratio, both of which are decreased in
COPD patients.

So, a positive patient history, clinical signs, and a suggestive pulmonary function test
are enough for a firm diagnosis. According to GOLD classification, COPD severity is graded
according to the predicted FEV1 value as follows: mild (FEV1 > 80%), moderate (FEV1 from
50% to 80%), severe (FEV1 from 30% to 50%) and very severe (FEV1 < 30%) [2-6,32-38].

One the most serious challenges in COPD management is to control, treat, and prevent
exacerbations of the disease, defined as severe and acute worsening of the symptoms
and/or patient wellbeing. Within the Asia—Pacific region, almost 50% of patients with
COPD had exacerbations and almost 20% of them needed hospitalization due to severe
symptoms [9].

2. Role of Endothelium in COPD

COPD is a disorder strictly associated with a general increased inflammation status.
Almost all researchers have focused on the role of inflammatory cells in COPD and did not
give proper attention to endothelial function [38-47].
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Nowadays, it is well established that, in COPD, the pulmonary vasculature does not
work properly due to endothelial dysfunction, which is associated with disease severity and
clinical outcomes; in addition, it is probably also an important pathogenic factor [13-15].

The vascular endothelium is composed of a monolayer of endothelial cells that lies
between the luminal surface of the vasculature and the vessel wall [16]. In the lung, the
endothelium represents the interface between the blood and other lung compounds, such
as the parenchyma and airways, so it has a critical position and must function properly to
ensure the balance of the whole system. Like in the lung, the endothelium has other similar
critical roles for the whole body [48-58].

Endothelial activity plays a key role in the development of COPD, as shown by Table 1.

Table 1. Endothelial mechanism in COPD. In the lung, the endothelium has a critical position and
must function properly to ensure the balance of the whole system. The endothelial activity plays a
key role in the development of the disease.

TEM involves the migration of neutrophils through the endothelial cell, bypassing the
normal paracellular route which involves its junction [52]. This mechanism appears to be
upregulated in patients with COPD, with a unique pathway [13,52]. Since NO levels have

Transendothelial migration (TEM) the purpose of regulating neutrophil-endothelial interactions, lower levels of NO

probably play a role in stimulating the TEM route [53]. In addition, ICAM-1, which is
actively involved in TEM, seems to be inversely related to lung function and
proportionally related to the severity of emphysema on CT scans [13].

Endothelial apoptosis

Apoptosis is a process regulated by the cell in response to various stimuli or triggers, such
as DNA damage or oxidative stress [54]. Initial clinical trials suggested pulmonary
vascular endothelial cell apoptosis may plays a significant role in emphysema
development [13,54,55].

Endothelial cell
senescence

In patients with COPD, especially smokers, oxidative stress is obviously more elevated as
a result of many altered mechanisms. Consequently, this results in an accelerated
senescence, which is related to BPCO development and to increases in systemic
inflammation [56]. Interestingly, it has been proven that corticosteroids appear to have
beneficial role in protecting pulmonary endothelial cells from cell senescence [56].

VEGF

VEGEF is released in response to hypoxia and plays the role of a growth factor for
endothelial cells. VEGF expression prevents endothelial cell apoptosis and induces cell
proliferation [13]. Levels of VEGF have been shown to be decreased in patients with
COPD [13,28].

So, in COPD, the endothelium appears to not work as it is supposed to. Endothelial
dysfunction is an abnormal action of the endothelium, mainly characterized by decreased
vasodilatation, promotion of the inflammatory state, and loss of its anti-thrombotic func-
tions [13,17,18]. There are three main mechanisms responsible for endothelial dysfunction:
oxidative stress, which is highly increased in COPD; systemic inflammation, a major char-
acteristic in the pathogenesis of COPD; and in particular the reduced availability of nitric
oxide (NO) [13,17,18]. The latter is one of the most important vasodilator molecules, as it
inhibits crucial events in the development of atherosclerosis, and abnormalities in its levels
reflect mainly in the microcirculation [17]. A link seems to exist between oxidative stress
and NO, since reactive oxygen species (ROS) act as enzymatic inhibitors of NO synthase,
leading to decreased levels of NO [57]. Loss of NO-dependent vasodilatation may result in
a reduced perfusion, as well as in the maintenance of inflammatory status [58].

