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Asthma hospitalizations: A call for a national strategyto =

fight health inequities

Health inequities are differences in the health status or the
distribution of health resources between different popula-
tion groups, arising from the social conditions in which peo-
ple are born, grow, live, work and age." Such inequities have
high social and economic costs for individuals and societies
worldwide." Lower socioeconomic status is among the risk
factors associated with worse health outcomes and leads to
a higher rate of potentially preventable hospital admis-
sions.? This may reflect regional differences in access to
healthcare (e.g., delays in access to secondary care) and pri-
mary care quality, which have been significantly associated
with avoidable emergency admissions.3 This is especially
important for chronic conditions in which proper manage-
ment may avoid exacerbations,®” as is the case of asthma.®
There is evidence that people with asthma living in deprived
areas may have impaired asthma outcomes across all stages
of patient care, leading to a higher rate of hospitalizations
and risk of asthma-related deaths.®'® As health inequities
have remained insufficiently studied in Portugal, in particu-
lar regarding access to care,'’ we assessed whether such
inequities may occur in Portugal as well, by studying the
association between the region of residence and the fre-
quency of asthma hospitalizations.

In mainland Portugal, between 2011 and 2015, there
were 9161 asthma hospitalizations in adults, according to
data from the national administrative database containing
all hospitalizations in public hospitals from mainland Portu-
gal (ICD-9-CM code 493.x). Therefore, there was an average
of 92.6 hospital admissions per 100,000 inhabitants and 13.5
hospital admissions per 1000 inhabitants with asthma. Main-
land Portugal is composed of 18 districts (Fig. 1A). The dis-
tricts with the highest rates of asthma hospital admissions
per 100,000 inhabitants were Coimbra (213.2 hospitaliza-
tions per 100,000 inhabitants), Castelo Branco (160.6/
100,000), Viseu (155.4/100,000) and Guarda (140.9/
100,000), all of which are in the center region of Portugal
and are (except for Coimbra) inland districts. Taking into
account the prevalence data from the most recent Portu-
guese epidemiological survey carried out in 2010'? (Fig. 1B),

https://doi.org/10.1016/j.pulmoe.2022.12.001

Check for
updates

the three districts with the most prevalence-adjusted
asthma hospital admissions were Guarda (82.9 hospitalisa-
tions per 1000 inhabitants with asthma), Castelo Branco
(32.8/1000), and Viseu (29.9/1000). All these three districts
have a low urban coverage. Importantly, Coimbra, an urban
district in coastal Portugal, is not among the districts with
the highest rate of prevalence-adjusted hospital admissions,
despite being among the districts displaying the highest
crude hospitalization rate for asthma.

The inland regions of Portugal are, on average, less
urbanized than its coastal regions,13 and Guarda, Viseu and
Castelo Branco are among the districts with the least pur-
chasing power (according to data from the National Institute
of Statistics' and defined according to its published defini-
tion'), so it is possible that such results could be partially
explained by socioeconomic disadvantage. It is also known
that the population in inland Portugal is, on average, older
than its coastal counterpart. Guarda and Castelo Branco are
in the top three districts with the highest aging index (pro-
portion of inhabitants aged 65 years or older relative to
those younger than 15 years older) in Portugal.'® Several
comorbidities are associated with asthma in the elderly,
which may complicate asthma management in these
patients.'” Older age is also associated with lower literacy,
which may hinder adherence to treatment in chronic dis-
eases in elderly people.® As a result, differences in age dis-
tribution between districts in mainland Portugal may
partially explain the differences in hospital admissions for
asthma. Additionally, according to data from the Portuguese
Medical Association, districts in inland Portugal, especially
Guarda and Castelo Branco, are also among those with fewer
registered physicians per 100,000 inhabitants. '

Nevertheless, even when adjusting for purchasing power,
aging index and density of registered physicians in Portuguese
districts, these three districts still showed the highest number
of prevalence-adjusted asthma hospital admissions (Fig. 1D-F;
Table 1). This suggests potential regional health inequities
that are not solely explained by factors such as age and pur-
chasing power and may reflect the ongoing asthma

2531-0437/© 2023 Sociedade Portuguesa de Pneumologia. Published by Elsevier Espana, S.L.U. This is an open access article under the CC BY-NC-

ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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A. Population density
in Portugal
(inhabitants/km?)

B. Prevalence of asthma C. Hospital admissions D. Hospital admissions
(percentage) per 1000 asthmatics per 1000 asthmatics

adjusted for purchasing power

I 96 I 82.9 I 108.9

17 6 72
E. Hospital admissions F. Hospital admissions G. Hospital admissions
per 1000 asthmatics per 1000 asthmatics per 1000 asthmatics
adjusted for physician density adjusted for purchasing power adjusted for purchasing power,
and physician density physician density and ageing index

I 2983 392 | 1158.3

16.6 15.2 205

Fig. 1  Data on (A) population density per district in mainland Portugal (1 — Viana do Castelo, 2 — Braga, 3 — Porto, 4 — Vila Real, 5
— Braganca, 6 — Aveiro, 7 — Viseu, 8 — Guarda, 9 — Coimbra, 10 — Castelo Branco, 11 — Leiria, 12 — Lisboa, 13 — Santarém, 14 — Por-
talegre, 15 — Setubal, 16 — Evora, 17 — Beja, 18 — Faro); (B) asthma prevalence in mainland Portugal (percentage), and on asthma
hospital admissions in mainland Portugal (C) per 1000 patients with asthma; (D) per 1000 patients with asthma and adjusted for a pur-
chasing power of 100% per capita; (E) per 1000 patients with asthma and adjusted for a standard population with 1000 physicians per
100,000 inhabitants; (F) per 1000 patients with asthma and adjusted for a purchasing power of 100% per capita and a standard popu-
lation with 1000 physicians per 100,000 inhabitants; and (G) per 1000 patients with asthma and adjusted for a purchasing power of
100% per capita and a standard population with 1000 physicians per 100,000 inhabitants and an aging index of 100.
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management available/provided in different regions. This sug-
gests that inequities in access to healthcare services may hin-
der asthma management in these inland districts. The results
of this study may be a model to be implemented in other
underserved populations in Europe and globally.

Early asthma diagnosis and vigilant control are crucial to
prevent asthma exacerbations and reduce the healthcare bur-
den. Initiatives in Finland, Poland and Brazil have shown that
prioritizing asthma care and placing primary care at the cen-
ter of asthma care reduce both asthma morbidity and
mortality.?>2' However, the Global Initiative for Asthma
(GINA) guidelines have primarily been developed and tailored
by tertiary care physicians and may be challenging to imple-
ment in primary care, particularly when physicians’ density is
low.22* More easy-to-implement and patient-centered care
pathways for asthma, including all health care professionals,
are needed. Additionally, as medication adherence in asthma
tends to be poor,?® tailored, integrated and transdisciplinary
approaches to raise asthma literacy in disfavored regions could
increase adherence to medication by patients. Moreover, digi-
tal solutions may be of use to improve asthma care, especially
for regions with suboptimal access to healthcare services.
Telemedicine may facilitate access to asthma clinical reviews
and allow for remote patient monitoring, thus preventing
exacerbations.?® Emerging technologies, such as monitoring
devices and mobile apps, may further improve asthma care.
The potential of mobile apps for patient-centered care has
been previously shown for allergic rhinitis?’, and there are
reasons to believe such may apply to asthma care as well.?®
Apps may therefore provide information on asthma-related
triggers, such as pollen season and pollution, and feedback
from mobile apps may be used by the patient and the physi-
cian to improve asthma management.?’

In conclusion, our results suggest the existence of health
inequities in asthma management in mainland Portugal and an
urgent call for action from policy makers. This issue is sur-
mounted as depopulation and aging are increasing in rural areas
of Europe.>® Complementary to the traditional Health Service
approaches, in these regions, digitally-enabled, patient-cen-
tered care may contribute to reducing asthma burden and hospi-
talizations, as well as health inequities in this population.
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An ongoing outbreak of Monkeypox, a viral disease, was con-
firmed in May 2022, during the occurrence of the most
important pandemic of the 21°* century, namely, Coronavirus
Disease (COVID)-19. According to the literature, Monkeypox
does not have the potential to cause the same impact as
COVID-19 in terms of the number of people infected and
deaths.” However, the increase in the number of Monkeypox
cases is a wakeup call to Health Authorities, and it is essen-
tial to take measures to control viral dissemination.
Although Monkeypox is endemic and was first reported in
Central and West Africa,? there was a deport of a previous
outbreak outside Africa in 2003.3 The United Kingdom, Sin-
gapore, and Israel also reported cases of Monkeypox among
individuals returning from Nigeria.* This novel outbreak was
also first described in the United Kingdom by a patient who
came from Nigeria on May 07, 2022.%-°

In Brazil, the first case of Monkeypox was diagnosed on
June 08, 2022. According to the last Pan American Health
Organization, on August 17, 2022, the American continent
accounted for nearly 48% of the total Monkeypox cases, the
most affected countries being the United States of America
(12,743 cases), Brazil (3,184 cases), Canada (1,091 cases),
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and Peru (867 cases), with nearly 96% of the total American
confirmed cases.” Up to now, Brazil has accounted for
approximately four thousand cases and only one death.

In this context, we performed the first Brazilian data col-
lection of Monkeypox® and COVID-19° cases in Brazil from
the Our World in Data Website. In our data search, we col-
lected information on the number of Monkeypox and COVID-
19 cases. We also summarized the number of deaths due to
COVID-19. The Monkeypox cases were registered from June
08, 2022, to August 25, 2022; and the COVID-19 were regis-
tered from the same period (simultaneous disease progres-
sion) and from February 26, 2020, to May 14, 2020
(progression of both diseases after the first diagnostic case)
(Fig. 1a to d; and Supplementary Fig. 1a to d). We also calcu-
lated the proportion of COVID-19 cases and deaths per Mon-
keypox cases (Fig. 1e and f).

In our data, we observed that the COVID-19 pandemic in
Brazil presented a higher transmission rate (~50x after
79 days of the first case of both diseases, Fig. 1e) than the
Monkeypox viral infection, indicating that the new emergent
infection has a lower potential for dissemination compared
to the COVID-19, at least in this early stage. Also, to date,
the number of deaths due to COVID-19 was ~3x higher than
the number of Monkeypox cases in Brazil (Fig. 1f). Although
Brazil built several diverse molecular biology and sequencing
laboratories that can perform real-time polymerase chain
reaction (RT-PCR) to identify the Monkeypox virus, we should
be careful not to make the same mistakes as in the COVID-19
pandemic where we observe intensive cross-infection,
mainly associated with a high COVID-19 underdiagnosis in
Brazil, thus harming public health measures.'®~'2 Also, the

2531-0437/© 2022 Sociedade Portuguesa de Pneumologia. Published by Elsevier Espana, S.L.U. This is an open access article under the CC BY-

NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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onset of COVID-19 in Brazil was associated with a collapse in
the Health System, causing high case fatality rates, as can
be observed in the present study (Fig. 1d).

Although Monkeypox appears not to have the same
pandemic potential as the Severe Acute Respiratory Syn-
drome Coronavirus 2 (SARS-CoV-2) infection, it already
comprises more than 46,000 total cases on August 25,
2022, in several places where Monkeypox is not common,
such as the United States of America, the United King-
dom, and several other European countries."® Curiously,
on August 25, 2022, the United States of America
accounted for more than 35% of the total cases world-
wide (46,679 cases with 49.96 cases per million inhabi-
tants). In contrast, Brazil accounts for nearly 8.5%
(16,837 cases with 19.67 cases per million inhabitants) of
total cases.'® In addition, there have been 13 deaths due
to Monkeypox in the world, one in Brazil as described
above. The increase in Monkeypox cases might be
explained by decreased population immunity against

smallpox since that was eradicated and vaccinations
stopped nearly 30 years ago; and due to new transmission
patterns, which might increase the Monkeypox spread in
the world.>

Although Monkeypox has been reported in several coun-
tries, its clinical presentation might differ. Perhaps one of
the most significant differences may be related to skin
lesions. The African skin lesions are more predictable than
the American ones since the lesions have macule-papule-
pustule evolution, which desquamates in 14 to 21 days, leav-
ing a varioliform scarring;'*'> in contrast, the American skin
lesions vary their morphology from person to person, even
among infected people from the same family,'>'® in that the
lesions have a papule-vesicle-pustule evolution, with ery-
thematous flares, which are not reported in African cases.'®

Even though the COVID-19 pandemic and the Monkeypox
outbreak present some similar challenges, such as preconcep-
tions against those who are most affected, the need for an
efficient testing public policy, and the difficulty of clinical
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Fig. 1  Monkeypox and Coronavirus Disease (COVID)-19 disease progression in Brazil. We presented the cumulative number of new cases
for both diseases (Monkeypox and COVID-19) per day and the cumulative number of new deaths due to COVID-19 per day. A) The cumula-
tive number of new Monkeypox cases vs. the cumulative number of new cases of COVID-19 considering the period after the diagnosis of
the first case of Monkeypox in Brazil. B) The cumulative number of new Monkeypox cases vs. the cumulative number of new deaths due to
COVID-19 considering the period after the diagnosis of the first case of Monkeypox in Brazil. C) The cumulative number of new Monkeypox
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sented the x-axis as data for Fig. 1A and B, and as days after the first case for Fig. 1C toF. In Fig. 1C, D, and F, we marked the day where the
first death due to Monkeypox in Brazil occurred. We retrieved the data from Our World in Data.®? The Monkeypox cases were registered
from June 08, 2022, to August 25, 2022; and the COVID-19 were registered from the same period (simultaneous disease progression) and
from February 26, 2020, to May 14, 2020 (progression of both diseases after the first diagnostic case).
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management of a little-known disease,'” there might be some
room for optimism, since there are treatments and vaccina-
tions available, even though not fully available for countries
in Latin America. In addition, the Smallpox vaccine appears
to confer nearly 85% protection against Monkeypox. 820

However, one fact needs to be called to attention; we
observed a constant increase in the number of cases of Mon-
keypox while the number of new cases of COVID-19 is stag-
nating in Brazil. Furthermore, it is difficult to discuss the
impact of the new Monkeypox in Brazil, even in more suscep-
tible individuals, such as Indigenous peoples, Black/Pardos
(multiracial background), and older individuals, when com-
pared with COVID-19, which caused a significant impact in
our country, since the disease onset was reported two years
later.?! Also, in a recent report, nearly 41% of the individuals
with Monkeypox had Human Immunodeficiency Virus (HIV)
infection, which could be a problem for Latin America, espe-
cially Brazil, since we have a high prevalence of people liv-
ing with HIV.%

Curiously, after the COVID-19 pandemic, the Latin-Ameri-
can countries are better prepared to confront a new possible
pandemic, such as the Monkeypox disease outbreak as
described by Rodriguez-Morales and collaborators, as well as
Cimerman and collaborators. They discussed the importance
of optimizing genetic testing to identify the viral agent,
which was improved during COVID-19, and also strengthen-
ing surveillance systems.'®23 For example, the first case of
the Monkeypox virus in Brazil was sequenced and published
using shotgun metagenomic sequencing days after the clini-
cal suspicion.?* However, we should approach the Monkey-
pox threat carefully in developing countries, such as those
in Latin America, since although experimental drugs, such as
Cidofovir and Tecovirimat, have proven efficacy, and vac-
cines for contacts of positive cases have been imple-
mented,?3 not only might the high prices of these inputs not
be affordable for Latin America countries, but also they may
not be available, which could enhance the Monkeypox
threat.

Brazil is, fortunately, better prepared at least to diag-
nose Monkeypox compared to the COVID-19 diagnosis at the
onset of the pandemic, mainly in the first wave, and it also
has a strengthened surveillance system. Monkeypox does
not have the same capacity to be a new pandemic compared
with COVID-19, with low chances of infecting new individu-
als and causing deaths, as we present in our data (Fig. 1e
and f).

However, we are in the early stages of this outbreak and
have limited information about the Monkeypox disease pro-
gression in Brazil and the world. In addition, there is no evi-
dence about the impact of the new viral infection among
those with COVID-19 and susceptible individuals, which is
alarming in Brazil, where several groups deserve special
attention, such as the Indigenous peoples and those living
with HIV. Countries around the world should learn from the
Brazilian mistakes in the management of a pandemic, such
as the COVID-19 ones.?® Although Monkeypox appears not to
have the same dissemination potential, public health poli-
cies should be adopted, such as a proper testing policy,
implementation of vaccination, proper clinical manage-
ment, self-isolation, when necessary, using only scientific
data to guide public health policies, and even the invest-
ment in new antivirals to treat Monkeypox, in order to
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decrease the spread and lethality of Monkeypox, avoiding a
new “COVID-19 crisis”.
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KEYWORDS Abstract

COPD; Introduction: GOLD 2017 report proposed that the combined COPD assessment should be done
FEVq; according only to symptom burden and exacerbation history in the previous year.

GOLD 2017; Objective: This study aims to investigate the change in the COPD groups after the GOLD 2017
Group C; revision and also to discuss the evaluation of group C and D as a single group after the GOLD
ABCD classification; 2019 report.

GOLD 2019 Method: The study was designed as a cross-sectional. 251 stable COPD patients admitted to

our out-patient clinic; aged >40 years, at least one-year diagnosis of COPD and >10 pack-year
smoking history were consecutively recruited for the study.

Results: In GOLD 2017, a significant difference was found between the distribution of all groups
compared to GOLD 2011 (P =0,001). 31 patients included in group C were reclassified into group
A and 37 patients in group D were reclassified into group B. The FEV; values of group A and
B patients were significantly low and group C and D patients had had exacerbations in more
frequently the previous year in GOLD 2017 compared to GOLD 2011.

Conclusion: After the GOLD 2017 revision, the rate of group C patients decreased even more
compared to GOLD 2011 and the group C and D may be considered as a single group in terms of
the treatment recommendations with the GOLD 2019 revision. We think that future prospective
studies are needed to support this suggestion.
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Introduction

Global Initiative for Chronic Obstructive Lung Disease
(GOLD) started its activities in 1998 to increase awareness
of COPD all over the world and develop a common approach
to the assessment and treatment of the disease. Their first
report was published in 2001 with the title "Global Strategy
for Diagnosis, Management, and Prevention of COPD’’." In
the GOLD 2007 report, forced expiratory volume in 1s (FEV,)
value was the most important determinant for the evalua-
tion and treatment decision of COPD patients.? However,
clinical studies have shown that there is a poor relation-
ship between FEV,, symptom status and quality of life and
also FEV; is not sufficient alone to predict exacerbations
and treatment response.>* Thus, for the first time in the
GOLD 2011 report, a combined assessment, including FEV,
as well as a history of exacerbation and symptom status,
was proposed for the assessment and treatment decision of
the disease.®> However, it was observed that this evaluation
method was not useful in daily practice and that compli-
ance with treatment recommendations according to GOLD
2011 was low worldwide.®” On the other hand, combined
evaluation could not be shown to be superior to spirometric
staging, either as a predictor of mortality or other health
outcomes.® The results of these studies required the 4th
major revision in GOLD 2017 report.’ It recommended that
the combined COPD assessment should be done according
only to symptom burden and exacerbation history in the
previous year. However, the GOLD 2017 ABCD classification
could not predict all-cause and respiratory mortality more
accurately than the GOLD 2007 and 2011 classifications.
Finally, with the GOLD 2019 revision, very important changes
were proposed for the pharmacological treatment in sta-
ble COPD. This study aims to investigate the change in the
COPD groups after the GOLD 2017 revision and also to dis-
cuss whether groups C and D should be considered as a single
group in terms of treatment after GOLD 2019 revision."!

Material method

The study was designed as single-center and cross-sectional.
251 stable COPD patients admitted to our out-patient clinic
consecutively were recruited in the study. Inclusion criteria
were as follows: aged >40 years, at least one-year diagnosis
of COPD according to the GOLD classification with baseline
post-bronchodilator FEV,/forced vital capacity (FVC) ratio
of less than 0.7, and at least 10 pack-year smoking history.
Exclusion criteria were as follows: having COPD exacerba-
tion within the past six weeks before enrollment, patient’s
with incompatible pulmonary function tests (PFTs) or those
unable to complete the case report form were excluded from
the study. The case report form which included patients
demographic, clinical and laboratory details (age, gender,
smoking history, comorbidities, COPD assessment test (CAT),
modified Medical Research Council (mMRC), exacerbation
history, PFTs) was completed for each patient. We evaluated
the asthma-COPD overlap according to the existing clinical
and laboratory data of the patients. The patients who ful-
filled two major or one major and two minor criteria were
diagnosed as ACO. The major criteria were as follows: a
very positive bronchodilator response (>400 mLO and >15%

increase in forced expiratory volume in 1s (FEVy)), sputum
eosinophilia or a previous diagnosis of asthma. Minor criteria
were an increased total serum IgE, previous history of atopy
or a positive bronchodilator test (>200 mL and >12% in FEV,)
on at least two occasions.'?

The pulmonary function test was performed if the patient
had not been tested within the previous 6 months or the
test was not valid. Spirometry was performed using a Sensor
Medics model 2400 (Yorba Linda, California, USA) in accor-
dance with the GOLD guidelines, and COPD was classified
by their FEV % predicted: stage1 (mild); FEV; >80%, stage
2 (moderate); 50%> FEV,<80%, stage 3 (severe); 30%> FEV,
<50% and stage 4 (very severe); FEV,<30%.2 All patients were
divided into four risk/symptom categories according to both
GOLD 2011 and 2017 reports: low risk, fewer symptoms (A);
low risk, more symptoms (B); high risk, fewer symptoms
(C); and high risk, more symptoms (D). Based on this cat-
egorization the cut-off points for risks; exacerbations in the
previous year > 2 or >1 leading to hospital admission and the
cut-off points for symptoms; CAT scores >10 and/or mMRC
>2 were chosen according to the GOLD 2017 classification
(9). Unlike the 2017 report, the patients whose predicted
FEV4% was less than 50% were included in the high-risk group
according to the GOLD 2011 classification.>

An informed consent was taken from each patient. The
study protocol was approved by the Ethics Committee of
Biruni University.

Statistical analysis

The normality of the distribution of continuous variables
was tested by the Shapiro Wilk test. Mann-Whitney U test
(for non-normal data) was used to compare two indepen-
dent groups and the Chi-square test was used to assess the
relationship between categorical variables. To compare non-
normal data across more than 3 categories Kruskal Wallis
and Dunn multiple comparison tests were applied. Statistical
analysis was performed with SPSS for Windows version 22.0
and a p-value <0.05 was accepted as statistically significant.

Results

251 patients (average age of 64.4 + 8.2 years and 88% male)
were included in the study. 129 patients (51.4%) had at
least one comorbidity. Hypertension (85 patients; 33.1%),
coronary artery disease (37 patients; 14.7%), diabetes mel-
litus (31 patients; 12.7%) and gastroesophageal reflux (20
patients; 8%) were the most common comorbidities, respec-
tively. Two hundred and fifteen patients were recorded with
or without ACO. We accepted 36 patients as missing due
to their non-classification as ACO or not with respect to
their current clinical and laboratory data. Twenty-seven
patients were evaluated as ACO in the study. The clin-
ical and demographic characteristics of the patients are
given in Table 1. When the proportions of the two groups
were compared with McNemar-Bowker Test according to
two sequential GOLD, 2011 and 2017, a significant differ-
ence was found between all groups (P=0,001). 31 patients
(31/47;66%) included in group C were reclassified into group
A and 37 patients (37/129;28.7%) in group D were reclassified
into group B according to GOLD 2017 because they had no
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Table 1 Demographic and clinical features of the patients.

Demographic and clinical features of the patients

Patients, n; %

Male, n; %

GOLD grade I, n; %

GOLD grade I, n; %

GOLD grade lll, n; %

GOLD grade IV, n; %

ACO, n; %*

The number of patients with at least one comorbidity, n; %
Age (year), mean =+ std

Smoking (pack-years), mean =+ std

COPD duration (year), mean =+ std

FVC % pred, mean =+ std

FEV1 % pred, mean =+ std

FEV1/FVC, mean =+ std

Blood eosinophil count (per pL), mean =+ std
The rate of blood eosinophil (%), mean + std
CAT score, mean =+ std

mMRC dyspnea score, mean =+ std

The number of exacerbations in previous year (moderate and severe ), mean =+ std

GOLD 2011 % (A/B/C/D)
GOLD 2017 % (A/B/C/D)

251;100%
223; 88%
11; 4.4%
92; 36.7%
95; 37.8%
53; 21.1%
27; 10.8%
129; 51.4%
64.4+8.2
45.7+25
7.8+5
60.2+18
46.6+18
55.7 +10.3
242.8+178
2.7+2.4
12.1+8.4
1.63+1.22
2+3.6
19.5/10.4/18.7/51.4
31.9/25.1/6.4/36.7

Abbreviations: GOLD, global Initiative for chronic obstructive lung disease; COPD, chronic obstructive pulmonary disease; ACO, Asthma-
COPD overlap; % pred, percent predicted; FVC, forced vital capacity; FEV1, forced expiratory volume in 1s; CAT, COPD assessment Test;

mMRC, Modified Medical Research Council Scale.
Note: * data of 36 patients are missing.
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Figure 1  Distributions of groups A-D according to the GOLD

2011 and GOLD 2017 P=0,001.

history of frequent exacerbations but only their predictive
FEV; was below 50%. Therefore, while the rate of group C
and D patients decreased, the rate of group A and B patients
increased in all patients.

The distrubition of COPD categories according to GOLD
2017 is given in Fig. 1. It was observed that the group C
ratio which is already lower than other groups, decreased
more with the GOLD 2017 revision.

Pulmonary function values of GOLD 2017 group A and B
patients were significantly lower than GOLD 2011 and also
group A and B did not include patients with stages 3 and 4
in GOLD 2011. However, with the new classification (GOLD
2017), 31.3% of group A patients consisted of stage 3, 7.5% of
them consisted of stage 4 patients, 42.9% of group B patients
consisted of Stage 3 and 14.3% of them consisted of stage 4
patients. There was no difference in symptom scores (mMRC
and CAT) and comorbidities between the groups according
to the old and new classification. It was observed that GOLD
2017 group C and D patients had exacerbated more fre-
quently in the previous year than GOLD 2011 group C and
D patients. A comparison of demographic and clinical char-
acteristics of the groups in GOLD 2011 and 2017 is given in
Table 2.

Discussion

This study found that patients grouped as A and B according
to GOLD 2011 were categorized in the same way in GOLD
2017, but 31 of 47 (66%) patients in group C were reclassi-
fied as group A and 37 of 129 (28.7%) patients in group D
were reclassified as group B in GOLD 2017. Thus, patients
in a high-risk group (68/176; 39% of high-risk patients) were
reclassified as low-risk in GOLD 2017, since they did not have
frequent attacks and only had FEV, values of below 50%.
According to GOLD 2011, it is observed that the FEV; values
of the low-risk group in GOLD 2017 are lower and the high-
risk group had a higher average number of exacerbations in
the previous year. In GOLD 2017, while the proportional dis-
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tribution of the groups other than category C came close
to each other and category C had the lowest number of
patients, at 6.4%.

Taiwan Obstructive Lung Disease (TOLD) study showed
that up to 67% of patients in GOLD 2011 group C and D
were reclassified to GOLD 2017 group A and B."* A national
cross-sectional survey in China indicated almost half of the
old high-risk groups were regrouped to the new low-risk
groups.'? Another study from Sweden found that 2017 GOLD
reclassifies half of COPD subjects to lower-risk groups.'
According to the literature, almost half the patients for-
merly classified as *‘C’’ or **D’’, solely based on poor lung
function, shifted from the high-risk groups to the low-risk
groups in GOLD 2017.13-"8

In many studies, it was observed that category C was
lower than the other groups according to the GOLD 2011
combined assessment proposal and this rate was reduced
even more with the major revision in GOLD 2017.13:15.17,19,20
Furthermore, when using the assessment according to the
GOLD 2017 report, publications are indicating that category
C has dropped to 5% and below.'>'3>-17:20 Some studies have
shown that group C proportion is between 6-14% according
to GOLD 2017, similar to our results.'*'®2" These differences
may be due to the country, center (tertiary hospital or pri-
mary health care, etc.) in which the study was conducted,
or the methodology of the study (scales evaluating symp-
toms). Group C is expected to involve a small proportion of
patients compared to other groups because a patient with
frequent exacerbations is expected to have a high symp-
tom score in clinical practice. However, some patients have
poor dyspnea perception or restrict their physical activities
to avoid dyspnea which may lead to their misclassification
as group C instead of group D. This could explain why the
acute exacerbation number of patients with Group C was
similar to Group D despite having a low symptom score in
our study. In the literature, researchers who were using only
mMRC for symptom evaluation reported that as a limitation
of their studies.'#16:20.2' The use of only one or other of CAT
or mMRC scores in clinical practice may also lead to an incor-
rect assessment of patients’ symptom status. We used both
mMRC and CAT scores to assess the symptom status in our
study. According to a recent study, 2% of the participants
from the general population and 3% of the patient popula-
tion were classified as group C in GOLD 2017.'® A similar
result was shown in the population-based PLATINO study of
the GOLD 2011 classification in which only 10 of 524 COPD
patients (1,9%) were classified in group C.2° Therefore some
researchers argued that class C might be unnecessary.®16.20
We also questioned whether to evaluate Group C and D as
two separate groups in terms of the treatment recomenda-
tions with the GOLD 2019 revision.

The same treatment options are proposed for frequent
exacerbators with or without high symptoms at follow-
up independent of the COPD categories with GOLD 2019
revision."" However different approaches are recommended
as the initial treatment for Group C and D. Whereas some of
the patients may be misclassified as group C because they
perceive their symptoms incorrectly or are not evaluated in
sufficient detail by their physician. It may be confusing in
clinical practise that some options are presented in group
D but are not recommended in group C. For instance, the
blood eosinophil count or asthma history are not considered

in the initial treatment of group C despite patients having
frequent exacerbations. That is why we think that group C
and D patients may be evaluated as a single group in terms
of their treatment after GOLD 2019 revision.

