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The COVID-19 outbreak hit the world with unprecedented
consequences on global health, economy and people’s lives.

As the virus spread across the countries, it rapidly showed
a different impact on the two sexes. Gender analysis and
sex-disaggregated data showed different outcomes across
groups of similar age and sex, with an overall significantly
higher COVID-19-related mortality rate in men compared
with women.1 Beyond epidemiological data, the virus has
shed light on a silent gender gap that we need to look at.

Approximately 70% of the global health-care workforce is
made up of women,2 according to an analysis of 104 coun-
tries conducted by the World Health Organization, reaching
90% in Hubei province.3 A first gap sticks out: most of the
health-care heroes that tackled COVID-19 in the frontline

∗ Corresponding author.
E-mail addresses: dott.claudiacrimi@gmail.com (C. Crimi),

annalisa.carlucci@icsmaugeri.it (A. Carlucci).

were women, although they represent only 30% of leaders
in Medicine and Science and authors of academic journal
submissions on COVID-19.4

Moreover, a higher proportion of female health-care
workers were infected in Italy, Spain, and USA (69%, 75.5%,
73% respectively).1 A possible reason for that, besides
potential biological mechanisms, is that personal protec-
tive equipment has been designed to fit males and even the
smallest size is too big for some women.5,6

Interestingly, the countries that performed better against
COVID-19 were guided by women, even if only 24% of
females were involved in national governments’ task forces
dedicated to pandemic.7 Notably, in Italy, the pandemic
highlighted the lack of female representation in the gov-
ernment scientific committee and hospital organization
leadership; therefore, women were not involved in the
decision-making of the pandemic response. This represents
the ‘‘social paradox’’ considering that like nothing in this

https://doi.org/10.1016/j.pulmoe.2020.09.004
2531-0437/© 2020 Sociedade Portuguesa de Pneumologia. Published by Elsevier España, 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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era, women involved in health work showed the best skills
in management.

Over the years, global organizations have made incredi-
ble efforts to improve gender-related policies, but COVID-19
has proved that it is still not enough. Today, man and woman
have equal standing in the battle against COVID-19, but the
virus has imposed an extra burden on female health-care
workers, highlighting a silent gender difference.

Work-life has changed dramatically for health-care
providers, with the high physical demand imposed by wear-
ing the protective equipment for the entire shift, fighting
against the fear of contagion and bringing home the virus to
relatives, dealing with the anxiety of masks or goggles not
fitting properly or involuntary dirty gloves touching the face.
Moreover, they feel discouraged by the extreme challenges
of caring for COVID-19 patients, coping with the emotional
task of difficulty in communicating with patients and their
relatives, dealing with people suffering and dying alone and
sometimes facing the difficult decision of prioritizing care.
In relation to this latter point, studies have shown gender-
related behavioral differences in communication to patients
among physicians, with females engaged in a more empathic
approach compared to their male colleagues8,9; this may
explain the higher prevalence of burnout among female
frontline workers reported in Japan.10

On the other hand, life outside work has been incredibly
demanding, especially for female workers, since women pre-
dominately assume the role of family caregiver.11 Pandemic
lockdowns and restrictions disproportionately impacted
female workforces, especially those who also have domes-
tic responsibilities and caregiving duties, affecting most of
the services that helped them find a work-life balance,
overloading them more than ever, with a permanent, chal-
lenging, and invisible extra shift work: the mental load
of the planning, scheduling, coordinating, prioritizing, and
problem-solving.12 The daily emotional and mental pres-
sures have been documented, showing a higher prevalence
rate of anxiety, depression13,14 and suicide in female front-
line workers.15

In Italy, the government has taken measures to support
workers with a ‘‘Babysitter bonus’’ to pay for home-based
childcare, a noble initiative to help but not a practical
solution to the problem of how to leave your children the
following day. More efficiently, in other European countries
some childcare facilities remain open with a skeleton staff to
look after the children of essential service workers. More-
over, the alternative possibility of taking paid leave does
not represent a proactive solution, jeopardizing women’s
careers. An innovative initiative was carried out by a private
company running supermarkets in Northern Italy, allowing
health-care workers to save time ordering their shopping
online and collecting from a dedicated point in the hospital:
a practical intervention dedicated to the few lucky workers
in those areas.16

We should support and protect such vulnerable employ-
ees better, re-shaping the world around them, taking
pressure off ‘‘thoughts work’’, having them involved in con-
ceiving and designing tailored strategies to cope with this
burden.

Person-directed interventions (such as
cognitive-behavioral training and relaxation) and
organizational-directed measures (such as task restructur-

ing, decreased job demand, increased job control) should
be specifically promoted.17 Indeed, flexible scheduling,18

teleworking through telemedicine,19 back-up/emergency
childcare and eldercare may facilitate female employees
in combining personal life chores and work duties. These
types of services are routinely offered by most busi-
nesses in the industry area but occasionally in healthcare
workplaces with great heterogeneity among countries.
Technological devices and robots may support health care
professionals facilitating some operational tasks during
the pandemic,20 performing risky procedures and diverting
some of the responsibilities from their shoulders.19 There
is no one-size-fits-all solution and most depend on the
local hospital organizations, but it’s time to close the
gap.

All health-care workers should be protected against the
pandemic, leaving no one behind. Female health-care work-
ers need more protection beyond the mask.
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Portugal has managed the first national wave of COVID-19
but now it is now time to turn to other priorities in our Health
System. Tuberculosis is our old enemy, while SARS-CoV-2 is
the new kid on the block. The slow onset of tuberculosis
matches its slow mobilization of resources, in contrast to the
speed of SARS-CoV-2. While we are living through a pandemic
that, so far, has claimed over 700000 lives worldwide,1 it is
easy to forget that TB claims more than 1.2 million lives
every year.2

There is international concern regarding the cycle of
lockdown and slow restoration of tuberculosis services, pre-
dicting an additional 1.4 million TB deaths between 2020
and 2025, due to delayed diagnosis, interruption or delay
of treatment.3---6 What can we expect in the next months
for tuberculosis incidence in Portugal? The country has been
fighting a long war to maintain the incidence under the
20 cases/100.000 inhabitants mark and has a difficult chal-
lenge ahead to reach Sustainable Development Goal 3.3
before 2030. It has a unique profile in Western Europe,
with an elevated number of cases in natives and a small
proportion of cases in foreign-born individuals7 and high
spatial heterogeneity transmission associated with housing

∗ Corresponding author at: Department of Public Health, Northern
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(B.L. Mateiro Gomes).

conditions, unemployment and vulnerable populations.8 The
COVID-19 threats are clear: disruption of services and supply
chains, access to diagnosis and treatment and the already
known consequences of the incoming economic crisis that
feeds known determinants of tuberculosis and other infec-
tious diseases.6,9 It is still not clear if COVID-19 and TB
co-infection outcomes are relevant or keep on being heavily
influenced by age and other known co-morbidities.10

Clinical activities related with tuberculosis were not par-
ticularly hard hit in Portugal since they were considered a
priority in the Portuguese Health System. However, there
was some expected disruption in the access to laboratory
and imaging investigations, which will almost surely result
in some delays in the time from symptoms to proper diag-
nosis, a known risk factor for outbreaks.11 On the other
hand, investigation of presumptive Covid-19 cases can lead
to quicker identification of pre-existing TB,12 although one
must keep TB as differential diagnosis amidst overwhelming
attention given to Covid-19.

Due to the partial lockdown, we can expect a contrast of
influences in TB: increased transmission in home clusters and
decreased transmission in social circumstances, particularly
social and occupational settings. Respiratory etiquette and
social use of masks can break chains of transmission, give
the upper hand to the control of this disease and help reduce
the impact of delayed diagnosis and maintenance of index
case infectiousness.13 Stigma associated to mask usage by

https://doi.org/10.1016/j.pulmoe.2020.08.006
2531-0437/© 2020 Sociedade Portuguesa de Pneumologia. Published by Elsevier España, 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 Threats and Opportunities in the context of Tuber-
culosis control in Portugal.

Threats Opportunities

Disruption of services Generalized use of masks
Hampered supply chains Digital

transition/telemedicine
TB late presentation Differential diagnosis of

COVID-19
Family cluster increase Occupational cluster

reduction
Unemployment/poverty Field epidemiology

development
Jeopardized international TB
programmes

Contact tracing routines

tuberculosis patients or visiting health professionals is also
something that will certainly diminish in the next few years.

Crisis also offers a broad set of opportunities. The clear-
est example is digital transition that has advanced more
in two months than in the last two years due to the sheer
pressure of physical distancing. DOT monitoring and patient
follow-up can benefit from this. The long awaited reform
of the tuberculosis dedicated health services could also be
favored.

There will be other opportunities, such as the present
familiarity with contact tracing among the general popula-
tion, dedication of public health units to core activities of
epidemiologic surveillance and infectious disease control,
increasing use of digital technologies (with new develop-
ments) for the follow up of patients and the side effects
of preventive measures for COVID-19 in pathologies like
tuberculosis and influenza. In fact, despite their differ-
ences there is much to look forward to in the lessons learnt
from SARS-CoV-2 and the accumulated experience with TB.14

Tuberculosis outpatient centers will certainly take advan-
tage of telemedicine and electronic tools to guarantee
improved access. Online meetings and continuous training
will also benefit.

Nonetheless, it is clear that we need to keep on pri-
oritizing the vulnerable group multidisciplinary approach:
homeless, social housing populations, inmates. Intersectoral
collaborations with NGOs continue to prove crucial. Behind
Portugal’s Universal Health Coverage and TB cost-free treat-
ment, social support and poverty reduction measures are the
backbone of a sustainable fight against tuberculosis. It is well
known that heterogeneity of epidemiology of the disease
favor the targeting of high-risk groups, based on a variety of
determinants.15

Finally, the expertise of field epidemiology and the pur-
suit of infectious diseases deserve a proper setting and
dedicated multidisciplinary teams to face the myriad of ene-
mies, from the well-known tuberculosis to the new zoonotic
threats that can endanger, as we are witnessing, our way of
living.

Despite not being able to predict the future, the antici-
pation of these different threats and opportunities (Table 1)
might also help to shape health services and guide clinical,
epidemiological and preventive measures. There is a chance

that the particular setting of Portugal might help strike a
decisive blow in tuberculosis transmission.
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Abstract
Introduction and objectives: Idiopathic pulmonary fibrosis (IPF) is a chronic, progressive fibrotic
interstitial lung disease of unknown cause, which predominantly manifests in older males.
IPF diagnosis is a complex, multi-step process and delay in diagnosis cause a negative impact
on patient survival. Additionally, a multidisciplinary team of pulmonologists, radiologists and
pathologists is necessary for an accurate IPF diagnosis. The present study aims to assess how
diagnosis and treatment of IPF are followed in Portugal, as well as the knowledge and imple-
mentation of therapeutic guidelines adopted by the Portuguese Society of Pulmonology.
Materials and methods: Seventy-eight practicing pulmonologists were enrolled (May---August
2019) in a survey developed by IPF expert pulmonologists comprised of one round of 31 ques-
tions structured in three parts. The first part was related to participant professional profile,
the second part assessed participant level of knowledge and practice agreement with national
consensus and international guidelines for IPF as well as their access to radiology and pathol-
ogy for IPF diagnosis, and the third part was a self-evaluation of the guidelines adherence for
diagnosis and treatment in their daily practice.
Results: Participants represented a wide spectrum of pulmonologists from 14 districts of Por-
tugal and autonomous regions of Azores and Madeira. The majority were female (65%), with
5---19 years of experience (71%) and working in a public clinical center (83%). Importantly, the
majority of pulmonologists follow their IPF patients (n = 45) themselves, while 26% referred IPF
patients to ILD experts in the same hospital and 22% to another center. Almost all pulmonolo-
gists (98%) agreed or absolutely agreed that multidisciplinary discussion is recommended to
accurately diagnose IPF. No pulmonologists considered pulmonary biopsy as absolutely required
to establish an IPF diagnosis. However, 87% agreed or absolutely agree with considering biopsy
in a possible/probable UIP context. If a biopsy is necessary, 96% of pulmonologists absolutely
agree or agree with considering criobiopsy as an option for IPF diagnosis. Regarding IPF treat-
ment, 98% absolutely agreed or agreed that antifibrotic therapy should be started once the
IPF diagnosis is established. Finally, 76% stated that 6 months is the recommended time for
follow-up visit in IPF patients.