Patients with severe COPD or who experience exacerbations of the disease demon-
strate a greater rate of circulating inflammatory cells, with upregulation of various molecules,
among which are cytokines, chemokines, and acute-phase proteins cells [20]. The literature
states that some abnormalities within circulating cells may maintain the inflammatory state
and contribute to the different mechanisms indicated in Table 1 [18]. Endothelial dysfunc-
tion plays an important role in COPD’s severity, mainly contributing to the pathogenesis of
atherosclerosis, an important comorbidity in COPD patients that leads to the worst disease
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outcomes. Furthermore, the degree of endothelial dysfunction seems to have a significant
prognostic value in cardiovascular events [18].

Nevertheless, some works in the literature showed evidence of alterations in lung
vascularity in patients in the early stages of COPD, suggesting that these alterations may
take part in the initial development of the disease, not only as an alteration during more
severe COPD stages or during exacerbations [19].

Despite the proven role of the endothelium in the pathogenesis of various diseases and
the scientific community’s focus on the endothelium, data on the peripheral changes that
occur in COPD, peripheral abnormalities, and pulmonary function tests are still missing.

Endothelial dysfunction is present in both the coronary circulation and in other mi-
crovascular networks, such as retinal vessels, which may suggest that pulmonary endothe-
lial dysfunction may have an effect on other organs [10,11,17]. In addition, endothelial
dysfunction is not restricted to central circulation, but it also affects smaller vessels in
the peripheral microcirculation [21]. Moreover, these findings suggest that microvascular
assessment may be used as an alternative marker of pulmonary endothelial dysfunction, al-
lowing us to detect cardiovascular risk factors that can worsen existing COPD. This possible
link has been previously shown to be potentially associated with induced retinal vasodila-
tion [11]. Over the last few years, new and non-invasive methods such as nailfold video
capillaroscopy (NVC) have gained relevance in the assessment of microvascular activity in
unconventional diseases. Up to now, there is a lack of literature regarding these themes,
despite the potential of these methods in terms of their diagnostic and prognostic relevance.

3. Nailfold Video Capillaroscopy (NVC)

NVC is a non-invasive technique employed to evaluate nailfold microcirculation,
allowing us to define characteristics and functionalities of the nailfold capillaries [22].
Nowadays, it plays a well-established role in the assessment of Raynaud’s phenomenon
(RP) and systemic sclerosis (SSc); starting from 2013, NVC assessment of scleroderma
pattern was included in the classification criteria for SSc.

An initial clinical trial showed that patients who suffer from RP without NVC abnor-
malities, monitored with a strict NVC follow-up, may show new possible NVC alterations
that can predict a transition to secondary Raynaud phenomenon (SRP) [51].

Moreover, the importance of NVC is becoming an increasingly valuable asset for other
diseases such as antineutrophil cytoplasmic antibody (ANCA)-associated vasculitis (AAV)
and non-rheumatic diseases, even though its role in this field is still not well assessed [23].

NVC is a safe technique that can be used to easily evaluate several microvascular
parameters: qualitative assessment (global capillaries array and morphology), semiquan-
titative analysis (presence of giant capillaries, capillary architecture disorganization, mi-
crohaemorrhages, neoangiogenesis, and capillary loss), quantitative analysis (estimates of
capillary density, avascular areas, diameter of enlarged capillaries), and dynamic parame-
ters (blood flow velocity) [24,25].

New methods, including laser speckle contrast analysis (LASCA), able to measure
peripheral blood perfusion are being tested and are showing good results [49].

Patients with SSc present microvascular changes mainly due to endothelial cell dys-
function, characterized by an imbalance between the decrease in vasodilatation levels and
the upregulation of vasoconstrictor molecules [26,27]. This impairment of microvascu-
lar homeostasis leads to microvascular abnormalities such as increase in capillary wall
permeability and progressive microvascular weakness, conditions that appear in NVC
as microhaemorrhages and local oedema [26,27]. In SSc patients, the resulting hypoxia
leads to an overproduction of VEGF that determines the presence of bizarre and ramified
capillaries, reflecting a neoangiogenic process. Nevertheless, in these patients, the chronic
hypoxia induces irreversible microangiopathy, seen in NVC as avascular areas [27].

Several studies have demonstrated NVC’s usefulness in lung diseases such as idio-
pathic pulmonary fibrosis (IPF) [29]. The underlying mechanism of endothelial dysfunction
of SSc patients shares certain characteristics with COPD, despite the different levels of
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VEGEF that are upregulated in SSc patients, in contrast to COPD, where they are underregu-
lated [13,28].