The GOLD 2017 assessment led to changes in the distri-
bution of patients’ demography and clinical characteristics
across categories used in previous studies. In GOLD 2017,
patients of group C and D had a better pulmonary function
but higher acute exacerbation rates, as well as a similar
degree of dyspnea according to GOLD 2011. Group C and D
had older patients and more patients with chronic bronchi-
tis, coronary heart disease, and diabetes mellitus in GOLD
2017 than GOLD 2011. Pulmonary functions in the group A
and B were worse in GOLD 2017." Another study demon-
strated that the GOLD 2017 reclassified more patients into
group A and B those with significantly worse lung function
and higher BODE (Body mass index, airflow Obstruction, Dys-
pnea, and Exercise capacity) index compared with the GOLD
2011. In the comprehensive assessment of the GOLD 2017,
group B and D may have greater disease severity and the dif-
ferences between groups A and C were small.'® Similarly, the
recent study indicated that group B has the same BODE index
as group D, and both of them are significantly higher than
groups A and C in the GOLD 2017 reclassification. The differ-
ences between groups (B versus D and A versus C) become
smaller with this new approach thus decreasing the value
of their separation.?! We observed in the GOLD 2017 the
patients with poor pulmonary function and without frequent
exacerbation in the previous year were shifted to the low-
risk groups, so pulmonary function in the group A and B were
worse and also group C and D had more exacerbations in our
study as in the literature. In addition, we did not detect
any difference between the groups according to GOLD 2011
and GOLD 2017 in terms of comorbidities and symptom
status.

There are two limitations to our study. First, this study is
cross-sectional so the exacerbation history of the patients
was obtained from the statements of patients and hospi-
tal records. Second, the results may not reflect the general
population because the patients were only recruited from a
tertiary hospital and single-center.

Conclusion

The question is growing as to whether that group C in
which the number of patients decreased even more after
the major revision of GOLD 2017 is really necessary as a
separate group. Furthermore the same treatment options
are proposed to frequent exacerbators with or without high
symptoms at follow-up with GOLD 2019 revision. On the
other hand different approaches are recommended as the
initial treatment for group C and D in this report. Some of the
patients may be misclassified as group C because they have a
poor perception of their symptoms and/or are not evaluated
in sufficient detail by their physician. It may cause confu-
sion in clinical practise that some options are presented in
group D but are not recommended in group C despite latter
having frequent exacerbations. We think that group C and
D patients may be reclassified as a single group in clinical
practise and prospective studies are needed in this context.
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CAT; Introduction: The management and treatment of Chronic Obstructive Pulmonary Disease (COPD)
MMRC; are based on a cutoff point either of > 10 on the COPD Assessment Test (CAT) or of > 2 of the
COPD; Medical Research Council (mMRC). Up to now, no study has assessed the equivalence between
Exercise capacity; CATand mMRC, as related to exercise tolerance in COPD. The aim of this study was to investigate
Health status as primary outcome the relationship between CAT and mMRC and maximal exercise capacity in

COPD patients. We also evaluated as secondary outcome the agreement between CAT (> 10) and
mMRC (> 2) to categorize patients according to their exercise tolerance.

Material and methods: 118 consecutive COPD patients (39 females), aged between 47 and
85 years with a wide range of airflow obstruction and lung hyperinflation were studied. Maximal
exercise capacity was assessed by cardiopulmonary exercise test.

Results: CAT and mMRC scores were significantly related to VO, peak (p<0.01). CAT (> 10) and
mMRC (> 2) have a high likelihood to be associated to a value of VO, peak less than 15.7 and
15.6 mL/kg/min, respectively. The interrater agreement between CAT (> 10) and mMRC (> 2)
was found to be fair («x=0.20) in all patients but slight when they were subdivided in those with
VO, peak < 15 mL/kg/min and in those with VO, peak > 15 mL/kg/min («=0.10 and «=0.20
respectively).

Conclusion: This study shows that CAT and mMRC are useful tools to predict exercise tolerance in
COPD, but they cannot be considered as supplementary measures.
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Introduction

Chronic Obstructive Pulmonary Disease (COPD) is an
inflammatory disease of the lungs characterized by
chronic, progressive and not fully reversible airflow limi-
tation.' COPD is primarily a lung disease, but can induce
systemic effects with a significant impairment in exer-
cise tolerance, health status and patient quality of life'
and is now considered as a heterogeneous disease with
multiple phenotypes and endotypes.? Accordingly, COPD
management and treatment imply not only spirometric
evaluation, but also a multidimensional assessment of
the functional status and patients’ quality of life." In
this context, it is worth noting that more than half of
COPD patients complain of fatigue which may have a
substantial impact on physical activity, quality of life,
hospitalization rate, morbidity and mortality.3

The COPD Assessment Test (CAT) is a self-adminis-
tered questionnaire consisting of eight items, which
evaluate the most burdensome symptoms and limita-
tions of the patients. The score for each item ranges
from 0 to 5 and the total score (0—40) provides a simple
and quantified measure of health-related quality of life,
with higher scores indicating poorer health status.*
There is a body of evidence concerning the reliability of
CAT as predictor of diagnosis,>® disease exacerbation,®®
and mortality.9 On the other hand, a simple measure of
dyspnea, such as the modified Medical Research Council
(mMRC) scale is also considered appropriate for the
assessment of the symptoms,'® since it relates to health
status," and may predict mortality risk of COPD
patients.'? According to the Global Initiative for COPD
(GOLD) document, symptom assessment and treatment
of the patients are based on a cutoff point of > 10 on
the CAT, which is considered equivalent to that of > 2
of the mMRC scale.’

Up to now there has been limited evidence specifically
addressed to evaluate the relationship between CAT, mMRC
and maximal exercise capacity in COPD patients.'*"® Fur-
thermore, so far no study has assessed the equivalence
between CAT and mMRC, as related to exercise capacity in
COPD. It is worth noting that both performance during stan-
dardized exercise tests and their related pathophysiological
responses are recognized as important biomarkers of the
multidimensional assessment of cardiac and pulmonary dis-
eases.’® In a small sample of COPD patients, CAT score
together with the Forced Expiratory Volume at 1st second
(FEV4) value was found to predict oxygen uptake in COPD."3
In COPD patients with airflow obstruction degree ranging
from mild to severe, mMRC dyspnea scale score was weakly
and negatively correlated with the peak oxygen uptake.* In
addition, in COPD patients with the same severity of airflow
obstruction, a high score of mMRC was related to a poor
maximum exercise capacity. '’

The aim of the present study was, therefore, as primary
outcome to investigate in a large cohort of COPD patients,
the relationship between CAT and mMRC and the maximal
exercise capacity assessed by means of the cardiopulmonary
exercise test (CPET). Furthermore, we evaluated as second-
ary outcome the agreement between CAT (> 10) and mMRC
(> 2) in order to categorize COPD patients according to their
maximal exercise capacity.
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Material and methods
Subjects

Outpatients with COPD, diagnosed according to the GOLD
criteria,’ were consecutively enrolled in the study from
December 2018 to January 2020. The inclusion criteria
were: smoking history of >10 pack-years; post bronchodila-
tor forced expiratory volume at 1st second (FEV,)/forced
vital capacity (FVC) <0.7; regular pharmacological treat-
ment over the previous 6 months. The exclusion criteria
were: a COPD exacerbation in the previous 2 months;
patients with the coexistence of another chronic pulmonary
disease; patients with severe comorbidities associated to
COPD (i.e. unstable cardiovascular disease or cancer);
patients unable to perform all the tests required.

Patients characteristics were recorded at baseline:
anthropometric variables (age, sex and body mass index —
BMI, in kg/m?), smoking habit, CAT score (Italian version),*
rate of COPD exacerbations and domiciliary medications.
The Italian version of the five-point mMRC scale was used to
assess the daily living activity-related dyspnea.'®

Based on the GOLD document,' COPD patients are consid-
ered at increased risk, when their CAT and nMRC values are
greater than 10 and 2, respectively. Accordingly, we subdi-
vided the patients into two subgroups, by choosing the cut-
off points of > 10 for the CAT and of > 2 for the mMRC scale.

The study protocol was approved by the local Ethics Com-
mittee (approval number n. 14,718). All patients gave their
informed consent.

Pulmonary function tests

Pulmonary function tests were performed with a flow-
sensing spirometer and a body plethysmograph (Vmax 22
and 6200; SensorMedics, Yorba Linda, CA, USA). FEV,,
and FVC were recorded and reported as absolute values
(L) and percentage of predicted value (% pred); FEV;/
FVC were expressed as a ratio and taken as index of air-
way obstruction.

Body plethysmography was used to quantify the thoracic
gas volume (TGV) and total lung capacity (TLC,% pred) was
calculated by adding TGV to inspiratory capacity (IC). The
residual Volume/TLC ratio was taken as an index of static
hyperinflation.

Lung transfer factor for carbon monoxide (TLco,% pred)
was assessed via the single breath method using a mixture of
carbon monoxide and methane.

Patients were forbidden to use bronchodilators 12 h
before baseline spirometry. The reversibility test was car-
ried out by second spirometry 15 min after inhalation of sal-
butamol 400 ng.

CPET

A cycloergometer (Corival PB, Lode BV, Groningen, The
Netherlands) was used to carried out CPET, in agreement
with the current standardized procedure."” During the test
patients were continuously monitored by a 12-lead electro-
cardiogram (ECG, CardioPerfect, Welch Allyn, Delft, The
Netherlands) and a pulse oximeter (Pulse Oximeter 8600,
Nonin Medical Inc, MPLS, Mn U.S.). The exercise protocol
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included: 3 min of rest, a further 3 min of unloaded cycling,
followed by a progressive increment of 5—15 W each minute,
depending on the anthropometric characteristics of patients
and individual functional impairment. The Wasserman's
equation was used to calculate the work rate increment.'®
Blood pressure (mm Hg) was measured every 2 min. Stopping
criteria included: unsustainable dyspnea, muscular fatigue,
chest pain, significant ECG ST-segment depression, a drop in
systolic blood pressure or arterial oxygen saturation <84%.

Breath-by-breath oxygen uptake (VO,, L/min), carbon
dioxide output (VCO,, L/min), tidal volume (Vy L), and min-
ute ventilation (Vg, L/min) were recorded during the test
(CPX/D; Med Graphics, St. Paul, MN, US). Peak work load
and peak VO, were recorded during the last 20 s of the test.
The Metabolic Equivalents of Task (METs) were also calcu-
lated. Changes in operational lung volumes were assessed
every 2 min during exercise and at peak exercise. Both dys-
pnea and leg fatigue induced by CPET were measured at the
end of the exercise by a 0—100 visual analogue scale (VAS).

Further details on CPET are reported in the supplemen-
tary file.

Statistical analysis

A Shapiro-Wilk test was used to assess the distribution of the
variables. Data were reported as mean =+ standard deviation
(SD) for the variables with normal distribution and as median
[25th — 75th percentile] for those with a non-normal distri-
bution. Unpaired t-test, Mann-Whitney test, and Pearson’s
Chi square test were used for comparisons when appropri-
ate. Relationships between variables were assessed by Pear-
son correlation coefficient (r) or by Spearman's rank
correlation coefficient (rho), depending on distribution. Lin-
ear regression analysis was carried out for values reporting
significant correlation. The receiver operating characteristic
(ROC) curve was used to plot the true positive rate (sensitiv-
ity) in function of the false-positive rate (100-specificity)
for a cutoff point of VO2 in mL/kg/min with respect to
mMMRC > 2 and CAT > 10 as threshold values."® To test the
interrater agreement between CAT and mMRC Cohen’s Kappa
(x) was calculated.?’ K<0.00 indicates “poor”, 0.00 <«
<0.02 “slight”, 0.21 <« < 0.40 “fair”, 0.41 <« <0.60 “mod-
erate”, 0.61<x<0.80 “substantial” and 0.81 <« <1.00
“perfect” agreement. K was calculated both in all patients
and in two subgroups of patients, subdivided according to
the median value of the VO,peak.
A p value <0.05 was considered significant.

Results

We studied 118 consecutive COPD patients (39 females),
aged between 47 and 85 years. Patient’s characteristics are
shown in Table 1. At study entrance, patients were treated
with long-acting beta,-agonists (87%), long-acting musca-
rinic antagonists (73%) and inhaled steroids (62%). All
patients were ex-smokers (64%) or current smokers (36%).

In all patients, a wide range of airflow obstruction and
lung hyperinflation was found (FEV;/FVC from 26% to 70%
and RV/TLC from 30% to 84%, respectively). CAT and mMRC
values ranged respectively from 1 to 33 and from 0 to 4
(Table 1) and were positively related (rho = 0.434,
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Table 1  Anthropometric, clinical and lung function char-
acteristics of 118 COPD patients (39 females).

Age (years) 69 + 8 (47—85)
BMI (kg/m?) 27 +5 (17—-41)
CAT (0—40) 11 [8-17] (1-33)
mMRC (0—4) 1[1-2] (0—4)
TLC (% pred) 118 £ 19 (80—176)
FVC (% pred) 86 + 20 (35—149)
FEV, (% pred) 53+ 18 (17—106)
FEV1/FVC (%) 47 + 11 (27-70)
RV/TLC (%) 56 + 10 (30—84)
TLco (% pred) 61+ 21 (18—145)

Notes: Values are expressed as mean + SD or median [25th —
75th percentile] and (range).

p = 0.001). Moreover, CAT and mMRC showed a negative
correlation with FEV,/VC (rho = - 0.223, p = 0.02) and (rho =
- 0.327, p = 0.001) and a positive correlation with RV/TLC
values (rho = 0.208, p = 0.035) and (rho = 0.270, p = 0.01),
respectively.

All patients underwent CPET without complications. Mean
peak VO, values in absolute value and as percent of pre-
dicted were respectively 15.5 mL/kg/min £+ 4.1 and 65% +
20, while peak workload was 78 W + 31 (Table 2). Table 3
lists the relationships between CAT scores and mMRC scale
scores and exercise variables in all patients.

According to the ROC curve method, the plot of true-posi-
tive rate in function of false-positive rate for a cutoff point
of VO, with respect to a CAT > 10 as threshold value showed
0.703 area under curve value (p = 0.001). A cutoff point,
which maximized sensitivity and specificity, was VO, <
15.7 mL/kg/min (0.64 sensitivity and 0.71 specificity)
(Fig. 1). In addition, the plot of true-positive rate in function
of false-positive rate for a cutoff point of VO, with respect
to a mMRC > 2 as threshold value showed 0.739 area under
curve value (p = 0.001). A cutoff point, which maximized
sensitivity and specificity, was VO, < 15.6 mL/kg/min (0.58
sensitivity and 0.81 specificity) (Fig. 2).

In all patients, the interrater agreement between CAT (>
10) and mMRC (> 2) was found to be fair («=0.21). However,
when patients where subdivided according to the median
value of the VO,peak (15 mL/kg/min) in those with VO, peak
< 15 mL/kg/min (n. 58) and those with VO,peak > 15 mL/

Table 2  Exercise characteristics of 118 COPD patients (39
females).

Peak VO, (mL/kg/min) 15.5 + 4.1 (8.1-27.6)
Peak VO, (% pred) 65 + 20 (27-122)
METs 4.4+1.2 (2.5-8.2)
Peak Workload (watts) 78 + 31 (20—164)
Ve (L/min) 39.7 £10.9 (18.3—68.1)
IC rest (L) 1.93 £0.53 (1.07-3.85)
IC peak (L) 1.67 £ 0.50 (0.74-3.42)
VAS/W yspnea (MM/watts) 1.16 £0.72 (0.25—4.74)
VAS/Wrsatigue (MmM/watts) 0.98 +0.63 (0.15—4.21)

Notes: Values are expressed as mean =+ SD and (range).



Pulmonology 29 (2023) 194—199

Table 3  Relationships between CAT score and mMRC scale score and exercise variables in 118 COPD patients.

CAT mMRC

rho p rho p
VO, peak (mL/kg/min) —0.279 0.002 —0.439 0.001
VO, peak (pred) —0.268 0.003 —0.224 0.015
METs —0.291 0.001 —0.446 0.001
Worload peak (watts) —0.373 0.001 —0.490 0.001
Ve (L/min) —0.328 0.001 -0.377 0.001
IC rest (L) —0.329 0.001 —0.297 0.001
IC peak (L) —0.384 0.001 —0.415 0.001
VAS/Wyspnea (MM/watts) 0.464 0.001 0.546 0.001
VAS/Wrsatigue (MmM/watts) 0.241 0.001 0.253 0.001

kg/min (n. 62), the interrater agreement between CAT (> 10)
and mMRC (> 2) was slight, «=0.10 and « =0.20 respectively.

Discussion

The main finding of the present study is that CAT and mMRC
are strictly associated to the maximal exercise capacity in a
large cohort of COPD patients with different degrees of
severity. Higher scores of CAT or mMRC indicate poorer exer-
cise tolerance. This study also confirmed that CAT and mMRC
are related to baseline lung function of the patients, both in
terms of airflow obstruction and lung hyperinflation.

The findings of the present study further support the
value of CAT and mMRC in the integrated multidimensional
management of COPD patients. However, our results show
that the agreement between CAT (> 10) and mMRC (> 2) to
categorize COPD patients according to the maximal exercise
capacity was slight and, accordingly, this study does not sup-
port the use of the recommended cutoff points of > 10 for
CAT and > 2 for mMRC as equivalents in the grading of exer-
cise limitation of COPD patients.

The CAT was firstly created and developed to quantify
COPD impact in routine practice and to aid patient’s health
status assessment and communication between patient and
physician.?' The CAT was then acknowledged as an accurate
and reliable measure of health-related quality of life in
COPD patients.??2* Dyspnea is the most frequent symptom
reported by patients suffering from COPD,%* and the mMRC
scale is the most commonly used validated scale to assess
dyspnea in daily living of these patients.?>?® It is worth not-
ing that the GOLD document recommends the use of both
CAT and mMRC to assess symptoms and assign patients to
treatment groups.’

Our main findings confirmed and extended the results
from previous studies that investigated the relationship
between CAT score,’® or mMRC score,’*' and exercise
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capacity in COPD patients. In the present study, we provided
the evidence that in COPD patients CAT and mMRC scores
were inversely related with the maximal oxygen uptake
both in terms of mL/kg/min and predicted value and of METs
as well as with the maximal workload. Moreover, in our
patients we found that a CAT score > 10 and a mMRC score >
2 are very likely to be associated to a value of VO, peak <
15.7 mL/kg/min and < 15.6 mL/kg/min, respectively. CAT
and mMRC were also negatively related to IC at the peak of
exercise, which is a measure of dynamic hyperinflation on
exertion, and were positively related both to exertional dys-
pnea and to fatigue. Interestingly, a previous study showed
that in COPD patients clinically relevant fatigue was associ-
ated with increasing total CAT score and CAT score >10, inde-
pendently of age, airflow obstruction degree and
concomitant heart disease or depression.?” In addition, it
has been previously reported that COPD patients who were
more dyspneic in their daily living by mMRC scale, were
found to complain of more dyspnea after CPET.">

In the present study, CAT score was positively related to
mMRC and, interestingly, the cutoff points of CAT (> 10) and
mMRC (> 2) have a high likelihood of being associated to a
value of VO, peak approximately less than 15 mL/kg/min.
Interestingly, the cutoff value of 15 mL/kg/min VO, peak has
a potential to discriminate respiratory patients with different
grading of functional status. In this study, patients with a VO,
peak value less than 15 mL/kg/min had a significant poorer
spirometry than patients with a VO, peak value greater than
15 mL/kg/min (data not shown). Moreover, it is well known
that patients with lung cancer with 15 mL/kg/min VO, peak,
being considered for resection surgery are considered as at
increased risk of perioperative complications.?®2°

It is worth noting that the interrater agreement between
CAT (> 10) and mMRC (> 2) was found to be fair in all
patients and even slight, when patients where subdivided into
two subgroups, i.e. in patients with VO,peak < 15 mL/kg/min
and in patients with VO,peak > 15 mL/kg/min. Our finding is
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Figure 1  Receiver operating characteristic curve for VO, peak
in mL/kg/min calculated with CAT > 10 (upper panel) or mMRC
> 2 as test variable (lower panel).

the first evidence about the agreement between CAT and
mMRC in relation to maximal exercise capacity. A previous
systematic review and meta-analysis specifically addressed
the evaluation of the agreement between patient’s assign-
ment into GOLD categories using CAT cut point > 10) or mMRC
cut point > 2 showed a misclassification of 13% in all GOLD
categories, agreement ranging between CAT and mMRC from
poor to substantial (« value 0.13 to 0.77).%3

This study has some strengths: the large size of the patient’s
sample and the prospective and consecutive nature of the data
collection. On the other hand, we acknowledge that this study
also has some limitations. Firstly, our study is a cross-sectional
study and our results may be of value in the assessment of the
functional status of patients with COPD, but not in their
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Figure 2  Bars represent the number of patients categorized
according to CAT and mMRC and subdivided in two groups, i.e.
patients with VO,peak < 15 mL/kg/min (n. 58) (upper panel)
and patients with VO,peak > 15 mL/kg/min (n. 62) (lower
panel). The interrater agreement between CAT (> 10) and
mMRC (> 2) was slight, «=0.10 (upper panel) and « =0.20 (lower
panel).

prognostic evaluation. Thus, a further longitudinal study on
exercise tolerance in COPD patients, who change their health-
related quality of life over time, is needed. Secondly, in our
study patients experienced maximal exercise capacity by using
cycle ergometry, therefore, our results cannot be applicable to
other forms of exercise, such as running on a treadmill, where
the metabolic load is greater.

Conclusions

In conclusion, we demonstrated that CAT as well as mMRC
are useful tools to predict exercise tolerance in COPD. Fur-
thermore, in our patients CAT and mMRC were significantly
related to dynamic hyperinflation on exertion and to exer-
tional dyspnea and fatigue. However, we found that the
agreement between the cutoff points of CAT (> 10) and
mMRC (> 2) was poor, when related to maximal exercise
capacity and, accordingly, they cannot be considered as sup-
plementary measures.
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Coronavirus; Background: High flow oxygen therapy (HFO) is a widely used intervention for pulmonary compli-
Risk; cations. Amid the coronavirus infectious disease 2019 (COVID-19) pandemic, HFO became a pop-
Respiratory distress ular alternative to conventional oxygen supplementation therapies. Risk stratification tools have
syndrome; been repurposed —and new ones developed— to estimate outcome risks among COVID-19
Oxygen inhalation patients. This study aims to provide a simple risk stratification system to predict invasive
therapy mechanical ventilation (IMV) or death among COVID-19 inpatients on HFO.

Methods: Among 529 adult inpatients with COVID-19 pneumonia, we selected unadjusted clini-
cal risk factors for developing the composite endpoint of IMV or death. The risk for the primary
outcome by each category was estimated using a Cox proportional hazards model. Bootstrapping
was used to validate the results.

Results: Age above 62, eGFR under 60 ml/min, room air SpO2 <89 % upon admission, history of
hypertension, history of diabetes, and any comorbidity (cancer, cardiovascular disease, COPD/
asthma, hypothyroidism, or autoimmune disease) were considered for the score. Each of the six
criteria scored 1 point. The score was further simplified into 4 categories: 1) O criteria, 2) 1 crite-
rion, 3) 2-3 criteria, and 4) >4 criteria. Taking the first category as the reference, risk estimates
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for the primary endpoint were HR; 2.94 [1.67 — 5.26], 4.08 [2.63 — 7.05], and 6.63 [3.74 —
11.77], respectively. In ROC analysis, the AUC for the model was 0.72.

Conclusions: Our score uses simple criteria to estimate the risk for IMV or death among COVID-19
inpatients with HFO. Higher category reflects consistent increases in risk for the endpoint.

© 2021 Sociedade Portuguesa de Pneumologia. Published by Elsevier Espafa, S.L.U. This is an
open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-
2), the causative agent of the 2019 novel coronavirus disease
(COVID-19) has overwhelmed entire health systems across
the world."™® An estimated 67% of patients with severe
COVID-19 develop acute respiratory distress syndrome and
almost 20% require ICU admission.** In Mexico, at the begin-
ning of the surge, 46% of patients categorized as critically ill
did not receive invasive mechanical ventilation (IMV). Simi-
lar estimates were seen in the United States, both because
of a lack of ICU beds availability and mechanical ventila-
tors.> High flow oxygen therapy (HFO) has become a safe®
and effective’ respiratory support alternative in patients
with acute respiratory failure. However, its benefit in mor-
tality is controversial.®? In the setting of the current pan-
demic, HFO has been recommended over the use of non-
invasive ventilation NIV,"""" despite limited evidence
regarding its benefit in improving outcomes. Nonetheless,
with a global shortage of mechanical ventilators and access
to specialized care, HFO may be a useful alternative. Risk
stratification for incident IMV or death among patients on
HFO is unclear and may be population dependent. Tradi-
tional and novel scoring tools have been utilized to provide
risk estimates among COVID-19 patients. While some of
them have good prognostic value, others are non-specific or
employ many variables. This study aims to provide new scor-
ing criteria to estimate the risk for IMV or death on HFO
among COVID-19 inpatients receiving HFO.

Methods

A retrospective analysis was conducted in a tertiary care
hospital redesigned to treat COVID-19 patients (Hospital San
José— TecSalud) in Monterrey, Mexico from April to October
2020. Demographics, clinical and laboratory information
was collected in a deidentified database. Approval from the
TecSalud Ethics Committee was obtained (P000353-COVID-
19-TecSalud-CS001).

Study population

We included hospitalized patients over 18 years of age, with
positive Reverse Transcriptase Polymerase Chain Reaction (RT-
PCR) for SARS-CoV-2 and oxygen requirements that demanded
HFO. Criteria for initiation of HFO were oxygen saturation
lower than 92% with conventional oxygen therapy (COT) (res-
ervoir mask at 15 L/min), and tachypnea (> 30 breaths per
minute) and/or self-reported rest dyspnea despite COT. All
patients received a protocolized treatment which consisted of
dexamethasone (6 mg IV, QD) plus baricitinib (4mg PO, QD)
for 10 days and those with interleukin-6 (IL-6) higher than
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80 pg/mL at third day of hospital stay and C-reactive protein
higher than 7.5 mg/dL without respiratory improvement
received tocilizumab (8mg/kg/dose IV, BID).

Variables and score implementation

We analyzed demographic characteristics that included:
age, sex, body mass index (BMI), estimated glomerular filtra-
tion rate (eGFR), smoking status and comorbidities (type 2
diabetes, hypertension, chronic kidney disease and cardiac
disease, COPD/Asthma, cancer, cardiovascular disease
(CVD), and autoimmune conditions). eGFR was calculated
using serum creatinine, with the CKD-EPI formula. All
comorbidities were recorded by self-reported or by a proxy
if patients were not able to provide their own history. Clini-
cal characteristics included: number of days with symptoms
prior to admission, oxygen saturation at room air upon
admission, SAFI (saturation/fraction of inspired oxygen
index), the CALL score, a COVID-19-specific score to predict
disease progression that includes comorbidity, age, lympho-
cytes and lactate dehydrogenase (LDH),'? severity scores
such as Sequential Organ Failure Assessment (SOFA), '3 Pneu-
monia Severity Index (PSl),"* CURB-65," National Early
Warning Score 2 (NEWS 2)'®"7; days with HFO, length of hos-
pital stay in days, ICU admission and length of stay in ICU,
number of days since admission until HFO initiation. Respira-
tory parameters such as oxygen saturation, respiratory rate
per minute, fraction of inspired oxygen (FiO,) and the Respi-
ratory rate and Oxygenation (ROX)'® index were recorded
upon admission, at the time of HFO, and 24 hours post HFO
initiation. Superimposed bacterial infections were also
documented at any time during hospitalization.

Admission laboratory tests that were analyzed included:
complete blood count, LDH, C-reactive protein (CRP), pro-
calcitonin, IL-6, D- dimer, brain natriuretic peptide (BNP),
ferritin, and highly sensitive (HS) troponin.

Statistical analysis

Stata IC-16 was used to conduct statistical analyses. For cat-
egorical variables, frequencies and percentages are shown;
for continuous variables, according to normal or non-normal
distribution, mean and standard deviation or median and
interquartile range (IQR), respectively, are shown. Chi-
squared and t-test or U Mann-Whitney were used for com-
parisons between both groups. No imputation methods were
utilized for data missingness. An alpha of 5% was set as
threshold for statistical significance. The primary endpoint
was IMV, or death while on HFO.

Demographic and clinical covariates associated with the
endpoint were considered to construct the score. Cox pro-
portional hazard models were employed to estimate the risk
for the primary outcome by each category of the score. The
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proportional hazards assumption was tested. Kaplan-Meier
(KM) estimates were used to display cumulative incidence of
the primary endpoint, where time zero is the day the patient
was placed on HFO. Results from the models are expressed
as hazard ratios (HR) and 95% confidence intervals (Cl).
Receiver operating characteristic (ROC) curves were utilized
to assess the performance of our score compared to other
utilized scores. Area under the curve (AUC) for different
scores were compared using DelLong’s test. A classic 1,000-
replication bootstrapping method was used to validate the
score. Normal-based Cl are reported in our HR estimate.

Sensitivity analysis using IMV as one endpoint and using
all-cause mortality as another endpoint was performed. A
cox proportional hazards model was employed to assess the
average increment in risk for each endpoint by each increas-
ing category in the R4 score.

Results

A total of 1465 patients were hospitalized during the study
period; 543 patients were started on HFO during their hospi-
tal stay. Fourteen had been intubated prior to the initiation
of HFO and were excluded from the analysis (Supplement
Fig. 1). The analysis includes 529 patients. Median follow-up
time was 8 (3-11) days. The mean age was 55.8 + 15 years,
25% were female. The median number of days of COVID-19
symptoms before admission was 7 (6-10). The median length
of stay was 13.0 (9 — 22) days and a total of 286 (54%)
patients required intensive care. IMV was required in 200
(38%) of cases, and 13 (2.4%) died while on HFO. Causes for
mortality among those on HFO were acute myocardial
infarction (8/13), pancreatitis secondary to metastatic mel-
anoma (1/13), respiratory insufficiency secondary to gastric
carcinoma (DNR) (1/13), septic shock (1/13) and cerebrovas-
cular complications (2/13). Nonetheless, no patients
required cardiopulmonary resuscitation as a result of scar-
city of ventilators. All-cause mortality was 126 (24%). A total
of 213 (40%) participants met the primary endpoint. The
complete description and comparison of the population is
displayed in Table 1.

Development of the “Risk 4” (R4) score

Significant variables from Table 1 were imputed into a uni-
variate model for predicting the primary endpoint. Due to
low prevalence of comorbidities (CVD, COPD, cancer, auto-
immune diseases, and hypothyroidism) were concatenated
into one single variable. Clinical variables associated with
the endpoint were selected to construct the score (Table 2).
Bacterial infection was removed from the score because it is
a consequence IMV. Six variables were included in the score.
The score was optimized into 4 categories as follows: 0 crite-
ria, 1 criterion, 2-3 criteria, and >4 criteria met. Event
count and proportions per R4 score category are displayed in
Supplement Table 1.