∗ Corresponding author.
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2531-0437/© 2020 Sociedade Portuguesa de Pneumologia. Published by Elsevier España, 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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Conclusions: Portuguese pulmonologists understand and agree with national consensus and
international guidelines for IPF treatment but their implementation in Portugal is heteroge-
neous.
© 2020 Sociedade Portuguesa de Pneumologia. Published by Elsevier España, 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
lung disease, which predominantly manifests in adults over
55 years old and tends to affect more men than women.1 The
exact prevalence of IPF is unknown with estimates ranging
from 2 to 29 people per 100 000 in the general population2---4

and is increasing over time.4 The etiology and exact patho-
physiological mechanism of the disease is still unknown and
the median natural survival of patients with IPF is only 2---5
years from the time of diagnosis.5,6 It is not uncommon for
patients to live 5 years or more after receiving the diagnosis
but many patients die from progressive respiratory failure.7

Moreover, given the varied natural history of the disease,
it is difficult to determine an accurate clinical course for
patients with newly diagnosed IPF. Usual interstitial pneu-
monia (UIP) is the imaging and histopathological hallmark
pattern of IPF contrary to the other idiopathic interstitial
pneumonias,8,9 and diagnosis relies on this feature. Obtain-
ing an accurate diagnosis of IPF can be challenging, because
symptoms of exertional dyspnea, cough, and fatigue are
nonspecific and often attributed to more common medi-
cal conditions like chronic obstructive pulmonary disease,
or heart failure.10

IPF was initially considered to be a chronic
inflammatory11 process and therefore the first international
guidelines on IPF diagnosis and treatment recommended
agents to target inflammatory pathways, despite the very
low level of evidence supporting this recommendation.12

However, understanding of the pathobiology of IPF has
undergone dramatic changes since then, evolving from an
inflammatory process to an aberrant reparative response to
alveolar epithelial cell injury, causing irreversible loss of
function.13,14 Several clinical trials addressed the efficacy
of compounds targeting the fibrotic process but turned
out to be disappointing.15,16 The following 2011 guideline
represented a rigorous joint effort by the American Tho-
racic Society (ATS), European Respiratory Society (ERS),
Japanese Respiratory Society (JRS), and Latin American
Thoracic Society (ALAT), which did not strongly recommend
any pharmacological treatments for patients with IPF.3 A
new updated guideline was published in 2015 considering
current alternative therapies17 such as nintedanib and
pirfenidone and a year later, a consensus document for the
diagnosis and treatment of idiopathic pulmonary fibrosis
was published by Sociedade Portuguesa de Pneumologia,
Sociedade Portuguesa de Radiologia e Medicina Nuclear
and Sociedade Portuguesa de Anatomia Patológica.18 This
document envisioned increasing awareness among, not only
pulmonologists and specialists in interstitial lung diseases,
(ILDs) but also general practitioners of the importance of

early diagnosis of the disease19 and the challenge of new
approved drugs. More importantly, experts recommended
that the evaluation of benefits and risks of the therapeutic
strategy as well as the clinical behavior of the disease
should be undertaken in each individual patient. Further
on, in 2018, a new collaborative recommendation guideline
was updated regarding IPF diagnostic criteria.20

Along with the clear evolution of IPF management strat-
egy, this study aims at contributing to guidelines disclosure
and to evaluate whether the current information on IPF
treatment and diagnosis is adequate and implemented
by Portuguese pulmonologists according to the Official
ATS/ERS/JRS/ALA Clinical Practice Guideline and the Por-
tuguese consensus document.

Material and methods

Study design

A one-round, anonymous, cross-sectional survey was con-
ducted comprised of on a line 31-item questionnaire. The
questionnaire was designed to characterize current clinical
practice patterns regarding the diagnosis and treatment of
IPF patients by pulmonologists, considering the knowledge
about national consensus18 and international guidelines.20

It comprised three parts. The first part included 10 ques-
tions about demographic characteristics and professional
profile, such as years working as a health care professional,
location of working center, monthly and yearly volume of
patients followed, reference or not of patients to an ILD
expert within or outside the hospital, and time between
visits. The second part was a 4-question self-evaluation of
the level of IPF diagnosis and treatment guidelines accep-
tance and practice. The third part was a group of questions
to access the level of agreement with specific national and
international recommendations for the diagnosis and treat-
ment of IPF, according to the clinical practice in relation to
IPF management. This last part of the survey contained 17
multiple-choice questions with five unique response options.

Data were collected from 78 pulmonologists across
Azores, Madeira and 14 districts in mainland Portugal,
between May and August 2019. Since 33 pulmonologists
refer their patients to a colleague, the remaining 45 were
included for further statistical analysis.

Results

Of the total pulmonologists enrolled in this study, 65.4% were
female (Table 1). The age among participants varied, with
55.1% of the respondents being under 40 years old and 30.8%
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Table 1 Participant sociodemographic characteristics and professional status.

Variables n Percentage (%)

Total participants (n = 78)
Sex

Female 51 65.4
Male 27 34.6

Age group (years)
<40 43 55.1
40---49 24 30.8
50---59 7 9.0
≥60 4 5.1

Years working as healthcare professional
<5 5 6.4
5---9 25 32.1
10---14 13 16.7
15---19 17 21.8
20---24 8 10.3
25---40 8 10.3
≥40 2 2.6

Monthly volume of patients with any respiratory disease
20---39 4 5.1
40---59 10 12.8
≥60 64 82.1

Yearly volume of IPF patients
<5 20 25.6
5---9 25 32.1
10---14 17 21.8
15---29 11 14.1
≥30 5 6.4

Reference of IFP patients to a colleague in the hospital
No 56 71.8
Yes 20 25.6

Reference of IFP patients to a colleague in other hospital
No 61 78.2
Yes 17 21.8

Participants who follow IPF patients (n = 45)
Institution where IFP patients are followed

Public hospital 42 93.3
Private hospital 1 2.2
Both 2 4.4

Time intervals between visits (months)
<2 2 4.4
2---3 33 73.3
4---5 5 11.1
6---8 1 2.2
Impossible to answer 3 6.7

between 40 and 49 years old. In terms of clinical experience,
32.1% of participants have worked as healthcare profession-
als for 5---9 years and 21.8% for 15---19 years. The majority of
participants (82.1%) attend ≥60 patients per month with dif-
ferent respiratory diseases, while 42.3% follow more than 10
IPF patients per year. Fifty-eight percent (n = 45) of partici-
pants do not refer their IPF patients, whereas 25.6% refer IPF
patients to an ILD expert in the same department and 21.8%
to an ILD expert in another hospital (Table 1). Of the 45 pul-
monologists who follow IPF patients, the majority (93.3%)

follow their patients in a public hospital and 73.3% follow
their patients every 2---3 months.

Pulmonologists were also asked about the availability
of ILD specialized radiology and pathology as well as mul-
tidisciplinary team discussions for IPF diagnosis (Table 2).
Approximately half (48.9%) of pulmonologists following IPF
patients have ILD specialized radiology with multidisci-
plinary team discussions in their hospital center and 40.0%
have ILD specialized pathology with multidisciplinary team
discussions in their hospital center.
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Table 2 Idiopathic pulmonary fibrosis management.

Variables n Percentage (%)

Participants who follow IPF patients (n = 45)
Availability of ILD specialized radiology for IPF Diagnosis

Availability in my own center with multidisciplinary team discussions 22 48.9
Availability in my own center but without multidisciplinary team

discussions
7 15.6

Availability in my own center but is not specialized in ILD 9 20.0
No availability in my own center but I participate in/consult a

multidisciplinary team of another hospital
5 11.1

No availability in my own center and I do not participate in/consult a
multidisciplinary team of another hospital

1 2.2

Other 1 2.2
Availability of ILD specialized pathology for IPF Diagnosis

Availability in my own center with multidisciplinary team discussions 18 40.0
Availability in my own center but without multidisciplinary team

discussions
3 6.7

Availability in my own center but is not specialized in ILD 12 26.7
No availability in my own center but I participate in/consult a

multidisciplinary team of another hospital
6 13.3

No availability of pathology in my own center and I do not participate
in/consult a multidisciplinary team of another hospital

4 8.9

Other 2 4.4
A change in absolute FVC of 10%, or a change in absolute DLco of 15% is evidence of disease progression, and a surrogate

marker of mortality
I absolutely agree 29 64.4
I agree 16 35.6
I disagree 0 0.0
I absolutely disagree 0 0.0

Pulmonary rehabilitation in IPF is recommended for the majority of patients
I absolutely agree 25 55.6
I agree 19 42.2
I disagree 1 2.2
I absolutely disagree 0 0.0

During IPF follow-up, what is the recommended time for the main examinations?
3 months 9 20.0
6 months 34 75.6
12 months 2 4.4

Most pulmonologists (71.1%) reported to have a high
knowledge of national consensus and international guide-
lines and 66.7% consider those recommendations in clinical
practice (results not shown). These considerations were fur-
ther evaluated through a list of questions regarding IPF
diagnosis (Fig. 1). The majority of professionals (75.6%)
absolutely agree with multidisciplinary discussion with
experienced clinicians, radiologists and pathologists, to
accurately diagnose IPF. More than half of the respondents
(60.0%) absolutely agree with high-resolution computed
tomography (HRCT) as the main procedure for IPF diag-
nosis, while 62.2% disagree and 37.8% absolutely disagree
that pulmonary biopsy is absolutely required. However, if a
biopsy is required, 40.0% absolutely agree and 55.6% agree
with criobiopsy as a valid option to establish IPF diagno-
sis. Most participants (80.0%) agree with the term probable
usual interstitial pneumonia (UIP), while approximately half
(54.5%) agree with the term possible UIP. Upon IPF suspicion,

77.8% absolutely agree to use serologic testing for connec-
tive tissue disease screening.

Concerning treatment, the majority of participants
(88.9%) absolutely disagree that IPF patients should
be treated with corticosteroid monotherapy to prevent
treatment-related morbidity, as well as 93.3% absolutely
disagreeing with combination therapy of N-acetylcysteine,
azathioprine, and prednisone for IPF patient treatment
(Fig. 2). In total, approximately 80% of pulmonologists abso-
lutely agree that antifibrotic treatment has benefits for
important patient outcomes, Importantly, 66.7% of pulmo-
nologists absolutely agree that antifibrotic therapy should
start once IPF diagnosis is established.

Considering IPF management (Table 2), responses varied
among pulmonologists. More than a half (64.4%) absolutely
agree that disease progression in IPF is defined as a sus-
tained decline of more than 10% in forced vital capacity
(FVC) and/or of 15% in diffusion capacity of the lung for
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Figure 1 Idiopathic pulmonary fibrosis diagnosis.
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Figure 2 Idiopathic pulmonary fibrosis treatment.

carbon monoxide (DLCO). In addition, 55.6% absolutely agree
that pulmonary rehabilitation in IPF is recommended for
the majority of patients, long-term oxygen therapy should
be provided to patients with clinically significant resting
hypoxemia, and the patients with the defined criteria should
undergo lung transplantation. Following initiation of IPF
treatment, 75.6% consider that 6 months is the recom-
mended time for main appointments.

Discussion

This survey represents the first assessment of clini-
cal practice of Portuguese pulmonologists regarding IPF
diagnosis, management and treatment, considering the
knowledge of the recent national consensus18 and inter-
national guidelines.3,20 Despite the wide age range among
participants, the selected population is generally young and
mostly female and 60% of the participants had more than
10 years of clinical practice. The number of IPF patients
attending a monthly/yearly appointment is indicative of a
high level of clinical practice. The public hospital appears
to be the main care setting for most IPF patients followed
by pulmonologists in this survey.