The structural assessment of nailfold microvasculature could add important informa-
tion allowing clinicians to better establish the cardiovascular risk and perhaps even COPD
severity. Despite the proven association between retinal vessel diameter and cardiovascular
risk, in-depth studies have not been conducted yet [10]. Studying microvascular reactivity
is one of the most effective ways to assess endothelial function, as alterations in reactivity
could be used as a surrogate marker of its function, but more data are required to confirm
this theory [10-12,30].

However, the potential to evaluate the endothelial function of large and small vessels
in the periphery with non-invasive methods is promising. Retinal imaging, finger-pulse
plethysmography, and especially brachial artery flow-mediated dilation (FMD) have re-
vealed significant results in COPD. The interest for new reliable methods of measuring
endothelial functions is growing, even if the prognostic and diagnostic utility is still unclear.
There are neither data nor known limitations regarding the possible utility of NVC in
COPD, so the goal of this review is to assess any possible use of NVC in COPD patients
based on the evidence gained from other diseases.

4. Assessment of Endothelial Dysfunction in COPD Patients

The research work retrieved 17 articles, of which 7 were excluded because they lacked
data of interest. In detail, three studies assessed the microvasculature through high-
resolution images of retinal blood vessels [10,12,31]; three studies evaluated endothelial
functioning by both FMD and nitrate-mediated dilatation (NMD) [32,35,36]; one review
evaluated articles with different assessment methods such as optical coherence tomography
(OCT), retinal fundus imaging, retinal oximetry, and colour Doppler ultrasonography [37];
one study measured peripheral endothelial dysfunction by using the EndoPat-2000 [33];
one study measured retinal vessel calibres, urine albumin, and myocardial blood flow on
MRI as markers of microvascular dysfunction [39]; and lastly, one review included several
methods for detecting endothelial dysfunction such as FMD, peripheral arterial tonometry
(PAT), flow-mediated skin fluorescence (FMSF), and forearm blood flow after bradykinin
infusion (VOP) [34].

4.1. Article Features

The 10 selected articles are listed in the table below, with the aim of the table being to
highlight their similarities and differences and especially to define the aim of each paper
and the different methods used to assess possible endothelial dysfunction in COPD patients.
The main clinical papers are listened in Table 2.

Table 2. List of the selected articles reporting the patient and study characteristics.

Smoking Assessment

Study Pop (n) Age (Years) Comorbidities (%) History (%) Methods Aim of the Study
60% were
hypertensive, 40% 43.3% were The primary aim was
had (pre)diabetes, o High-resolution to assess the effects of

Vaes AW et al. o current smokers, . . .

[10] 30 647 77% had 53 3% were images of ocular exercise on retinal
dyslipidaemia, 15% ex;smokers fundus. microvasculature in
had markedly high ’ COPD patients.
levels of PCR.

68.3% were The primary aim was
e . o to assess the
hypertensive, 24% relationship between

Vaes AW et al had (pre)diabetes, 28% were current  High-resolution rotinal ves si | widths

’ 246 64.4 +8.5 58.1% had smokers, 65.9% images of ocular

[12] o . o and pulmonary
dyslipidaemia, 14.2%  were ex-smokers.  fundus. . .
had markedly high function tests, disease
levels of PCR, outcomes, and