Primary endpoint by R4 category

Median follow-up time in patients who met the primary end-
point was 3 (1-9) days. Each category increase in the R4
score increased likelihood for meeting the endpoint (HR
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1.45[1.31—-1.61], p< 0.001). HR and CI by each category, as
well as the bootstrapped sample Cl are summarized in
Table 3 and the KM estimate is displayed in Fig. 1. Sensitivity
and specificity for each scoring component and for the R4
categories is summarized in Supplement Table 2. When
breaking our primary endpoint into separate outcomes (VMI
and death), the average HR for VMI and death by each
increase in R4 category were 1.4 [1.26—1.56], p <0.001,
and 1.62 [1.42—1.85] p<0.001, respectively.

Comparison against other scores

We compared the R4 score against other scoring methods
described in the literature using receiver operating charac-
teristic (ROC) curves for our primary endpoint. When com-
paring the R4 score against other scores, it performed
better than CALL (AUC 0.64), SOFA (AUC 0.63) and NEWS2
(AUC 0.57) scores (p= 0.005 and 0.001, respectively). How-
ever, it did not perform significantly different than PSI (AUC
0.69), ROX-24 (AUC 0.71) and CURB65 (AUC 0.68) (p= 0.206,
0.647, and 0.113, respectively). When using the traditional
cutoff of 4.88 for the ROX score at 24 hours of HFO, the AUC
was 0.61 with a sensitivity and specificity of 46 and 78%,
respectively. The ROC curves and AUC for each score is pro-
vided in Supplement Fig. 2.

Discussion

In our cohort, of 529 patients with COVID-19 pneumonia who
required HFO, a high proportion (60%) avoided IMV and
death. HFO could be an IMV-sparing therapy, improving sur-
vival, reducing hospital length of stay and lowering stress in
health-care personnel.' We leveraged the high number of
participants on HFO to construct a prognostic score. The rea-
son some patients progress to severe complications is poorly
understood, although, likely multifactorial.>?°~2% Due to
the myriad of factors that may influence the prognosis,
developing highly reliable and widely generalizable scoring
methods to predict clinical outcomes is challenging. While
several authors have successfully designed tools to predict
mortality, %2 some may have too many variables to incorpo-
rate which may hamper the ability of clinicians to complete
these scores in some settings. The R4 score is a simple and
easy to use tool that integrates clinical data to predict
adverse outcomes among adult inpatients on HFO. In this
study, the purpose of creating a scoring method has merely
prognostic purposes, and its utility for guiding treatment
remains unclear. Further studies evaluating its use as a deci-
sion making or triage tool must be conducted before
attempting to give it such purpose.

The R4 score is composed of six variables, all of which
were predictive of the endpoint in univariate analysis. When
putting together the score, very few participants met 5 or 6
criteria (n= 17, and 2, respectively), these low frequencies
limited the power to predict the endpoint. For this reason,
we opted for consolidating into a single group any patient
meeting more than 4 criteria. Moreover, participants meet-
ing 2 or 3 criteria had a very similar risk (HR= 3.84 and 4.39,
respectively) for meeting the primary endpoint. Addition-
ally, the Cl around those meeting 2 and 3 criteria completely
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Table 1

Overall baseline characteristics and comparative between both outcome groups. LOS= Length of stay, BMI= Body mass

index, CVD= Cardiovascular disease, eGFR= estimated glomerular filtration rate, IMV= invasive mechanical ventilation, IL-6= inter-
leukin 6, HS= highly sensitive, BNP= brain natriuretic peptide, CRP= C-reactive protein.

Overall Composite endpoint met
No Yes
Variables n=529 n=316 n=213 p-value
Age (years) 55.8 +15.1 52.7 £ 14.5 60.4 +14.8 < 0.001
Sex (female) 393 (74.3%) 70 (22.2%) 66 (31.0%) 0.02
LOS (days) 17.2 £12.8 12.2 £ 6.3 24.7 +16.0 < 0.001
Days of symptoms 8.6 4.8 8.91+4.2 8.3+5.4 0.16
before admission
BMI (kg/m?) 31.4+5.5 31.5+5.6 31.2+5.3 0.54
Hypertension 211 (39.9%) 101 (32.0%) 110 (51.6%) < 0.001
Diabetes 153 (28.9%) 77 (24.4%) 76 (35.7%) 0.01
Current smoker 46 (8.7%) 28 (8.9%) 18 (8.5%) 0.80
CVD 32 (6.0 %) 13 (4.1 %) 19 (8.9 %) 0.02
Nephropathy 20 (3.8 %) 7 (2.2 %) 13 (6.1 %) 0.02
Hypothyroidism 31 (5.9 %) 12 (3.8 %) 19 (8.9 %) 0.01
COPD or Asthma 9 (1.7 %) 4(1.3 %) 5(2.3%) 0.35
Active cancer 17 (3.2 %) 7(2.2%) 10 (4.7 %) 0.11
Autoimmune disease 6 (1.1%) 2 (0.6 %) 4(1.9%) 0.18
Pregnancy 4 (0.8 %) 1(0.3%) 3(1.4%) 0.16
Sp02 at admission (%) 82.8+11.9 84.7+9.9 79.9 +13.9 < 0.001
ROX score at 24 hours 5.8 2 727 6.4+2.3 5.1+1.9 < 0.001
SOFA 09+1.4 0.7+1.1 1.3+1.6 < 0.001
PSI 65.4 +27.5 58.4 +22.4 76.2 + 31.1 < 0.001
CURB-65 0.8+0.9 0.6 +0.8 1.2+1.0 < 0.001
CALL 9.8+2.2 9.3+2.1 10.5+2.2 < 0.001
eGFR (mL/min) 0.9+1.4 89.7 +23.5 76.6 +28.0 < 0.001
Sp02 before HFOT (%) 84.4 +26.2 89.9+9.6 86.2 +13.2 < 0.001
Days on HFOT 5.7+ 4.7 6.1+4.0 5.1+5.5 0.021
Days on IMV 14.1 +£13.3 - 14.1 £ 13.3 —
Labs on admission
Hemoglobin (mg/dL) 14.1+1.9 14.2+1.6 13.8+2.2 0.01
Leucocytes (x 103/ uL) 10.4 +£5.3 10.4 +4.8 10.4 + 6.0 1
Lymphocytes (x 103/ L) 1.0+1.2 0.9+1.0 1.0+£1.5 0.32
Platelets (x 10°/ L) 241.6 +99.1 255.0 +97.3 221.8 +98.5 0.001
Potassium (mmol/L) 5.5+21.8 4.1+0.5 7.5+ 34.3 0.08
IL-6 (pg/mL) 132.7 £ 302.5 91.8 +113.5 190.7 + 444.6 0.001
Ferritin (ug/L) 2135.1 + 2649.0 2130.6 + 2664.5 2141.8 +2632.8 0.96
D-dimer (ng/mL) 1485.3 £ 5456.0 1344.8 & 5647.5 1693.8 &+ 5166.0 0.49
HS troponin (ng/mL) 34.5+125.4 23.7 +90.9 50.1 +161.9 0.03
BNP (pg/mL) 87.1 +297.1 82.6 +359.6 93.3+175.5 0.72
CRP (mg/dL) 18.0 £ 16.6 17.9 £19.2 18.1 £11.5 0.87
Procalcitonin (ng/mL) 0.6 £1.5 0.5+1.4 0.7+1.6 0.24
LDH (U/L) 508.0 + 681.1 449.9 + 317.0 592.6 +991.8 0.02
Admission to ICU 286 (54.1%) 88 (27.8%) 198 (93.0%) < 0.001
Days on ICU 8.3+12.8 1.5+3.0 18.3 £ 14.9 < 0.001
Bacterial infection during 161 (30.4%) 15 (4.7 %) 146 (68.5%) < 0.001

hospitalization

overlapped, so creating a single category for patients meet-
ing 2 or 3 criteria simplified the score.

Comparison with other standardized scores

Traditional scoring tools have been repurposed for use
among COVID-19 inpatients.?® In a cohort of 830 participants
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with COVID-19 pneumonia, the performance of qSOFA,
NEWS2 and CURB-65 was evaluated. All tools lacked prognos-
tic utility and underestimated the mortality rate in their
population. The ROX score is a tool that predicts IVM among
patients with HFO'® and has been validated in the setting of
COVID-19.2%%7 Moreover, a recent study demonstrated the
value of the ROX in COVID-19 patients, and reiterates it’s
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Table 2 Components for the R4 score. Each criterion met

Estimated Cumulative Proportion of
Patients with Primary Endpoint

. 8 |
sums 1 point. -
R4 Score Components R

o

Age > 63 years 8
eGFR < 60 ml/min o]
ROX < 5.2 at 24h of HFO 9 | “—\
History of Hypertension e
History of Diabetes 8
Any of the following CVD ° 3 10 20 30 40

Autoimmune disease
COPD

comorbidities:

Analysis time (days)
Number at risk

1:123 47 7 0 0
R4 2:137 48 7 3 0
Cancer . Category 3: 203 77 16 2 0
Hypothyroidism 4: 66 18 6 2 0
Category 1 [Ref] Category 2
Category 3 Category 4

role in decision-making for clinicians to proceed to IMV.%’
This study also suggests that repurposing the ROX score for
COVID-19 patients deemed a reevaluation of cutoff values,
and found that ROX at 12 hours best predicted IMV when
using a ROX cutoff of 5.99.27 In agreement with this study,
our data suggests using a higher cutoff value correctly classi-
fies more patients to undergo IMV. Another cohort showed
improved performance of the NEWS2 score,'® with an AUC of
0.82 for predicting mortality. The SOFA score has also been
repurposed by different groups but its value is inconsistent
among different cohorts.?®2° Evidence regarding the use of
traditional scores to predict outcomes among COVID-19
inpatients is inconsistent, and likely sensitive to different
populations and outcomes. Novel scores developed for
COVID-19 disease like the CALL score'? claim high sensitivity
and specificity for disease progression. The R4 score proved
to perform similarly to PSI, ROX and CURB-65 among our
study cohort, while performing better than the SOFA,
NEWS2, and CALL scores to predict our primary endpoint.
Despite the latter being designed for COVID-19 patients and
claiming an AUC of over 0.9 the results did not hold in our
cohort, probably in part because we used it for a different
endpoint, and we did not have data on HIV status to incorpo-
rate into the score. These positive results suggest the R4
score may be used in lieu of, or as a complement of other
traditional and novel scores. However, it is important to
note this score was evaluated only in the setting of a devel-
opmental cohort and reevaluated among our population
using bootstrapping, which limits our ability to compare it
with other scoring methods.

Our study is limited in that it is a retrospective analysis,
thus a casual pathway cannot be determined. Initiation of
IMV could have been altered by clinician judgement, as well
as ventilator shortage, and ICU availability. Our study does

Figure 1

not consider therapies that participants might have received
before admission, which may introduce selection bias into
our study. Our score was only assessed in a single cohort; it is
unclear how it will perform in other cohorts. Comorbidities
were assessed by self- or proxy report, which may raise con-
cern for recall bias, exaggerating the effect size. Moreover,
with the emergence of SARS-CoV-2 variants, and the imple-
mentation of vaccine programs, it is unclear whether the
score will perform similarly in populations infected with
other variants, and whether vaccines might influence the
effect estimates. However, this limitation is present in any
scoring tool, until further studies are conducted to evaluate
the impact of variants and vaccines on risk tools. The R4
score was not significantly different to some scoring methods
in predicting the primary endpoint, although, this may also
be seen as a strength, as it may be used in lieu of other
scores if information to impute in other tools is insufficient
in the clinical setting. Other strengths in our cohort include
a large sample size with relatively high event rates, power-
ing our analysis to develop multiple risk stratification cate-
gories. Moreover, reliable clinical data collection was
accomplished despite having missingness among inflamma-
tory markers, variables used in the score did not suffer from
missingness. Additionally, this study employs survival analy-
sis within each R4 score categories to predict our primary
endpoint, giving it additional analytical strength.

Inpatients with COVID-19 pneumonia are complex and
their outcomes are hard to predict as much about COVID-19
must still be learned. Different tools exist that may be used
with limited reliability in predicting outcomes among these

Table 3  Overall sample size, number of events, and hazard ratios for the primary endpoint by R4 category.

R4 Category (# of criteria) n= Events HR p-value 95 %Cl Bootstrap 95% ClI
1(0) 58 8 (14%) = - _ _

2 (1) 173 53 (31%) 2.94 < 0.001 1.67-5.19 1.65-5.26
3(2-3) 215 96 (45%) 4.08 < 0.001 2.41-6.93 2.36—7.05

4 (>4) 83 56 (67%) 6.63 < 0.001 3.76—-11.70 3.74-11.77
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patients. The R4 score has proven to be a potentially useful
tool that may be complementary to traditional tools to pre-
dict IMV or death among COVID-19 patients. It is imperative
that this score be validated among another cohort to further
understand the implications and utility of this tool. There-
fore, we encourage other working groups to validate this
tool among other cohorts to better understand the best
ways to predict outcomes among COVID-19 patients with
HFO.
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KEYWORDS Abstract

Clinical Introduction and Objectives: Obstructive sleep apnea (OSA) is a prevalent sleep condition which
presentations; is very heterogeneous although not formally characterized as such, resulting in missed or
Cluster visualization; delayed diagnosis. Cluster analysis has been used in different clinical domains, particularly
Data mining; within sleep disorders. We aim to understand OSA heterogeneity and provide a variety of cluster
Obstructive sleep visualizations to communicate the information clearly and efficiently.

apnea Materials and Methods: We applied an extension of k-means to be used in categorical variables: k-

modes, to identify OSA patients’ groups, based on demographic, physical examination, clinical his-
tory, and comorbidities characterization variables (n = 40) obtained from a derivation and validation
cohorts (211 and 53, respectively) from the northern region of Portugal. Missing values were imputed
with k-nearest neighbours (k-NN) and a chi-square test was held for feature selection.

Results: Thirteen variables were inserted in phenotypes, resulting in the following three clus-
ters: Cluster 1, middle-aged males reporting witnessed apneas and high alcohol consumption
before sleep; Cluster 2, middle-aged women with increased neck circumference (NC), non-
repairing sleep and morning headaches; and Cluster 3, obese elderly males with increased NC,
witnessed apneas and alcohol consumption. Patients from the validation cohort assigned to dif-
ferent clusters showed similar proportions when compared with the derivation cohort, for mild
(C1: 56 vs 75%, P =0.230; C2: 61 vs 75%, P =0.128; C3: 45 vs 48%, P = 0.831), moderate (C1: 24 vs
25%; C2: 20 vs 25%; C3: 25 vs 19%) and severe (C1: 20 vs 0%; C2: 18 vs 0%; C3: 29 vs 33%) levels.
Therefore, the allocation supported the validation of the obtained clusters.

Conclusions: Our findings suggest different OSA patients’ groups, creating the need to rethink
these patients’ stereotypical baseline characteristics.
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Introduction

Obstructive sleep apnea (0OSA) is a common sleep disorder
characterized by recurrent episodes of collapse of the upper
airway during sleep, which is estimated to occur in nearly 1
billion adults aged 30—69 years worldwide and in more than
5 million in Portugal." Although commonly observed in clini-
cal practice, OSA which is a heterogeneous condition with
various predisposing factors, pathophysiological mecha-
nisms, clinical manifestations and consequences of respira-
tory events; has not been formally characterized, posing
critical challenges to its clinical recognition and resulting in
missed or delayed diagnosis.>2 A diagnosis is established
when a patient has an apnea-hypopnea index (AHI) >5 with
associated symptoms or an AHI >15 regardless of associated
symptoms.® Nevertheless, it has long been recognized that
AHI alone does not capture OSA’s patients’ heterogeneity,
that one-size does not fit all.* The review of Zinchuk et al.,
presents numerous studies that used analytic approaches to
gain advantage of this heterogeneity.® In addition, Allan
Pack studies discuss P4 medicine and how it might be appli-
cable to OSA, specifically if OSA diagnosis or treatment were
personalized, providing several examples of this personal-
ized, predictive, preventative and participatory medicine.’
Cluster analysis, a hypothesis-generating strategy (or unsu-
pervised learning), is being used to identify subtypes of
patients with unique characteristics, classifying patients
with OSA into smaller and more homogeneous disorder phe-
notypes. This is a statistical approach that studies the rela-
tionships present among groups of participants or variables
in a population, aiming at the benefit of allowing more spe-
cific diagnosis and treatment strategies. This is accom-
plished by assessing similarity (or dissimilarity) between
subjects using metrics such as correlation or distance based
on the features used to characterize each individual. Ideally,
each cluster member is as similar as possible to each other
and as different as possible from those in other clusters. One
approach in cluster analysis is the k-modes algorithm.® This
algorithm extends the k-means paradigm to cluster categori-
cal data by using a simple matching dissimilarity measure for
categorical objects, modes instead of means for clustering,
and a frequency-based method to update modes in the k-
means fashion clustering process.” The dissimilarity measure
can be defined by the total mismatches of the two objects’
corresponding variable categories: the smaller the number
of mismatches, the more similar the two objects are. To bet-
ter understand OSA heterogeneity, this study applies cate-
gorical cluster analysis to various observable and
measurable OSA characteristics, such as signs, symptoms,
demographics, and comorbidities. It also provides a variety
of cluster visualizations to communicate this information
clearly and efficiently.

Material and methods

A literature review was previously conducted to identify the
most relevant OSA variables to be collected from the medi-
cal records and a total of 51 variables were noted, such as:
demographic variables (e.g., gender); physical examination
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(e.g., body mass index (BMI)); clinical history (e.g., snoring);
and comorbidities (e.g., stroke).

Derivation cohort

All patients who underwent polysomnography (PSG) at the
Vila Nova de Gaia and Espinho Hospital Center Sleep Labora-
tory were included in the study. All administrative records
were collected retrospectively between January and May
2015; patients included were aged above 18 years old and
were suspected of having OSA. Patients already diagnosed
with OSA or with severe lung diseases or neurological condi-
tions and pregnant women were excluded. In the case of
duplicate exams, the one with better sleep efficiency was
selected.® This study was approved by the Ethics Commission
of Vila Nova de Gaia and Espinho Hospital Center, in accor-
dance with the Declaration of Helsinki.

Validation cohort

We have prospectively included adult patients suspected of
having OSA referred to perform PSG at the Sleep Laboratory
of Sao Joao University Hospital, between December 2019
and March 2020, following the previously mentioned inclu-
sion and exclusion criteria. This study was approved by the
Ethics Commission of Sao Joao University Hospital, in accor-
dance with the Declaration of Helsinki.

Pre-processing phase

Although we had access to all the electronic medical records
from the included patients, after screening all unstructured
text reports, some predictive variables were not fully pres-
ent or described, as physicians normally do not mention the
absence of a disease, or it could only be noted in paper
records (missing data proportions ranged from 0% for gender
to 97% for bariatric surgery). Variables with more than 80%
missing values were removed from the analysis (e.g.,
decreased libido). Also, daytime sleepiness exhibited con-
tradictory results (higher percentage of patients in the nor-
mal group n = 77; 72%) with statistical significance. This was
also described for the Epworth Sleepiness Scale (ESS), which
presented a contradiction to the literature and the inherent
meaning of the variables, and thus was not considered for
statistical analysis. For more details, please refer to
supplementary file (A). The outcome measure was OSA clini-
cal diagnosis (AHI>5 plus excessive daytime sleepiness and
at least two of the following three criteria: habitual loud
snoring; witnessed apnea or gasping or choking; or diagnosed
hypertension) obtained from PSG.°

We performed a pre-processing analysis, and continuous
variables were categorized, plus k-nearest neighbours (k-
NN) imputation was conducted to preserve all cases with
missing data being replaced with a value obtained from
related cases from the complete set of records.® After chi-
square analysis, variables were selected if presenting a sig-
nificant univariate association with the outcome (AHI), con-
sidering a 5% significance level. We used R software'' to
perform descriptive and associative analysis (packages gmo-
dels'? and epitools'), the k-modes categorical clustering
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(package klaR™) and to create standard barplot (ggplot2'?),
heatmap (gplots'®) and radar chart (fmsb'?).

Results
Derivation cohort

In total, 211 patients were diagnosed with OSA (66%), of which
115 (55%) were categorized as mild, 50 (24%) as moderate and
46 (22%) as severe. Seventy percent were males with a mean
age of 61 (53—68) years old and with OSA. The lower age cate-
gory, 20—44 years old, had a lower percentage of patients with
OSA, oppositely to categories 45—64 and 65—90 (P<0.001).
Looking only at OSA patients, neck (NC) and abdominal circum-
ference (AC) had a mean of 42 (39—44) cm and 107 (100- 113)
cm, and a BMI median value of 30 (27—30) Kg/m? (P = 0.008).
Several variables had no statistical significance but had a
higher number of patients in the OSA group, namely craniofa-
cial and upper airway abnormalities (CFA), snoring, nocturia,
sleep fragmentation, insomnia, drivers, family history, myo-
cardial infarction, arterial hypertension, pacemaker, stroke,
renal failure, dyslipidaemia, and hypothyroidism. In contrast,
a higher percentage of normal patients were seen in gasping/
choking, behavioural changes, decreased libido, vehicle
crashes, coffee, use of sedatives, respiratory alterations, and
anxiety/depression.

A total of 13 variables were incorporated into the clus-
ter analysis: gender, age, BMI, NC, modified Mallampati,
witnessed apneas, nonrepairing sleep, morning headaches,
driving sleepiness, alcohol consumption, congestive heart
failure, arrhythmias, and pulmonary hypertension, result-
ing in three distinct clusters, presented in Table 1. Figure 1,
2 and 3 visually synthesizes the information obtained from
Clusters 1 to 3.

Cluster 1 weighted the least and had non-increased neck
circumference in middle-aged males. It had a higher per-
centage of driving sleepiness, and lower percentages in
congestive heart failure, arrhythmias, pulmonary hyperten-
sion and modified Mallampati. In addition, it had the second
higher percentage of witnessed apneas, nonrepairing sleep,
morning headaches, and alcohol consumption. The mild
severity level had a higher value. Cluster 2 was mainly mid-
dle-aged women with increased NC. It had the lowest per-
centage of witnessed apneas and alcohol consumption, and
very low percentages of comorbidities. Finally, Cluster 3
presented older and obese men with increased NC. Wit-
nessed apneas were reported in 75% of the patients, and
alcohol consumption, congestive heart failure, and pulmo-
nary hypertension had the highest percentages in all the
clusters. In contrast, nonrepairing sleep, morning head-
aches, and driving sleepiness had the lowest rates. This clus-
ter presented a lower value in the mild severity category
and a higher value at the severe level.

Table 1  Clinical characteristics of the obstructive sleep apnea cohort by the defined clusters, % [95%Cl].
Cluster 1 Cluster 2 Cluster 3 P(C|F)
(n=112) (n=44) (n=55) P value (cq, Ca, C3)

Gender (male) 85 [77-91] 20 [10—36] 80 [67—89] <0.001 (0.64, 0.06, 0.30)
Age (years) <0.001*

20—44 6[3-13] 11 [4-25] 11 [5-23] (0.39, 0.28, 0.33)

45—-64 65 [56—74] 57 [41-71] 27 [14—41] (0.65, 0.22, 0.33)

65-90 29 [21-38] 32 [19-48] 62 [48—74] (0.40, 0.18, 0.42)
Obesity 21 [14-29] 43 [29-59] 76 [63—86] <0.001 (0.27, 0.23, 0.50)
Increased neck circumference 30 [22—-40] 77 [62—88] 96 [86—99] <0.001 (0.28, 0.28, 0.44)
Mallampati <0.001*

Class | 22 [15-31] 11 [4-25] 36 [24—-50] (0.50, 0.10, 0.40)

Class Il 48 [39-58] 61 [46—75] 5[1-16] (0.64, 0.32, 0.04)

Class 11 26 [18—35] 23 [12-38] 47 [34—61] (0.45, 0.15, 0.40)

Class IV 4[1-9] 5[1-17] 11 [5-23] (0.33,0.17, 0.50)
Witnessed apneas 64 [55—73] 30 [17—45] 75 [61—85] <0.001 (0.57, 0.10, 0.33)
Nonrepairing sleep 46 [36—55] 70 [55—83] 29 [18—43] <0.001 (0.52, 0.32, 0.16)
Morning headaches 45 [35—54] 84 [69-93] 18 [10—31] <0.001 (0.52, 0.38, 0.10)
Driving sleepiness 13 [7-20] 5[1-17] 2 [0—11] .05 (0.82,0.12, 0.06)
Alcohol consumption 85 [77-91] 20 [10—36] 91 [79-97] <0.001 (0.62, 0.06, 0.32)
Congestive heart failure 10 [5-17] 14 [6—28] 18 [10—31] .31 (0.41, 0.22, 0.37)
Arrhythmias 5[2-12] 14 [6—28] 11 [5-23] .15 (0.34, 0.33, 0.33)
Pulmonary hypertension 4[1-9] 9[3-23] 13 [6—25] .07 (0.27, 0.27, 0.46)
Obstructive sleep apnea .50

Mild 56 [47—66] 61 [46—75] 45 [32-59]

Moderate 24 [17-33] 20 [10—36] 25 [15—39]

Severe 20 [13-28] 18 [9-33] 29 [18—43]

" Fisher's exact test; P<0.05 are presented in bold; ClI: confidence interval; P(C|F): probability of belonging to a cluster given the pres-

ence of a factor.
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Validation cohort

Prospective data collection resulted in 53 OSA patients, 51%
male. The median age was 59 (22—80) years old, with 8
(15%) in the 20—44 years old stratum, 30 (57%) in 45—64,
and 15 (28%) in 65—90. Regarding NC and BMI, the median
was 40 (31—48) cm and 31 (22—44) Kg/m?, respectively. The
highest proportion of patients (n = 35 (66%)) had been diag-
nosed with mild OSA, followed by moderate (11 (21%)), and
severe (7 (13%)) levels. Concerning clinical history, wit-
nessed apneas were reported in 64% of patients, followed by
non-repairing sleep (26, 49%) and morning headaches (18,
34%). The most prevalent comorbidity was arrhythmias (4,
8%).

We calculated the dissimilarity between each new
patient and the obtained clusters, based on the proposal of
Huang,® as previously mentioned. Afterwards, we created a
matrix and assigned the patients to their closest cluster (i.
e., the cluster with the lowest dissimilarity), allocating 7 in
Cluster 1, 17 in Cluster 2, and 18 in Cluster 3. Eleven
patients had the same dissimilarity measure in two (n = 6) or
three (5) clusters; we then assigned them randomly to any
cluster, by generating 30 random assignments. This resulted
in a mean (sd) allocation of 12 (1) in Cluster 1, 20 (1) in Clus-
ter 2, and 21 (2) in Cluster 3. When comparing the propor-
tion of patients in the derivation and validation cohorts in
all clusters, we discovered no statistical differences for
most variables (gender, age, witnessed apneas, non-repair-
ing sleep, morning headaches, driving sleepiness, congestive
heart failure, arrhythmias, pulmonary hypertension) and for
the outcome, as showed in supplementary file (B). Regarding
BMI and NC, statistical significance was found only in Cluster
1 (P =0.001 and P = 0.024, respectively), while Mallampati

211

Radar plot of obstructive sleep apnea patients’ clinical characteristics distribution by cluster.

and alcohol consumption was in Cluster 1 (P = 0.043 and
P =0.007) and 3 (P =0.002 and P<0.001).

Discussion

In line with other studies, this research contributes to under-
standing OSA heterogeneity through exploring possible phe-
notypes by applying categorical cluster analysis (k-modes) in
all severity levels. Our findings confirm that patients’ pheno-
types can be identified in the OSA population referred to the
sleep laboratory (three in our case). Cluster 1 and 3 were
middle-aged males or elderly, while Cluster 2 was middle-
aged women. We verified that physical examination aspects,
such as BMI and NC, were lower in Cluster 1 but extremely
high in Cluster 3, especially NC. Regarding clinical history,
the overall percentage of modified Mallampati was placed in
the lower levels (Mallampati 1 and 2) and driving sleepiness
percentages were low (higher value of 13% in Cluster 1).
Alcohol consumption pre-sleep was widely described in Clus-
ter 1 and 3. Reported witnessed apneas were higher in Clus-
ter 3 and 1, while nonrepairing sleep and morning
headaches in Cluster 2. All the chosen comorbidities
(congestive heart failure, arrhythmias, and pulmonary
hypertension) were low and without statistical significance
in our analysis. The percentage of the outcome measure
(AHI) was demonstrated in each cluster; Cluster 2 had 61%
[46%—75%] of mild severity, followed by Cluster 1 (56%
[47%—66%]) and Cluster 3, with a significantly smaller pro-
portion (45% [32%—59%]), and high percentage in the severe
level (29% [18%—43%]. When we observe the probability of
belonging to a cluster given the presence of a factor, we can
notice that factors such as male gender, lower levels of age
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and modified Mallampati, witnessed apneas, nonrepairing
sleep, morning headaches, driving sleepiness, alcohol con-
sumption, congestive heart failure and arrhythmias put the
patient in Cluster 1. On the other hand, elderly obese adults
with increased NC, a level 4 modified Mallampati, and pul-
monary hypertension, are allocated to Cluster 3. As a result,
when applying our approach to the classification of a new
case, physicians should choose the cluster with the greatest
number of similar variables states, considering the ten sta-
tistically significant variables identified: gender, age, BMI,
NC, modified Mallampati, witnessed apneas, nonrepairing
sleep, morning headaches, driving sleepiness, and alcohol
consumption. The validation cohort of OSA patients, con-
firmed the previous statistically significant variables as gen-
der, age, witnessed apneas, nonrepairing sleep, morning
headaches, and driving sleepiness. Additionally, BMI and NC
can be considered in Cluster 2 (P = 0.051) and 3 (P>0.999),
while modified Mallampati and alcohol consumption only in
Cluster 2 (P=0.417 and P = 0.085), respectively.