Due to the challenge in reaching a confident IPF diagno-
sis caused by nonspecific symptoms, guidelines suggest using
multidisciplinary teams from different specialties.21---23 The
panel is completely in line with this concept since 76% abso-
lutely agree and 22% agree that a multidisciplinary team
including experienced clinicians, radiologists and patholo-
gists as the main process for an accurate diagnosis. Indeed,
our results showed that nearly half of the practitioners have
multidisciplinary team discussions with specialized radiology
and/or pathology available in their institution or in another
hospital center. However, a considerable number of partici-
pants in the present study admitted that these specialties
were not available in their own centers. This delay in IPF
diagnosis and further treatment in Portugal24 is a cause for
concern.

Seventy-one percent of pulmonologists that follow IPF
patients reported they have a high level of knowledge of
IPF national consensus and international guidelines for IPF
diagnosis and treatment and 66.7% apply their knowledge
in clinical practice. This level of familiarity implies that
IPF awareness is a priority within national health programs,
which is true considering the number of programs boosted
by the national policies. However, the remaining 28% of
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participants who are not aware of recommendations may
hinder their intervention in clinical practice.

There was some unexpected controversy regarding
the use of HRCT as the main procedure for IPF diagnosis
with opinions divided among pulmonologists. A confident
diagnosis of IPF can be made in the correct clinical setting
when HRCT imaging shows a pattern of typical or even
probable UIP in a certain context.3,17,18,20,25 Indeed, the
official ATS/ERS/JRS/ALAT Statement on IPF3 states that
a correct IPF diagnosis requires ‘‘the presence of a UIP
pattern on HRCT in patients not subjected to surgical
lung biopsy (SLB)’’. Importantly, for patients with newly
detected ILD of apparently unknown cause who are clin-
ically suspected of having IPF and have an HRCT pattern
of UIP, it is strongly recommended not to perform SLB.20

Surprisingly, only 37.8% of participants in this study abso-
lutely disagree with the sentence ‘‘A pulmonary biopsy is
absolutely required to establish an IPF diagnosis’’. On the
other hand, ATS/ERS/JRS/ALAT clinical practice guidelines
suggest SLB in a probable UIP context; 68.9% of participants
agreed with the sentence ‘‘Do you consider biopsy in a
possible/probable UIP context?’’ The remaining 40% are
more in line with Fleishner Society white paper statement
that does not require lung biopsy in a probable UIP in an
appropriate clinical setting.23 The fact that the majority of
the panel tends to consider lung biopsy by name in possible
UIP contexts may be due to the high level of non-IPF fibrotic
ILDs in our country, with particular relevance of the high
frequency of chronic hypersensitivity pneumonitis related
with exposure to birds and molds.26,27 Considering biopsy as
an alternative, lung cryobiopsy although still controversial
has been shown to be generally safe and well tolerated.28

Tomasseti et al. demonstrated that the proportion of IPF
cases diagnosed with a high degree of confidence increased
from 16 to 63% after performing lung cryobiopsy and in
some cases led to a change in the diagnostic suspiction.28 A
recent prospective, multicentre study evaluated the diag-
nostic accuracy of transbronchial lung cryobiopsy (TBLC)
for ILD diagnosis. The results showed good agreement
between TBLC and SLB obtained sequentially from the
same patients, supporting the clinical utility of TBLC as an
alternative to SLB for patients requiring lung tissue for ILD
diagnosis.29 Moreover a comparative study between TBLC
and explant lungs from lung transplantation of patients
with UIP showed also a high concordance.30 According to
this survey, Portuguese pulmonologists globally agree with
the use of this technique as an option for IPF diagnosis.

The recommendations against outmoded therapies for
IPF are established, as there is strong evidence against
their use.31 Portuguese pulmonologists absolutely disagreed
(95.3%) with triple therapy which is fully compatible with
international guidelines.3 Apart from this, respondents of
this survey totally agreed that antifibrotic treatment ben-
efits IPF progression and should be started as soon as this
disease is diagnosed. Lung transplantation has been used
as an option for IPF treatment worldwide for patients with
moderate to severe disease32 as well as by Portuguese pul-
monologists, but mortality is high and one of the potential
reasons for this is a late referral of the patients to the trans-
plant units with advanced disease.33

Most of participants responded that the time for IPF
patients’ follow-up and main examinations was every 6

months, this result differs from guidelines in which the range
is 3---6 months. Paradoxically, the majority of the partici-
pants stated that the usual appointments of IPF patients in
their clinical practice was exactly 3 months. More impor-
tantly, palliative care is rarely instituted in patients with
IPF before the end of life,7 which should be addressed in
our care facilities.

This study presented some potential limitations that
should be addressed to avoid misinterpretation of results.
First, in the initial part of the questionnaire, 33 partici-
pants were eliminated from the study since they referred
IPF patients to another colleague. To avoid this statis-
tical pitfall, we could have considered this as the first
question. Second, we could have reached a higher num-
ber of participants with a telephone-based interview survey
or a face-to-face interview. Moreover, this is a cross-
sectional study therefore it cannot support conclusions on
casual relationships. However, it allowed the analysis of
the main concerns regarding IPF management, diagnosis
and treatment. In the future, a large-scale survey across
all Portuguese geographical areas is needed to confirm the
consistency of responses regarding the knowledge of IPF rec-
ommendations and further clinical practice.

Conclusions

To the best of our knowledge, this survey represents the
largest and most comprehensive assessment of the level
of awareness and acceptance of IPF National Consensus
and international Official ATS/ERS/JRS/ALAT IPF Guidelines.
More importantly, we conclude that most IPF recommenda-
tions are followed by Portuguese pulmonologists, but their
implementation is heterogeneous.
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Abstract
Purpose: HRCT is the preferred imaging technique to evaluate Interstitial-Lung-Disease. Opti-
mal Low-Dose-Computed-Tomography protocol for monitoring ILD with lowest radiation dose
and optimal diagnostic accuracy and image quality unknown.
Methods: 28 Patients underwent HRCT. Image reconstructions with varying combinations of
tube current (50mA, 20mA, 15 mA, 10mA) and image-thickness/increment (1/1mm, 2/2mm,
3/2.4mm, 5/4mm) were simulated from raw data. 448 CTs evaluated by 2 readers on image qua-
lity and ILD-specific features (ground glass opacification (ggo), honeycombing (hc), reticulation
(ret)).
Results: Reduced dose settings with 20 mA did not show any significant difference to standard
dose settings for all parameters in reader 1, while results were significantly altered in reader
2. Slice thickness did not significantly influence rating of typical ILD features like ggo, hc, ret
or total disease extent. The correct differentiation between UIP and NSIP could be made on all
dose settings and with all slice thickness. It was even found, that an increased slice thickness
can compensate for the noise associated image quality degradation. Overall, for ggo detection a
combination of 20 mA and 3 or 5 mm slice thickness was not different to the original evaluation.
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Conclusions: Assessment of ILD specific CT features down to 20 mA and a slice thickness of 3
or 5 mm is feasible.
Crown Copyright © 2020 Published by Elsevier España, S.L.U. on behalf of Sociedade Portu-
guesa de Pneumologia. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Interstitial lung disease (ILD) encompasses a heterogeneous
group of disorders affecting the lung parenchyma that can
lead to poor quality of life, hospitalization, and death.1---3

Pulmonary function tests (PFTs) and chest X-rays (CXRs) have
insufficient sensitivity to identify early ILD. Thoracic high-
resolution computed tomography (HRCT) is the preferred
method to detect and differentiate between the different
forms of interstitial lung disease, being classified as usual
interstitial pneumonia (UIP), probable UIP, indeterminate
for UIP and alternative diagnosis (like non-specific intersti-
tial pneumonia (NSIP)).4---6 In lieu of a surgical biopsy, HRCT
is an accepted gold standard for the diagnosis of ILD when
certain specific findings are present.5---8 Both UIP and NSIP
can exhibit reticulation and traction bronchiectasis on chest
HRCT; distinguishing radiologic features between these two
subsets includes a greater degree of ground glass opacities
(GGO) relative to reticulation in NSIP compared to UIP and
the presence of honeycombing (HC) in UIP.5,6

HRCT is defined as a slice thickness less than 1.5 mm
using a high-frequency reconstruction kernel.9 To achieve
diagnostic images a certain amount of radiation dose has
to be applied to outweigh the image noise. So far, no offi-
cial recommendations exist regarding latest noise reduction
techniques like iterative reconstruction. This may be due
to the fact, that each CT vendor uses different algorithms
and the inter-study results show varying results of diagnostic
accuracy based on the strength of image post-processing.

In light of the malignancy risk associated with exposure
to cumulative doses of ionized radiation exposure, there
is a trend for clinicians to request lower radiation dose
protocols to monitor for ILD progression. These protocols
tend to involve helical acquisition of CT data using reduced
X-ray exposure parameters.10 This is particularly relevant
in patients with ILD who are already at an increased risk of
developing pulmonary malignancy.11 Especially repeated,
long-term CT chest imaging in adults over 20---30 year
periods, has been associated with non-trivial doses of radia-
tion, exceeding that of nuclear plant workers and atomic
bomb survivors.12 For imaging of the lung parenchyma ---
as a high contrast tissue --- a high kVp is recommended.
Therefore, reduction of radiation dose with CT imaging is
achieved by either reducing tube current and/or increasing
the image slice interval (i.e. leaving gaps between slices).
However, changes in tube current and image slice interval
compromise image quality, negatively impact disease
detection and estimated disease extent.13,14 Research
focused on finding the appropriate balance between CT
imaging radiation exposure and optimal image quality
is desperately needed. The problem with the design of

systematic dose reduction studies is that a repeated CT
examination of the same subject is unethical (and would
also mean different breath-holds compromising image
comparability). Past studies evaluating LDCT imaging in
ILD have therefore chosen imaging parameters arbitrarily,
failing to establish an optimal LDCT protocol for detecting
and distinguishing ILD and its subsets (UIP and NSIP).

As there is no study out evaluating a steady decrease in
dose in the same patient, the aim of this study was to find
an optimal imaging protocol to identify and grade specific
features of ILD in comparison to standard 3d-HRCT.

Materials and methods

Patient and sample population

Patients treated at the Toronto General Hospital-ILD cli-
nic, a tertiary academic referral clinic, were approached
for study enrolment between July 2012 and April 2013. Oral
and written consent was recorded when the patients were
approached while visiting the clinic for regularly scheduled
appointments. Patient consent records were stored securely
with their study records. Adult patients (≥18 years of age)
with a diagnosis of IPF, idiopathic NSIP, or connective tissue
disease (CTD)-ILD and who required a thoracic CT at their
visit were included. Patients with a history of pneumotoxic
medication use, environmental exposures, granulomatous
lung disease (i.e. sarcoidosis) or other idiopathic intersti-
tial pneumonias were excluded from this study. A diagnosis
of IPF was based on criteria outlined by American Tho-
racic Society guidelines.5,6 A rheumatologist evaluated all
patients to confirm the presence of a CTD (rheumatoid arth-
ritis, systemic sclerosis, idiopathic inflammatory myositis,
Sjogren’s syndrome, mixed connective tissue disease, sys-
temic lupus erythematosus, or undifferentiated connective
tissue disease).

Ethics approval was obtained prior to patient enrolment
from both the BLINDED FOR REVIEW Research Ethics Board
and the BLINDED FOR REVIEW Research Ethics Board.

CT image acquisition and assessment

Patients were scanned in the prone position during full
inspiration. Average patient anterior---posterior (AP) and
left---right (LR) body size was 253.8 mm (S.E. = 8.3) and
328.3 mm (S.E. = 6.7) respectively. Images were acquired
with a 64 mm × 0.5 mm detector configuration using two
CT scanners: Aquilion 64 (n = 26) or Aquilion One (n = 5)
(both Toshiba Medical Systems, Ottawara, Japan). Image
acquisition was done with the clinical routine protocol
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Table 1 Summary of CT acquisitions and simulation parameters.