cardiovascular risk.
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Table 2. Cont.
Stud Pop (n) Age (Years) Comorbidities (%) Smoking Assessment Aim of the Stud
y History (%) Methods y
62.9% were Retinal vessel images ~ Primary aim was to
hypertensive, 24.2% 48.4% were were used to assess determine the
veaven i @ eess PSS e, PRl ssedaton eveen
’ ’ d . . o 51.6% were . .
yslipidaemia, 9.8% ex-smokers accumulation of microvascular
had markedly high AGEs was assessed by  health in COPD
levels of PCR. skin AF. patients.
72.79% were The primary aim
hvpertensive, 22.7% was to evaluate the
h}a,g diabetes ,an;i 29.5% were Evaluated the forearm  relationship
Moro et al. [32] 4 76.7 higher revaience of current smokers, blood flow induced between severity of
e ’ ca% diOVIZlSCLllaI‘ 40.9% were by both FMD and bronchial
. ex-smokers. NMD. obstruction and
disease than healthy )
endothelial
controls. .
dysfunction.
62.5% were The primary aim
hypertensive, 32.5% Microvascular was to expand the
hzg (pre)diabetes 37.5% were endothelial knowled, pe about
o P ’ current smokers, . g€ ab
Vaes AW et al. [33] 40 62.8 +£7.3 85% had 62.5% were dysfunction was the relationship
dyslipidaemia, 25% ex;smokers measured with novel ~ between peripheral
had markedly high ’ EndoPAT. endothelial function
levels of PCR. and COPD patients.
The aim was to
define the
differences in
Theodorakopoulou Review. endothelial
MP et al. [34] - - - - ’ dysfunction
between COPD
patients and control
cohort.
Brachial artery FMD . .
The primary aim
was used for the . .
Rodriguez- assessment of was to investigate
. . . the reproducibility
Miguelez P et al. 17 56 +2 _ _ endothelial function; 7
[35] this exam was of FMD and arterial
. . stiffness in COPD
combined with atients
arterial tonometry. P ’
The aim was to
bring together and
s 7o . simplify the role of
Ambrosino et al ?1 86.Zt/on‘,\;ere 0-43.3% 70.5-100% had Rer\f le:\;\eig tl}gi;[i]gtand FMD and NMD as
’ _ _ yperiensive, Doy ositive smokin: concernms a markers of
[36] had diabetes, 0-56.7% P &  NMD in COPD
8 had dvslioi d, i ‘ history. Hent endothelial
ad dyshpidaenua. patients. dysfunction and
cardiovascular risk
assessment.
Reviewed 10 articles The primary aim
that used 4 different was to bring
assessment methods:  together as much
Vaes AW et al. [37] ~ B ~ B .OCT,.retmal.fundus mfor'matlon as
imaging, retinal possible about
oximetry, colour retinal vessel
Doppler imaging and COPD
ultrasonography. patients.
Microvascular
. . function was assessed ~ The primary aim
Patients without . . X
. by high-resolution was to define
cardiovascular o . .
diseases were 14% were current  images of ocular whether systemic
Harris B et al. [39] 3397 64.5 + 19 smokers, 33% fundus, measurement  microvascular

recruited; 41.6% were
hypertensive, 10.4%
had diabetes.

were ex-smokers.

of urine albumin and
creatin, and
myocardial perfusion
evaluation.

changes are related
to lung function
and density.
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4.2. Association between Microvascular Impairment and COPD

Spirometry was performed to determine the main pulmonary function parameters of
interest, and the conclusions are listed in Table 3.

Table 3. Spirometry parameters and main findings.

Articles FEV1 (% Predicted) = FEV1/FVC Ratio gglzgty Main Findings
Exercise did not lead to any significant changes in
o o retinal blood vessel diameters. The article
’ééﬁg ELB) 13103 3.3% suggested that this might be due to inappropriate
Vaes AW et al. [10] 446+ 174 36.2 (14.1) GOLD Hi 2(')0/ ¢ endothelium vasodilatory response, or
GOLD IV, ° inadequate exercise intensity during the test. The
study cohort was small in terms of GOLD stage I
patients.
59% patients showed retinal abnormalities (most
common sign was vessel tortuosity). These
7.7% GOLD 1, 28% alterations seem to be related with cardiovascular
GOLD1I, 46.7% risk, and above all with hypertension and levels
Vaes AW etal. [12] 473+199 359+ 130 GOLDI1I, 17.5% of systemic inflammation. A relationship with
GOLD IV lung function parameters was not detected,
which is supposedly due to the already highly
compromised lung function.
Demonstrated an independent association
o, 0,
ééﬁg SLE 20/2 2.6% between skin AF and retinal vessel diameter as
Vaes AW et al. [31] 45.0 £20.7 34.8 145 COLD Hi 21’ o ¢ well as with lower pulmonary functional tests,
GOLD IV, ? potentially adding a new tool for the assessment
of endothelial function.
The study shows evidence about a predictable
inverse relationship between endothelial
. vasodilatation and bronchial obstruction in
Moro etal. [32] [1.43 L./min] - - COPD. The latter is strictly associated with
bronchial inflammation, which in turn is
associated with systemic inflammation.
Patients with peripheral endothelial dysfunction
demonstrated a lower maximal aerobic capacity,
0, 0,
2504(:5 gLEI,)Z Iéo/z 5% the latter being evaluated by VO2, which is
Vaes AW et al. [33] 458 £17.5 35.8 +13.3 GOLD Hi 1 £;>°/ ° measured using CPET. Nevertheless, using
GOLD IV, ° EndoPAT, an association between endothelial

function and systemic inflammation was not
found.