Several authors have hypothesized the possible presence
of OSA phenotypes, with the expected benefit of allowing a
more precise diagnosis and treatment strategy, leading to
improve patients outcomes, as described in the review of
Zinchuk et al..* The referred studies were performed
between 2012 and 2019 (a total of 17), with eight studies
applying latent class analysis (LCA) as the clustering method,
three applying hierarchical clustering (with multiple corre-
spondences analysis for feature selection or principal com-
ponent analysis (PCA)), one utilizing hierarchical clustering
and k-means, two using k-means (with multiple correspon-
dence for feature selection or PCA), one with k-means, one
with time-series analysis and dynamic cluster analysis, and
one exploiting k-modes (our previous work). Furthermore,
the authors referred that these studies differ in terms of
individuals included, sample size, patients features and out-
comes, presented in the review. We also would like to point
out that while our work chose PSG, as the standard diagnosis
tool, other studies elected home studies or PSG mixed with
home studies (seven studies). In the studies that selected
PSG as the gold standard, different AHI cut-offs were
applied, namely one study employed AHI >5'® and two AHI
>15,"%2% while two other studies do not define the cut-
off.2"22 Analysing our results to the one that selected the
same AHI cut-off, we noticed some differences. First, the
study collected data from PSG, namely position, sleep state
and arousals, while ours did not pre-select these variables as
we focused our analysis only on pre-diagnostic data. Also, in
our work we analysed the data as categorical while this
study was numerical, reaching 6 clusters, all related to sleep
position or sleep state. The only common aspect is that, like
our study, it did not report outcomes. The two studies that
reported a cut-off higher than 15 events per hour collected
data from PSG in a supine position (not collected in our
study) or symptoms and ESS. In this case, LCA was per-
formed, and 4 clusters were found: 1) disturbed sleep; 2)
minimally symptomatic; 3) excessively sleep, and 4) moder-
ately sleepy. Although we could compare our results to this
study, it is not our aim to assess the association with preva-
lent and incident cardiovascular disease. The main limita-
tion of cluster analysis is that the phenotypes are always
dependent on the number and the quality of the selected
variables. Nevertheless, we believe that the process and the
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results are relevant. The inclusion of a comprehensive num-
ber of risk and diagnostic factors, as well as the observed
robustness of the cluster-defined phenotypes in the valida-
tion cohort, enhances our understanding of OSA heterogene-
ity, emphasizing that the stereotypical OSA patient needs to
be redefined.
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KEYWORDS Abstract

SERPINAT gene; Background and objective: Alpha-1 antitrypsin deficiency (AATD) is an underdiagnosed heredi-

Alpha-1 antitrypsin tary condition that promotes the development of lung and liver diseases, and the most common

deficiency; potentially life-threatening genetic condition in Caucasian adults. In this study, the clinical and

Screening; genetic profile of pulmonary patients from a single center in La Palma Island (Canary Islands,

Underdiagnosis; Spain) was assessed to predict how to increase AATD diagnosis.

Chronic obstructive Methods: AATD was tested in 1,493 pulmonary outpatients without regard to respiratory symp-

pulmonary disease; toms and 465 newborns. Variants of the SERPINA1 gene were characterised by real-time PCR,

Bronchial asthma DNA sequencing, molecular haplotyping and phenotyping (AAT isoelectric focusing). Different
respiratory pathologies were diagnosed in patients and their levels of serum AAT were measured
by nephelometry.

Results: The prevalence of pneumological patients with AATD alleles was 30.5%, including PI*S,
PI*Z and 6 rare genetic variants. Certain deficiency genotypes were unevenly distributed among
patients diagnosed with respiratory diseases: PI*ZZ (71.4%) and PI*SS (34.8%) genotypes were
more represented in patients with chronic obstructive pulmonary disease (COPD), whereas
PI*MZ (27.7%) and PI*SZ (34.5%) genotypes were more abundant in patients with bronchial
asthma. The estimated frequency of PI*S and PI*Z alleles in the general population was 8.2% and
2.1%, respectively. A very significant enrichment (p< 0.01) of PI*S allele, independent of the PI*Z
allele, was detected in the clinical population.
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Conclusions: AATD diagnosis would improve if both the COPD and the asthmatic patients were
included to screening programs. The prevalence of PI*ZZ genotype in La Palma (1/2,162) was rel-
atively high within Spain (average 1/3,344).

© 2022 Sociedade Portuguesa de Pneumologia. Published by Elsevier Espana, S.L.U. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).

Introduction

Human alpha-1 antitrypsin (AAT) is a glycoprotein with anti-
protease and immunomodulatory activity. It is synthesized
mainly by hepatocytes and secreted into the bloodstream,
where it reaches baseline concentrations of 0.9-1.75 g/L.
AAT level in plasma can increase by up to 100% in response
to inflammatory or infectious stimuli. The main function of
AAT is to inhibit the excess of elastase 2 and proteinase 3
released by activated neutrophils, thus avoiding excessive
proteolytic degradation of elastin and type IV collagen in
the lungs."? Certain mutations in the SERPINAT gene (Serine
Protease Inhibitor, group A, member 1) cause AAT deficiency
(AATD), an inherited condition that predisposes to the devel-
opment of different diseases, typically pulmonary emphy-
sema and several liver pathologies. While liver disease is
triggered by intracellular accumulation of AAT polymers,
emphysema is caused by insufficient serum AAT concentra-
tion to protect connective lung tissue from the harmful
effects of neutrophil proteases. -2

Hundreds of variants of the SERPINA1 gene have been
identified by molecular analysis and about 70 of them have
been associated with clinical manifestations.>* Normal
alleles are called PI*M, with the subtype PI*M1-Val213 being
the most common in Europe and North America (44-49%).°
The most common deficient alleles in populations of Euro-
pean ancestry are PI*S and PI*Z, with frequencies of 5-10%
and 1-3%, respectively. Nearly 100 percent of the clinical
cases of AATD-associated pathologies involve the PI*Z allele,
normally as PI*ZZ homozygous or less frequently as com-
pound heterozygous."

Despite being one of the most common genetic disorders
among Caucasians, it is estimated that approximately 90% of
individuals with severe AATD remain undiagnosed. In
detected cases there has been an average delay of 6 years
from the onset of symptoms, often when lung damage is irre-
versible. Delay in prescribing specific treatment leads to an
increase in mortality.®” The underdiagnosis can be ascribed
to several causes: first, there is unawareness of AATD among
physicians; second, the clinical symptoms caused by AATD
are essentially indistinguishable from those of other com-
mon respiratory pathologies; and third, practitioners
request the specific test for AATD diagnosis only if the
patient closely matches the classic clinical description of
AATD-associated lung disease.?

To analyse, in a local model, how actions on these causes
could improve the AATD diagnosis, in the present study the
variants of the SERPINA1 gene were surveyed in pneumology
outpatients and this information was used to predict what
would have been the success of detection of AATD by apply-
ing different clinical criteria. In addition, we compare the
frequencies of PI*S and PI*Z variants in clinical population
with those in the general population to which they belong,
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to assess whether carriers of one of these deficiency alleles
have higher probability of developing respiratory symptoms.

Methods

Study populations

Two subsets of subjects from La Palma Island (Canary Islands;
Spain) were analysed in the context of AATD: one from a
clinical population and one from the general population. For
the first subset, pneumology outpatients were recruited dur-
ing 54 consecutive months (January 2011 to June 2015),
from the General Hospital of La Palma, regardless of the
cause of the visit or of their respiratory symptomatology.
Blood samples for the determination of AAT levels and phe-
notype or for SERPINA1 gene genotyping were collected in
non-anticoagulated tubes or dried blood spots (DBS), respec-
tively. For the second subset, DBS cards were collected from
all individuals born in 2014 in the Obstetrics Unit of the
same hospital, taking advantage of blood sampling to rule
out congenital metabolic diseases. This set of neonates was
assumed to be a random and representative sample of the
general population from La Palma, whose census in 2014 was
83,456 inhabitants (Spanish National Institute of Statistics).

The study was approved by the hospital's Ethics Commit-
tee with the number/date HGLaPalma_2010_7/ September
26, 2010 (patients) and HGLa Palma_2013_12/November 7,
2013 (newborns). Signed informed consent was collected
from all patients and the parents of infants. Data on the
genotype of newborns were incorporated into the corre-
sponding clinical records and only communicated when
requested by the parents. In these cases, and when appro-
priate, counselling about preventive health behaviours was
offered.

Diagnosis of lung diseases

The respiratory pathologies diagnosed in the pneumology
outpatients, following the criteria of specific guidelines,
were bronchial asthma, chronic obstructive pulmonary dis-
ease (COPD), sleep apnea-hypopnea syndrome (SAHS), hypo-
ventilation-obesity syndrome (HOS) and non-specific
bronchial hyperreactivity (BHR).'%'3

Genetic characterization of AATD variants

The approach followed for the genetic characterization of
SERPINA1 is summarized in Fig. 1. Genomic DNA extraction
was performed in all subjects following an alkaline lysis
method from peripheral blood samples deposited on filter
paper (Whatman™ 903) and dried at room temperature.™
From the nucleotide sequence of the SERPINAT gene
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1,493 undiagnosed pulmonary patients

Detection of non-S/S and non-Z/Z
genetic variants by real-time PCR

Identification of discrepancies between
serum AAT level and genotype for
PI*S, PI*7Z and PI*M alleles

Detection of rare mutations in discordant cases
by DNA sequencing, molecular haplotyping and
1soelectric focusing (phenotyping)

Fig. 1

B 465 newborns

Detection of non-S/S and non-Z/Z
genetic variants by real-time PCR

Detection of relevant rare mutations
(APhe52 and T6) by real-time PCR

Summary of the approaches used to genotype SERPINA1 gene. In addition to non-S/S and non-Z/Z genetic variants, certain

rare mutations previously detected in the patient cohort (A) were searched for in samples from newborns (B).

(NC_000014) amplification primers and HybProbe® fluorescent
probes (Supplementary Table 1) were designed to detect,
using the LightCycler 480 (Roche) platform, four different
mutations: S (rs17580; c.863A>T; p.Glu264val); Z
(rs28929474; c.1096G>A; p.Glu342Lys); APhe52 (rs775982338;
C.226_228del; p.Phe52del); and T6 (rs763023697; c.1130insT;
p.Leu353PhefsX24). These oligonucleotides were used for
real-time PCR and melting analysis in the conditions described
elsewhere,'® with the exception of amplification primers for
non-S/S and non-Z/Z variants that were used at an annealing
temperature of 56°C. Genotyping assays were validated with
a set of reference samples previously characterised by DNA
sequencing, achieving a good resolution of alleles (Supple-
mentary Figures 1 and 2).

For each patient, serum AAT concentration was deter-
mined by immunonephelometry and compared to the refer-
ence ranges (95% interval) described for the different
combinations of the non-S/S and non-Z/Z genetic variants, '
i.e. the PI*MM, PI*MS, PI*MZ, PI*SS, PI*SZ, and PI*ZZ geno-
types (being PI*M =non-S, non-Z; PI*S=S, no-Z; PI*Z =no-S,
Z). When the serum AAT level of a patient was less than the
lower limit of the corresponding range, genotyping of the
SERPINA1 gene was expanded by sequencing the entire cod-
ing region and the exon/intron boundaries, using the primers
and PCR conditions described elsewhere."” The nucleotide
sequences obtained were compared to the PI*M1-Val213
allele of the SERPINAT gene (NG_008290.1) to detect var-
iants. In some cases, the complete genetic characterization
also required molecular haplotyping by allele-specific PCR
and sequencing of the resulting amplicons, "> '®'° sometimes
supplementing the diagnosis with data on the AAT phenotype
determined by isoelectric focusing and immunodetection.?°

Frequencies of alleles and genotypes, and statistical
analysis

Relative allelic frequencies were determined by dividing the
total number of alleles found of each type (PI*M, PI*S, and
PI*Z) by the total alleles of the population, expressed as per-
cent. The Chi-Square Test (x%) was used to determine the
goodness of fit between the frequencies of genotypes
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observed in the general population of La Palma and the
expected frequencies assuming Hardy-Weinberg equilib-
rium. The Hardy-Weinberg principle was applied to calculate
the prevalence in the general population of genotypes carry-
ing the defective alleles PI*S or PI*Z.2" The x% independence
test was used to estimate the significance of the observed
differences in the proportion of genotypes between the gen-
eral population and the clinical population.

Results

Frequency of PI*S and PI*Z alleles and respiratory
pathologies in the clinical population

Blood samples were collected from a total of 1,493 pneumol-
ogy outpatients. The average age of subjects was 55 years,
with a slight predominance of males (56%) and a high fre-
quency of active smokers (20.5%) or ex-smokers (35.7%).
The screening for PI*S and PI*Z alleles by real-time PCR in
the set of 1,493 patients revealed that 29.7% of subjects
were carriers of some of these deficiency allele (Table 1),
most of them (87.5%) with PI*MS or PI*MZ genotype. The
respiratory disease most frequently diagnosed in this cohort
was bronchial asthma (32.5%), followed by COPD (26.9%),
SAHS/HOS (11.9%) and BHR (6.4%).

The proportions of patients that were found in each of
the groups defined by the variables "lung disease” or “geno-
type" are shown in Table 1. The group of patients diagnosed
with SAHS/HOS presented the lowest incidence of deficiency
genotypes (19.6%). The frequency of PI*MS patients was sim-
ilar in the different respiratory disease groups (15.0-17.2%),
but this was not the case for the other deficiency genotypes.
PI*ZZ genotype showed the most skewed distribution, since
it was exclusively detected in the COPD group, even with a
frequency (1.2%) higher than the PI*SZ genotype (0.5%),
although only 5 of 7 PI*ZZ subjects detected in the patient
cohort (71.4%) have developed COPD. The frequency of
PI*MZ and PI*SZ patients was higher in the bronchial asthma
(6.3% and 1.9%) and BHR (5.1% and 2.1%) groups than in the
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Description of the clinical populations from La Palma Island in terms of diagnosed respiratory diseases and genotypes formed by combination of PI*M, PI*S and PI*Z alleles.

Table 1

Percentage of respiratory diseases within each genotype group

Percentage of genotypes within each respiratory disease group

Percentage
of total

Number of

patients

Genotype

BHR
6.7
5.9
4.4
8.8
7.7

SAHS/HOS
13.6

COPD
29.3

BA

BHR

SAHS/HOS
80.4

COPD

76.5

BA

35.0

73.6

75.8

70.3

1050
278
110
22
26

7

-

10.4
3.6

4.3

22.0

26.2

17.2
5.1

16.3
2.2
0.5

15.2
4.6

15.0
6.3

18.6
7.4
1.5
1.7

0.5

-

17.0

27.7

-

34.8
7.7

21.7

2.0
2.1

1.9
0.5

1.0
1.9

-

3.8

34.5

0.6

-

71.4

1.2

-

BA: Bronchial asthma; COPD: chronic obstructive pulmonary disease; SAHS: sleep apnea-hypopnea syndrome; HOS: hypoventilation-obesity syndrome; BHR: non-specific bronchial

hyperreactivity.
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COPD group (4.6% and 0.5%). However, because of the differ-
ences in the relative frequency of the different lung diseases
in the clinical population, the fractions of PI*MZ and PI*SZ
subjects from the clinical population that were detected in
the bronchial asthma group (27.7% and 34.5%) were much
higher than in the BHR group (4.4 and 7.7%). Finally, the fre-
quency of PI*SS patients was higher in the COPD (1.9%) and
BHR (2.0%) groups than in the BA group (1.0%), although the
fraction of all PI*SS patients that were detected in the COPD
group (34.8%) was much higher than in the BHR group
(8.8%).

Estimated prevalence of PI*S and PI*Z alleles in the
general population

Blood samples were collected from a total of 465 newborns,
which represented all municipalities of La Palma in propor-
tion to their number of inhabitants. Table 2 shows their dis-
tribution among the six genotypic classes that can be made
up of PI*M, PI*S, and PI*Z alleles, which were detected by
real-time PCR. Subjects from the general population carry-
ing deficiency alleles were 19.4%. From these data, the esti-
mated frequencies of the PI*S and PI*Z alleles in the general
population of La Palma were 8.2% (95% Cl: 6.5-10.2) and
2.1% (95% Cl: 1.3-3.4), respectively.

No significant differences were found between the num-
ber of individuals observed within each genotypic class
(Table 2) and those expected under the Hardy-Weinberg law
(x*=1.431; p > 0.69). Assuming that general population
from La Palma is in Hardy-Weinberg equilibrium, it can be
predicted the prevalence of the different genotypes com-
posed of the deficiency PI*S and PI*Z alleles, and the number
of subjects within each genotypic class (Table 2).

Risk of respiratory disease and PI*MZ and PI*MS
genotypes

If carrying only one PI*S or PI*Z allele represents a genetic
risk factor for suffering some type of lung condition, the pro-
portion of PI*MM vs. PI*MS or PI*MM vs. PI*MZ individuals
would be expected to be significantly different between the
clinical population and the general population from which
the patients come. The x2 independence test revealed that
this difference was very significant in the case of the PI*S
allele (x%=7.05; p < 0.01) and highly significant for the PI*Z
allele (x2=10.33; p < 0.0025). Interestingly, like PI*MM
homozygous, asthma was more frequent than COPD among
PI*MS and PI*MZ heterozygous patients, whereas the oppo-
site was observed in PI*SS and PI*ZZ homozygous (Table 1).

Spectrum of rare AATD variants

Patients whose serum AAT levels did not agree with their
genotype for the non-S/S and non-Z/Z variants were ana-
lysed in more detail by DNA sequencing and, eventually, by
molecular haplotyping. This allowed the detection of 6 rare
AATD alleles (Table 3).">17:22-26 Most of them were found as
compound heterozygous combined with a PI*S or PI*Z allele.
This set of rare alleles accounted for 2.1% of the deficiency
variants detected in the clinical population that, added to
the PI*S and PI*Z alleles, cause the total prevalence of defi-
ciency allele carriers in the clinical population to increase to
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Table 2
or PI*Z alleles.

Description of the general population from La Palma Island in terms of genotypes formed by combinations of PI*M, PI*S

Genotype Observed number Percentage Estimated prevalence @ Estimated number
of individuals of individuals 1/X (Cl 95%) of individuals (Cl 95%)
PI*MM 375 80.6 — 67,083
(63,882-69,871)

PI*MS 67 14.4 7 11.943

(5-9) (9,312- 15,166)
PI*MZ 17 3.7 26 3.143

(16-42) (1,931- 5,016)
PI*SS 3 0.6 150 544

(97-234) (348-843)
PI*SZ 3 0.6 285 286

(146-565) (144- 557)
PI*ZZ 0 0.0 2.162 38

(884-5,455) (15-92)

Cl: confidence interval
2 Considering the current census of inhabitants.

30.5%. It is noteworthy that we used AAT levels without
attending to the inflammatory status of pulmonary patients.
This fact has not affected our results on prevalence of PI*S
and PI*Z alleles in patient and newborn cohorts, because all
subjects were genotyped for these alleles. However, it may
have negatively affected the detection rate of rare muta-
tions in the SERPINAT gene of the patients, although not sig-
nificantly because of the uncommon nature of these AATD
alleles.

The rare deficiency alleles of the SERPINAT gene most
common in the clinical population from La Palma were the
null allele PI*Q0,urem and the PI* allele, with 5 and 3 carrier
patients from a total of 12 cases, respectively. Since there
has been an important historical contribution of Portugal to
the peopling of La Palma, a search for PI*Q0,,r¢m allele by
real-time PCR (T¢ variant; supplementary Table 1) was car-
ried out among the 465 neonates, but results were negative.
The fact that APhe52 variant were detected in three differ-
ent genetic backgrounds in the clinical population (PI*Mq-
tons P"Mpaiermo @and PI*Q0iq paima; Table 3) led us to design a

Table 3
in the clinical population.

specific genotyping assay based on real-time PCR, but the
screening of this mutation among the 465 neonates was
unsuccessful.

Discussion

The high frequency of PI*S allele in the population of La
Palma (8.2%) is slightly lower than those found in the Iberian
Peninsula (11.4% in Portugal and 10.4% in Spain), but similar
to those in southwestern France (7.5%) and higher than
those found in other countries in the European continent.?'
The frequency of PI*Z allele in La Palma (2.1%) is comparable
to that found in Portugal (2.1%) and slightly higher than that
in Spain (1.7%). In Europe, it is only surpassed by those found
in some northern countries as Latvia (4.5%) or Denmark
(2.7%).%” The prevalence of the PI*ZZ genotype in La Palma
(1/2,162) is relatively high within the Spanish territory
(average 1/3,344).28 Therefore, it would be advisable to

Rare alleles and genotypes of the SERPINA1gene, with their corresponding serum levels of alpha-1 antitrypsin, detected

Deficiency allele Mutation Genetic background Patient genotype AAT level (mg/dL)
Pl c.187C=>T; p.Arg39Cys M4 PI*MI 91.1
M1-Val213%¢ PI*S] 73.9
Mm22 PI*ZI 56.8
PI*Mumaicon? €.226_228delTTC; p.Phe52del M2 PI*ZMmatton 15.1
PI*Mpatermo™ €.226_228delTTC; p.Phe52del M1-Val213 PI*SMpatermo 46.3
PI*Q01a paima® €.226_228delTTC; p.Phe52del M1-Val213 PI*ZQ0ia patma 8.5
c.863A>T; p.Glu264Val
PI*Q0qurem'™* €.1130insT; p.Leu353PhefsX24 M3 PI*MQOourem 76.1°
PI*SQ0curem 38.6
PI*ZQ00urém 14.4
PI*Zia patma'” €.321C>A; p.Asn83Llys M1-Val213 PI*MZ4 paima 75.6

@ Detected in this study.
b Average of 3 patients.
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perform screening in this region aimed at identifying individ-
uals at high risk of diseases associated with AATD.

Our data on SERPINA1 genotypes and respiratory sympto-
matologies in a set of 1,493 pneumology outpatients could
be analysed in search for causes of AATD underdiagnosis,
keeping in mind the limitations of the local model repre-
sented by La Palma Island. If our genetic analysis of all
pulmonary patients would have been focused exclusively on
the COPD group, as recommended by some reference
guides, 2?3 the fraction of subjects identified as carriers of
PI*S and/or PI*Z alleles would have been reduced from 29.7%
to 6.3%. Although the majority of PI*ZZ patients (71.4%)
would be identified following this recommendation, only a
small fraction of PI*MZ (17.0%) and PI*SZ (7.7%) patients
could be detected, contributing to the underdiagnosis of
AATD.2%%3" The inclusion of both asthmatic and COPD
patients in our genetic analysis of the clinical population, as
recommended by certain reference guides for AATD screen-
ing programs, 234 would significantly increase the success of
detection of PI*MZ (44.7%) and PI*SZ (42.2%) patients. It
should be taken into account that this observation may be
related to local factors that determine the high prevalence
of asthma in the Canary Islands.>%-3¢

It is solidly demonstrated that PI*ZZ and, to a lesser
extent, PI*SZ genotypes represent a risk factor for the
development of dyspnea, cough, early onset pulmonary
emphysema and air flow obstruction.? Our results indi-
cate that the frequency of both PI*MS and PI*MZ geno-
types is significantly higher in the pneumology
outpatients population than in the reference general
population. Although the number of evidence pointing to
the PI*MZ genotype as a risk factor for lung conditions is
increasing,”3” the clinical status of PI*MS individuals
remains controversial.>® It would be interesting to find
out what additional risk factors contribute to the enrich-
ment in PI*MS genotypes that we observed among pneu-
mology outpatient and that was not detected in another
similar study, probably because in this case the general
population was compared to the results of screening
aimed at the detection of AATD.>®

Conclusions

According to our data, the inclusion of asthmatic patients in
AATD screening programs would significantly increase suc-
cess in detecting this inherited condition.
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KEYWORDS Abstract

Idiopathic pulmonary Introduction and Objectives: Patients with idiopathic pulmonary fibrosis (IPF) present respira-
fibrosis; tory derangements at rest and during exercise, accompanied by exercise intolerance. Some
Cerebral oxygenation; patients may develop profound exertional desaturation even without resting hypoxemia. Evi-
Exercise; dence suggests the involvement of reduced cerebral-oxygenation in exercise intolerance. We
Exercise- aimed to examine (i) differences in cerebral-oxygenation during exercise between IPF patients
desaturation; with and without isolated exertional desaturation, (ii) whether the impairments in cerebral-oxy-
Near-infrared- genation are detected at similar exercise intensity, and (iii) correlations between cerebral-oxy-
spectroscopy; genation indices, disease severity, and 6-min walk test (6MWT).

Dyspnea Materials and Methods: Patients with IPF (n = 24; 62.1 & 9.3 years) without resting hypoxemia

underwent cardiopulmonary exercise testing (CPET) with cerebral-oxygenation monitoring via
near-infrared-spectroscopy (NIRS). Based on their pulse-oxymetry saturation (SpO,) during CPET,

Abbreviations: CPET, Cardiopulmonary exercise testing; DSpO,, Delta in saturation from pulse oxymetry (Nadir — Baseline value); EXE-
DESAT, Patients with IPF and significant exertional desaturation; HHb, Deoxygenated hemoglobin; Hbp;¢, Difference in oxygenated — deoxy-
genated hemoglobin; IPF, Idiopathic pulmonary fibrosis; ILD, Interstitial lung disease; NIRS, Near-infrared-spectroscopy; Non-EXED, Patients
with IPF and non-significant exertional desaturation; O,HB, Oxygenated hemoglobin; PaO,, Arterial oxygen tension; PETCO,, Partial pressure
of end-tidal carbon dioxide; sPAP, Systolic pulmonary artery pressure; SpO,, Saturation from pulse oxymetry; tHB, Total hemoglobin; VE, Min-
ute ventilation; VE-VCO,, Minute ventilation—Carbon dioxide production relationship (ventilatory equivalent for CO,); VE-VO,, Minute venti-
lation—Oxygen uptake relationship; VO,peak, Peak oxygen uptake; 6MWT, 6-minute walk test.
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patients were divided into the “exertional-desaturators” group (SpO2nadir<89% and >6% drop in
Sp0,) and the “non-exertional-desaturators” group (SpOznadir>90% and <5% drop).

Results: During CPET, the “exertional-desaturators” group exhibited lower oxygenated-hemo-
globin (-0.67 + 1.48 vs. 0.69 + 1.75 umol/l; p < 0.05) and higher deoxygenated-hemoglobin
(1.67 = 1.13 vs. 0.17 + 0.62 umol/L; p < 0.001) than the “non-exertional-desaturators” group.
A different pattern (p < 0.01) in cerebral-oxygenation responses was observed in the two groups.
In exertional-desaturators oxygenated-hemoglobin declined below baseline even at low/moder-
ate-intensity exercise (p < 0.05), whereas, in non-exertional-desaturators cerebral-oxygenation
declined (p < 0.05) at high-intensity exercise. Cerebral-NIRS indices correlated (p < 0.05) with
CPET-duration, dyspnea, diffusion capacity, and 6MWT.

Conclusions: During incremental exercise, patients with IPF and exertional desaturation present
a significant decline in cerebral-oxygenation even during low-intensity exercise. Our findings
support the implementation of longer-duration rehabilitation programs in IPF so that lower
intensity exercise can be applied at the initial stages. (NCT 03683082)

© 2021 Sociedade Portuguesa de Pneumologia. Published by Elsevier Espana, S.L.U. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).

Introduction

Idiopathic Pulmonary Fibrosis (IPF) is a chronic progressive
disorder characterized by aberrant accumulation of fibrotic
tissue in the lungs, associated with poor prognosis.’ In con-
cert with alterations in the mechanical properties of the
lungs and abnormalities in the lung vasculature in IPF,
impairments in ventilation/perfusion occur, and the lung’s
diffusing capacity is progressively reduced.?* The multiple
derangements of the lung physiology in IPF, translate into
significant reductions in exercise capacity and development
of dyspnea.*~® Some patients may develop profound exer-
cise-induced desaturation, even when oxygen saturation is
acceptable when at rest.?® Importantly, exertional desatu-
ration and abnormal ventilatory responses during exercise
are strong predictors of mortality in IPF.”~? Pathophysiologic
mechanisms of exertional desaturation include ventilatory-
perfusion mismatching, lung diffusion limitations, low mixed
venous oxygen concentration, pulmonary vasculopathy, and
high tissue oxygen extraction during exercise.®'°~'? Exer-
tional dyspnea, another cardinal feature of IPF,'® also
appears multifactorial, as abnormal pulmonary mechanics,
hypoxemia, impaired cardiocirculatory responses, and
peripheral muscle dysfunction contribute to its
establishment.®'*'> Hypoxia and hyperventilation during
exercise can reduce cerebral blood flow and also limit exer-
cise tolerance,'® however, studies examining the role of
cerebral-oxygenation in exercise intolerance in IPF are lim-
ited.

In healthy individuals, cerebral-oxygenation during
exercise increases from low to moderate/high intensities
(25—-75% of peak oxygen uptake, VO,eak) and decreases at
peak/exhaustive exercise.'” Decrements in cerebral oxy-
genation can reduce cortical activation, contributing to
the development of central fatigue, decreasing the
muscles’ force-generating capacity, and resulting in exer-
cise termination.'®'® A blunted cerebral-oxygenation dur-
ing exercise has been reported in various chronic
diseases,?°~%2 and in patients with COPD it has been asso-
ciated with exertional-dyspnea.?®> To the best of our
knowledge, only two recent studies examined brain-oxy-
genation during exercise in patients with IPF/interstitial
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lung disease (ILD). Specifically, Marillier et al.?* showed

greater cerebral-desaturation during exercise in patients
with ILD vs healthy controls; authors reported that cere-
bral responses varied substantially across patients.
Patients with ILD were then divided based on the presence
of cerebral-deoxygenation; an association of cerebral-
deoxygenation with lower peak oxygen uptake (VOzpeak)
and hypoxemia was observed.?* The second study,?
showed that oxygen-supplementation during steady-state
exercise (at 65% of VOypeax) improved brain/skeletal mus-
cle-oxygenation, and prolonged exercise duration in
patients with IPF. Although similarities in exercise-
induced hypoxemia are documented in patients with ILDs
of various aetiologies, there are differences in the pattern
and gas exchange severity during exercise between IPF
and other ILDs, attributable to specific underlying patho-
physiological mechanisms." Whether patients with IPF
and isolated exertional desaturation, present lower cere-
bral-oxygenation during incremental exercise compared
to patients without exertional desaturation and whether
greater gas exchange abnormalities during exercise in the
former group translate into the development of cerebral-
deoxygenation at lower exercise intensity (lower VO;peax
percentage), have not been examined. This question is of
importance for pulmonary rehabilitation professionals, in
order to choose the appropriate exercise intensity for
patients with IPF with and without exertional desaturation
and avoid significant reductions in cerebral-oxygenation,
possible negative effects on cognitive function/perfor-
mance,?® and premature exercise termination. Thus, the
primary aims of this prospective, case-control study were
to (i) examine whether patients with IPF and isolated
exertional desaturation (as assessed by pulse oximetry,
Sp0,) present lower cerebral-oxygenation during exercise
vs those without exertional desaturation and (ii) identify
whether decrements in cerebral-oxygenation occur at
similar exercise intensity (%VOzpeak) in both groups. Sec-
ondary aims were to (i) explore the correlation of cere-
bral-indices during cardiopulmonary exercise (CPET) with
exercise duration, dyspnea, lung diffusion capacity, and
6-min walk test (6MWT) in patients with IPF without rest-
ing hypoxemia.
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Materials and methods
Participants

Patients with IPF (diagnosed based on current ATS/ERS
guidelines?) were recruited from the ILD outpatient clinic,
Papanikolaou Hospital (9/2018-2/2020). Inclusion criteria:
(i) Patients stable on IPF medication, without hospitalization
due to respiratory failure/infection during the past three
months, (ii) resting arterial oxygen tension (Pa0O,)>60 mmHg
and systolic pulmonary artery pressure (sPAP)<25mmHg.
Exclusion criteria: (i) Patients with pulmonary hypertension
or absolute contraindications for maximal CPET,2” (ii)
patients with Sp0,<94 while sitting quietly in room air. Par-
ticipants were divided into two groups: a) patients with
exertional desaturation (EXE-DESAT), during CPET (defined
as Sp02naqir<89% and a >6% drop in SpO, compared to resting
levels), and b) patients without significant exertional desa-
turation (Non-EXED) during the CPET (SpOznadir >90% and
<5% drop).”?8 Prior to the study, patients underwent a thor-
ough clinical examination, spirometry/lung volume assess-
ment, carbon dioxide diffusion capacity (DLco)
measurement, and a 6MWT (performed according to recom-
mended guidelines?®). This study was approved by the Scien-
tific Review Board Committee of Papanikolaou Hospital
(804/29.05.2018), registered with ClinicalTrials.gov (NCT
03683082), and conducted in accordance with the principles
of the Declaration of Helsinki. This is a secondary analysis of
a larger study evaluating the effects of oxygen supplementa-
tion in IPF.%> All participants signed the informed consent
form.