Nr patients Original dose Simulated dose Slice thickness/increment Nr datasets

8 Automatic dose (115---212 mA) SD 30 SD 40 SD 50 1/1 mm
2/2 mm
3/2.4 mm
5/4 mm

128

20 50 mA 20 mA 15 mA 10 mA 1/1 mm
2/2 mm
3/2.4 mm
5/4 mm

320

(120 kVp, 0.5 s rotation time). The raw data from each cli-
nical scan was stored and used for low dose simulation
using the Toshiba low dose simulation software.15 No ite-
rative reconstruction techniques were used. Some original
data were acquired using automatic dose exposure (n = 8,
115---212 mA --- depending on body habitus), and others with
fixed mA settings (50 mA). For low dose simulation, the
noise levels were reconstructed for the following standard
deviation (SD) of noise of 30, 40 and 50 Hounsfield Units
(HU) (as allowed by the software). The fixed mA datasets
were simulated at 20 mA, 15 mA and 10 mA. Reconstruc-
tion was done with various slice thicknesses/increments:
1 mm/1 mm, 2 mm/2 mm, 3 mm/2.4 mm, and 5 mm/4 mm
(for the thicker slice thicknesses an overlap of 20% was cho-
sen to allow for increased characterization benefit16). The
reconstruction kernel was FC03 (soft tissue kernel) to reduce
noise without limiting imaging characteristics known from
CAD. This setting allowed for intra-individual comparison of
the impact of dose reduction. As the same raw data set was
used, there were no variations in physiological conditions,
such as inspiratory depth and fluid content. Only one CT scan
was performed on each study participant, thus no additional
radiation burden was applied.

Overall, 28 patients with 4 different dose settings and
4 slice thickness/increment settings were reconstructed, in
total 448 CT datasets were used for evaluation (Table 1).

The clinical dose CT dataset (original dose, no noise) with
1 mm slice thickness was used as reference standard.

All CT images were interpreted in random order and
separately by a radiologist (reader 1) with over 15 years of
experience in thoracic radiology, and one second year radio-
logy resident (reader 2). Both were blinded to the patients’
clinical history. Lung parenchyma was evaluated by indivi-
dual lobe (right upper, right middle, right lower, left upper,
lingua and left lower) for the presence of GGO, reticulation,
and HC. Each lobe was scored for extent of these changes
from 0 to 100% in 5% intervals. GGO was defined according
to the Fleischner Glossary of Terms for Thoracic Imaging as
an increase in lung attenuation without obscuring pulmonary
vessels, reticulation as fine or thick reticular grid and thic-
kened interlobular septa and honeycombing as peripheral
cysts within a coarse reticulation.17

An overall estimate of image quality, number of lobes
involved and total percent of diseased lung was provided
by the readers for each patient’s series. Image quality was
rated on a scale from 1 to 4, with 1 indicating excellent
image quality without any artefacts; 2 indicating good image
quality with minor streak artefacts without limiting image

interpretation; 3 indicating moderate image quality with
more severe streak artefacts limiting image interpretation;
and 4 indicating bad image quality with severe artefacts
significantly impairing image interpretation. The radiologic
pattern was recorded as UIP, NSIP, or non-classifiable fibro-
sis for all CT scans at each LDCT series. UIP and NSIP were
defined in accordance with ATS guidelines for IPF and the
idiopathic interstitial pneumonias (IIPs) respectively.5,6 As
mentioned above, HRCT scans with the highest tube current
(clinical established dose levels), 1 mm slice thickness were
established as the conventional (reference) standard.

The optimal LDCT was selected based on the following
three features:(1) diagnostic accuracy, (2) image quality
and (3) delivered radiation dose between series. Diagnos-
tic accuracy was considered the most important operating
characteristic, given that the overall radiographic pattern
often influences clinical diagnosis and treatment decisions.
Image quality influences the perception of other CT imaging
features (i.e. GGO, reticulation and disease) and hence was
chosen as the second most important factor. LDCT imaging
series’ with similar diagnostic accuracy and image quality
were differentiated based on delivered radiation dose, with
the lowest dose series deemed most optimal.

Statistical analysis

For statistical analysis the average scores for total invol-
vement of GGO, reticulation and HC across all lobes were
enumerated. Also, the total disease extent was used (ave-
rage of the sum of all three types of radiographic changes
between the left and right lungs). Mixed linear models were
used to investigate the effects of different series on ope-
rating characteristics and imaging features. The estimation
method ‘‘REML’’ (residual (restricted) maximum likelihood)
was used.

Statistical evaluation was done on a per-patient basis
using SAS Version 9.3, Cary, North Carolina, USA. A local
level of significance (p) of <0.05 was considered statistically
significantly.

Results

Patient population and baseline HRCT imaging

Of 35 patients approached for study involvement, seven
were excluded (4 due to difficulty attaining stored CT
images, 2 with hypersensitivity pneumonitis, and 1 with
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Table 2 Demographic, disease, and pulmonary characte-
ristics of 28 patients with ILD.

Demographics
Females, % 56
Age [years], mean (S.E.) 60.3 (2.8)
Ever smoked tobacco, % 36.0
Body size anterior---posterior [mm], mean
(S.E.)

253.8 (8.3)

Body size lateral---radial [mm], mean
(S.E.)

328.3 (6.7)

Disease diagnosis
Idiopathic pulmonary fibrosis, % 20
Non IPF, % 80

Pulmonary function test
Forced vital capacity, % predicted, mean
(S.E.)

66.3 (4.1)

Total lung capacity, % predicted, mean
(S.E.)

69.8 (3.2)

Diffusing capacity of carbon monoxide, %
predicted, mean (S.E.)

67.3 (3.1)

sarcoidosis). Among 28 patients evaluated (56% female) with
approximately one-third having a past history of cigarette
smoking (Table 2). A clinical diagnosis of IPF and NSIP were
made in 20%, and 80% patients respectively. Routine clini-
cal HRCT imaging (120 kV, fixed 50 mA or dose modulation
115---212 mA, 1 mm slice thickness) (Table 1), was reported as
UIP in 6 cases (24%) and NSIP in 19 (76%) cases. In total, 448
individual CT scans were generated, reviewed and analyzed.

To provide the utmost insight into the data, the evalua-
tion results of reader 1 are provided in Table 3. Given the
huge amount of primary data, ‘‘Results’’ section is focu-
sed on the statistical results. As mentioned above, for each
radiological feature the percentage of affected/diseased
lung was visually assessed for each dose level and slice thick-
ness.

Ground glass opacities (GGO)

The overall analysis found a significant (p < 0.001) influence
of dose on the correct findings for GGOs (Fig. 1). In detail, for
reader 1, the second dose level was not significantly diffe-
rent from the reference standard (p = 0.21), while dose level
three and four showed significant differences (p = 0.0003 and
p < 0.0005, respectively) (Table 4). For reader 2, even the
second dose level led to a significant difference in evaluation
of the amount of ggo pattern.

The overall analysis found no significant (p = 0.25)
influence of slice thickness on the correct findings for GGOs
for reader 1. In detail, the 2 mm slice thickness resulted in
a p-value of 1, 3 mm and 5 mm in p = 0.89 and p = 0.19, res-
pectively. The combined evaluation of reader 1 and reader 2
confirmed the findings, that a slice thickness of 3 mm showed
no significant difference (p = 0.55).

Honey combing (HC)

The overall analysis found a significant (p = 0.002 and
p < 0.0001, respectively) influence of dose on the correct
findings for HC. In detail, for reader 1 the second and
third dose level were not significantly different (p = 0.29 and
p = 0.11, respectively), while dose level four showed signifi-
cant difference (p = 0.002). For the combined evaluation the
second dose level was borderline not significantly different
(p = 0.55).

The overall analysis for reader 1 found no significant
(p = 0.30) influence of slice thickness on the correct findings
for HC. In detail, the 2 mm slice thickness resulted in a p-
value of 1, 3 mm and 5 mm in p = 1 and p = 0.86, respectively.
For reader 2 and the combined analysis a slice thickness of
3 mm showed no significant difference on the evaluation of
HC, p = 0,64 and p = 0.68, respectively.

Reticulation (RET)

The overall analysis found no significant (p = 0.38) influence
of dose on the correct findings for reticulation (Fig. 2).
In detail, for reader 1 the second dose level was not sig-
nificantly different (p = 0.86), dose level three and four
showed p-values of 0.85 and p = 0.14, respectively. For rea-
der 2, all reduced dose levels showed a significant difference
(p < 0.0001).

The overall analysis (reader 1) found no significant
(p = 0.59) influence of slice thickness on the correct findings
for reticulation. In detail, the 2 mm slice thickness resulted
in a p-value of 1, 3 mm and 5 mm in p = 0.98 and p = 0.94, res-
pectively. For reader 2 the slice thickness had no significant
impact on detection rate (mean p = 0.14).

Total disease extend

The overall analysis found a significant (p < 0.0001 and
p = 0.02, respectively) influence of dose on the correct fin-
dings for total disease extend. In detail, for reader 1 the
second dose level was not significantly different (p = 0.61),
dose level three and four showed p-values of <0.0001 and
p < 0.0001, respectively.

The overall analysis found a significant (p = 0.024 and
p = 0.003, respectively) influence of slice thickness on the
correct total disease extend. In detail, for reader 1 the 2 mm
slice thickness resulted in a p-value of 1, 3 mm and 5 mm in
p = 0.98 and p = 0.017, respectively.

Image quality

The overall analysis found a significant (p < 0.0001) influence
of dose on image quality. In detail, was the second dose level
significantly different (p < 0.0001), dose level three and four
showed p-values of <0.0001 and p < 0.0001, respectively.

The overall analysis found a significant (p < 0.0001)
influence of slice thickness on image quality for both rea-
ders. In detail, for reader 1 the 2 mm slice thickness resulted
in a p-value of =0.08, 3 mm and 5 mm in p < 0.001 and
p = 0.0002, respectively.
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Table 3 Individual results of reader 1 for the different dose levels (doses 1---4) and parameters: ground glass opacification
(GGO), honeycombing (HC), reticulations (Ret) and total amount of disease (total).

Pat. Dose 1 Dose 2 Dose 3 Dose 4

GGO HC Ret Total GGO HC Ret Total GGO HC Ret Total GGO HC Ret Total

1 mm
P1 16 0 16 20 16 0 16 20 21 0 18 23 19 0 18 23
P2 10 18 17 25 10 18 17 25 10 18 17 25 10 18 17 25
P3 37 0 23 60 37 0 23 60 37 0 23 60 37 0 23 60
P5 38 0 6 60 38 0 6 60 38 0 6 60 38 0 6 60
P6 5 0 14 15 8 0 14 20 3 0 14 15 5 0 14 15
P7 12 6 47 45 12 6 47 45 11 6 47 45 14 6 47 45
P8 7 15 22 25 7 15 22 20 7 15 22 20 14 15 22 28
P9 5 0 4 5 5 0 4 5 13 0 4 10 19 0 4 13
P10 8 3 16 10 3 3 16 10 67 3 13 70 100 2 12 100
P11 23 23 27 30 23 23 27 30 33 23 27 38 37 23 27 38
P13 52 0 7 55 100 0 7 100 100 0 8 100 100 0 50 100
P14 100 0 100 100 100 0 100 100 100 0 100 100 100 0 100 100
P15 39 0 5 43 39 0 5 43 58 0 5 58 100 0 13 100
P16 4 28 0 35 32 18 0 35 100 13 0 65 100 13 0 65
P17 58 33 10 55 58 33 10 55 65 33 10 60 73 33 10 65
P19 45 0 35 50 45 0 35 50 58 0 35 60 70 0 35 68
P20 31 0 7 30 31 0 7 30 31 0 7 30 35 0 7 33
P23 10 60 3 60 10 60 3 60 10 60 3 60 17 60 3 65
P24 30 0 0 35 30 0 0 35 30 0 0 35 35 0 0 38
P25 3 60 0 60 7 60 0 60 28 60 0 80 100 47 0 80
P26 21 0 23 33 36 0 29 43 100 0 29 75 100 0 31 75
P27 20 48 0 70 23 48 0 70 27 48 0 75 37 48 0 83
P28 18 0 13 10 18 0 13 10 18 0 13 10 18 0 13 10
P30 5 4 0 5 5 4 0 5 5 4 0 5 7 4 0 10
P31 65 0 53 75 65 0 53 75 60 0 53 73 78 0 53 85
P32 45 43 7 75 45 43 7 75 45 43 7 75 45 43 7 75
P33 40 0 37 65 73 0 37 80 87 0 37 90 100 0 37 100
P34 37 0 0 45 37 0 0 45 37 0 0 45 37 0 0 45