Theodorakopoulou MP

et al. [34]

Values are highly variable depending on the article chosen.

Looking at almost all available functional
methods, a significant endothelial impairment
was found in COPD patients compared to healthy
controls.

This study proved for the first time the

. . 23% GOLD I, 53% 2 . .
Rodriguez-Miguelez P reproducibility of both FMD in the evaluation of
515+ 3.4 54.8 +3.8 GOLD I, 24% . . .
et al. [35] GOLD TII endothelial function and PWYV to assess arterial
stiffness in COPD patients.
It has been shown that patients with a more
10% GOLD 1, 43.3% severe disease, expressed by GOLD classification,
. GOLD1I, 26.7% had wider gaps in FMD analysis between COPD
Ambrosino et al. [36] Vary from 41 to 61.9  Vary from 43 to 59 GOLD III, 20% and healthy controls. Moreover, it has been
GOLD IV proven that FMD is strictly associated with

endothelial disfunction and cardiovascular risk.

Vaes AW et al. [37]

Values are highly variable depending on the article chosen.

Changes in retinal microvasculature showed
higher rates in COPD patients compared to
healthy controls.

Harris B et al. [39]

95.7

74.5

This article introduced new systemic markers for
endothelial damage, all of which are associated
with lung function, suggesting that COPD
patients show diffuse microvascular alterations.
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As stated in Table 3, retinal vessel diameters and, more generally, the functional
and structural analysis of retinal vasculature are considered good markers of changes
in endothelial functionality, as well as in cardiovascular risk assessment, since an asso-
ciation exists between hypertension and systemic inflammation [12,37]. It is known that
COPD patients have significantly greater rates of wider retinal vessels compared to healthy
controls [39]. Moreover, Harris B et al. described a potential link between retinal vessel
diameters and decreased lung function (assessed by FEV1), and they defined a possible
association between retinal vascular calibre and brachial artery FMD [39]; these findings
were not confirmed by other studies considered in our review [10,12]. FMD is a widely
used method aimed to evaluate endothelial function which seems to be correlated with
decreased performance in pulmonary function tests and COPD severity [36,39].

COPD patients have a linear relationship between aerobic capacity and disease mor-
tality. In addition, some articles showed that both retinal vessel evaluation and FMD could
have a role in the assessment of endothelial response to exercise [10,33]. In particular, Vaes
et al. did not detect any significant changes in vessel diameters during exercise in COPD pa-
tients, potentially due to an inadequate endothelium-mediated vasodilatory response [10].
On the other hand, endothelial function was shown to be strictly related to aerobic exercise,
since it was negatively associated with VO2 values [33]. Overall, a more impaired FMD is
correlated with worsening bronchial obstruction in COPD [32,34,36].

Other methods have been evaluated by Vaes et al. in 2020 for the assessment of
endothelial dysfunction in COPD patients. Skin AF showed associations with retinal vessel
diameters and reductions in the predicted FEV1% and FEV1/FVC. Moreover, this study
also suggested that skin AF is also related to cardiovascular risk [31].

There is not enough evidence towards EndoPAT as a useful tool in COPD patients.
Nevertheless, while some studies did not detect an adequate association between EndoPAT
and FMD [17,33], it is proven to provide a potential value for predicting cardiovascular
events and early atherosclerosis [17]. Moreover, this method can easily detect peripheral
finger endothelial dysfunction, which is related to metabolic and cardiovascular risk factors,
playing a role as a potential tool in predicting non-obstructive coronary atherosclerosis [17].

Asset endothelial function through the evaluation of peripheral fingers could have
potential for cardiovascular risk assessment in COPD patients, considering that cardio-
vascular comorbidities are, aside from exacerbations, the first cause of poorer outcomes
in COPD patients. Nailfold video capillaroscopy has never been used in this disease, and
no evaluation of the relationship between capillaroscopic alteration and cardiovascular
risk, exacerbations risk, or COPD severity has ever been conducted. Nevertheless, NVC is
starting to see potential use in chronic pulmonary diseases such as idiopathic lung fibrosis,
where the main alterations found were higher rates of neoangiogenesis and lower capillary
density [29].

5. Potential Role of NVC in COPD

The link between nailfold microvascular disarrangement, which is seen in NVC
(Figure 1), and endothelial dysfunction, primarily assessed via FMD, is yet to be clarified in
COPD. Few studies have evaluated this possible relationship [40-45].