Experimental procedure and instrumentation

Patients underwent an incremental maximal/symptom-lim-
ited CPET on a cycle ergometer (Ergoselect, McKesson, USA;
work-rate increments of 10 W/min, at 50 rpm), according to
guidelines.?” The protocol included a baseline/rest, a 2-min
unloaded cycling, the incremental maximal test, and a 3-
min recovery. A 12-lead electrocardiogram and SpO, (Nell-
core N-180, California, USA) were continuously monitored.
Respiratory gas exchange was recorded by a metabolic unit
(Medgraphics, Ultima CPX™, MGC Diagnostics). Cerebral
oxygenation was monitored via Near-Infrared-Spectroscopy
(fNIRS, Oxymon, Artinis Medical Systems Elst, The Nether-
lands), by measuring relative changes (umol/l) from pre-
exercise values in oxygenated (O,Hb), deoxygenated (HHb),
and total (tHb) hemoglobin.3 The 0,Hb and hemoglobin dif-
ference (Hbgirr) are used as indices of tissue-oxygenation,
the HHb of oxygen extraction, and the tHb reflects regional
changes in tissue-blood volume/local vasodilation.?' The
fNIRS-sensor was placed over the left prefrontal cortex.3"32
Leg fatigue and dyspnea were assessed using the Borg CR10
(2010) scale.>?

Based on previous results in cerebral-O,Hb differences
during exercise in hypoxemic-COPD vs non-hypoxemic-
COPD, 3" we calculated (GPower software 3.1) that a sample
size of 18 patients (9/group) is needed to achieve a power of
0.90 (« = 0.05, effect size=1.5). We contacted 24 patients,
allowing for possible dropouts.
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Statistical analyses

Variables are presented as mean+SD or median (interquar-
tile range,s_7s%), depending on normality of distribution.
For assessing between-group differences, independent t-
tests were used for normally distributed data or Mann-Whit-
ney U test for ordinal data. NIRS data were recorded and
analyzed offline (Oxysoft, Artinis Medical Systems). The
average O,Hb-, HHb-, tHB-, and HB;s-response during exer-
cise per patient were calculated; differences between
groups were compared using an independent t-test. NIRS
data were also exported in 30s averages. The patient’s cere-
bral responses at 0, 25, 50, 75, and 100% of VO;peax Were
determined. The effects of exercise intensity on cerebral-
NIRS responses in the two groups were analyzed using two-
way repeated-measures ANOVA (Group x Time), followed by
Tukey Post-hoc (Statistica 7.0, StatSoft, USA). Pearson(r) or
Spearman(rho) correlation was used, depending on continu-
ous/ordinal data, to examined possible associations
between variables of interest.

Results
Participant characteristics

Twenty-four patients with IPF without resting hypoxemia
were recruited. Thirteen patients exhibiting a significant
desaturation comprised the “EXE-DESAT” group, and eleven
patients comprised the “Non-EXED” group. One patient ter-
minated the test early due to a hypertensive response to
exercise and was not included in the analysis. There were no
significant differences between groups in anthropometric
characteristics and spirometry lung volumes (Table 1); how-
ever, the EXE-DESAT group had lower (p < 0.05) diffusion
capacity (%predicted DLco).

Cardiopulmonary exercise testing

By study design, the EXE-DESAT group exhibited greater
desaturation vs Non-EXED (DSpO,: 12.2 + 3.2% vs
3.6 = 1.8%; p < 0.001) during CPET (Table 1). No statistically
significant differences between groups were observed in
VOzpeak, peak minute ventilation (VEpeak), and ventilatory
equivalent for CO, (VE/VCOypeak), however, EXE-DESAT pre-
sented higher VE/VCO, at ventilatory threshold (p < 0.05).
At exercise termination, groups reported no significant dif-
ferences in leg fatigue (p = 0.56). The EXE-DESAT reported
marginally higher dyspnea vs Non-EXED (p = 0.058)

Brain oxygenation

Accumulative data (all patients per group) of continuous
NIRS-recordings during exercise are presented in Fig. 1. The
EXE-DESAT exhibited a decline in O,Hb and a progressive rise
in HHb, from the initial minutes of the CPET-exercise. The
average cerebral NIRS-oxygenation response during exercise
in each patient is presented in Fig. 2. The EXE-DESAT group
exhibited significantly lower (p < 0.05) O,Hb and HBg;¢s than
Non-EXED, and higher (p < 0.001) HHb, with no differences
in tHb (p = 0.86).
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Table 1

Participant Characteristics and cardiopulmonary exercise testing (CPET) results during the incremental (ramp) protocol

to exhaustion in the group with significant exertional desaturation and non-exertional desaturation.

Patients with exertional desaturation

(n=13) Mean £ SD

Patients with Non- exertional
desaturation (n = 10) Mean + SD

Anthropometrics

Age (years) 62.9 +10.0
Body mass index (kg/m2) 30.1+£4.5
Resting pulmonary function variables
FEV1 (%predicted) 80.3 +21.5
FVC (%predicted) 79.9+£21.0
TLC (%predicted) 59.2 +10.1
DLco (%predicted) 41.7 +£9.5
Medical treatment with antifibrosis-
targeted agents
Nintedanib 7
Pirfenidone 6
6-min walk test
Distance (m) 451 + 102
SpOastart (%) 94.5+1.7
SpOZnadir (%) 82.6 + 3.9
Co-morbidities 5
Cardiac disease (n=)
CPET Results
Workload Peak (Watt) 92.5 +23.1
Workload Peak (%Predicted) 68.3 +18.6
SpO, Rest (%) 95.8 +1.2
SpO, Nadir (%) 83.5+3.4
Heart rate Rest (bpm) 85.1+13.3
Heart rate Peak (bpm) 135.4 +£12.7
Respiratory Rate Rest (br/min) 24.3 + 6.6
Respiratory Rate Peak (br/min) 46.5 £ 9.6
VE Peak (l/min) 73.7+£12.9
VE Peak (%Predicted) 63.2 +15.8
VOypeak (Ml/kg/min) 18.9+2.8
VOypeak (%Predicted) 82.8 +19.0
VO, at ventilatory threshold 56.6 + 13.1
(%Predicted)
Respiratory Exchange Ratio Peak 1.12+0.13
VE-VCO, at ventilatory threshold 40.7 £5.7
VE-VCO, Peak 41.8+7.9
VE-VO, Peak 46.2 +£8.2
VOypear/ Heart rate peak 95.4 +18.9
(%predicted)
PETCO, Rest (mmHg) 33.5+4.4
PETCO, Peak (mmHg) 33.5+6.2
Leg fatigue at exercise termination 7.3(0.5)
Dyspnea at exercise termination 3.5(2.5)

60.8 +8.6
28.3+3.2

83.6 +£18.5
78.3+17.8
71.1+£20.5
56.6 + 16.0*

6
4

542 + 56
96.3 +1.7
92.3+2.8
4

92.1+31.3
76.1+20.9
96.4+1.6
92.8+2.4*
85.6 +6.5
137.3 £13.6
19.7+£6.6
42.9+9.6
68.4 +15.0
62.5+25.9
18.3+£2.9
82.3+21.3
52.9+17.2

1.16 £0.12
35.8 £ 4.5*
38.1£5.7
43.0+9.6
98.1+26.6

36.3+3.9
35.8+ 6.3
6.8(1.0)
2.3(2.0)

Data are presented as means=SD or median (interquartile range 25—75%;1Q,5_75); FEV1: forced expiratory volume in 1 s; FVC: forced expi-
ratory volume; TLC: total lung capacity; DLco: lung diffusion capacity for carbon monoxide; SpO,: Saturation from pulse oximetry; VO,,
oxygen consumption; VE: minute ventilation; VE-VCO,: minute ventilation—carbon dioxide production relationship; VE-VO,: minute venti-
lation—oxygen uptake relationship; PETCO,: partial pressure of end-tidal carbon dioxide;

*p < 0.05 sign. vs the EXE-DESAT group.

Differences between groups in cerebral-oxygenation
attained at various exercise intensities (% of VOypeak) Were
examined (Fig. 3). Two-way ANOVAs revealed significant
group differences in O,Hb, HHb, and Hby;¢r, and a different
pattern (p < 0.05) of increase in HHB and Hbg;ss in the two
groups. Specifically, EXE-DESAT presented a trend towards
an HHb increase at 25% of their VO,peax (p = 0.06); then, HHb
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progressively increased at 50%, 75%, 100% of VO,peax (Vs the
beginning of loaded exercise, 0% of VOzpear; p < 0.001). In
Non-EXED, significant increases in HHb were observed only
at 75% and 100% (p < 0.01). In EXE-DESAT, Hbyg;¢s significantly
decreased at 50% VOypeak (P < 0.001) and continued to
decrease at 75% and 100%; whereas in Non-EXED, Hbg;ss sig-
nificantly decreased only at 100% VO,peax (p < 0.01).
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Continuous near-infrared-spectroscopy recordings in cerebral prefrontal oxygenation. Accumulated data (mean=+sd every

30 s) per group in (A) oxygenated hemoglobin (O,Hb), (B) deoxygenated hemoglobin (HHb), (C) total hemoglobin (tHB), and (D) hemo-
globin difference (Hbgitf) during the maximal test in the exertional desaturation (EXE-DESAT) and non-exertional desaturation (NON-
EXED) groups. The arrows depict the percentage of patients that terminated the exercise at this time (at the 6th, 8th, 10th minute).

CPET: Cardiopulmonary Exercise Testing.

Correlations

Cerebral-NIRS parameters during CPET were significantly
correlated with lung diffusion capacity, 6MWT, and dyspnea
(Appendix A-Fig.15-4S). In detail, the average cerebral-
O,HB response was correlated (Fig. 1S) with dyspnea
(rho = -0.71, p < 0.05), CPET-duration (r = 0.42, p < 0.05),
%predicted DLco (r = 0.53, p < 0.01), and 6MWT-distance
(r=0.58, p < 0.01). The average-HHb (Fig. 2S) was corre-
lated with dyspnea (rho=0.57, p < 0.05), %predicted DLco
(r = -0.43, p < 0.05), and 6MWT-distance (r = -0.50,
p < 0.05). The average-HBg;ss (Fig. 3S) was correlated with
dyspnea (rho=-0.66, p < 0.05), %predicted DLco (r = 0.57,
p < 0.01), 6MWT-distance (r = 0.60, p < 0.01), and 6MWT-
desaturation (r = -0.65, p < 0.001). Furthermore, the O,Hb
values obtained at 25% VO,pea, Were significantly correlated
(Fig. 4S) with CPET-duration (r = 0.49, p < 0.05) and CPET-
dyspnea (rho = -0.75, p < 0.05).

Discussion

Our primary outcomes were that patients with IPF and iso-
lated exertional desaturation presented significantly lower
cerebral-oxygenation and a differential pattern in this
response during CPET-exercise compared with patients with-
out exertional desaturation. That is, patients with exer-
tional desaturation exhibited an inability to maintain

225

cerebral-oxygenation from low exercise intensities (below
50% VOzpeak). In contrast, patients without exertional desa-
turation exhibited significant deoxygenation at high exercise
intensity (above 75% of VOypeak). Secondary outcomes were
that cerebral-oxygenation/deoxygenation indices were sig-
nificantly correlated with CPET-exercise duration and dys-
pnea, diffusion capacity, and 6MWT.

In healthy adults, the increase in O,Hb and Hby;¢, coupled
with a decrease in HHb during exercise has been suggested
to reflect an enhanced cortical neuronal activity.'”~" In
contrast, O,Hb reductions and significant HHb elevations
have been described in cerebral ischemia.3* Thus, in our
study, the early decrease in cerebral-O,HB and Hbg;ss below
baseline levels and the large increases in HHb from low exer-
cise intensity reflect significant impairments in cerebral-
oxygenation, as also evidenced in patients with COPD by
Higashimoto et al.3! In contrast, in patients without exer-
tional desaturation, cerebral-Hbg;ss was significantly reduced
only at high exercise intensity (around 75% VOypeax), above
the critical power,® mimicking the pattern described in
healthy individuals.'”~'%3%3¢ However, it should be noticed
that despite the higher overall cerebral-O,Hb and Hbp;s
responses in the non-desaturators group, the increase in
0O,HB during exercise was still blunted, as indicated by the
slightly higher than baseline values. This finding suggests
limitations in cerebral-oxygenation during exercise, even
without significant exertional desaturation in patients with
IPF. The similar tHb-responses between groups suggest
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similar vasodilation/blood volume changes in the cerebral-
microvasculature during exercise.>'

An interesting finding in this study is the significant
impact of cerebral-oxygenation on exercise duration and
dyspnea. Patients that exhibited reduced cerebral-O,Hb
from low exercise intensity (25% of VOjpeax), had shorter
exercise duration and presented greater dyspnea. Dyspnea,
a subjective experience of breathing discomfort,'* was mar-
ginally higher at exercise termination in EXE-DESAT com-
pared with the Non-EXED group, even though VO,ck did not
differ between groups. In hypoxemic patients with COPD,
exertional dyspnea was correlated with impaired cerebral-
oxygenation and HHb-elevations during exercise, but not
SpO, during CPET.23" In our study, cerebral-NIRS variables
were more strongly correlated with dyspnea than with the
magnitude of desaturation during CPET. Although cerebral-
deoxygenation was not significantly correlated with leg
fatigue ratings, this does not suggest that skeletal muscles
are not involved in exercise intolerance in patients with IPF.
In fact, our patients rated higher their leg fatigue than dys-
pnea, which is expected during cycling, as previously dis-
cussed,® highlighting the importance of skeletal muscles in
exercise limitations in these patients.

Importantly, the significant correlation between brain-oxy-
genation indices and DLco, suggests an association between
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cerebral-deoxygenation and diffusion limitations. Lung diffu-
sion reduction is a known predictor of exercise-induced hypox-
emia and disease outcomes/severity.**” Both groups presented
ventilatory inefficiency during exercise (as evidenced by high
peak-VE/VCO, and VE/VCO, at ventilatory-threshold), how-
ever, the higher VE/VCO, at ventilatory threshold in the exer-
tional-desaturators group, is suggestive of greater ventilation/
perfusion mismatch in this group.>'" Groups did not exhibit
signs of significant pulmonary hypertension during CPET, as
peak oxygen-pulse (VO,/HR) was >95% of predicted and VE/
VCO, at ventilatory threshold was <45.""38

This study has both strengths and limitations. Two strict
criteria for defining exertional desaturation (Sp0O,<88% and
>6% drop in Sp0O,) were used, as the cycling test is less sensi-
tive to diagnose desaturation than the 6MWT.® This allowed
for a substantial difference in desaturation between groups.
Groups with similar resting-SpO, were used because an exer-
tional nadir of an absolute value of Sp0,<89% would have
resulted in a different magnitude of SpO, decline in patients
with various resting saturation levels.>? Cerebral-oxygen-
ation was assessed with NIRS, a noninvasive, reliable tech-
nique for measuring brain function/oxygenation, during
exercise.?%30 Cerebral-NIRS measurements were obtained
from the left pre-frontal cortex, as activation in this area
has been associated with exertional dyspnea in COPD.2340



Pulmonology 29 (2023) 221-229

—l— EXE-DESAT —@— NON-EXED

= 3
S 3
S
2
o]
I
AN
@)
o
Ne]

g *
O -3+ . : ; . :
A 0 20 40 60 80 100

0,

s Percentage of VOzpeak (%)

g #
2
e
L
©
O
[O)
.
[0}

o T T T T T T

c 0 20 40 60 80 100

0,

Percentage of VOzpeak (%)

Fig. 3

@)

S s
o
S
2 4
T
I 2
©
—
g 0]
o
—
(O]
O 2l . : . ; ,
0 20 40 60 80 100
o)
] Percentage of VOZpeak (%)
s
@]
S
2
=
el
s}
T
©
—
Ne]
o
P T T T T T T
8 0 20 40 60 80 100
0,
Percentage of VOzpeak (%)

Cerebral oxygenation at different exercise intensities. (A) Oxygenated hemoglobin (O,Hb), (B) deoxygenated hemoglobin

(HHb), (C) total hemoglobin (tHb), and (D) hemoglobin difference (Hbgifference) during the maximal test in patients with exertional
desaturation (EXE-DESAT) and non-exertional desaturation (NON-EXED). {p < 0.001 sign. EXE-DESAT vs NON-EXED group; *p < 0.05
sign. vs the beginning of the test (0%) within the same group; ip < 0.05 sign. vs respective intensity in EXE-DESAT; #p < 0.05 sign. vs
25, 50, and 75% of VO,peax Within both groups; VO,peax: peak oxygen uptake.

Other brain areas (premotor/motor regions) important in
dyspnea perception,'” were not examined. However, studies
using multichannel-NIRS in COPD, showed that the pattern
of cortical-deoxygenation during exercise was similar in pre-
frontal, premotor, and motor regions.'” Finally, all partici-
pants were on anti-fibrotic medication; thus, results cannot
be extrapolated to patients not using IPF-medication.
Although ATS/ERS Guidelines on IPF treatment listed antifi-
brotic treatment as "conditional”, most IPF-expert pulmonol-
ogists agree that antifibrotic treatment should be started as
soon as the disease is diagnosed.?*!

Clinical application

Our data highlight the importance of selecting the appropriate
exercise intensity in patients with IPF and exertional desatura-
tion to maintain adequate brain oxygenation during exercise.
Modifications in exercise intensity may be considered in IPF
patients with exertional desaturation and low DLc (<50%), as
brain ischemia might develop when exercising even at moder-
ate intensity i.e. at 50—60% of VO,peax Which is often used in
COPD patients. Alternatively, if higher exercise intensity is
desired, oxygen supplementation®” or intermittent exercise,**
may be considered. However, the impact of different exercise
modalities on cerebral-oxygenation requires further studies.
Longer duration of exercise rehabilitation programs will allow
slower progression of training. Beyond planned exercise, mild
daily life physical activity might also cause cerebral hypoxia in
patients with IPF. Brain oxygenation measurements could
assist in identifying patients with significant exertional cere-
bral-deoxygenation.
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Conclusions

Patients with IPF and isolated exertional desaturation
exhibit significantly lower cerebral-oxygenation during
incremental exercise than patients without exertional
hypoxemia. Importantly, in patients with exertional desa-
turation inadequate cerebral-oxygenation develops at
low/moderate exercise intensity (below 50% of VOypeax),
whereas in patients without exertional desaturation sig-
nificant impairments in cerebral-oxygenation develop at
high-intensity exercise. The significant associations of
impaired cerebral-oxygenation with shorter exercise
duration, higher dyspnea, and lower DL¢o, suggest a more
severely compromised cerebral-oxygenation during exer-
cise in patients with greater diffusion limitations. Our
findings support the implementation of longer-duration
rehabilitation programs so that lower intensity can be
applied at the initial stages in these patients with IPF and
highlight the need for personalized, IPF-specific exercise
programs.
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COPD; Introduction and Objectives: Due to the present low availability of pulmonary rehabilitation
Dyspnoea; (PR) for individuals recovering from a COPD exacerbation (ECOPD), we need admission priority
Disease impact; criteria. We tested the hypothesis that these individuals might be clustered according to base-
Exercise capacity; line characteristics to identify subpopulations with different responses to PR.

Exercise training; Methods: Multicentric retrospective analysis of individuals undergone in-hospital PR. Baseline
Rehabilitation characteristics and outcome measures (six-minute walking test - 6MWT, Medical Research Coun-

cil scale for dyspnoea -MRC, COPD assessment test —CAT) were used for clustering analysis.

Results: Data analysis of 1159 individuals showed that after program, the proportion of individu-
als reaching the minimal clinically important difference (MCID) was 85.0%, 86.3%, and 65.6% for
CAT, MRC, and 6MWT respectively. Three clusters were found (C1-severe: 10.9%; C2-intermedi-
ate: 74.4%; C3-mild: 14.7% of cases respectively). Cluster C1-severe showed the worst conditions
with the largest post PR improvements in outcome measures; C3-mild showed the least severe
baseline conditions, but the smallest improvements. The proportion of participants reaching the
MCID in ALL three outcome measures was significantly different among clusters, with C1-severe
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having the highest proportion of full success (69.0%) as compared to C2-intermediate (48.3%) and
C3-mild (37.4%). Participants in C2-intermediate and C1-severe had 1.7- and 4.6-fold increases
in the probability to reach the MCID in all three outcomes as compared to those in C3-mild
(OR =1.72, 95% confidence interval [95% CI] = 1.2 — 2.49, p = 0.0035 and OR = 4.57, 95% Cl = 2.68
—7.91, p < 0.0001 respectively).

Conclusions: Clustering analysis can identify subpopulations of individuals recovering from
ECOPD associated with different responses to PR. Our results may help in defining priority crite-
ria based on the probability of success of PR.

© 2023 Sociedade Portuguesa de Pneumologia. Published by Elsevier Espana, S.L.U. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).

Introduction

Pulmonary rehabilitation (PR) including exercise training is a
recognized cornerstone of comprehensive management of
chronic obstructive pulmonary disease (COPD). In different
settings, this modality improves symptoms such as dyspnoea
and fatigue, exercise capacity, and health-related quality of
life (HRQL).""? Therefore, guidelines recommend PR for indi-
viduals with persistent breathlessness and/or exercise limita-
tion with reduced HRQL.? Furthermore early PR after an
exacerbation (ECOPD) is associated with reduced prevalence
of new ECOPD and longer survival and is cost-effective.*>
However, there are barriers to in-hospital programs, such as a
high number of candidates, transportation, costs, and geo-
graphical obstacles.® To increase access to programs, govern-
ments should develop policies to increase resources,
logistics, availability and expertise of healthcare providers,
including tele-rehabilitation.®” An additional approach might
be to identify characteristics of individuals most likely to
receive benefits from PR (responders) in order not to “waste”
resources for candidates with scarce probabilities of success.
Clustering analyses are unsupervised multivariate meth-
ods helping to identify subpopulations or “clusters”. By
labelling observations according to the corresponding clus-
ter, these techniques can help interpret the available data.®
The aim of this multicentre, retrospective study was to test
the hypothesis that individuals recovering from an ECOPD
could be clustered according to their baseline characteris-
tics, for early identification of subpopulations with different
patterns of response to PR in accepted outcome measures.

Methods

This multicentre, retrospective study evaluated a database
of hospital medical records of individuals recovering from
ECOPD. The study was approved by the Istituti Clinici Scien-
tifici (ICS) Maugeri Ethics Committee (2555 CE 8 June 2021).
As a retrospective study, participants had not provided any
specific written informed consent, however, at admission to
ICS Maugeri hospitals, they had given — in- advance
informed consent for the scientific use of their data. As a
retrospective analysis, the study was not registered.

Participants

The study has been conducted on individuals consecutively
admitted between July, 1™, 2018 to December, 31t", 2021 to
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hospitals of the ICS Maugeri network (Lumezzane, Pavia, Tra-
date, Veruno, Milano, Montescano, Telese, ltaly), referral
hospitals for PR, diagnosis, and care of chronic diseases.
These hospitals share common indications to PR," evalua-
tion, diagnostic and management tools, and protocols. Dur-
ing the pandemic period of study (March 2020-December
2021), only participants with negative swab tests were
admitted to the in-patient program.

Only data of individuals with lung function and paired
prior and post PR results of outcome measures (exercise tol-
erance, disease impact, dyspnoea) were analyzed. Part of
the data have been published or are in press elsewhere.

The inclusion criteria were:

1. Diagnosis of COPD and post-bronchodilator Forced Expira-
tory Volume at one second (FEV;)/Forced Vital Capacity
(FVC) ratio < 70%.3

. Persistent breathlessness and/or exercise limitation after
(within the previous 30 days) an ECOPD needing acute
care hospital admission or after (within the previous 4
weeks) an ECOPD managed at the out-patient clinic.

. Stable conditions as assessed by the absence of acute
worsening in symptoms, i.e. no change in dyspnoea,
cough, and/or sputum beyond the day-to-day variability,
which would have required a change in management, as
compared to the conditions reported at home or at dis-
charge from the referring acute care hospital.

. Availability of data on lung function and pre and post-
assessment of outcome measures.

Exclusion criteria were: severe comorbidities: oncologi-
cal, neurological disorders, heart failure or recent (less than
4 months) acute ischemic cardiovascular diseases with an
instability status; inability or lack of willingness to perform
or complete at least 12 sessions of the PR program.

Measurements

The following data had been recorded: demographics,
anthropometrics (Body-mass index, BMI), history of ECOPD
in the previous 12 months,® Comorbidity Index of the Cumu-
lative Illness Rating Scale (CIRS),10 BMI- airflow obstruction-
dyspnoea, and exercise capacity (BODE) index,'" prove-
nience (hospital or home), length of ICS Maugeri hospitals
stay (LoS), occurrence of chronic respiratory failure (CRF),
distribution in Global Initiative for Obstructive Lung Disease
(GOLD) stages, drug therapy.
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ICS Maugeri Network database
From 1%t July 2018 to 31t December 2021

4

5741 individuals admitted
with administrative
diagnosis of COPD

ELIGIBILITY

Excluded individuals (n= 4582):

o 3802 missing lung function data

o 350 not confirmed COPD diagnosis
(FEV,/FVC> 70%)

o 283 lack of pre and/or post outcome
measures

o 28 severe comorbidities

o 89 inability to perform exercise training

o 12 need of admission to other acute care
hospitals

o 18 performance of less than 12 exercise
training sessions

From ICS MAUGERI Institute

v

EVALUATION 1159 selected L,

individuals

414 Lumezzane
21 Milano

138 Montescano
176 Pavia

14 Telese

369 Tradate

27 Veruno

Fig. 1  Flow chart of the study.

Before the PR program the following assessments had
been performed:

Pulmonary rehabilitation

The ICS Maugeri network hospitals, share a PR program

e Forced expiratory volumes (FEV;, FVC and FEV,/FVC, %)
according to standards,'? using the predicted values of
Quanjer."?

e Dyspnoea by the Italian version of Barthel index Dyspnea
(BiD).™

e Functional disability by the Barthel index.'®

Before and after the program, the following outcome
measures had been assessed:

e Exercise tolerance by the six-minute walking distance
test (6MWT)."® Data are shown as meters and percent of
predicted values.'” The minimal clinically important dif-
ference (MCID) in individuals with COPD has been
reported as an improvement in the walked distance by at
least 30 meters. '

e Dyspnoea by the Medical Research Council (MRC) scale.'®
A one-point reduction in score is considered equivalent
to MCID."?

e Disease impact by the COPD assessment test (CAT).2° A two-
point reduction in score has been reported as the MCID.?’
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supervised by a multidisciplinary team consisting of chest
physicians, nurses, physical therapists, dieticians, and
psychologists. The in-hospital multidisciplinary program
includes optimization of drug therapy, education, nutri-
tional programs, and psychosocial counseling when appro-
priate, abdominal, upper, and lower limb muscle
activities lifting weights progressively. It includes also
supervised cycle exercise training?? according to Maltais
et al®® until performing 30 min continuous cycling at 50-
70% of the maximal load calculated on the basis of the
baseline 6MWT according to Luxton et al.?* Pulse oxime-
try, arterial blood pressure, and heart rate are monitored
during exercise. The total duration of daily activities is
2-3 hours.

During the pandemic period protective measures had
been adopted, such as the use of personal protective equip-
ment, increasing distance among individuals (not less than 2
meters during sessions), constant disinfection of tools such
as bikes and instruments, frequent air changes, immediate
execution of a swab at first harmful signs, and other com-
monly adopted measures.?>2
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Statistical analysis

Statistical analyses have been performed by the R statis-
tical software tool version 4.0.5 (www.r-project.org).
Post PR changes were dichotomized based on MCID of
outcome measures. Numeric variable distribution was
described as median (25", 75" percentiles) since most of
them deviated from the normality assumptions based on
visual inspection of histograms. Categorical nominal and
ordinal variable distributions were described as absolute
and relative (%) frequencies. No analysed variable suf-
fered from missing values. The sign test was used to test
the null hypothesis of no change (median change = 0) in
numeric variable distribution between before and after
PR. The Kruskal Wallis test was applied to compare
numeric variables distributions among clusters while the
Pearson chi-square test with 10,000 simulations was
applied to test the null hypothesis of independence
between categorical variables and clusters. Multivariate
logistic regression was applied to test for association
between clusters and the condition of reaching the MCID
in all outcome measures including centre as covariate.
The significance level was set at « = 0.05, the False Dis-
covery Rate (FDR) correction was applied when appropri-
ate, considering FDR values < 0.10 as statistically
significant.

Clustering of patients and machine learning analyses are
described in the Appendix A section in Supplementary
Methods and Results.

Results

Fig. 1 shows the flow chart of the study. Data from 1159 indi-
viduals were analyzed. The baseline characteristics of par-
ticipants are shown in Table 1. More than half of the
participants were males and included in the most severe
GOLD stages.?