2 mm
P1 16 0 16 20 16 0 16 20 16 0 16 20 19 0 18 23
P2 10 18 17 25 10 18 17 25 10 18 17 25 10 18 17 25
P3 37 0 23 60 37 0 23 60 37 0 23 60 37 0 23 60
P5 38 0 6 60 38 0 6 60 38 0 6 60 38 0 6 60
P6 5 0 14 15 3 0 14 15 5 0 14 15 5 0 14 15
P7 12 6 47 45 12 6 47 45 12 6 47 45 14 6 47 45
P8 7 15 22 25 7 15 22 20 7 15 22 20 11 15 22 23
P9 5 0 4 5 5 0 4 5 8 0 4 5 13 0 4 10
P10 8 3 16 10 4 3 16 10 33 3 16 35 100 2 13 100
P11 23 23 27 30 23 23 27 30 27 23 27 33 27 23 27 33
P13 52 0 7 55 48 0 7 50 48 0 7 50 100 0 7 100
P14 100 0 100 100 100 0 100 100 100 0 100 100 100 0 100 100
P15 39 0 5 43 39 0 5 43 48 0 5 45 97 0 10 95
P16 4 28 0 35 16 23 0 35 80 18 0 55 100 14 0 65
P17 58 33 10 55 58 33 10 55 58 33 10 55 62 33 10 58
P19 45 0 35 50 45 0 35 50 50 0 35 53 58 0 35 60
P20 31 0 7 30 31 0 7 30 31 0 7 30 31 0 7 30
P23 10 60 3 60 10 60 3 60 10 60 3 60 10 60 3 60
P24 30 0 0 35 30 0 0 35 30 0 0 35 30 0 0 35
P25 3 60 0 60 3 63 0 60 20 60 0 75 70 55 0 75
P26 21 0 23 33 26 0 25 35 50 0 25 50 60 0 31 65
P27 20 48 0 70 20 48 0 70 23 48 0 70 30 48 0 78
P28 18 0 13 10 18 0 13 10 18 0 13 10 18 0 13 10
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Table 3 (Continued)

Pat. Dose 1 Dose 2 Dose 3 Dose 4

GGO HC Ret Total GGO HC Ret Total GGO HC Ret Total GGO HC Ret Total

P30 5 4 0 5 5 4 0 5 5 4 0 5 5 4 0 5
P31 65 0 53 75 65 0 53 75 65 0 53 75 68 0 53 75
P32 45 43 7 75 45 43 7 75 45 43 7 75 45 43 7 75
P33 40 0 37 65 40 0 37 65 47 0 37 70 88 0 37 90
P34 37 0 0 45 37 0 0 45 37 0 0 45 37 0 0 45

3 mm
P1 16 0 16 20 21 0 16 28 19 0 18 23 19 0 19 23
P2 12 18 17 25 12 18 17 25 12 18 17 25 12 18 17 25
P3 37 0 23 60 37 0 123 60 37 0 23 60 37 0 23 60
P5 38 0 6 60 38 0 6 60 38 0 6 60 38 0 6 60
P6 5 0 14 15 3 0 14 15 5 0 14 15 5 0 14 15
P7 12 6 47 45 12 6 47 45 12 6 47 45 12 6 47 45
P8 7 15 22 20 7 15 22 20 7 15 22 20 7 15 22 20
P9 5 0 4 5 5 0 4 5 5 0 4 5 8 0 4 5
P10 8 3 16 10 8 3 16 10 8 3 16 10 70 3 16 70
P11 23 23 27 30 23 23 27 30 23 23 27 30 27 23 27 33
P13 52 0 7 55 52 0 7 55 48 0 7 50 63 0 7 70
P14 0 0 18 20 0 0 18 20 100 0 100 100 100 0 100 100
P15 39 0 5 43 39 0 5 43 39 0 5 43 82 0 8 75
P16 4 28 0 35 4 28 0 35 27 18 0 35 80 18 0 55
P17 58 33 10 55 58 33 10 55 58 33 10 55 58 33 10 55
P19 45 0 35 50 45 0 35 50 45 0 35 50 45 0 35 50
P20 31 0 7 30 31 0 7 30 31 0 7 30 31 0 7 30
P23 10 60 3 60 10 60 3 60 10 60 3 60 10 60 3 60
P24 30 0 0 35 30 0 0 35 30 0 0 35 30 0 0 35
P25 3 60 0 60 3 60 0 60 8 60 0 65 37 60 0 70
P26 21 0 23 33 21 0 23 33 36 0 23 43 50 0 31 60
P27 27 48 0 75 27 48 0 75 27 48 0 75 23 48 0 75
P28 18 0 13 10 18 0 13 10 18 0 13 10 18 0 13 10
P30 5 4 0 5 5 4 0 5 5 4 0 5 5 4 0 5
P31 65 0 53 75 65 0 53 75 65 0 53 75 65 0 53 75
P32 45 43 7 75 45 43 7 75 45 43 7 75 45 43 7 75
P33 40 0 37 65 40 0 37 65 40 0 37 65 50 0 37 70
P34 37 0 0 45 37 0 0 45 37 0 0 45 37 0 0 45

5 mm
P1 19 0 18 28 26 0 18 35 19 0 18 23 19 0 19 23
P2 13 18 17 25 13 18 17 25 13 18 17 25 13 18 17 25
P3 37 0 23 60 38 0 25 60 38 0 25 60 38 0 25 60
P5 37 0 6 60 37 0 6 60 37 0 6 60 37 0 6 60
P6 5 0 14 15 7 0 14 20 5 0 14 15 5 0 14 15
P7 12 6 47 45 14 6 47 45 14 6 47 45 11 6 47 45
P8 7 15 22 25 8 15 22 20 12 15 22 25 9 15 22 23
P9 7 0 4 5 5 0 4 5 5 0 4 5 5 0 4 5
P10 8 3 16 10 5 3 16 10 5 3 16 10 38 3 16 40
P11 30 23 27 35 30 23 27 35 30 23 27 35 30 23 27 35
P13 57 0 7 60 57 0 7 60 57 0 7 53 63 0 7 60
P14 0 0 18 20 0 0 18 20 100 0 100 100 100 0 100 100
P15 41 0 5 43 48 0 10 48 48 0 10 48 82 0 10 75
P16 5 28 0 35 16 23 0 35 18 18 0 28 27 18 0 35
P17 67 33 10 60 67 33 10 60 67 33 10 60 67 33 10 60
P19 58 0 35 60 58 0 35 60 58 0 35 60 58 0 35 60
P20 39 0 7 38 39 0 7 38 39 0 7 38 39 0 7 38
P23 18 60 3 65 18 60 3 65 18 60 3 65 15 60 3 65
P24 33 0 0 38 33 0 0 38 38 0 0 43 35 0 0 38
P25 10 60 0 65 10 60 0 65 10 60 0 65 18 60 0 65
P26 26 0 23 38 26 0 23 38 26 0 23 38 35 0 26 53
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Table 3 (Continued)

Pat. Dose 1 Dose 2 Dose 3 Dose 4

GGO HC Ret Total GGO HC Ret Total GGO HC Ret Total GGO HC Ret Total

P27 37 48 0 80 37 48 0 80 37 48 0 80 37 48 0 80
P28 16 0 13 10 16 0 13 10 16 0 13 10 16 0 13 10
P30 3 3 0 5 3 3 0 5 3 3 0 5 3 3 0 5
P31 65 0 53 75 72 0 53 78 72 0 53 78 72 0 53 78
P32 45 43 7 75 53 43 7 80 53 43 7 80 53 43 7 80
P33 40 0 37 65 52 0 37 73 52 0 37 73 52 0 37 73
P34 37 0 0 45 37 0 0 45 33 0 0 40 33 0 0 40

For 1 mm slice thickness (increment 1 mm).
For 2 mm slice thickness (increment 2 mm).
For 3 mm slice thickness (increment 2.4 mm).
For 5 mm slice thickness (increment 4 mm).

Diagnosis

Using a logistic regression model the likelihood for establis-
hing the correct diagnosis was calculated (Fig. 3).

The overall analysis found no significant (p < 0.36 and
p = 1, respectively) influence of dose on establishing the dia-
gnosis. In detail, for reader 1 the second dose level was
not significantly different (p = 1), dose level three and four
showed p-values of =0.57 and p = 0.12, respectively.

The overall analysis found no significant (p = 0.77 and
p = 1, respectively) influence of slice thickness on establis-
hing the diagnosis. In detail, for reader 1 the 2 mm slice
thickness resulted in a p-value of =0.6, 3 mm and 5 mm in
p = 0.6 and p = 0.29, respectively.

Optimal LDCT series

The mixed model analysis allows for a combined analysis of
dose and slice settings. The estimate of the linear model
provides the offset compared to the optimal dataset; the
closer this value is to zero, the better.

By using the aforementioned data, it was obvious that
a dose level less than 2 leads to significant errors in rating
of GGO and total disease extend. Therefore, this specific
analysis was tailored to the slice thickness (Table 5). Using
this approach, the least estimate (least difference from the
original data set) was found for a combination of dose level
2 and slice thickness 5 mm for reader 1 and 3 mm for reader
2.

Discussion

In this study, we set out to establish an optimal LDCT pro-
tocol for the most common forms of chronic ILD, UIP and
NSIP, by systematically evaluating LDCT imaging series with
varying tube current and image slice thickness for differen-
ces in operating characteristics and imaging features. The
evaluation was done with 2 readers, one experienced chest
radiologist and one resident. A LDCT imaging series with
20 mA tube current (SD 30, respectively) and 3---5 mm slice
thickness was most optimal, upholding diagnostic accuracy
for pattern detection while delivering the lowest radiation

dose. Further reductions in tube current to 10 mA resul-
ted in significant reductions in image quality and increased
estimation of disease extent, GGO and reticulation. These
preliminary results provide support for applying a specific
LDCT protocol in patients with common forms of ILD in lar-
ger, prospective studies.

Previous CT protocol studies comparing 150 mA versus
40 mA have found reduced sensitivity in detecting ILD ima-
ging features, including interstitial opacities, reticulation,
and GGO at lower tube currents.14 We found estimated GGO,
reticulation and disease extent to increase significantly with
reductions in tube current to 10 mA. This is suspected to be
as a consequence of reduced image quality with lower tube
current, interpreted as an exaggerated burden of diseased
lung. Image quality was also reduced in 1 mm slice series’,
compared with 3 mm and 5 mm, suggesting a higher num-
ber of images at low tube currents results in increased
noise. Interestingly, we found little difference in disease
extent and other imaging features between 50 mA and 20 mA
series’, suggesting a threshold exists, beyond which noise
influences imaging feature interpretation. Accurately mea-
suring disease extent on CT imaging is important, as it has
been shown to predict functional decline and mortality in
both CTD-ILD and IPF.18,19

The diagnostic accuracy of HRCT is quoted between 90
and 100% for UIP and 65 and 90% for NSIP, based on studies
employing surgical-lung biopsy confirmation.6,20,21 However,
no studies have evaluated the diagnostic accuracy of LDCT
imaging for distinguishing UIP and NSIP in comparison to
HRCT. We found comparable agreement, sensitivity and spe-
cificity between all LDCT series for ILD pattern in comparison
to HRCT. However, diagnostic accuracy was highest in 20 mA
tube current series. This likely represents how challenging
it can be to differentiate UIP and NSIP patterns, regardless
of imaging protocol. A central feature in differentiating UIP
and NSIP is the presence and extent of HC. We found no
difference between LDCT series’ in the reported extent of
HC, which may explain why operating characteristics were
preserved in the 20 mA series.

We compared LDCT series for diagnostic accuracy, image
quality and estimated radiation dose to identify the optimal
CT parameters. Diagnostic accuracy was felt to be the opera-
ting characteristic of principal importance, given it strongly
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Figure 1 Presentation of ground appearance using 50 mA dose settings simulated 10 mA settings (E---H); images are displayed with
W/L: 1600/−600 HU. 1 mm slice thickness (A and E), 2 mm slice thickness (B and F), 3 mm slice thickness (C and G) and 5 mm slice
thickness (D and H).
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Table 4 Statistical results for reader 1, reader 2, and combined of original and simulated CT datasets with respect to typical
ILD features like ground glass opacities (GGO), honeycombing (HC), and reticulation (RET). Mean values were calculated using
the SAS procedure ‘‘GLIMMIX’’. Also, total disease extend, image quality and diagnostic accuracy are shown.