Peripheral microvascular endothelial dysfunction has shown to play a role in the
development of RP, where decreasing levels of NO lead to vasospasms reflected by nailfold
microcirculation, suggesting a close relationship between endothelial dysfunction (defined
as a decrease in NO availability) and capillaroscopic abnormalities that are usually present
in SRP patients [40]. In patients with secondary RP, the reduction in FMD is reported to be
associated with nailfold microcirculation impairment. Moreover, an inverse association
has been found between FMD and microangiopathy evolution score, corroborating the
theory explained before; so, NVC has been proposed has a useful tool for the evaluation
of endothelial dysfunction [44]. The same inverse relation was detected by Rollando
et al. in 2010 in a study which enrolled SSc patients within asymptomatic cardiovascular
disease and found a reduction in FMD values in early NVC microangiopathy patterns
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and lower FMD values according to late NVC microangiopathy patterns [41]. FMD is
a marker for vascular function and NO release, both of which are demonstrated to be
significantly reduced in COPD and SSc patients [13,28,41] and which seem to correlate
with peripheral microvascular injury [40-43,45]. FMD, together with NVC, may play an
important role in the assessment of vascular damage in SSc patients and may also predict
future vascular complications, allowing clinicians to better stratify the cardiovascular risk
in those patients [43,45].

Figure 1. Capillaroscopic images recorded at our centre in a 78-year-old patient with moderate
COPD, emphysematous phenotype: capillary density is preserved and capillaries with tortuous and
winding morphology (red arrow) and capillaries with multiple and single cross-overs (blue arrow)
are associated with normoconformed capillaries.

Controversially, a possible link between NVC and retinal imaging has not been found
yet, despite few works explaining that retinal abnormalities may reflect vascular damage
in SSc patients [46,47]. In 2020, Jakhar et al. found that retinal abnormalities were mostly
associated with greater NVC alterations. However, no statistically significant data were
found, and clinical relevance of this possible relationship must be analysed further to be
confirmed [48].

So, taking everything into account, the association between NVC and FMD has been
established in patients with SSc and SRP. The main cause of microvascular damage in those
patients has been shown to be lack of NO availability, a main marker of endothelial damage
in COPD patients [13,28,41]. All of these findings lead to the speculation that NVC may
play a role in COPD patients, particularly together with FMD or other methods that assess
endothelial damage. Moreover, clinical applications of FMD are difficult to perform due to
the strict protocols involved, the expensive equipment, and the need for highly qualified
operators and a controlled environment [34]. Nevertheless, one study has shown that
FMD provides evidence for the reproducibility of endothelial function assessment in COPD
patients [35]. However, this evidence is not supported by other studies and needs further
investigations. On the other hand, NVC is nowadays a non-invasive, easily reproducible,
non-operator-dependent tool, and thanks to initial evidence of its possible overlap with
FMD values, its possible role in evaluating and studying COPD patients should be assessed.
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NVC’s enhanced ease-of-use are also due to new advances in digital imaging tech-
nology which have led to the development of a validated, fully automated algorithm,
AUTOCAPI, with the aim of making NVC more easily reproducible and accurate [50].

We are aware that all these hypotheses strike us more as interpretations and supposi-
tions than as scientifically well-founded evidence. To date, systematic studies characterizing
the nailfold microvasculature in patients with COPD are missing, and no relevant articles
were found concerning NVC in those patients.

6. Conclusions

In conclusion, this review pointed out that the COPD is not just a lung disease, but
is strictly connected with systemic involvement. We can therefore consider COPD as a
systemic disease. This could seriously open the door for new, possibly effective prospec-
tive tools, such as nailfold video capillaroscopy, that aim to evaluate different parameters
concerning the microcirculation and can give more meaningful information about systemic
endothelial function. This could add important medical evidence to help better understand
the role of endothelial dysfunction as a primary factor leading to COPD development and
progression, and at the same time, encourage the development of cardiovascular comorbidi-
ties and/or COPD exacerbations, which are the main factors of the worst patient outcomes.

7. Future Developments

More effective early diagnostic methods are needed for COPD, with the perspective
that such tools will lead to early diagnosis and be able to predict the risk of disease
exacerbations or cardiovascular comorbidities.

A further area of development is to consider NVC as a possible option available to
better stratify COPD patients, since NVC is providing to be a useful tool for many diseases.
Endothelial damage is proven to be a significant event during COPD, and therefore, greater
understanding of its assessment can reveal novel targets in the management and prevention
of this disease.
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