After the program, all assessed outcome measures
improved significantly (Table 2). Appendix A- Fig. A.1 shows
the frequency distribution of outcome measures. The pro-
portion of individuals reaching the MCID was 85.0%, 86.3%,
and 65.6% for CAT, MRC, and 6MWT respectively.

The ability of different clustering strategies to identify
distinct subpopulations of participants based on baseline
characteristics was assessed (Appendix A- Table A.1 and
Table A.2). The selected approach allowed to identify three
clusters (C) according to the baseline severity: C1-severe
(n =126, 10.9%), C2-intermediate (n = 862, 74.4%), and C3-
mild (n =171, 14.7%).

Table 3 shows the baseline characteristics and outcome
measures according to clusters. Individuals in C1-severe
were the oldest and the least likely to be treated at home
for their ECOPD. These individuals shared also the most
severe conditions such as inclusion in GOLD stage D in more
than 91% of cases, airway obstruction, high prevalence of
CRF, triple inhaler drug use, motor Barthel, BiD, and comor-
bidities. This subpopulation was characterized also by the
worst baseline outcome measures. Individuals in C3-mild
showed the least severe conditions, whereas those in C2-
intermediate, the most prevalent, may represent an inter-
mediate condition. As also shown in Table 3 among clusters
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Table 1  Characteristics of participants.
Variable Frequency or Min:Max
Median

Age, years 72 (65, 77) 34:93
Gender

Females 392 (33.8%)

Males 767 (66.2%)
BMI, Kg/m? 26.2 (22.8, 31) 11.7:64.5
BODE index, score 5(4,7) 0:10
LoS,days 25 (21, 32) 10:120
Provenience

Home 851 (73.4%)

Hospital 308 (26.6%)
CRF

No 770 (66.4%)

Yes 389 (33.6%)
Inhaler drugs

Triple 690 (59.5%)

No triple 469 (40.5%)
CIRS, score 4(2,5) 0:12
Barthel, score 100 (90, 100) 0:100
BiD, score 25 (14, 39) 0:90
FEV,, % prd 44 (34, 56) 12:86
FVC, % prd 70 (58, 81) 27:112
FEV4/FVC, % 46 (42, 56) 21:69
GOLD airflow stages

1 29 (2.5%)

2 337 (29.1%)

3 437 (37.7%)

4 356 (30.7%)
GOLD quadrant stages

A 106 (9.2%)

B 260 (22.4%)

C 115 (9.9%)

D 678 (58.5%)
CAT, score 18 (12, 24) 0:37
MRC, score 3(3,3) 0:4
6MWT, metres 300 (200, 400) 0:635
6MWT % prd 64.1(43.1, 83) 0:174.3

Legend: Variables distribution is described as absolute and rela-
tive frequency (%) or median (25", 75" percentiles).

Min: max = minimum and maximum values of each numeric varia-
ble’s distribution. LoS: Length of stay; CRF: Chronic respiratory
failure; BMI: Body Mass Index; BiD: Barthel index Dyspnea; CAT:
COPD assessment test; MRC: Medical research council; 6MWT:
Six-minute walking distance test; FEV;: Forced expiratory vol-
ume at one second; FVC: Forced vital capacity; prd: predicted;
GOLD: Global Initiative for Obstructive Lung Disease; BODE:
body-mass index, airflow obstruction, dyspnoea, and exercise
capacity index; CIRS: Comorbidity Index of Cumulative Illness
Rating Scale.

there was a statistically significant difference in the propor-
tion of individuals reaching the MCID of 6MWT (p < 0.0001),
MRC (p = 0.0002) but not CAT (p =0.8635).

The proportion of individuals reaching MCID in all three
outcome measures was significantly different among clusters
(p < 0.0001), C3-mild having a lower probability of full suc-
cess (37.4% of participants) than C2-intermediate (48.3%)
and C1-severe (69.0%). Multivariate logistic regression with
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Table 2  Post to Pre-program changes in outcome measures.

Variable Before After Change p-value

CAT, score 18 (12, 24) 11 (8, 16) -5(-9, -3) < 0.0001 *
MRC, score 3(3,3) 2(2,2) —-1(-2, 1) < 0.0001 *
6MWT, metres 300 (200, 400) 351 (260, 440) 45 (18, 80) < 0.0001 *

Legend: Variable = analyzed variable; Data as Median (25", 75" percentiles).
CAT: COPD assessment test; MRC: Medical research council; 6MWT: Six-minute walking distance test.

" p-value < 0.05.

adjustment by centre showed that participants in C2-inter-
mediate and C1-severe had 1.7- and 4.6-fold increase in the
probability to reach the MCID in all three outcomes as com-
pared to those in C3-mild (OR = 1.72, 95% confidence inter-
val [95% CI] = 1.2 — 2.49, p = 0.0035 and OR = 4.57, 95%
Cl=2.68 — 7.91, p < 0.0001 respectively).

Multivariate analyses showed that baseline 6MWT, BiD,
inhaler drugs, GOLD stage as well as baseline CAT and MRC
represented the subset of variables used for clusters defini-
tion with a major influence in discriminating among the
three subpopulations (Appendix A - Fig. A.2).

The distribution of each outcome measure value was sig-
nificantly different among clusters before, after PR, and in
changes (FDR < 0.10) (Fig. 2).

Table 4 shows the distribution of participants and clusters by
centres. C2-intermediate was the most prevalent in all centres,
whereas almost 75% of C3-mild was observed in a single centre.
Appendix - Table A.3 reports the outcome variables distribution
by cluster according to the participating centres.

Additional and preliminary analyses have been performed
to identify decisional rules to classify participants into clus-
ters using baseline variables (Appendix A— Supplementary
Methods and Results). “Conditional inference trees” was
selected as the most informative machine learning algorithm
among those tested, reaching a mean classification accuracy
(CA) from 10-fold cross validation of 82.49% (majority classi-
fier CA = 74.40%) while mean sensitivity in discriminating
between clusters ranging 41.5% - 92.37% (Appendix A —
Table A.4, Table A.5). When learned on the whole dataset,
the conditional inference trees model generated decisional
rules to provide a rough distinction of participants into clus-
ters (Fig. 3). According to these rules, an individual could be
labelled as belonging to C1-severe if baseline 6MWT < 159
meters AND BiD > 28 points; C2-indermediate if baseline
6MWT < 159 m AND BiD < 28 points or if baseline 6MWT >
159 meters AND GOLD quadrant stages = B, C or D; C3-mild if
baseline 6MWT > 159 meters AND GOLD quadrant stage = A
(Fig. 3 and Appendix A — Table A.6).

Discussion

By clustering analysis, our study distinguished different
groups of individuals undergoing in-hospital PR after an
ECOPD. These individuals could be characterized by three
clusters with different prevalence, baseline characteristics,
and responses to PR. Cluster C1-severe had the most severe
baseline conditions with the largest improvement, C3-mild
showed the best baseline conditions but the smallest change
size, whereas C2-intermediate showed conditions and effect
size intermediate between C1-severe and C3-mild.
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While confirming evidence that individuals with a worse
baseline status are good responders to PR, our study also
suggests a modality to analyze the characteristics of these
individuals in order to define priority criteria for admission
to PR of these individuals.

Multivariate analyses identified baseline 6MWT, BiD,
inhaler drugs, GOLD stage as well as baseline CAT and MRC as
the subset of variables used for clusters definition having a
major influence in discriminating among the three subpopu-
lations.

As an additional finding, we were also able to roughly
assign participants to the corresponding cluster by condi-
tional inference trees algorithm. Future studies will allow
tuning and validating decisional rules on independent data,
as well as evaluating the feasibility to implement more accu-
rate models (10-fold cross validation: mean classification
accuracy reached by Elastic net logistic regression = 94.41%
[data not shown] vs. mean classification accuracy reached
by conditional inference trees = 82.49%) into an interactive
tool to be used in clinical practice for a more accurate classi-
fication.

This is a retrospective study investigating individuals with
COPD as shown by lung function,? therefore, we excluded all
cases without any available lung function data, and those
with lung function not confirming COPD (e.g. FEV;/FVC >
70%). We evaluated individuals admitted to in-hospital PR
after an ECOPD. Despite a relevant improvement in COPD
treatment, the natural course of ECOPD is unchanged
highlighting the importance of prevention. It has been shown
that early PR after an ECOPD is cost-effective and results in
reduced prevalence of new exacerbations and longer
survival.*>28

The outcome measures assessed in this study (dyspnoea,
exercise capacity, disease impact) are widely accepted not
only for PR, but are also suggested in an outcome set for
clinical trials evaluating the management of ECOPD."?° The
present study confirms the benefits of PR including the pro-
portion of responders.’?3° Al Chikhanie et al*' identified
four clusters according to the response of 6MWT to PR. The
cluster with the largest proportion of non-responders
included older, more severe individuals.>' However, exercise
tolerance is only one of the benefits of PR. Also patient-cen-
tered outcomes such as symptoms and disease impact mat-
ter. Spruit et al®? proposed a multidimensional response
outcome. In our study, the proportion of individuals reaching
the MCID in all three assessed outcome measures was signifi-
cantly different among clusters.

The high proportion (66.2%) of individuals excluded from
this retrospective study due to missing lung function data is
not surprising. According to guidelines, lung function might
have been not considered as an admission criterion to or an
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Table 3  Characteristics and outcome measures according to clusters.

Variable C1-severe C2-intermediate C3-mild p-value
(n =126, 10.9%) (n =862, 74.4%) (=171, 14.7%)
Age, years * 74 (70, 79) 71 (65, 77) 71 (65, 76) <0.0001
Gender # 0.0075
Females 57 (45.2%) 286 (33.2%) 49 (28.7%)
Males 69 (54.8%) 576 (66.8%) 122 (71.3%)
BMI, Kg/m? # 24.9 (21.5, 28.4) 26 (22.5, 30.7) 29 (25.3, 33.6) <0.0001
Provenience * <0.0001
Home 57 (45.2%) 630 (73.1%) 164 (95.9%)
Hospital 69 (54.8%) 232 (26.9%) 7 (4.1%)
CRF# <0.0001
No 33 (26.2%) 567 (65.8%) 170 (99.4%)
Yes 93 (73.8%) 295 (34.2%) 1 (0.6%)
Inhaler drugs # <0.0001
Triple 108 (85.7%) 572 (66.4%) 10 (5.8%)
No triple 18 (14.3%) 290 (33.6%) 161 (94.2%)
CIRS, score # 5 (5, 6) 4(2,5) 3(2,3) <0.0001
Barthel, score # 80 (55, 94) 100 (90, 100) 100 (90, 100) <0.0001
BiD, score * 45 (38, 61) 25 (17, 38) 11 (7, 16) <0.0001
FEV,/FVC, %* 45 (40, 48) 46 (40, 56) 55 (48, 60) <0.0001
Sp0,, % * 95 (93, 96) 94 (92, 96) 95 (94, 96) <0.0001
GOLD stages # <0.0001
A 0 (0%) 34 (4%) 72 (42.1%)
B 6 (4.7%) 189 (21.9%) 65 (38 %)
C 5 (4%) 89 (10.3%) 21 (12.3%)
D 115 (91.3%) 550 (63.8%) 13 (7.6%)
CAT, score
Before # 25 (23, 28) 18 (12, 23) 11 (8, 15) <0.0001
After 16 (12, 23) 11 (8, 16) 6(3,9) <0.0001
Change —8 (11, —4) —5(—10, —3) —5(-8, —2) 0.0002
Freq. Reach. MCID 109 (86.5%) 730 (84.7%) 146 (85.4%) 0.8635
MRC, score
Before # 4 (4, 4) 3(3,3) 3(2,3) <0.0001
After 2(2,3) 2(2,2) 2(1,2) <0.0001
Change —2(=2,-1) —1 (=1, 1) —1 (=1, 1) <0.0001
Freq. Reach. MCID 118 (93.6%) 750 (87.0%) 132 (77.2%) 0.0002
6MWT, metres
Before # 100 (45, 144) 299.5 (215.25, 380) 440 (389, 486.5) <0.0001
After 180 (135, 234) 348 (270, 423) 476 (420, 525) <0.0001
Change 87 (42, 141) 45 (16, 79) 30 (7, 60) <0.0001
Freq. Reach. MCID 106 (84.1%) 563 (65.3%) 91 (53.2%) <0.0001
6MWTY% prd
Before 20.8 (9.8, 30.2) 63.2 (47.0, 78.3) 94.5 (82.3, 102.8) <0.0001
After 42.3(30.3, 50.8) 74.2 (58.8, 86.9) 100.1 (90.3, 111.5) <0.0001 .
Change 18.5 (10.2, 30.3) 9.3 (3.4, 16.7) 6.7 (1.3, 13.6) <0.0001 e

Legend: Variables’ distribution by clusters are described as absolute frequency (relative frequency, %) or median (25", 75" percentiles).

" p-value < 0.05.

# Variable used for clustering.
C. Cluster; CRF: Chronic respiratory failure; SpO,: pulsed oxygen saturation; BMI: Body Mass Index; BiD: Barthel index Dyspnea; CAT: COPD
assessment test; MRC: Medical research council; 6MWT: Six-minute walking distance test; FEV,: Forced expiratory volume at one second;
FVC: Forced vital capacity; prd: predicted; GOLD: Global Initiative for Obstructive Lung Disease; Comorbidity Index of CIRS: Cumulative
Illness Rating Scale; Freq. Reach. MCID: Frequency of patients reaching the Minimal Clinically Important Difference.

outcome measure for PR." Of course a possible lack of inclu- indicates that lung function should be incorporated into the
sion in the database of results of performed lung function core set of evaluations for admission to PR.

cannot be excluded. However, our study shows that the level An original and not negligible result of our study is also
of airway obstruction (Appendix - Fig. A.2) had a major that BiD'* can be a reliable outcome measure of PR. Indeed,
influence in discriminating the clusters. Therefore, our study our study shows that the baseline level of dyspnoea as
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Fig. 2 Outcome measure distribution at admission, discharge, and post program changes. Each boxplot represents (from bot-
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significantly among clusters (** FDR < 0.05; * 0.05 < FDR < 0.10). The horizontal dashed lines in black indicate the Minimal Clinically
Important Difference of each outcome change. Abbreviations — CAT: COPD Assessment test; MRC: Medical Research Council; 6MWT:

Six-minute walking distance test.

assessed by BiD was among the variables used for cluster
definition with a major influence in discriminating the three
subpopulations (Appendix - Fig. A.2) It has been shown that
in-hospital PR results in clinically meaningful improvement
in individuals recovering from ECOPD, independent of the
severity of dyspnoea as assessed by BID. However, the levels
of dyspnoea severity influenced the effect size.?”

Limitations

This is a retrospective study, with the limitations of such type
of studies. However, it represents a real-life condition and its
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results are supported by the large sample size in a time when
also randomised controlled trials are questioned.>3

Cluster analysis only applies to the cohort studied and
replication is essential in a totally different environment or
subsequent cohort.

There were differences in the prevalence of clusters among
participating ICS Maugeri centres due to organizational and
logistic conditions (Appendix A - Table A.3). Participants in
C3-mild (about 14% of participants, mainly distributed in a sin-
gle center- 34.7%) (Table 4) came from their home, were not
prescribed inhaler triple therapy, showed better CAT, were
included in GOLD A stage, and had a better lung function. The
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Table 4 Clusters distribution in the whole sample and by centre.

Cluster Whole sample Lumezzane Tradate Pavia Montescano Others
(n=1159, 100%) (n =414, 35.7%) (n =369, 31.8%) (n=176, 15.2%) (n=138, 11.9%) (n =62, 5.4%)
C1-severe 126 (10.9%) 48 (11.6%) 2 (0.5%) 48 (27.3%) 22 (15.9%) 6 (9.7%)
C2-intermediate 862 (74.4%) 325 (78.5%) 239 (64.8%) 128 (72.7%) 116 (84.1%) 54 (87.1%)
C3-mild 171 (14.7%) 41 (9.9%) 128 (34.7%) 0 (0%) 0 (0%) 2 (3.2%)

Legend: variables distribution is described as absolute and relative frequency (%) of patients belonging to the three clusters in the whole

sample and by centre.
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Conditional inference tree structure. Branches correspond to informative splits in the data leading to the terminal node

(leaves). Nodes describe the variable used to split data, branches indicate the splitting values; bar plots represent graphically the rel-
ative frequency of patients belonging to the three clusters by terminal node. As an example, approximately 90% of patients with
baseline 6MWT values < 159 meters and BiD < 28 points belong to C2-intermediate cluster while about 10% to C1-severe and 0% to
C3-mild. Patients within this terminal node are classified as belonging to C2-intermediate (the most frequent cluster within the ter-
minal node). Abbreviations —6MWT: Six-minute walking distance test; BiD: Barthel index Dyspnea; GOLD: Global Initiative for

Obstructive Lung Disease.

prescription of PR for these mild individuals might be ques-
tioned. However, participants were sent by other hospitals or
by their GP and, given the retrospective design, we cannot
exclude individual decisions by the accepting physicians
according to criteria we cannot assess. Actually, all ICS Maugeri
hospitals share the same admission criteria, evaluation, and
rehabilitation protocols. Therefore, we are confident that
these differences have not biased results.

Given the post-acute condition of participants, a control
population not performing the program would have clarified
whether any improvement in outcome would have been
(also) time-dependent. However, given the recognized bene-
fits of PR and the mission of our hospitals, not performing
any program would have been unethical.

Conclusions

Our clustering analysis identified subpopulations of individuals
recovering from ECOPD characterized by different PR success
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rates. These results may help in defining priority criteria based
on the probability of success. Our results reflect the specific
population of individuals with indications of PR, not compara-
ble and extensible to other populations of individuals with
COPD, and should be confirmed by prospective studies.
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Outcome of patients receiving V-V |
ECMO for SARS-CoV-2 severe acute Sreck o
respiratory failure

Despite offering a potentially lifesaving intervention for
severe acute respiratory failure (SARF), venovenous (V-V)
ECMO is a highly invasive and costly resource that is itself
associated with significant morbidity and mortality. Scoring
systems such as the Murray' and RESP score? have been used
to aid patient selection and prognostication during the
COVID-19 pandemic.® However, these scoring systems may
not accurately assess the multisystem nature of COVID-19.
Thus, we set out to analyze the utility of these scores along-
side other demographic, clinical, ventilatory and laboratory
variables of potential prognostic importance, in a cohort of
COVID-19 cases with SARF.

Prospectively collected data was retrospectively ana-
lyzed for all patients admitted to the Glenfield Adult Inten-
sive Care Unit (GAICU; a large SARF and ECMO referral
center in the UK) between October 2020 and March 2021
(inclusive) receiving V-V ECMO for a primary diagnosis of
COVID-19 pneumonia. Demographic data alongside informa-
tion provided at the time of referral in relation to ventila-
tory parameters and gas exchange were recorded (Table 1),
and statistically compared between those who died and
those who survived to ECMO decannulation and GAICU dis-
charge (Table 2).

A total of 48 patients received V-V ECMO for COVID-19
pneumonia over the 6 months of the second UK wave, and 25
(52%) of them died. Patients had a median age of 42 years,
body mass index (BMI) 34.0 and were more likely to be male
(71%) than female. No significant differences in baseline
demographics existed (Table 1) and similarly there was no
difference in APACHE2 score at the time of GAICU admission,
nor in Murray score or RESP score at time of referral.

Ventilation parameters were associated with prognostic
outcome, with a higher positive end expiratory pressure
(PEEP), peak and plateau pressure, usually reflecting more
severe lung disease, paradoxically showing increased likeli-
hood of survival. This did not correspond to a significant dif-
ference in static (plateau pressure — PEEP) or dynamic
(peak pressure — PEEP) driving pressure. Biochemically a
higher creatinine (lower eGFR) and urea, a relative meta-
bolic acidosis (failure to compensate for respiratory acido-
sis) at time of referral, alongside a requirement for renal

https://doi.org/10.1016/j.pulmoe.2023.01.001

replacement therapy (RRT) during the ECMO run were signifi-
cantly associated with mortality. Multivariable logistic
regression showed that peri-cannulated bicarbonate (odds
ratio per unit increase (OR) =0.80, p=0.003) and peak pres-
sure (OR=0.75, p=0.004) remained significantly associated
with mortality. There were no significant differences in the
rates of co-infection or other complications between groups
(Table 2).

From a treatment perspective, all patients received
RECOVERY dexamethasone,* with no significant difference
in timing of initiation relative to commencement of ECMO
run, nor did there exist any differences in receipt of other
COVID-19 specific therapies (tociluzimab, remdesivir etc).
There was a trend towards increased survival in those
receiving additional higher dose dexamethasone for treat-
ment of ARDS, however this association may not be causally
linked but rather reflect clinical opportunity, similar to that
of the finding of increasing tracheostomy and spontaneous
ventilation rates in the survivors.

Compared to the Murray (area under ROC curve (AUC)
=0.58) and the RESP score (AUC=0.51), APACHE2 (AUC=0.65)
was better able to discriminate survival from non-survival in
patients undergoing V-V ECMO for COVID-19 SARF, though
none of the scoring tools reached statistical significance (p
value 0.577, 0.964 and 0.073 respectively).

From these data, acidemia pericannulation was associ-
ated with a poor prognosis. This failure to metabolically
compensate for a respiratory acidosis (the degree of which
was similar between groups) is predominantly attributable
to renal failure with a small contribution from lactatemia. A
requirement for RRT is well known to be associated with an
increase in mortality in ICU®> however in the SARF group fur-
ther consideration is needed. Firstly timing of initiation of
RRT and/or ECMO referral may be earlier (significant acide-
mia occurs sooner with concomitant respiratory-metabolic
acidosis) and secondly institutional RRT practices may not
facilitate adequate generation of physiological levels of
bicarbonate that are frequently taken advantage of to facili-
tate a lung protective ventilator (LPV) strategy.

From a ventilation perspective however, there was no sig-
nificant difference in severity of hypoxaemia (as assessed by
Pa0,/FiO, ratio) at time of referral, and we can infer no sig-
nificant difference in dead space ventilation (PaCO,,
adjusted tidal volume, respiratory rate, BMI and pulmonary
embolism rates similar across groups). While both cohorts at
referral generally had tidal volumes <8ml/kg/predicted

2531-0437/© 2023 Sociedade Portuguesa de Pneumologia. Published by Elsevier Espana, S.L.U. This is an open access article under the CC BY-NC-

ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Table 1  Baseline demographics, medical histories, baseline laboratory markers and COVID-19 treatment histories at referral
and cannulation compared for survivors (n=23) and non-survivors (n=25). The differing n values reflect missing data points for
these parameters. Normally-distributed data was expressed as a mean and standard deviation, whilst non-normally distributed
data as a median and interquartile range. Continuous variables were compared using the Student t-test or Mann-Whitney test as
appropriate, and categorical variables were compared using the Chi-squared test. Statistical analysis was performed in SAS 9.4

(SAS Institute Inc., Bucks., UK: https://www.sas.com/en_gb/contact.html).

N Survivor N Non-survivor p-value
Demographics
APACHE2: median (IQR) 23 13 (8-16) 25 14 (12—18) 0.073
Age: mean (SD) 23 40.9 (6.3) 25 42.5 (10.5) 0.518
BMI 23 33.5(6.7) 25 34.5 (6.5) 0.591
Gender - male: n (%) 23 14 (61%) 25 20 (80%) 0.145
Ethnicity 23 25 0.472

White 4 (17%) 6 (24%)

Asian 9 (39%) 9 (36%)

Black 4 (17%) 1 (4%)

mixed 6 (26%) 9 (36%)

Medical history
Comorbidities >1: n (%) 23 19 (83%) 25 23 (92%) 0.407

Diabetes 23 5 (22%) 25 7 (28%) 0.617

Hypertension 23 3 (13%) 25 9 (36%) 0.067

Lung disease 23 6 (26%) 25 3 (12%) 0.279

Other disease 23 1 (4%) 25 2 (8%) 0.999

Obesity 23 17 (74%) 25 21 (84%) 0.487
Status at referral
P/F ratio: mean (SD) 18 9.3(2.4) 15 9.3(3.1) 0.999
PaCO, kPa 23 7.9 (1.8) 24 8.0(2.6) 0.884
PEEP, cmH,0 23 14.1 (6.5) 24 10.9 (3.6) 0.047
Tidal volume ml/kg PBW 23 6.6 (1.4) 24 7.3 (P:3) 0.207
Respiratory rate, min~" 23 20.1 (5.6) 23 19.7 (6.0) 0.807
Peak pressure, cmH,0 22 33.8 (4.5) 23 29.9 (5.0) 0.008
Plateau pressure, cmH,0 23 30.1(5.1) 21 26.2 (5.9) 0.023
Static driving pressure, cmH,0 22 16.8 (5.8) 21 15.4 (4.9) 0.416
Dynamic driving pressure, cmH,0 21 20.5(5.7) 23 18.9 (4.8) 0.328
pH 23 7.3(0.1) 24 7.3(0.2) 0.416
Bicarbonate, mmol/L 22 26.6 (5.9) 23 24.2 (5.2) 0.148
Lactate, mmol/L: median (IQR) 20 1.7 (1.4-2.6) 24 1.4(1.1-1.7) 0.059
Murray Score 21 3.5(3.25-3.5) 17 3.25(3-3.5) 0.577
RESP Score 18 5(4-7) 20 5 (4-5.5) 0.964
Days ventilated pre ECMO 23 2(0-5) 25 2(1-3) 0.933
Peri-cannulation laboratory data
Pa0, kPa 23 13.8 (9.9) 25 10.9 (5.2) 0.221
pH 23 7.35(0.12) 25 7.25(0.15) 0.023
PaCO, kPa 23 7.3(2.2) 25 7.6 (2.4) 0.725
Bicarbonate, mmol/L 23 27.7 (4.9) 25 22.8 (6.7) 0.006
Base Excess, mmol/L 22 3.0(5.9) 25 -2.3(8.2) 0.015
Lactate, mmol/L: median (IQR) 23 1.6 (1.3-2.1) 25 2.4(1.7-5.7) 0.027
Haemoglobin, g/L: mean (SD) 23 113.6 (14.9) 25 109.5 (14.4) 0.344
Platelet count, x10%/L 23 256.9 (103.5) 25 216.4 (125.9) 0.232
White cell count, x10°/L 23 18.1(10.3) 25 17.2 (10.7) 0.775
Neutrophil count, x10°/L 23 16.4 (9.9) 25 15.0 (9.5) 0.619
Lymphocyte count, x10°/L 23 0.9 (0.5) 25 1.0 (0.8) 0.621
Bilirubin, pmol/L 23 12.3(7.8) 25 15.4 (10.0) 0.248
INR: median (IQR) 23 1.2(1.1-1.2) 25 1.2 (1.1-1.4) 0.1
Fibrinogen, g/L 23 5.8 (3.6-6.8) 25 4.8 (2.9-7.1) 0.885
Urea, mmol/L: mean (SD) 23 9.7 (4.8) 25 14.8 (7.2) 0.007
Creatinine, pmol/L 23 91.3 (68.3) 25 150.2 (110.6) 0.031
eGFR, mL/min/1.73m?: median (IQR) 23 101.8 (57.6—156.5) 25 50.7 (32.8—133.3) 0.027
CRP, mg/L 23 111 (54-176) 25 81 (53—201) 0.687
Troponin, ng/L 23 27 (6.8—60.7) 24 27 (8.9—153) 0.437
BNP, pg/mL 22 568 (198—746) 23 1069 (273—3819) 0.044
D-dimer, ug/mL 23 4.5 (2.0-14.4) 25 2.9 (1.8-8.6) 0.408
COVID therapies
Recovery dexamethasone: n (%) 23 23 (100%) 25 25 (100%) -

Started before ICU admission 3 (13%) 3 (12%) 0.999

Started after ICU admission 20 (87%) 22 (88%)

Day relative to ECMO: mean (SD) 20 —4.5(3.2) 22 —5.8 (4.3) 0.268
High dose dexamethasone: n (%) 23 15 (65%) 24 10 (42%) 0.106
Tociluzimab 23 13 (57%) 25 9 (36%) 0.154
Remdesivir 23 5 (22%) 25 9 (36%) 0.278
Convalescent plasma 23 1 (4%) 25 4 (16%) 0.35
Baricitinib 23 2 (9%) 25 1 (4%) 0.601

APACHE2=acute physiologic assessment and chronic health evaluation 2 score, N=number, SD=standard deviation, IQR=interquartile range,
BMI=body mass index, P/F ratio=ratio of partial pressure of arterial oxygen to fraction of inspired oxygen, pH=power of hydrogen,
PaCO,=arterial partial pressure of carbon dioxide, PaO,=arterial partial pressure of oxygen, PEEP=positive end expiratory pressure,
PBW=predicted body weight, INR=international normalized ratio, eGFR=estimated glomerular filtration rate, CRP=C-reactive protein,

BNP=brain natriuretic peptide, ICU=intensive care unit.
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Table 2

Differences in organ support, complications and outcomes between survivors (n=23) and non-survivors (n=25). Nor-

mally-distributed data was expressed as a mean and standard deviation, whilst non-normally distributed data as a median and
interquartile range. Continuous variables were compared using the Student t-test or Mann-Whitney test as appropriate, and cate-
gorical variables were compared using the Chi-squared test. Statistical analysis was performed in SAS 9.4 (SAS Institute Inc.,

Bucks., UK: https://www.sas.com/en_gb/contact.html).

N Survivor N Non-survivor p-value
Organ support during ECMO run
Vasopressor and/or Inotropes: n (%) 23 7 (30%) 22 12 (55%) 0.102
Vasopressors 23 18 (78%) 25 22 (88%) 0.454
Left ventricular support 23 1 (4%) 25 1 (4%) 0.999
Right ventricular support 23 6 (26%) 25 10 (40%) 0.307
Liver support 23 0 (0%) 25 3 (12%) 0.235
Renal replacement therapy 23 2 (9%) 25 14 (56%) 0.001
Spontaneous ventilatory mode on ECMO: 23 24 0.008
<50% of the time 3 (13%) 10 (42%)
50% of the time 0 (0%) 3 (13%)
>50% of the time 20 (87%) 11 (46%)
Tracheostomy status: 23 25 0.007
none 5 (22%) 16 (64%)
peri ECMO 16 (70%) 8 (32%)
post ECMO 2 (9%) 1 (4%)
Disease and ECMO related complications
Air Leak Syndrome: n (%) 23 4 (17%) 25 6 (24%) 0.727
Pneumothorax requiring drainage 23 2 (9%) 25 7 (28%) 0.14
Haemothorax/empyema requiring drainage 23 1 (4%) 25 4 (16%) 0.35
Significant pulmonary haemorrhage* 23 2 (9%) 25 5 (20%) 0.419
HITT 16 2 (13%) 11 3 (27%) 0.37
Pulmonary embolism 23 5 (22%) 24 8 (33%) 0.374
Respiratory bacterial coinfection 23 16 (70%) 24 14 (58%) 0.423
Invasive aspergillus coinfection 23 5 (22%) 24 6 (25%) 0.792
Other viral coinfection 23 2 (9%) 24 2 (8%) 0.999
Outcome
Total days on ECMO: median (IQR) 23 15 (7—-35) 25 19 (8—22) 0.679
GAICU length of stay 23 24 (14-58) 25 19 (12-26) 0.099

N=number, HITT=heparin induced thrombotic thrombocytopenia, ECMO=extracorporeal membrane oxygenation, GAICU=Glenfield adult

intensive care unit, IQR=interquartile range.