GGO HC RET Tot disease Image qual Diagn

Reader 1
Dose 1 --- --- --- --- --- ---
Dose 2 =0.21 =0.29 =0.86 =0.61 <0.001 =1
Dose 3 =0.0003 =0.11 =0.85 <0.0001 <0.001 =0.57
Dose 4 <0.0005 =0.002 =0.14 <0.0001 <0.001 =0.12
Mean <0.001 =0.002 =0.38 <0.001 <0.0001 =0.36

Slice 1 mm --- --- --- --- --- ---
Slice 2 mm =1 =1 =1 =1 =0.08 =0.6
Slice 3 mm =0.89 =1 =0.98 =0.98 <0.001 =0.56
Slice 5 mm =0.19 =0.8591 =0.94 =0.17 =0.0002 =0.29
Mean =0.248 =0.2966 =0.59 =0.024 <0.0001 =0.77

Dose * slice =0.1 =0.93 0.48 =0.0078 =0.44

Reader 2
Dose 1 --- --- --- --- --- ---
Dose 2 =0.01 =0.08 <0.0001 =0.0001 <0.0001 =1
Dose 3 <0.0001 0.0042 <0.0001 <0.0001 <0.0001 =1
Dose 4 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 =1
Mean <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 =1

Slice 1 mm --- --- --- --- --- ---
Slice 2 mm =0.88 =0.82 =0.74 =0.86 =0.63 =1
Slice 3 mm =0.46 =0.64 =0.7 =0.89 =0.59 =1
Slice 5 mm =0.04 =0.02 =0.08 =0.07 =0.29 =1
Mean <0.0001 =0.004 =0.006 =0.003 =0.08 =1

Dose * slice =1 =0.97 =0.88 =0.97 =0.28

Combined
Dose 1 --- --- --- --- --- ---
Dose 2 =0.01 =0.05 =0.003 =0.005 <0.0001 =1
Dose 3 <0.0001 =0.001 <0.0001 <0.0001 <0.0001 =0.67
Dose 4 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 =0.22
Mean <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 =0.56

Slice 1 mm --- --- --- --- --- ---
Slice 2 mm =0.92 =0.84 =0.8 =0.9 =0.9 =0.68
Slice 3 mm =0.55 =0.68 =0.77 =0.9 =0.03 =0.68
Slice 5 mm =0.02 =0.03 =0.22 =0.8 =0.8 =0.4
Mean =0.003 =0.01 =0.14 =0.002 <0.0001 =0.87

Dose * slice =0.7 =0.85 =0.89 =0.1 =0.18

influences the clinical diagnosis and decisions to initiate or
withhold immunomodulating therapy. Image quality influen-
ces radiologist interpretation of imaging features. We found
GGO, reticulation and disease extent to be highest in the
10 mA series, which had the worst image quality. We sus-
pect this is because increased noise leads to an exaggerated
quantification of these imaging features. These preliminary
results suggest protocols applying 10 mA tube current or less
should be avoided, as this could lead to an overestimation of
disease extent, and influence projected prognosis. We found
the 20 mA/5 mm series to have the best balance of maintai-
ning operating characteristics, while minimizing radiation
exposure. However, given the detailed results for each para-

meter, it appears, that a slice thickness of 3 mm would show
even less differences for the individual disease features.

Although there were only 28 subjects involved in this
study, each CT performed was used to generate multiple
data sets. Comparisons between LDCT series for the same
patient removes individual inconsistencies (i.e. differences
in breath holding) ensuring only protocol changes influenced
CT interpretation. We limited our population to those with
UIP and NSIP. This was done to create a homogeneous cohort,
but limits the applicability of this protocol to ILD patients
with other radiographic patterns. That said, IPF is the most
common form of ILD and the approach to interpreting radio-
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Figure 2 Presentation of reticulation using 50 mA dose settings (A---D) and simulated 10 mA settings (E---H); images are displayed
with W/L: 1600/−600 HU. 1 mm slice thickness (A and E), 2 mm slice thickness (B and F), 3 mm slice thickness (C and G) and 5 mm
slice thickness (D and H).

graphic UIP outlined in ATS guidelines are often applied to
those with undefined ILD [Raghu, 2011 #4452].4

Our results suggest that LDCT imaging may accurately
distinguish and characterize radiographic UIP and NSIP. A
threshold appears to exist for LDCT parameters, below
which operating characteristics are compromised. Most of
the CT scanners use software-based dose modulation tech-
niques for optimization of the image quality and radiation
dose exposure. The dose limits can be adjusted be the user.
In case an examination is too low dose due to a challen-
ging body habitus, our results indicate, that it is possible

to use even 3---5 mm slice thickness for compensation of
the noise without losing the diagnostic capability of the
examination (and to avoid re-scan). Additional studies inves-
tigating the diagnostic utility of various LDCT protocols in ILD
are required.

Clinical relevance

• Low-dose CT imaging for diagnostic characterization of
typical ILD changes with 20 mA possible.



24 S. Ley et al.

100

95

90

85

80

75

70
50/1 50/3 50/5 20/1 20/3 20/5 10/1 10/3 10/5

CT series

D
ia

gn
os

tic
 a

cc
ur

ac
y 

(%
)

Figure 3 Diagnostic accuracy based on CT imaging parameters. CT series in milliamperes (mA)/millimetres (mm).

• Slice thickness of 3 mm (increment 2.4 mm) and even
5 mm (increment 4 mm) does not impair evaluation of
interstitial lung disease.
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Abstract
Purpose: The aim of this study is to investigate the effect of treatment modalities on survival
among unoperat ed and locally-advanced non-small cell lung cancer (NSCLC) patients aged 70
years and older, representing real-life data.
Methods: From 2005 through 2017, medical records of 2259 patients with lung cancer from
Okmeydani Training and Research Hospital-Istanbul/Turkey were reviewed retrospectively.
Patients with locally advanced NSCLC ≥ 70 years of age who did not undergo surgery for lung
cancer were reviewed. In total, 130 patients were eligible for the final analysis. Patients
were stratified into four groups as: chemotherapy (CT), concurrent chemoradiotherapy (cCRT),
sequential chemoradiotherapy (sCRT), and radiotherapy (RT) only.
Results: Of the 130 patients included in the analysis; CT, cCRT, sCRT, and RT only were applied to
25(19.2%), 30(23.1%), 31(23.8%), and 44(33.8%) patients, retrospectively. Twelve (9.2%) patients
were female. Median age was 72 years (range, 70---88). Sixty (46.2%) patients had stage IIIA
disease and 70(53.8%) patients had stage IIIB disease. Median progression-free survival(mPFS)
in patients treated with CT, cCRT, sCRT, and RT were 8.0, 15, 10, and 9.0 months, respec-
tively(p = 0.07). Corresponding median overall survival (mOS) were 10, 33, 20, and 15 months
(p = 0.04). In multivariate analysis, stage IIIB disease [hazard ratio (HR), 2.8], ECOG-PS 2(HR,
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2.10), and ECOG-PS 3---4(HR, 5.13) were found to be the negative factors affecting survival,
while cCRT (HR, 0.45) and sCRT (HR, 0.50) were the independent factors associated with better
survival.
Conclusion: This study showed that the use of combined treatment modality was associated
with better survival in elderly patients with locally advanced NSCLC, with the greatest survival
observed in patients treated with cCRT. We therefore suggest that cCRT, when feasible, should
be strongly considered in locally advanced NSCLC patients 70 years and over.
© 2019 Sociedade Portuguesa de Pneumologia. Published by Elsevier España, 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

Lung cancer (LC) is the most common cancer in the world,
causing a large number of cancer-related deaths. In 2012,
approximately 1.8 million patients had LC worldwide, with
an estimated 1.6 million deaths in the same year. About 95%
of all LC cases are classified as small cell lung cancer (SCLC)
or non-small cell lung cancer (NSCLC).1,2

The treatment plan in LC depends on several factors such
as cell type (e.g. SCLC, NSCLC), patient medical condition,
Eastern Cooperative Oncology Group Performance Status
(ECOG-PS), and tumor stage. Surgery, chemotherapy (CT),
radiotherapy (RT), or chemoradiotherapy (CRT) are widely
used to treat patients with a curative intent in stage I, II, or
III NSCLC.2,3

Stage III NSCLC involves a very heterogeneous group of
patients. In addition, many aspects of treatment in stage
III disease are still controversial. The definition of stage
III disease in LC has changed over time. Moreover, many
improvements in LC treatment, including the use of new CT
agents, recent advances in RT, and new surgical techniques,
limit the interpretation of the results from previous clinical
trials.3---5

Indeed, LC is an elderly population disease. The median
age at diagnosis in LC is 71. Therefore, it becomes increas-
ingly important to establish an effective treatment for
elderly patients with LC. Concurrent chemoradiotherapy
(cCRT) is the mainstay of treatment for patients with
locally advanced and inoperable NSCLC. However, few clin-
ical studies have been designed to specifically examine the
treatment outcomes of elderly patients with stage III NSCLC
and it is unclear whether cCRT is appropriate for elderly
patients.6,7

This was a real-world study and aimed to analyze the
factors affecting survival along with the effects of different
treatment modalities (CT, sCRT, cCRT, and RT) on treat-
ment outcomes in unoperated and locally-advanced NSCLC
patients aged 70 years and older.

Methods

Study population

Hospital records and written archive files of 2259 patients
with LC, who were followed up and treated between 2005
and 2017 in Okmeydanı Training and Research Hospital-

Figure 1 Patient selection for study; a flow diagram.

Istanbul, Turkey, were reviewed retrospectively. Patients
with a second primary malignancy, age <70 years, those with
missing data, metastatic disease at diagnosis, and patients
undergoing surgery for LC were excluded from the study. In
total, 130 locally advanced (clinical stage IIIA-IIIB) and unop-
erated NSCLC patients aged 70 and over were subtracted for
the analysis (Fig. 1). The staging procedure was performed
by using 18F-FDG-Positron emission tomography/computed
tomography and brain magnetic resonance imaging before
the treatment. Patients were restaged according to the AJCC
(American Joint Committee on Cancer) Cancer Staging Man-
ual, 8th edition.

Data collection

Clinical and demographic features including age, gender,
smoking status, body mass index (BMI), presence of comor-
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bid disease (e.g. hypertension, diabetes mellitus, ischemic
heart disease), ECOG-PS, histological subtype, recurrence,
treatment modality, CT regimen, response to treatment,
first-line CT regimen used in the metastatic setting, and
data regarding the patient final status were obtained from
written archive files. According to the treatment modality,
patients were divided into four groups as CT, cCRT, sequen-
tial chemoradiotherapy (sCRT), and RT only. In patients
receiving RT (cCRT, sCRT, and RT), RT was administered at a
total dose of 60−66 Gy, 2 Gy/day per fraction.

Treatment modalities and CT regimens were described
as follows; *CT, single-agent platinum (carboplatin or cis-
platin) or combined cytotoxic CT, *cCRT; carboplatin (AUC
2) + paclitaxel (50 mg/m2 iv, on day 1 weekly) + concur-
rent thoracic RT, or cisplatin (75 mg/m2 iv, on day 1 and 8)
+ etoposide (100 mg/m2 iv, on day 1---5 ), cycled every 28
days + concurrent thoracic RT, or cisplatin (20 mg/m2 iv, on
day 1 weekly) + docetaxel (20 mg/m2 iv, on day 1 weekly) +
concurrent thoracic RT, *sCRT; single-agent platinum (carbo-
platin or cisplatin) or combined cytotoxic CT was delivered
within 30 days before or after initiation of RT.

BMI was calculated by dividing weight in kilograms by
height in meters squared (kg/m2). Progression free survival
(PFS) was calculated as the time interval from the beginning
of treatment to the date of progression. Overall survival (OS)
was defined as the time period from the date of diagnosis to
the date of death or last alive contact.