“ Significant pulmonary hemorrhage was defined as that requiring blood transfusion.

body weight in keeping with a LPV strategy, the survivors had
a significantly higher PEEP, plateau and peak pressures com-
pared to non-survivors.

One possible explanation for these seemingly disparate
findings is that patients being subjected to more injurious
ventilation (whether or not that represents a cohort with
more severe respiratory disease) have more to gain from the
lung rest facilitated by V-V ECMO. Another possible explana-
tion is that as lung injury reversibility forms a key part of eli-
gibility criteria at the time of assessment of candidacy for V-
V ECMO, SARF severity per se may no longer then be signifi-
cantly discriminatory and systemic sequelae of disease and
ECMO-related complications play a greater role in determin-
ing outcome.

A recent systematic review and meta-analysis of ECMO
for COVID-19 found that, mortality has increased as the pan-
demic progressed, a finding that has been echoed in our
experience also.®” This has been postulated to be due to
multiple factors to include evolution in both the disease
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(increased virulence) and its therapeutic strategies (select-
ing out those with treatment failure), changes to patient
selection more generally and resource availability. Recently
Urner et al. used multinational data and statistical model-
ling to emulate a pragmatic randomized controlled trial,
designed to estimate the effect of ECMO in severe respira-
tory failure from COVID-19. They found that ECMO was most
effective in patients <65 years old, with PaO,/FiO, < 10.7
kPa, driving pressures >15 cm.H,0 within the first 10 days of
mechanical ventilation® — a cohort well represented in this
study. Whilst mortality with ECMO in COVID-19 is high, a
recent UK matched cohort study supports a survival benefit
with ECMO in this population.® Outcomes from ECMO in
COVID-19 patients are particularly sensitive to individual
patient parameters at the time of presentation. As both dis-
ease and treatments evolve, broad comparisons of clinical
outcomes may be less relevant to the decision to admit a
COVID-19 for ECMO therapy than the pattern of illness they
have at that time.
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COVID-19 effect on tuberculosis A
care in Sierra Leone: Are we in the
recovery phase?

Check for
Updates

Dear Editor,

More than two years after the beginning of the COVID-19
pandemic, the direct clinical consequences of the global
spread of SARS-CoV-2 and the indirect ones related to non-
pharmacological interventions and public reactions are bet-
ter recognized. On one hand, millions of people died or are
suffering from long-term sequelae of the disease; on the
other, social restrictions and “stay-at-home” mandates had
a negative impact on the global economy and probably con-
tributed to an important rise in mental health issues, partic-
ularly in young people. In addition, fears of catching SARS-
Cov-2 infection in the healthcare settings, or the need of
shifting resources from routine health services to COVID-19
emergency responses, had a negative impact on important
screening or preventive programs, such as immunization
campaigns'? or detection of new cases of HIV or TB.3

In particular, TB is still the number-one infectious disease
killer in the world with African countries having the highest
rate of contagion. The importance of a well-conducted clini-
cal surveillance for this pathology rests on the necessity of
identifying people with the disease to offer access to treat-
ment early, and to offer preventive therapy to those with
latent infection and at higher risk to progress to TB (eg HIV
infection or exposed children).* In our previous pilot study’
available online already in 2020, we evaluated the impact of
COVID-19 on active TB screening in the Community Health
Post of Tombo, a village of Western Rural Area in Sierra
Leone. We compared the number of patients tested with spu-
tum smear and confirmed Acid Fast Bacilli (AFB)-positive dur-
ing the first 4 months of the year 2020 (January, February,
March, April) with the cases reported in 2018 and 2019.
Although with the limitations of a retrospective study
restricted to a small region, we showed a significant drop of
confirmed TB cases in April 2020, the first month of lockdown
in Sierra Leone; additionally, the number of TB suspected
cases decreased in March and April 2020. This was the first
description of a drop of new TB suspected or confirmed cases,
which unfortunately was confirmed later by several

https://doi.org/10.1016/j.pulmoe.2022.10.008

international studies.®® However, as restrictions have lifted
with the beginning of vaccinations and public awareness on
the transmission routes, our aim in the present study was to
assess the potential change of this trend in the setting of
Sierra Leone. Therefore, we continued collecting aggregated
anonymized data about the number of patients tested for TB
and those who tested positive in the Community Health Post
of Tombo until April 2022. The study was approved by the
authorities for the TB unit of the local health centre (J.S.B.).
As shown in Fig. 1 the number of patients tested and diag-
nosed with TB in the first quarter period of 2021 compared to
that of 2022 was similar to that recorded in the pre-Covid
period. In particular, we tested 119 patients in the first 4
months of 2018 (50 resulted positive, 42%), 224 patients in
the first four months of 2019 (58 resulted positive, 25,9%),
132 patients in the first four months of 2020 (40 resulted posi-
tive, 30,3%), 122 patients in the first four months of 2021, (65
resulted positive, 53,3%), 168 patients in the first four months
of 2022 (60 resulted positive, 35,7%). This evidence, with the
constraint of this small and retrospective study, suggests that
local TB services in very resource-limited settings are return-
ing to pre-pandemic activity standards and that patients are
recovering trust in the health services and seeking medical
advice when needed. This has important consequences
because if true, we may contain the previously missed TB
diagnoses that otherwise can lead to an additional increase of
cases in the community and we may lose decades of progress
in TB control programs. A similar trend of recovery of outpa-
tient TB services has also been reported by Rodrigues and col-
leagues in Portugal,” which reported that TB diagnosis,
treatment, and prevention services were only affected during
the 1st State of Emergency. However, as Covid-19 cases still
keep rising across the globe, given the possible interactions of
TB and Covid-19 (reactivation or worsening of TB during SARS-
CoV-2 infection, use of steroids during Covid-19),' it is of pri-
mary importance to further reinforce TB preventive programs
globally.

However, despite the positivity of this trend which gives
us hope, there is still the need to be vigilant aboutthe prob-
lem of facing the need to maintain effective health surveil-
lance and management of TB programs. Considering what is
observed, it is essential to promote and facilitate access to
primary care to allow a broader and more accurate screen-
ing for TB.

2531-0437/© 2022 Sociedade Portuguesa de Pneumologia. Published by Elsevier Espana, S.L.U. This is an open access article under the CC BY-NC-

ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Figure 1  The number of presumptive TB and confirmed TB cases in Tombo Health Centre, Sierra Leone, in the first months of 2018,
2019, 2020, 2021 and 2022. April 2020, the month of the beginning of the first lockdown in Sierra Leone, was the month with the low-
est number of people tested and tested-positive while it is possible to observe a positive trend in the number of the following two
years.
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Prevalence of asthma and COPD in a |
cohort of patients at the follow up
after COVID-19 pneumonia

Check for
Updates

To the Editor,

A relevant (but still unpredictable) proportion of patients
after COVID-19, particularly those hospitalized with severe
acute disease, may present persistent symptoms (i.e.
long-COVID syndrome)," even clustering in specific clinical
presentation (i.e. more dyspnea, fatigue, or anxiety/
depression, etc).? Patients suffering from asthma and COPD
have been considered less exposed to infection,® however,
there is a lack of data on their prevalence in the long-COVID
populations. We hypothesized that individuals with existing
chronic airway disease could experience more long term
symptoms and/or have respiratory functional impairment 6
months after discharge. Thus we aimed at: i) determining
the prevalence of asthma and COPD at the follow-up in a
cohort of patients recovering from COVID-19 pneumonia; ii)
investigating their dyspnea grade, pulmonary function, and
exercise tolerance.

A post-COVID service was established at the Respiratory
Outpatient Clinic (University Hospital of Modena Policlinico)
for all patients previously hospitalized and cases of SARS-CoV-2
infection not requiring admission for in-person follow up 3-6
months after discharge or recovery from viral infection. Out of
911 patients followed up between July 2020 and February
2022, 780 were hospitalized (85.6%). From the cohort of indi-
viduals previously hospitalized, we selected patients with
existing diagnosis of asthma or COPD at hospital admission and
newly diagnosed at the follow up according to the interna-
tional guidelines.*> Other individuals with asthma or COPD but
not hospitalized for COVID-19, patients with confirmed inter-
stitial lung disease, concomitant neuromuscular diseases, cog-
nitive impairment or severe psychiatric disorders, and patients
not able to perform follow up assessment were excluded.

Abbreviations: 6MWT, 6-Minute Walk Test; BMI, Body Mass Index;
COT,, Conventional Oxygen Therapy; DLco, Diffusing Lung Capacity
for Carbon Monoxide; FEV4, Forced Expiratory Volume in 1 Second;
FVC, Forced Vital Capacity; HFNC, High Flow Nasal Cannula; LOS,
Length of Stay; LTOT, Long Term Oxygen Therapy; mMRC, modified
Medical Research Council; MV, Mechanical Ventilation; NIV, Non-
invasive Ventilation; O,, Oxygen; TLC, Total Lung Capacity.

https://doi.org/10.1016/j.pulmoe.2022.05.005

This study summarises the clinical-functional assessment
of 82 patients (10.5%) reviewed following hospital discharge.
The mean time from discharge to follow up was 4 +1.1
months. Out of 82 individuals, 41 were asthmatic patients
and 41 COPD. The prevalence of asthma in the study cohort
was 5.2%, and the same for COPD.

The characteristics of the participants and a summary of
their COVID-19 admission are reported in Table 1a; patients
with asthma and COPD were similar except for age and smok-
ing history, as expected. Out of 41 patients with asthma, 3
(7.3%) were newly diagnosed, whereas 18 (44%) COPD patients
had new diagnosis at the follow up. In patients with asthma,
18 (47%) were allergic, 19 (48%) obese, and 2 (5%) had bronchi-
ectasis. The 23 patients with confirmed COPD were predomi-
nantly in GOLD 1-2 grades (87%). The newly diagnosed COPD
patients were predominantly male (83%), all former or current
smokers, and with similar grade of the disease.

Modified Medical Research Council (mMRC) dyspnea
grade,® spirometry and lung diffusing capacity (DLco)’
parameters, and six-minute walk distance (6MWT)%° were
collected at the follow up as outcomes (Table 1b). Persisting
oxygen desaturation during exercise was observed in 9.7% of
cases: 6 COPD patients with 3 newly diagnosed and 2 asth-
matic patients with confirmed diagnosis.

According to the study purpose, we were able to show
interesting findings.

First, data collection helped quantify the proportion of
patients with diagnosis of asthma and COPD in a large cohort
of people at the follow up after COVID-19 pneumonia. The
prevalence of asthmatic patients is in line with that
observed in the general population in Italy,' but it seems
larger than previously reported data in COVID-19
patients.'2 On the other hand, COPD patients in our study
cohort are less prevalent than in the general population,'?
which may support a different epidemiology within COVID-
19 patients.> Notwithstanding, the follow-up service pro-
vided a new diagnosis of chronic respiratory disease, partic-
ularly COPD. This provided patients with an opportunity for
an appropriate disease identification and care plan.

Second, a clinically meaningful post-COVID mMRC dys-
pnea score observed in 41.5% of the COPD patients, who
were in mild GOLD grade of severity, confirms the findings of
Huang et al in a large population of patients discharged in
Wuhan and assessed six months later." This emphasises that
older age is not the only responsible factor for long-term
residual dyspnea in COPD survivors.

2531-0437/© 2022 Sociedade Portuguesa de Pneumologia. Published by Elsevier Espana, S.L.U. This is an open access article under the CC BY-

NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Table 1a  Characteristics of the study population on hospital admission.
All patients N = 82 Asthma N =41 COPDN =41 p-value
Age®, years 66 [34-88] 58 [34-83] 74 [58-88] <0.0001
Male gender™ 53 [64.6] 23[56.1] 30 [73.2] 0.17
Ethnicity, Caucasian 82 [100] - -
Smoking history™® 5[6.1] 1[2.4] 419.7] <0.0001
Current smoker
Former smoker 54 [66] 17 [41.5] 37 [90.2]
Non-smoker 23 [28] 23 [56.1] 0[0]
BMI (pre-admission)” 28.6 [20-44] 29 [20-44] 28 [21-41] 0.31
BMI™ > 30 30 [36.6] 18 [43.9] 12 [29.3] 0.25
Length of hospital stayﬁ (days) 14 [1-94] 14 [1-94] 14 [2-45] 0.85
COTonly™ 70 [85.3] 34[83] 36 [88] 0.76
HFNC™ 5[6.1] 3[7.3] 2[4.9] 1.00
NIV 78.5] 419.7] 3[7.3] 1.00
Intubation/MV"* 41[5] 3[7.3] 1[2.4] 0.62
0, at discharge** 5[6.2] 2 [4.9] 3[7.3] 0.048
* COPD patients on pre-admission LTOT were
excluded (n=5)
Key: Data reported as mean and range or number and % as appropriate.
MV, mechanical ventilation
& Analysis by Student-t test
&& Fisher’s Exact test
Table 1b  Follow-up assessment in the study population.
All patients N = 82 Asthma N =41 COPD N =41 p-value
mMRC* 0.5 [0-3] 0.2 [0-2] 0.7 [0-3] 0.02
mMRC > 1 point™ 22 [26.8] 5[12.2] 17 [41.5] 0.005
FEV,/FVC® 69.2 75.8 62.7 <0.0001
[35.6-86.4] [59-86.4] [35.6-70.5]
FEV;® (%pred) 88.2 97.4 79 0.0002
[27-145] [42-138] [27-145]
TLC® (%pred) 111 109 112 0.36
[75-150] [75-150] [77-148]
TLC™ (<90%pred) 5[6.1] 3[7.3] 2[4.9] 1.00
DLco (%pred) 73.6 [25-128] 85 [37-128] 61 [25-119] <0.0001
DLeo™ (<80%pred) 47 [57.3] 16 [39] 31 [75.6] 0.002
6MWT" (meters) 425 452 399 0.003
[220-610] [300-610] [220-530]
6MWT® (%pred) 77 79 77 0.023
[46-98] [56-97] [46-98]
6MWT"™, desaturation 10[12.2] 2[4.9] 8[19.5] 0.048

Key: Data reported as mean and range or number and % as appropriate.

& Analysis by Student-t test
&& Fisher’s Exact test

Third, the reduction in DLco (mean 73.6% pred with
<80%pred in 57.3% of cases) as a marker of residual lung
damage following interstitial pneumonia was similar to that
observed in unselected patients treated with respiratory
support therapies (HFNC, NIV, intubation),'*'® even though
more frequent in COPD (75.6%) than in patients with asthma
in our cohort.

Finally, the great proportion of people with asthma and
obesity (43.9%), confirmed that this comorbidity makes
asthma difficult to treat'” and may also impact negatively
on the patient’s perception of good health in individuals
recovering from COVID-19.
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Considering major limitations (i.e. the single-center anal-
ysis and the lack of pre-to-post comparison of pulmonary
function test in patients with existing diagnosis of asthma
and COPD), the study results are informative. Indeed, the
patients with asthma and COPD is a representative real-
word disease-group, and the follow up assessment can be
useful for unknown diagnoses of chronic respiratory disease.
Therefore, the findings highlight the importance of a tight
respiratory follow-up assessment in individuals recovering
from COVID-19 pneumonia who should be investigated for
long-term symptoms including dyspnea, especially those
underdiagnosed for having asthma or COPD.
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LETTER TO THE EDITOR

Tuberculosis and risk of Parkinson’s A
disease: A nationwide cohort study e

dates

As neuroinflammation is increasingly recognized to be
associated with neurodegenerative diseases, accumulating
evidence suggests viral or bacterial infections are poten-
tial causes of Parkinson’s disease (PD). Tuberculosis (TB)
infection is associated with various diseases linked by
chronic infections and inflammation. However, there are
few studies which evaluated an association between TB
and incident PD. In this context, we estimated PD inci-
dence among TB survivors compared to that of the general
population.

We performed a population-based retrospective cohort
study using the Korean Nationwide Health Insurance System
(NHIS) database. We included 67,475 TB survivors who
underwent health screening within two years before TB
diagnosis between 2010 and 2017, and 67,475 age- and sex-
matched controls. The cohort were followed up for incident
PD from one year after TB diagnosis to the date of PD event,
date of death, or until the last follow-up date (December
31, 2018), whichever came first.

The mean follow-up duration was 3.6 and 3.7 years for TB
survivors and matched controls, respectively. In total, 0.5%
of TB survivors (363/67,475) and 0.3% of matched-control
subjects (228/67,475) developed PD, with incidence rates of
1.5 and 0.9 per 1,000 person-years, respectively (Table 1).
TB survivors had a higher risk of PD (adjusted hazard ratio
1.45, 95% confidence interval=1.22—1.73) compared with
matched control. Fig. 1 shows the results from stratified
analyses regarding the risk of PD among TB survivors with
the matched control group as the reference after adjusting
for potential confounding variables in all subgroups. TB sur-
vivors continued to have higher PD incidence in all subgroups
compared with matched controls (P for interaction >0.05
for all).

Although the role of TB infection in PD is far from being
confirmed, both diseases share some inflammation mecha-
nisms via interleukin-6, tumor necrosis factor, interleukin-
18, and matrix metalloproteinase.” When an infectious bac-
terial agent is inhaled, swallowed, or enters the eyes, it
induces abnormally enhanced cytokine production, so-called
cytokine storm.? Circulating dysregulated cytokines travel

https://doi.org/10.1016/j.pulmoe.2022.10.002

through the circulatory system to the brain, inducing fenes-
tration in the blood brain barrier.? In the brain, cytokines
induce activation of resident microglia and astrocytes that
induce neuronal damage.? Dopaminergic neurons aggregate
a-synuclein into Lewy Bodies and oxidative-stress-induced
cellular damage.? Conversely, in a mouse model, vaccination
with neuronal antigens in complete Freund’s adjuvant,
which contains heat-inactivated M. tuberculosis or the TB
vaccine strain Bacilli Calmette-Guerin partially protected
against PD-associated neuronal death. Together, these data
suggest that immune response to TB may trigger or exacer-
bate neuroinflammation.

Additionally, several genes confer susceptibility to both
TB infection and PD.* Leucine Rich Repeat Kinase 2 (LRRK2)
mutation, the most common genetic cause of PD, might
result in dysregulation of peripheral immune responses to
pathogens and inflammation, which can have long-term
consequences such as loss of dopaminergic neurons.> Parkin
RBR E3 ubiquitin protein ligase (PARK2) mutation is also a
well-known genetic risk factor for PD. Polymorphisms in
the regulatory region of PARK2 result in reduced expression
of the parkin protein.® The parkin protein is an ubiquitin
ligase in mitophagy, which is a key innate defense mecha-
nism against invading microbes.” Therefore, mutations in
LRRK2 or PARK2, which imply an impaired innate defense
mechanism against TB infection may also lead to increased
PD susceptibility.

We also noted that TB survivors were associated with
increased PD risk even after various stratifications. These
findings may highlight the causal relationship between
TB and PD development. Interestingly, TB survivors who
engaged in regular physical activity had no increased PD risk
compared with healthy controls. Although the clinical signif-
icance of this finding is unclear due to the small difference,
this study supports evidence that physical activity has a pre-
ventive impact on PD, even in high-risk groups like TB
survivors

One major strength of our study was the reliability of the
data obtained from the TB control system of Korea. In 2000,
the Tuberculosis Notification Information System was estab-
lished, and since 2001 all patients with TB have been
required to register their cases electronically. Other
strengths are that the NHIS database includes data from the
entire Korean population, which results in almost complete

2531-0437/© 2022 Sociedade Portuguesa de Pneumologia. Published by Elsevier Espana, S.L.U. This is an open access article under the CC BY-NC-
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Table 1  Hazard ratios and 95% confidence intervals for the incidence of Parkinson’s disease in tuberculosis survivors compared
to the matched control group.
Subjects Events Follow-up IR Model 1 Model 2 Model 3 Model 4
(N) (n) duration HR (95% Cl) HR (95% Cl) HR (95% Cl) HR (95% Cl)
(person-years)
Matched control 67,475 228 250,066.4 0.9 1 (Ref.) 1 (Ref.) 1 (Ref.) 1 (Ref.)
TB survivors 67,475 363 242,378.0 1.5 1.64 1.70 1.49 1.45
(1.39-1.94)  (1.43-2.01)  (1.25-1.78)  (1.22-1.73)

IR, incidence rate per 1,000 person-years; HR, hazard ratio; Cl, confidence interval; TB, tuberculosis.

Model 1: crude model.

Model 2: adjusted for age, sex, socioeconomic position (income level and place of residence), smoking, alcohol consumption, regular phys-

ical activity, and body mass index.
Model 3: Model 2 + adjusted for Charlson comorbidity index.
Model 4: Model 3 + adjusted for competing risk for mortality.

Age (years)
40-49

50-59

60-69

70-79

280

Sex
Men
Women

Smoking status
Never

Former

Current

Alcohol consumption
None

Mild to moderate

Heavy

Regular physical activity
No
Yes

Body mass index
<18.5

i ng fhe gt ri”

0.62 (0.10-3.69)
2.18 (1.14-4.18)
1.43 (1.01-2.02)
1.36 (1.08-1.71)
2.05 (1.27-3.32)
1.36 (1.08-1.71)
1.68 (1.30-2.18)

1.54 (1.25-1.89)
1.29 (0.86-1.94)
1.53 (0.94-2.49)

1.58 (1.29-1.93)
1.16 (0.79-1.69)
1.78 (0.78-4.06)

1.57 (1.30-1.91)
1.15 (0.76-1.73)

18-22.9
23-27.5
>27.5

Charlson comorbidity index
0-2

-
HH
—a—
HH

23 HiH

3.79 (1.17-12.32)
1.44 (1.10-1.89)
1.49 (1.16-1.92)
1.41 (0.79-2.54)

1.45 (1.14-1.85)
1.54 (1.19-1.98)

0 1

Fig. 1

2 3 4 5 6 7 8 9 10 11 12 13

HR (95% CI)

Subgroup analysis for Parkinson’s disease incidence in tuberculosis survivors compared with the matched control group, HR,

hazard ratio; Cl, confidence interval, Adjusted for age, sex, socioeconomic position (income level and place of residence), smoking,
alcohol consumption, regular physical activity, body mass index, Charlson comorbidity index, and competing risk for mortality.

follow-up. Our study also had some limitations. First,
because this study is based on data that were not originally
designed for studying the association between TB and PD,
we were not able to control acute or chronic infections other
than TB. Further studies are needed to verify the association
between TB and PD. Second, because we used claims data,
it is possible that PD was undetected, overestimated, or

misdiagnosed. However, we also used a special registration
code for PD, so that our definition of PD would have high
accuracy.

In conclusion, we demonstrated that TB survivors exhib-
ited a higher risk of PD compared to the general population,
indicating that TB is an important infectious factor associ-
ated with increased incidence of PD.
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LETTER TO THE EDITOR

The benefit of macrolide therapy in A
patients with pneumococcal
pneumonia is only present in
patients with bacteremia

Check for
updates

Dear Editor

Community acquired pneumonia (CAP) remains the
deadliest infectious disease worldwide, especially at the
extremes of life and Streptococcus pneumoniae continues
to be its most important pathogen.” The role of combina-
tion antibiotic therapy with a macrolide in patients with
Streptococcus pneumoniae severe pneumonia, admitted
to hospital, although commonly recommended, is still
controversial. Identification of patients who might benefit
from this strategy is crucial to maximize its benefit whilst
reducing antimicrobial overuse, bacterial resistance pres-
sure and toxicity. Positive effects have been previously
reported in patients with invasive mechanical ventila-
tion,? severe CAP® and with bacteremia,* although these
studies have been carried out in the intensive care unit
(ICU) population and the same benefit may not apply to
the general population. Moreover, as the population
admitted to the hospital is also changing (patients are
commonly older and often present comorbidities), this
deserves further clarification.

We performed a multicenter study addressing the out-
comes of patients admitted with Streptococcus pneumo-
niae CAP. The study protocol was approved by the
Hospital Vila Franca de Xira Ethical Committee at their
25-1-2019 meeting. Informed consent was waived due to
the retrospective, observational only, nature of the
study. All Ethical Committee of participating centers
approved the submitted protocol.

We included 797 adult patients (53.4% male, mean
age 72.4+16.5 years, 92.5% with at least one
comorbidity) admitted to one of the 4 participating
centers, between 2015 and 2018, with microbiological
documented Streptococcus pneumoniae (either bacter-
emia or urinary antigen) CAP. Bacteremia was defined as
a clinical and radiological syndrome consistent with
pneumonia and >1 blood culture(s) positive for Strepto-
coccus pneumoniae.

ICU admission was recorded in 18.8%. Demographic and
clinical data, along with antimicrobial therapy, were collected.
Outcome data included length of hospital stay, 30-day and 1-

https://doi.org/10.1016/j.pulmoe.2022.08.003

year all-cause mortality. Patients were split according to the
presence of pneumococcal bacteremia (N=240, 30.1%). Their
characteristics are presented in Table 1.

Cox proportional Hazards (HR), along with the 95% Cl,
was used for assessment of combination antimicrobial
therapy with a macrolide, for patients with and without
bacteremia.

Mean hospital length of stay was 11.7+9.8 days. The
overall 30-day all-cause mortality was 19.2% (32.2% at 1-
year follow-up). Patients with bacteremia had higher 30-day
all-cause mortality (26.2% vs. 16.3%, age adjusted Hazards
Ratio [aHR] 1.84; 95% ClI 1.33-2.53) and 1-year all-cause
mortality (38.5% vs. 30.4%, aHR 1.43; 95% CI 1.05-1.96).
Combination of a B-lactam plus a macrolide was given to 459
patients (57.6%), 57.1% of those with bacteremia and 57.8%
of those without (p=0.88). This proved to be beneficial but
only for patients with bacteremia (30-day all-cause mortal-
ity 18.8% vs. 36.1%, aHR 0.49 95% ClI 0.30-0.80, p=0.004) -
Fig. 1. After 1-year of follow up, patients with bacteremia,
who received combination antimicrobial therapy with a
macrolide, still had lower all-cause mortality, 31.3% vs.
48.1%, p=0.009.

The benefit of combination antimicrobial therapy with a
macrolide in patients with bacteremia was also found in a
large 2007 retrospective study,® even in patients who
received only 24h of a macrolide.® However, this study failed
to provide a control group. The same benefit, improved sur-
vival of patients with pneumococcal bacteremia with combi-
nation antimicrobial therapy, was noted in another small
study, but only in the most severe group. However, the popu-
lation included was younger and healthier than ours, with an
all-cause mortality rate of only 16.9%.*

The reasons for the benefit of macrolides may be
related to its non-antibiotic properties, namely a poten-
tial “immunomodulatory” effect, although this needs
further clarification.® Persistent inflammation probably
plays a contributing role in a worst short- and long-term
prognosis in patients with CAP,” especially related with
an increased incidence of cardiovascular diseases. In our
cohort 18.3% of patients discharged alive from the hospi-
tal died during the 1-year of follow-up, slightly higher
than previously reported.® It should be noted that our
population was older (71+16.8 vs. 63 years old) and age
is a well-known risk factor for long term mortality.

Our study has some limitations. It is retrospective and
included all hospitalized patients diagnosed with

2531-0437/© 2022 Sociedade Portuguesa de Pneumologia. Published by Elsevier Espana, S.L.U. This is an open access article under the CC BY-NC-
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Table 1  Characteristics of subjects with or without bacteremia.
Bacteriemia No Odds Ratio (95% ClI) P Value

Age (years) 71.3+15.8 72.9+16.8 0.195*
Time of symptoms before admission (days) 2 [1-4.3] 3[1-5] 0.037*
CRP max (mg/dL) 29.3+12.3 21.5+11.8 <0.001*
Diabetes 28.2 26.5 1.09 [0.78-1.53] 0.6671
Hypertension 44.4 48.8 0.84[0.62-1.14] 0.2831
Smoking 17.5 18.5 0.93[0.63-1.38] 0.766'
COPD 15.5 18.1 0.83 [0.55-1.24] 0.4181
Atrial Fibrillation 24.2 17.6 1.50 [1.04-2.16] 0.0341
Cachexia 4.8 5.9 0.80[0.41-1.60] 0.616'
Malignant Neoplasm 9.1 7.6 1.23[0.72-2.1] 0.4831
ICU admission 27.0 15.3 2.04 [1.42-2.95] <0.0011
IMV 9.1 15.7 1.67 [0.95-2.93] 0.0931
NIMV 15.1 10.6 1.50 [0.96-2.33] 0.078"
RRT 13.5 12.1 1.13[0.72-1.76] 0.644
Multilobar involvement 39.0 38.3 1.03 [0.76-1.41] 0.875"
Sepsis 45.8 50.4 0.832[0.62-1.13] 0.2481
Hospital length of stay (days) 13.8+11.9 10.8+8.5 <0.001*
Hospital mortality 26.6 14.0 2.23 [1.54-3.23] <0.001"
30-day mortality 26.2 16.3 1.83[1.27-2.63] 0.001"
1-Year mortality 38.5 30.4 1.43 [1.05-1.96] 0.0281

Data presented as %, unless otherwise stated; Continuous variables are presented as mean =+ standard deviation or median [interquartile
range] according to data distribution; CRP - C reactive protein; COPD — Chronic obstructive pulmonary disease; IMV — Invasive mechanical
ventilation; NIMV — Non invasive mechanical ventilation; RRT — Renal Replacement therapy.

" Student’ T Test.
f Chi-Square Test.
¥ Mann Whitney U test.