Ethical approval

This study was conducted in accordance with the Declaration
of Helsinki and reviewed and approved by the Ethics Com-
mittee of the Okmeydani Training and Research Hospital,
University of Health Sciences (48670771-514.10).

Statistical analysis

Statistical Package for Social Sciences 22.0 for Windows soft-
ware (Armonk NY, IBM Corp. 2013) was used for statistical
analysis. For numerical variables, descriptive statistics were
reported as mean, standard deviation, minimum, and max-
imum. For categorical variables, descriptive statistics were
presented as number and percentage. Student’s t-test was
used when numerical variable provided a normal distribution
condition between the two independent groups and Mann
Whitney U test was used when the normal distribution condi-
tion was not met. Chi square analysis was used to compare
the ratios among the groups. Monte Carlo simulation was
applied when the conditions were not met. Survival was ana-
lyzed using Kaplan Meier method. The determinant factors
were examined by Cox Regression Analysis. Forward step-
wise model was used for values <0.150 in univariate analysis.
Statistical significance level was accepted as p < 0.05.

Results

Of the 130 patients included in the analysis; CT, cCRT,
sCRT, and RT were applied in 25 (19.2%), 30 (23.1%), 31
(23.8%), and 44 (33.8%) patients, retrospectively. Twelve
(9.2%) patients were female and 118 (90.8%) patients were

male, with a median age of 72 years (range, 70---88). A total
of 125 (96.2%) patients had smoking history. Nearly half of
the patients (47.7%) had HT at the time of diagnosis. The
information of histological subtype in 38 (29.2%) patients
was not available. Sixty (46.2%) patients were stage IIIA and
70 (53.8%) patients were stage IIIB. During the follow-up,
106 (81.5%) patients died and 121 patients experienced dis-
ease recurrence, of the patients who developed recurrence,
only 27 (20.8%) were able to receive first-line CT (Table 1).

In patients receiving cCRT, radiotherapy was admin-
istered concurrently with cisplatin + etoposide (CE) in 7
(23.3%) patients, carboplatin + paclitaxel (CP) in 15 (50%)
patients, and cisplatin + docetaxel (CD) in 8 (26.7) patients.
In total, 18 patients received a consolidation CT following
cCRT; 12 of 15 patients receiving cCRT with CP received 2
more cycles of carboplatin (AUC 5---6 iv, on day 1) + pacli-
taxel (175 mg/m2, on day 1), cycled every 21 days and 6 of
8 patients receiving cCRT with CD received 2 more cycles of
cisplatin (75 mg/m2 iv, on day 1) + docetaxel (75 mg/m2 iv,
on day 1), cycled every 21 days (Table 1).

Median PFS and mOS durations according to the disease
stage were 16 and 33 months in patients with stage IIIA dis-
ease versus 7.0 and 9.0 months in those with stage IIIB,
respectively (log rank p < 0.001, log rank p < 0.001, respec-
tively). Stage IIIA patients treated with CT, cCRT, sCRT, or
RT alone had mOS of 22, 36, 30, and 23.0 months, respec-
tively (Log rank p = 0.549). Corresponding mOS durations
in stage IIIB were 6, 23, 10, and 8.0 months (Log rank
p = 0.014) (Fig. 2). Median PFS in all patients treated with
CT, cCRT, sCRT, and RT alone were 8, 15, 10, and 9 months,
respectively (Log rank p = 0.077). Corresponding mOS dura-
tions were 10, 33, 20, and 15 months (Log rank p = 0.04).
No significant differences were observed in mOS and mPFS
between the CT regimens given concurrently with RT (Log
rank p = 0.497, Log rank p = 0.498, respectively) (Fig. 3).

In univariate analysis, ECOG-PS 2 [hazard ratio (HR),
1.927; 95% Confidence interval (CI), 1.258---2.953], ECOG-
PS 3---4 (HR, 3.274; 95% CI, 1.874---5.729), and stage IIIB
disease (HR, 2.656; 95% CI, 1.768---3.989) were the fac-
tors adversely affecting survival, whereas cCRT and sCRT
(HR, 0.434; 95% CI, 0.231---0.813 and HR, 0.547; 95% CI,
0.309---0.967) were observed to be associated with favor-
able survival. Likewise, In multivariate analysis, stage IIIB
disease (HR,2.899; 95% CI,1.894---4.438), ECOG-PS 2 (HR,
2.106; 95 % CI, 1.346---3.296), and ECOG-PS 3---4 (HR,5.139;
95%CI, 2.689---9.822) were found to be the negative factors
affecting survival, while cCRT and sCRT were the indepen-
dent factors associated with better survival (HR, 0.452; 95%
CI, 0.239-0.857 and HR, 0.509; 95% CI, 0.284-0.912, respec-
tively) (Table 2)

Discussion

It is known that the feasibility rates of definitive treat-
ment in elderly patients with locally advanced NSCLC are
lower than those of non-elderly patients.8 In this study, we
investigated the factors affecting survival in stage III NSCLC
patients aged 70 years and older who were treated with CT,
cCRT, sCRT, or RT alone. We showed that survival was signi-
ficantly decreased as ECOG-PS increased. However, the use
of combined treatment modality significantly increased sur-
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Figure 2 Survival according to stage; A, PFS according to stage; B, OS according to stage; C, OS according to treatment groups in
stage IIIA; D, OS according to treatment groups in stage IIIB.
Abbreviations: CT, Chemotherapy; cCRT, Concurrent chemoradiotherapy; OS, Overall survival; RT, Radiotherapy; PFS, Progression-
free survival: sCRT, Sequential chemoradiotherapy.

vival, with the best outcomes observed in patients treated
with cCRT.

NSCLC accounts for approximately 85% of all cases
of LC. In spite of the progress achieved in treatment
modalities, NSCLC still has a poor prognosis. Age, gen-
der, histology, and stage are known prognostic factors and
new biological markers are being investigated.9 Stage III
NSCLC represents approximately 30% of newly-diagnosed
cancer patients and this patient population is extremely
heterogeneous, hence requiring a multidisciplinary treat-
ment approach. Elderly patients with LC account for more
than one third of all LC patients However, limited data is
currently available to guide decision-making in the elderly
population. Given the conflicting and inadequate data on
this patient population, the optimal treatment strategy for
elderly patient with stage III NSCLC needs to be further
defined.10---13

Driessen et al. performed a multicenter retrospective
study including 216 stage III NSCLC patients and reported
mOS to be 18 months for patients treated with cCRT, 12
months for those receiving sCRT, 11 months for patients
treated with RT alone, and 5 months for patients not under-
going a curative treatment. The authors also concluded that
there was no improvement in OS in patients aged 70 and
over treated with cCRT, compared with patients receiv-
ing sCRT or RT alone.14 On the contrary, in the study by
Davidoff et al. using Survival Epidemiology and End Results-
Medicare, stage IIIA and IIIB patients over 65 years of age
treated with cCRT had significantly improved overall sur-
vival rates. In addition, stage and ECOG-PS were found
to be independent factors affecting survival.15 Similarly,
in a subgroup analysis of 2 prospective studies by Schild
et al. analyzing 166 patients with NSCLC aged 65 and over,
mOS was 10.5 months in patients receiving RT alone and
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Figure 3 OS according to the treatment; A, PFS according to the treatment modality; B, OS according to the treatment modality;
C, PFS according to the CT regimen in patients treated with cCRT; D, OS according to the CT regimen in patients treated with cCRT.
Abbreviations: CT, Chemotherapy; cCRT, Concurrent chemoradiotherapy; OS, Overall survival; RT, Radiotherapy; PFS, Progression-
free survival: sCRT, Sequential chemoradiotherapy.

13.7 months in those treated with cCRT, demonstrating a
significantly longer survival with cCRT.16 Additionally, in a
multicenter and prospective study by Atagi et al. including
200 patients with stage IIIA-IIIB NSCLC treated with either
RT alone (n = 100) or cCRT (n = 100), mOS was found to be
16.9 in patients receiving RT alone versus 22.4 months in
those treated with cCRT, with a statistically significant sur-
vival difference.17 Our results were similar to those reported
by Atagi et al., with corresponding OS durations of 15 and 33
months. Moreover, in our study, stage, ECOG-PS, and receiv-
ing cCRT were found to be independent factors affecting
survival, as shown by Atagi et al.

In the phase-II SWOG-9019 study, 50 patients with stage
IIIB NSCLC received cCRT with CE and demonstrated a mOS
of 15 months.18 In a later phase III study, mOS was detected
23.2 months and it was shown that maintenance treat-
ment with docetaxel following cCRT with CE had no survival
advantage.19 In another phase II study by Belani et al. who
analyzed inoperable and locally advanced NSCLC patients, 2
cycles of additional CP were given after cCRT with CP and
mOS was found to be 16 months.20 In a later phase III 3 study
comparing the cCRT with CE vs. cCRT with CP, mOS was

found to be 23.3 months and 20.7 months, respectively.21

Yamamoto et al. and Kiura et al. reported mOS of 23.1 and
23.4 months, respectively, in locally advanced and inoper-
able NSCLC patients treated with cCRT with CD.22,23 Our
study also included stage IIIA NSCLC patients and no main-
tenance CT was given after cCRT with CE, whereas most
patients treated with cCRT with CP and cCRT with CD
received maintenance CT. In our study, although patients
receiving cCRT with CE had the best survival durations,
there was no statistically significant difference in mOS
duration between the CT regimens given concurrently with
RT.

Compared with the previous studies, the treatment
groups in our study were more homogeneous and the fol-
low up period was relatively longer.14---16 In addition, survival
analysis could be performed according to the treatment reg-
imens concurrently used with RT. Although real life data
were presented in this study, this was a single-centered
study of a retrospective nature, including a relatively small
number of cases. The results of this study may therefore
be flawed by selection bias inherent in retrospective stud-
ies. Another major limitation for this study was the failure
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Table 2 Factors affecting survival.

Characteristics Univariate analysis for OS Multivariate analysis for OS

HR 95 % CI P HR 95 % CI P

Gender Male vs. female 0.856 0.468---1.566 0.615
Age Years 0.995 0.944---1.047 0.837
Smoking Yes vs. no 1.081 0.439---2.660 0.866
BMI Kg/m2 0.995 0.936---1.058 0.875
Hypertension Yes vs. no 1.577 0.691---1.851 0.436
Diabetes mellitus Yes vs. no 0.857 0.416---1.766 0.675
Ischemic heart failure Yes vs. no 1.604 0.974---4.251 0.150
ECOG-PS 0---1 (ref) Reference <0.001 1 <0.001

2 1.927 1.258---2.953 0.003 2.106 1.346---3.296 0.001
3---4 3.274 1.871---5.729 <0.001 5.139 2.689---9.822 <0.001

Stage IIIA vs. IIIB 2.656 1.768---3.989 <0.001 2.899 1.894---4.438 <0.001
Histology Unknown(ref.) 1 0.769

SCC 1.179 0.753---1.846 0.472
AC 1.121 0.670---1.874 0.663

Grade Poor vs. moderate 1.292 0.581---2.873 0.530
Treatment
modality

CT Reference 0.052 0.057
cCRT 0.434 0.231---0.813 0.009 0.452 0.239---0.857 0.015
sCRT 0.547 0.309---0.967 0.038 0.509 0.284---0.912 0.023
RT alone 0.632 0.374---1.069 0.087 0.673 0.338---1.049 0.076

Abbreviations: AC, Adenocarcinoma; ECOG PS, Eastern cooperative oncology group performance status; CT, Chemotherapy; cCRT, Concur-
rent chemoradiotherapy; RT, Radiotherapy; SCC, Squamous cell carcinoma; sCRT: Sequential chemoradiotherapy.

to reach the side effect profile in the entire population. In
addition, a detailed geriatric evaluation could not be per-
formed.