Streptococcus pneumoniae CAP. However, there was no sys-
tematic patient assessment on admission, and a significant
number may have been missed. Moreover, although collec-
tion of blood cultures is common practice in patients with
CAP who require hospital admission, previous use of antimi-
crobials or failure to collect blood while still in the emer-
gency department may have contributed to a
misclassification. Also, our database included only patients
admitted to the hospital between 2015 and 2018, before the
SARS-CoV2 pandemic. However, we believe that no signifi-
cant changes have been made to the approach to patients
with pneumococcal CAP.° Finally, we did not collect all
patient’ clinical and laboratory data on hospital admission
and severity imbalances between groups may have
occurred.

In conclusion we presented a large cohort of patients with
pneumococcal CAP. Isolation of Streptococcus pneumoniae
bacteremia was associated with high 30-day and 1-year
all-cause mortality. On the other hand, patients with bacter-
emia who received combination antimicrobial therapy with
a macrolide had lower 30-day mortality, but this benefit was
not found in those with negative blood cultures.
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LETTER TO THE EDITOR

Preclinical interstitial lung disease |
in relatives of familial pulmonary
fibrosis patients

Interstitial lung disease (ILD) is a group of disorders charac-
terised by chronic lung inflammation and/or fibrosis. Idio-
pathic pulmonary fibrosis (IPF) is one of the most common
and devastating forms of ILD and is frequently diagnosed at
an advanced stage, when patients have a life-expectancy of
2-3 years. There is growing evidence that genetic factors
involved in IPF also contribute to a broader range of ILDs and
interstitial lung abnormalities (ILA)." ILA is defined as inci-
dental findings of specific computed tomography features

Check for
Updates

that affect more than 5% of any lung zone and are poten-
tially compatible with ILD (i.e. ground glass or reticular
abnormalities, traction bronchiectasis, honeycombing and
non-emphysematous cysts).? A growing number of studies
have reported evidence of ILAs in clinically unaffected rela-
tives of IPF patients and suggest that screening first-degree
relatives is a worthwhile approach to improve detection of
ILD in its early stages.>” Indeed, the recent Fleischner Soci-
ety’s position paper recommends that the identification of
ILA in familial ILD should not be considered incidental and
suggests use of the term “preclinical ILD”,% and this termi-
nology has been adopted here. We have established a clini-
cally-annotated familial ILD genetic resource aiming to

.

Lung disease (unspecified) Pulmonary fibrosis ILD
70-74+ 85-89t 75-79
A
G/T G/T G/T G/G
Preclinical ILD IPF ILD Unknown Unaffected Unknown
Dx 65-69 Dx 54-59 Dx 60-64 40-44t 75-79

Never smoker

| |

Never smoker

Never smoker  Former smoker (0.1)

P

A

Fig. 1 A simplified pedigree depicting a family in which two relatives were screened: one was diagnosed with preclinical ILD
while the other was unaffected at the time of examination. Males and females are depicted by squares and circles (respectively);
the proband is indicated by the black triangle; deceased individuals are indicated by a diagonal slash and the age range at death is
indicated below followed by a t; grey shading indicates that the clinical diagnosis was reported by the living generation; black shading
indicates participants confirmed to have IPF/ILD and participants diagnosed with preclinical ILD are indicated by half black shading;
age range at examination for the unaffected relative is indicated below unshaded symbol; ‘Dx’ indicates age range at diagnosis; two
living, unscreened female relatives are currently 64-69 years of age; self-reported smoking status is indicated and pack years is pre-
sented in brackets; MUC5B rs35705950 genotype is presented at the top right, G/T indicates a heterozygous carrier and G/G indicates
homozygous wildtype; representative chest HRCT images are presented below study participants.

https://doi.org/10.1016/j.pulmoe.2022.09.002
2531-0437/© 2022 Sociedade Portuguesa de Pneumologia. Published by Elsevier Espana, S.L.U. This is an open access article under the CC BY-
NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Table 1  Clinical characteristics of participants at the time of recruitment
Patients (n=22) Relatives with preclinical ILD (n=7) Unaffected relatives (n=8)

Age 69.0 (49.0-83.0) 71.6 (56.0-88.0) 60.8 (47.0-75.0)
Female Sex, n (%) 10 (45.5) 5(71.4) 4 (50.0)
BMI 28.4 (19.7-40.4) 25.3(22.2-29.6) 30.1 (27.0-37.7); n=7
Ever Smoker, n (%) 12 (54.5) 2 (28.6) 4 (50.0)
Pack years 11.3 (0.0-58.0) 1.6 (0-9) 7.5 (0.0-24.8)
Sibling of a patient, n (%) 7 (100) 5 (62.5)
Clinical Diagnosis

IPF 16 1 0

HP 2 0 0

CTD-ILD 1 0 0

ILA 3 6 0
Self-reported medical history, n (%)

Asthma 4 (19.0); n=21 2 (25.0) 2 (25.0)

Ischemic heart disease 3 (14.3); n=21 0 0

Diabetes 1 (4.8); n=21 1(14.3) 0

Lung cancer 0; n=21 0 0

Hypertension 7 (33.3); n=21 1(14.3) 3(37.5)

COPD 3(14.3); n=21 0 0

Connective tissue disease 2 (9.5); n=21 0 0
Self-reported symptoms, n (%)

Breathlessness 16 (80.0); n=20 1(14.3) 2 (25.0)

Cough 16 (80.0); n=20 1(14.3) 4 (50.0)

Wheeze 8 (40.0); n=20 1(14.3) 3 (37.5)

Sputum 10 (50.0); n=20 0 2 (25.0)

Haemoptysis 1 (5.0); n=20 0 1(12.5)
Specific examination features, n (%)

Crackles on examination 15 (83.3); n=18 2 (28.6) 0

Wheezes on auscultation 0; n=18 0 1(12.5)

Clubbing 2 (11.1); n=18 0 0
Specific HRCT findings, n (%)*

Honeycombing 11 (50.0) 1(14.2) 0

Ground-glass opacities 9 (40.9) 4 (57.1)) 0

Interlobular reticular opacities 21 (95.5) 6 (85.7) 0

Lung distortion 18 (81.8) 3 (42.9) 0

Traction bronchiectasis 17 (77.3) 3(42.9) 0

Traction bronchiolectasis 18 (81.8) 3 (42.9) 0

Any bilateral findings 22 (100.0) 6 (85.7) 0

Pulmonary function measures
FVC % predicted
FEV1 % predicted
DLCO % predicted
SGRQ scores
SGRQ symptoms
SGRQ activity
SGRQ impacts
SGRQ total score

MUC5B rs35705950 genotype*, n (%)

GG
GT
T
Total risk alleles (T)

78.8 (34.2-121.8)
81.7 (43.3-124.8)
56.2 (19.6-114.1)

48.8 (0.0-83.8)
52.2 (0.0-92.5)
30.9 (0.0-81.4)
41.4 (6.2-85.2)

5 (23.8)
13 (61.9)
3(14.3)
19 (45.2%); n=21

101.5 (84.3-115.6)
100.3 (83.3-127.7)
88.2(68.4-117.9); n=6

10.0 (0.0-29.49)
20.4 (0.0-48.5)
5.7 (0.0-25.9)
12.1(0.0-25.8)

2 (28.6)
5 (71.4)
0

5 (35.7%)

98.1 (77.6-120.2); n=7
92.9 (65.7-115.5); n=7
102.2 (79.8-119.9); n=7

17.0 (0.0-39.0)
13.2 (0.0-35.6)
3.6 (0.0-21.4)
9.7 (0.0-28.7)

5 (62.5)
3 (37.5)
0

3 (18.8%)

" HRCTscans were reviewed by JM

™ Genotypes were determined by Sanger sequencing of genomic DNA (primers available upon request).

Age = age at recruitment; IPF = idiopathic pulmonary fibrosis; HP = hypersensitivity pneumonitis; CTD-ILD = connective tissue disease ILD;
ILA = interstitial lung abnormality BMI = body mass index; COPD = chronic obstructive pulmonary disease; FVC = forced vital capacity;
FEV1 = forced expiratory volume; DLCO = diffusing capacity for carbon monoxide; SGRQ = St. George’s Respiratory Questionnaire, MUC5B
= Mucin 5B, Oligomeric Mucus/Gel-Forming gene.
All measurements are reported as mean(range), unless otherwise indicated. Predicted values (% predicted) were calculated using the
Global Lung Function Initiatives for spirometry® (FVC and FEV1) and the carbon monoxide transfer factor® (DLCO).
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better understand disease causation. Here, we provide addi-
tional evidence in support of screening relatives of ILD
patients to identify those with preclinical ILD.

We defined recruitment criteria as families with multiple
first-degree relatives diagnosed with ILD or ILA, where at
least one had been diagnosed with IPF (hereafter collec-
tively termed “patients”). Families were identified via a
questionnaire sent to all living Australian IPF Registry® par-
ticipants (September-November 2019) or directly recruited
by respiratory physicians. Affected living individuals meet-
ing the criteria for inclusion were recruited, in addition to
at least one self-reported unaffected first-degree relative
(hereafter known as “relative”). Relatives included were >
50 years, except for those families with a case diagnosed
before the age of 50, where relatives were included if at
least as old as the youngest diagnosed case. This study
reports all families in which at least one relative partici-
pated in a clinic visit. Of the families where a relative was
not recruited, 38% did not have a suitably aged, living rela-
tive, whilst others were unable to participate due the
impact of the global pandemic.

Informed consent and a physical examination were con-
ducted by respiratory physicians, after which participants
completed: questionnaires, including the St. George’s Respi-
ratory Questionnaire (SGRQ)7; a chest high resolution com-
puted tomograph (HRCT) scan; full pulmonary function
testing (PFT); and blood/saliva sample collection. To screen
relatives for preclinical ILD, HRCT images were blinded and
assessed by an ILD physician (JM). Preclinical ILD was classi-
fied using the Fleischner Society’s ILA definition.?

Fifteen relatives participated from 12 families (example,
Fig. 1). This included ten siblings, three offspring of patients,
and two individuals who had both an affected parent and sib-
ling. Seven relatives were found to have preclinical ILD
(46.7%), while eight (53.3%) had no evidence of abnormalities
(Table 1). The prevalence of preclinical ILD in our Australian
cohort is higher than recent studies in the American families
described by Hunninghake et al.® (26%) and Salisbury et al.’
(23%). This may be due to our strict definition of familial ILD
with a confirmed family history (as opposed to self-report),
although our cohort was also smaller and older (65.8 years
compared to 60 years® and 53.1 years®), which may have con-
tributed to these differences.

A limitation of this study was that we were unable to
examine possible ascertainment bias as we did not have
access to AIPFR data for those who did not participate. In
addition, the small sample size precluded formal statistical
analysis to compare groups. Despite this, interesting trends
have been observed. Relatives diagnosed with preclinical
ILD tended to be older (71.6 vs 60.8 years) than the unaf-
fected group. Consistent with a strong genetic predisposi-
tion in our familial cohort and earlier reports,®> the
frequency of the established IPF risk variant in the MUC5B
promotor (rs35705950) was 45.2% in the known patients,
35.7% in relatives with preclinical ILD, but only 18.8% in the
unaffected group. Counterintuitively, the rate of ever smok-
ing in the preclinical ILD group was only 28.6%, while 50.0%
of their unaffected counterparts, and 54.5% of known
patients, were ever smokers. This finding is consistent with
a previous report,® where the rate of ever smoking was
lower in relatives from families with familial ILD compared
to relatives of apparent sporadic patients (28% vs 52%), and
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may represent environmental risk modification in individu-
als with familial risk.

Preclinical ILD was only observed in siblings of patients,
not offspring, with a prevalence of 58.3% when only consid-
ering relatives with an affected sibling. This finding is consis-
tent with Aburto et al.#, who reported that 52.6% of siblings
of apparent sporadic IPF patients had preclinical ILD, whilst
only 5.6% of patient’s offspring were affected. Given the
mean age of the offspring group was only 47.7 years,* com-
pared with 59.4 years in our cohort, it is likely that some of
these individuals may develop preclinical ILD in the future.

This report provides further evidence that clinical screen-
ing of first-degree relatives of ILD patients facilitates early
diagnosis. Further research is required to determine appropri-
ate screening for the offspring of ILD patients, however, we
propose that the age of diagnosis for known patients in the
family is an important consideration. Early diagnosis provides
individuals with opportunities to adopt healthy lifestyle inter-
ventions, and access to improved clinical management as well
as innovative treatments as they are developed.
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LETTER TO THE EDITOR

Transcatheter embolization of |
pulmonary artery pseudoaneurysm
secondary to squamous-cell lung
cancer

Check for
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To the Editor,

Pseudoaneurysm is a rare abnormality of the pulmonary
arteries. Pulmonary artery pseudoaneurysm (PAP) may
develop due to primary lung cancer or metastatic lung dis-
ease, a rare phenomenon; the proposed mechanism for its
formation involves direct tumour invasion and erosion of the
vessel wall." Due to hemoptysis and the risk of rupture and
enlargement, therapy is essential. Transcatheter emboliza-
tion is a possible approach,’? but little has been reported in
this context. In this report, we describe an uncommon case
of a PAP secondary to squamous-cell lung cancer and
approach with coil embolization.

A 60-year-old male was admitted to the emergency
department with a 3-week history of recurrent episodes of
moderate hemoptysis. Past medical history was significant
for 2-month diagnosis of squamous-cell lung cancer staged
as cT4N2MO—IIIB (mass in the right upper lobe involving the
upper lobar bronchus and extending into the peribroncho-
vascular regions of the upper and middle lobes) under che-
motherapy with Carboplatin and Gemcitabine. Physical
examination was normal, except for diminished breath
sounds in the right upper lung field. Blood test revealed
anaemia (8.4g/dL), leucocytosis (23120/uL) and elevation
of serum C-reactive protein levels (14.54mg/dL). Chest radi-
ography showed a cavitary mass with an air-fluid level in the
right upper lobe with ipsilateral mediastinal shift.

The diagnosis of superimposed infection secondary to the
lung tumour was assumed, and the patient was hospitalized.
An empiric antibiotic therapy with Piperacillin/Tazobactam
and Aminocaproic Acid intravenous infusion was started. No
microbiological isolates were found in blood, urine, or spu-
tum. Contrast-enhanced chest computed tomography (CT)
was performed, revealing a cavitary mass involving the pul-
monary artery branch to the middle lobe, causing stenosis in
its proximal segment and distal ectasia (Fig. 1). Fiberoptic
bronchoscopy identified a vascular infiltrative lesion in the
right upper lobe bronchus with no evidence of active bleed-
ing at that time, therefore no endoscopic intervention was
performed.

https://doi.org/10.1016/j.pulmoe.2022.07.013

Given the persistence of moderate hemoptysis and
anaemia, after a multidisciplinary meeting comprising
Pulmonology and Interventional Radiology, transcatheter
arterial embolization of the vascular lesion was decided
upon. Under conscious sedation, the right pulmonary
artery was catheterized via the right femoral vein using
the ultrasound control. The angiography detected the
presence of a fusiform pseudoaneurysm of the middle
lobe branch of the pulmonary artery, with a maximum
diameter of 5-mm and an extension of 2-cm between the
origin and the arterial bifurcation (Fig. 2). After superse-
lective catheterization, the lesion was embolized with
several detachable coils of 0.018-inch size and 3-6mm
diameter with the proximal coil placed 2-mm from the
origin. The final angiographic study demonstrated com-
plete occlusion of the PAP (Fig. 2). There were no compli-
cations. The patient was discharged with occasional
blood-streaked sputum, and no anaemia. A follow-up
chest CT after 1 month showed coils in the middle lobe
branch of the pulmonary artery with occlusion of distal
branches. The patient remained with only some episodes
of blood-streaked sputum, predominantly in the morn-
ing, and a blood test without haemoglobin decrease.

Hemoptysis originates from the pulmonary arteries in
less than 10% of patients,>* and pseudoaneurysm is the
main cause of bleeding.> Their wall consists of either a
single layer of the arterial wall or the surrounding tissue
and thus poses a higher risk of rupture.”? PAP may be
associated with various etiologies such as infection, with
tuberculosis being the most common, bronchiectasis,
trauma, iatrogenesis, vasculitis, and malignancy.?>¢
According to some reported cases, PAP due to primary
lung cancer is rare and is commonly combined with
tumour necrosis.® The squamous-cell carcinoma is the
most frequent carcinoma involved in PAP, due to its bio-
logical features that make it prone to necrosis.® In this
case, the PAP was secondary to tumour progression
involving a peripheral branch of the right pulmonary
artery.

PAPs can be treated by interventional radiologists
using minimally invasive endovascular techniques as an
alternative to surgical management'. Due to its rarity,
mainly isolated case reports about endovascular treat-
ment have been published.*” To the best of our knowl-
edge, few cases have been reported in the literature on
endovascular management of pulmonary artery lesions
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Fig. 1

Contrast-enhanced axial (A) and coronal sectional (B) chest CTwith mediastinal setting revealing a cavitary mass completely

involving the middle lobe branch of the pulmonary artery causing stenosis in its proximal segment and distal ectasia.

Fig. 2  Angiography studies. (A) Pre-procedure selective right pulmonary angiography (B) shows the fusiform pseudoaneurysm of the
middle lobe branch of the pulmonary artery. (C) Angiography post-procedure shows the complete embolization of the pseudoaneur-

ysm with multiple detachable coils.

caused by lung tumours.*® Various techniques for effec-
tive embolization have been described using several
embolic agents, such as, coils, vascular plugs, stents, and
liquid agents.”*®7 In this case, coil embolization was
chosen due to the operator's previous experience with
bronchial embolization. Detachable coils have the advan-
tage of allowing better control of their liberation, and so
complications, such as coil migration and vessel wall
damage are diminished.”

The presented case supports the current evidence show-
ing that pulmonary artery endovascular management is an
effective, safe, and minimally invasive therapeutic
approach for the treatment of hemoptysis in patients with
lung tumors*, although few centres perform it.
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A curious presentation of an |
endobronchial Hodgkin’s lymphoma
in a sarcoidosis-lymphoma
syndrome

Check for
Updates

Dear Editor,

The simultaneous occurrence of sarcoidosis and lympho-
proliferative disease is a rare but well-established entity
called sarcoidosis-lymphoma syndrome. Despite being
increasingly recognized, it remains a diagnostic challenge
due to clinical and imaging similarities.” In most cases,
sarcoidosis precedes lymphoma, with non-Hodgkin’s lym-
phoma being the most commonly associated type."? In
this case report we describe a rare presentation of endo-
bronchial Hodgkin lymphoma in a patient with sarcoido-
sis-lymphoma syndrome.

A thirty-seven-year-old male, non-smoker, was diagnosed
with lymph node, bone and cutaneous sarcoidosis in 2018,
initially treated with prednisolone 40mg/day, later tapered
to a maintenance dose of 10mg/day; and with Stage IV clas-
sic Hodgkin’s Lymphoma (HL), in 2019, treated with ABVD
(doxorubicin, bleomycin, vinblastine and dacarbazine) and
achieving complete remission in 2020. He was asymptomatic
to date.

In February 2021 the patient started to complain of dry
cough, fever and night sweats. Physical examination was
unremarkable. Laboratory investigations revealed worsening
microcytic anemia (hemoglobin of 8.0g/dL) and both high
erythrocyte sedimentation rate (72mm/h) and C-reactive
protein (11mg/dL). Chest radiograph was normal.

18-FDG Positron emission tomography was performed and
showed multiple supra and infradiaphragmatic foci with
active metabolism (elevated maximum standardized uptake
values (SUVmax)) suggesting active lymphoproliferative dis-
ease.

As there was no biopsiable peripheral lymphadenopathy,
the patient underwent endobronchial ultrasound (EBUS).
The procedure revealed multiple pearly nodular lesions
throughout the tracheobronchial tree (Figs. 1 and 2). Bron-
chial biopsies were performed and mediastinal lymph nodes
were punctured at stations 4R and 7 by EBUS-transbronchial
needle aspiration.

The anatomopathology of the endobronchial lesions
showed HL infiltration and the examination of the

https://doi.org/10.1016/j.pulmoe.2022.07.006

lymph nodes showed non-caseating epithelioid granulo-
mas compatible with sarcoidosis. HL relapse was
assumed.

The patient was started on chemotherapy treatment with
protocol DHAP (dexamethasone, cytarabine, cisplatin and
prednisolone), having completed five cycles, with an inter-
mediate response. On reassessment in January 2022, there
were signs of disease progression with PET-CT scan showing
splenic, multifocal osteomedullary and supra and infra-dia-
phragmatic lymph nodes involvement. Excisional lymph
node biopsy of cervical adenomegaly was performed which,
again, confirmed relapse of Hodgkin’s Lymphoma and the
patient was started on 3rd-line chemotherapy with BV-GVD
(brentuximab vedotin + gemcitabine, vinorelbine and doxo-
rubicin) and was proposed for autologous stem cell trans-
plantation.

The sarcoidosis-lymphoma syndrome was first described
in 1986 by Brincker.2

Lymphoproliferative disease develops relatively fre-
quently in patients with chronic active sarcoidosis, probably
as a consequence of immunological abnormalities observed
in this pathology, such as an increased number of T-helper
cells in granulomatous tissues, a decreased number of circu-
lating T-helper cells and hyperactivity of the B-cell system.
The prolonged immunosuppression therapy, may also have
an important role.3

The diagnosis of sarcoidosis-lymphoma syndrome is a
challenge, since granulomatous inflammation can occur in
infections and neoplasms, and is not, in isolation, a diagnosis
of sarcoidosis. In our patient, other analytical changes, such
as the increase in angiotensin-converting enzyme (ACE) and
hypercalcemia, helped the initial diagnosis of sarcoidosis.

The diagnosis of lymphoma was made later by histologic
examination of lymph nodes, thus allowing the diagnosis of
sarcoidosis-lymphoma syndrome.”? A rare aspect of this
case is the association between Hodgkin lymphoma and sar-
coidosis, which, despite being less common, is also
described in the literature.

Another unusual aspect that is highlighted in this clinical
case is the recurrence of lymphoma with a rare endobron-
chial presentation. Pulmonary involvement of HL may occur
in up to 40% of cases, but endobronchial involvement is rare,
or may be underdiagnosed.*® Its frequency varies according
to the authors (described in living patients between 1.9-14%
of patients with HL). The frequency of endobronchial lym-
phoma is higher post-mortem.> The secondary bronchi and
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Fig. 1  Multiple pearly nodular lesions throughout the tracheo-
bronchial tree.

Nome paciente:
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10:51:56
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Fig. 2 Multiple pearly nodular lesions throughout the tracheo-
bronchial tree.

bronchioles are most often affected, in relation to the main
bronchi and trachea. The origin physiopathology is thought
to involve transmural spread of hilar adenopathies or blood
spread from an extrathoracic focus.® Lesions may present as
platyform mucosal infiltrates with superficial ulceration or,
more rarely, a single polypoid mass.

In this patient, the diagnosis of endobronchial lymphoma
was an incidental finding during EBUS procedure aimed to
evaluate mediastinal lymphadenopathy. The presence of
non-caseating epithelioid granulomas could be inferred as a
recurrence of sarcoidosis.

In summary, this case highlights the differential diagnosis
between sarcoidosis and lymphoma, the possibility of their
overlap and the need for systematic exploration of the tra-
cheobronchial tree in suspected lymphoma. Bronchoscopy
evaluation in these patients might allow the histological
diagnosis through lesion biopsy and the evaluation of the

265

extent of HL, which will influence the prognosis and treat-
ment of the disease.
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COVID-19 pandemic mistakes and A
monkeypox: Correspondence

hethioy

Dear Editor, we would like to share ideas on the publication
by Boschiero et al." Although monkeypox doesn’t seem to
have the same potential for spreading, Boschiero et al.
noted that public health policies should be implemented to
reduce the spread and fatality of monkeypox and prevent
the emergence of a new "COVID-19." These policies include a
proper testing policy, implementation of vaccination, proper
clinical management, self-isolation, when necessary, and
even the investment in new antivirals to treat monkeypox.
We all concur that a strong public health response strategy
is required to combat the spread of monkeypox. The knowl-
edge gained through COVID-19 may be helpful. The main
issue may be the under-recognition and low awareness of
the issue, which can recur. Normal public health measures,
including airport screenings to prevent disease importation,
are in place in a number of countries, but the disease can
still spread to new regions like Southeast Asia. According to
our scenario, which takes place in Southeast Asia, the local
public health ministry first devised the procedures for con-
ducting airport screening, much like it had just done during
COVID-19.2 However, the issue of faulty diagnosis from
screening for monkeypox exists, and the final imported mon-
keypox case—which could pass the screening at the airport—
occurred—just as it did in the recent COVID-19 incident. Spe-
cifically, there is one instance where the patient passed
immigration disease screening before receiving a diagnosis
at a regional hospital inside a nation. This particular patient
ultimately evaded hospitalization and again made it through
the emigration process into a neighboring country (see
details at https://www.thansettakij.com/health/533845).
It is important to remember that the initial imported cases
typically exhibited abnormal clinical symptoms, a skin lesion
on a concealed area of the body, and a lack of fever. Lack of
a certain expert with enough experience is typically another
serious issue. In developing nations, it occasionally happens
that local scientists exaggerate their capabilities to control
the disease.? In July 2022, the first case of monkeypox was
reported. The first article in the regionally cited medical
journal of the local Department of Medicine was made avail-
able in September 2022 to correspond to the newly

https://doi.org/10.1016/j.pulmoe.2022.10.003

emergent concern. Without any specific information from
local experience, the local reference’s information on basic
epidemiology, disease diagnosis, and treatment is taken
directly from the WHO reference.” Additionally, there are no
clear criteria for disease control.* This ought to be a
moment for open dialogue. It is acceptable to admit that
one knows little about a new condition and that asking for
advice from knowledgeable colleagues around the world will
be helpful.
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Learning with the COVID-19 |
pandemic mistakes: Facing the
progression of the first cases of
Monkeypox in Brazil. Authors’ reply

Check for
Updates

Dear Editor, we read with enthusiasm the correspondence by
Mungmunpuntipantip and Wiwanitkit," in which the authors
added a valuable discussion to our published paper.?

Apart from the public health policies we discussed in our
paper, our colleagues also highlighted the importance of nor-
mal public health measures (e.g., airport screening) and,
especially, the lack of expertise and clinical management of
such a new viral disease. They also pointed out that scien-
tists might have overconfidence in their abilities to treat/
control new diseases such as Monkeypox,® mainly in develop-
ing countries, such as Thailand, India, and Brazil which can
compromise the disease dispersion causing a possible new
pandemic.

On top of proper public health policies, scientists and
health professionals should not repeat the same mistakes
made during the Coronavirus Disease (COVID)-19 pandemic.
Also, it is important to optimize scientific knowledge with
caution, enabling the emergence of high-quality science.
The first step to do that is to improve the inclusion of science
in professional qualifications and to publish high-quality
studies rather than just achieving a higher F-impact or
improving our own H-index.* It was noteworthy how COVID-
19 papers were reviewed faster and how pre-print reposito-
ries have grown during the COVID-19 pandemic,® which may
even characterize a “paperdemic”.®” Unfortunately, the
higher number of published papers was not followed by ade-
quate scientific scrutiny, which translated into a higher
retraction rate from COVID-19 papers.’ Although we do need
scientific research regarding Monkeypox, it is our duty, as
scientists, not to sacrifice scientific method and quality to
the anxiety for publication. As one might say “we need less
research, better research, and research done for the right

reasons”.®
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Diffuse or metastatic pulmonary calcification is a rare entity
of unknown etiology, associated with a wide variety of
benign and malignant processes.’

In 1855 Virchow first described metastatic pulmonary calci-
fication. It is usually associated with phosphocalcic metabo-
lism or pH alterations, both at a systemic and local level. Its
most common cause is chronic kidney disease (CKD), but other
causes include hyperparathyroidism, renal transplantation,
hypervitaminosis D, and malignant diseases such as myeloma.?

We present the case of a 79-year-old male, non-smoker,
who had been a marble worker for fifty years. He had a his-
tory of CKD with a histological diagnosis of membranoproli-
ferative glomerulonephritis. He presented to the emergency
department with dyspnea, cough, and fever, so a chest X-ray
was taken showing a bibasal alveolointerstitial pattern
(Fig. 1A), not present in the radiological study performed
two years earlier (Fig. 1B). With the suspicion of bacterial
pneumonia, antibiotic treatment was administrated without
success. During admission his kidney function worsened,
requiring hemodialysis. Given the persistence of dyspnea
and hypoxemia, a CT pulmonary angiogram was performed.
There was no evidence of embolism, but the study showed
confluent and markedly hyperdense condensations of bibasal
predominance (Fig. 1C).

Phosphocalcic metabolism abnormalities, hyperparathy-
roidism, or hypervitaminosis D were ruled out. Therefore,
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based on both clinical and radiological evidence, the diagno-
sis was metastatic pulmonary calcification in the context of
CKD undergoing hemodialysis.

Metastatic calcification appears as a metabolic disorder
in which calcium deposits accumulate in tissues outside their
usual location.? Several factors have been implicated in its
etiology, although it can also affect patients with normal
phosphocalcic metabolism,* as in this case.

The lung is one of the main sites of metastatic calcium
deposition, predominantly in the alveolar walls but also the
bronchial wall, pulmonary arteries, and veins.* In autopsy
series, metastatic calcification has been shown in 60—80% of
hemodialysis patients,® although it is rarely detected during
the patient's life.

Metastatic pulmonary calcification is a frequently asymp-
tomatic and underdiagnosed condition.? It should be sus-
pected when dialysis patients develop radiographic changes
or unexplained respiratory symptoms,® which include dys-
pnea and nonproductive cough. The degree of respiratory
distress often does not correlate with the amount of macro-
scopic calcification.

Although its evolution and prognosis are generally favor-
able, it can sometimes progress to irreversible alveolar dam-
age and respiratory failure.? Visceral calcifications usually
persist despite treatment, which is none other than sup-
pressing predisposing factors.?

Since chest radiography is not sensitive enough to demon-
strate small amounts of calcium,* high-resolution computed
tomography (HRCT) is the most sensitive and effective test

2531-0437/© 2022 Sociedade Portuguesa de Pneumologia. Published by Elsevier Espana, S.L.U. This is an open access article under the CC BY-

NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).



T. Cobo Ruiz, D.H. de la Gala and M.E.P. Gdmez

o

" 007

Booaa

Fig. 1  (A) Chest X-ray performed at the Emergency room showing a bibasal alveolointerstitial pattern (green arrows). (B) Previous
X-ray without those findings. (C) CT pulmonary angiogram in axial (up and left), coronal (down left), and sagittal (down right) planes
with a 3D-VR reconstruction of the airway (up and right), showing confluent and markedly hyperdense condensations of bibasal pre-
dominance (asterisks) because of metastatic calcification.
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