In conclusion, the present study demonstrated that
ECOG-PS and CRT were found to be the most important
factors affecting survival in locally advanced and unop-
erated stage III NSCL patients aged 70 years and over.
The best survival was achieved in patients treated with
cCRT. In light of these data, we think that cCRT should be
strongly considered in elderly patients with locally advanced
NSCLC, taking into account the performance status and
comorbidities in the elderly population. Nevertheless, our
results need to be confirmed by larger prospective stud-
ies.
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Abstract
Background and objectives: Mortality of patients with pulmonary tuberculosis (TB) admitted to
emergency departments is high. This study was aimed at analysing the risk factors associated
with early mortality and designing a risk score based on simple parameters.
Methods: This prospective case-control study enrolled patients admitted to the emergency
department of a referral TB hospital. Clinical, radiological, biochemical and microbiological
risk factors associated with death were compared among patients dying within one week from
admission (cases) and those surviving (controls).
Results: Forty-nine of 250 patients (19.6%) experienced early mortality. Multiple logistic regres-
sion analysis showed that oxygen saturation (SaO2) ≤90%, severe malnutrition, tachypnoea,
tachycardia, hypotension, advanced disease at chest radiography, severe anaemia, hypona-
tremia, hypoproteinemia and hypercapnia were independently and significantly associated with
early mortality. A clinical scoring system was further designed to stratify the risk of death
by selecting five simple parameters (SpO2 ≤ 90%, tachypnoea, hypotension, advanced disease
at chest radiography and tachycardia). This model predicted early mortality with a positive
predictive value of 94.88% and a negative predictive value of 19.90%.
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Conclusions: The scoring system based on simple parameters may help to refer severely ill
patients early to a higher level to reduce mortality, improve success rates, minimise the need
for pulmonary rehabilitation and prevent post-treatment sequelae.
© 2020 Sociedade Portuguesa de Pneumologia. Published by Elsevier España, 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

Tuberculosis (TB) is a major public health problem world-
wide. A significant number of patients die due to TB across
the globe despite good control programmes in many coun-
tries including India.1 The best WHO estimate is that around
10.0 million people developed TB disease in 2018, with 1.2
million deaths from TB, including 251,000 Human Immunod-
eficiency Virus (HIV) positive people.1 In India the estimated
number of new TB cases was 2,700,000 accounting for about
a quarter of the world’s TB burden with 440,000 deaths in
2018.1---3 The India National TB Elimination Plan 2017---2025
introduced a mortality target (90% reduction by 2025, i.e.
global reduction from 32 to 3 death per 100,000 population)3

to contribute to monitoring this core parameter.
The literature on factors associated with early mortal-

ity of patients with TB is scanty. The available studies are
based on cohort analysis of treatment outcomes and, with
a single exception,4 analysed long-term mortality with a
retrospective approach.5---11 These studies identified drug-
resistant TB and HIV infection as the main determinants of
mortality.4---8 The risk factors for early and long-term mortal-
ity are likely to be different. Adequate identification of early
mortality predictors would allow clinicians to early identify
patients at risk. Moreover, as after Intensive Care Unit (ICU)
admission the surviving patients often need pulmonary reha-
bilitation, a more precise risk stratification of these cases
would be very useful, both from a clinical and public health
perspective.12---16

The aims of this prospective case-control study were:
1) to identify risk factors of patients with TB associated
with early mortality (within one week from admission); 2) to
develop a simple risk score to be easily assessed in periph-
eral units to call for rapid clinical action and prevention of
avoidable mortality.

Methods

This is an international collaborative prospective case-
control study consisting of two steps: 1: to identify the risk
factors independently associated to early mortality; and 2:
based on them, to design a simple risk score which can be
applied in all health facilities to prevent early mortality.

Setting and patients

This collaborative study was conducted between May 2017
and May 2019 at the National Institute of Tuberculosis and

Respiratory Diseases, New Delhi, India (a referral, tertiary
level institute for TB management) in collaboration with the
Maugeri Institute, Tradate, Italy (a reference centre with
interest in TB research and rehabilitation).13 In India one
of four admissions to the emergency department are due
to patients with diagnosed or presumptive TB. All consec-
utive bacteriologically confirmed (at direct sputum smear
and XPERT® MTB/RIF assay) patients admitted at the emer-
gency department with symptoms and/or signs suggestive
of TB (e.g. cough, fever, or hemoptysis, for more than two
weeks) were enrolled in the study upon consultation with the
Maugeri Institute. The patients who died within 7 days after
admission within the study period were defined as cases and
those surviving were defined as controls. All causes of death
were documented.

The study was approved by the ethics and research com-
mittee of the participating institutions (N◦ 12,007/2017
dated 07-02-2017 and 12,733/2017 dated 01-03-2017,
respectively). Patients (when not possible, the relatives)
signed the informed consent.

Study design
All enrolled patients underwent a comprehensive clinical
examination and a detailed medical history. All the findings
were entered in a clinical data-collection form, including:

1 Demographics and anthropometrics; socio-economic
status as per Kuppuswamy scale.17; smoking history
(number of bidis and cigarettes smoked per day mul-
tiplied by the year of smoking); alcohol use history
according to the Diagnostic and Statistical Manual of
Mental Disorders, Fourth Edition, (DSM-IV) criteria for
alcohol dependence18;

2 Duration of signs and symptoms; history of previous anti-
TB treatment; direct sputum smear for acid fast bacilli;
co-morbidities (diabetes mellitus, chronic obstructive
pulmonary disease, co-infection with HIV and cardiovas-
cular diseases);

3 Clinical signs: arterial blood pressure, pulse rate, respi-
ratory rate, body temperature, and presence/absence
of wheezing;

4 Laboratory: Pulse oximetry (SpO2) and arterial blood
gases; blood count, renal and liver function tests, serum
electrolytes;

5 As per Indian guidelines all patients were tested for HIV
co-infection.

6 All patients underwent a postero-anterior chest radio-
graphy read by two independent expert clinicians and
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classified according to the USA National Tuberculosis
Association criteria19 as follows:

(7) Minimal lesions. Without cavities and of slight to mod-
erate density. They may involve a small part of one or
both lungs, but the total extent (regardless of distri-
bution) should not exceed the volume of lung on one
side that occupies the space above the second chondro-
sternal junction and the spine of the forth -or body of
the fifth- vertebra.

(8) Moderately advanced lesions. Localized in one or both
lungs, cavities (if present) with a total diameter below
4 cm, with total extent not exceed the following:
a. disseminated lesions of slight to moderate density
throughout the total volume of one lung or the equiva-
lent in both lungs; b. dense and confluent lesions limited
in extent to one-third the volume of a single lung.

(9) Far advanced lesions. More extensive than the moder-
ately advanced ones.

Other chest X-ray details (such as unilateral/ bilateral,
with/without cavities) were also recorded.

Discrepancies in reading were resolved by consensus.

Statistical analysis

Sample size calculation
Preliminary data from the emergency department (first
quarter 2016) indicate that out of 175 admissions, 69 were
due to bacteriologically confirmed TB patients, with high
mortality within the first week following admission (5/69,
7.2%). The hypothesis guiding the study design and the sam-
ple size calculation is that a fraction of this mortality is
preventable via rapid referral to higher clinical level, given
adequate criteria to identify the patients are available and
that a suitable cut-off to define early mortality is one week.

Therefore, considering these assumptions with 95% confi-
dence interval and 3% absolute precision, the sample size
was calculated as follows:

n = Z2
(1−˛/2)PQ

d2 = (1.96)2 (0.07) (0.93)
(0.1) (0.1)

n = Sample size; � = 0.05; P = Percentage of patient with diag-
nosis of PTB; Q = (1-P); Z = 1.96 at significance level of 5%;
d = Absolute precision

The resulting sample size of 243, was rounded up to 250.

Step 1: defining risk factors for early mortality
Both univariate and multivariate logistic regression models
were used to assess the risk factors independently associ-
ated with early mortality. A p value of <0.05 was considered
statistically significant.

Step 2: defining a simple risk score to predict early
mortality
Among the independent factors significantly associated to
early mortality in the multiple logistic regression analysis,
we identified those which could be easily evaluated in a
peripheral health unit; they were used to design a clinical
prediction model able to stratify the risk of death among

TB patients. A specific weight was assigned to each vari-
able based on their Odds Ratios (i.e., the risk factor with a
higher odds ratio got a higher weighted score). The scores
were then used to classify patients into levels of increasing
risk of mortality.

The study data was analysed and the scores assigned with
several simulations in such a way that no patient group with
lower mortality risk would be placed at a higher level (and
vice-versa). A higher risk score was therefore expected to
be associated with a higher probability of early mortality.

Proportions were calculated for categorical variables and
mean ± Standard Deviation (SD) for continuous variables.
The data were entered in Microsoft® Excel spreadsheet and
analysis was done using Statistical Package for Social Sci-
ences (IBM, Armonk, NY, USA) version 21.0.

Results

The analysis was performed on 250 patients out of which
49 were cases (patients who died within one week from
admission) and 201 controls (those who survived). Their
characteristics are summarized in Table 1.

Step 1: risk factors for early mortality

From the univariate analysis the factors significantly asso-
ciated with mortality were: lower socio-economic status,
longer treatment duration, severe malnutrition (assessed by
Body Mass Index ---- BMI), previous history of anti-TB treat-
ment, advanced disease on chest radiography, tachycardia,
hypotension and tachypnoea, anaemia, sepsis, thrombo-
cytopenia, electrolyte dis-balance including hyponatremia
and hypokalemia, SpO2 ≤ 90%, hypercapnia, hypoxaemia and
hypoproteinemia.

As shown in Table 2, the factors independently and signi-
ficantly associated with mortality at the multiple logistic
regression analysis were SpO2 ≤ 90%, severe malnutrition,
tachypnea, tachycardia, hypotension, advanced disease at
chest radiography, severe anaemia, hypoxaemia, hypona-
tremia, hypoproteinemia and hypercapnia.

Only four patients diagnosed with TB were co-infected
with HIV. Four patients were infected by rifampicin-resistant
strains of Mycobacterium tuberculosis among cases and 18
among controls.

Step 2: simple risk score to predict early mortality

The five significant risk parameters from the multivariate
logistic regression analysis and easy to measure in field
conditions include: SpO2 ≤90%, tachypnoea, hypotension,
advanced disease at chest radiography and tachycardia
(Table 3A).

Using the weights summarised in Table 3A, the scoring
system to stratify the risk of death was designed assign-
ing a score from 0 to 6+ to each patient (Table 3B). The
mortality rate associated with a risk score of 1---2, 3---5 and
≥6 was found to be 15%, 33% and 87.5%, respectively. The
prediction model had area under receiver operating char-
acteristic (ROC) curve (Fig. 1) of 0.86 indicating a very
good predictability of the model. This model predicted early
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Table 1 Summary of the patients’ characteristics.

Cases (n = 49) Controls (n = 201) p-Value

Age (years)
a) >60 7 (14.3%) 46 (22.9%) p = 0.206
b) <60 42 (85.7%) 155 (77.1%)

Sex
a) Male 36 (73.5%) 134 (66.7%) p = 0.360
b) Female 13 (26.5%) 67 (33.3%)

Social class (Kuppuswamy scale)12

a) Upper middle 1 (2.0%) 2 (0.1%) p = 0.00094
b) Lower middle 6 (12.2%) 33 (16.4%)
c) Upper lower 5 (10.2%) 74 (36.8%)
d) Lower 37 (75.5%) 92 (45.8%)

Smoking habit
a) Yes 23 (46.9%) 83 (41.3%) p = 0.4733
b) No 26 (53.1%) 118 (58.7%)

Smoking index
a) >500 5 (10.2%) 25 (12.4%) p = 0.666
b) 0-500 44 (89.8%) 176 (87.6%)

History of alcoholism
a) Yes 18 (36.7%) 64 (31.8%) p = 0.5129
b) No 31 (63.2%) 137 (68.1%)

BMI, Kg/m2

a) <16 46 (93.9%) 161 (80.1%) p = 0.0219
b) >16 3 (6.1%) 40 (19.9%)

Past history of ATT
a) Yes 34 (69.4%) 106 (52.7%) p = 0.0054
b) No 15 (30.6%) 95 (47.2%)

Duration of treatment in previous TB episodes
a) >1 year 8 (23.5%) 16 (15.9%) p = 0.0014
b) 6 months-1 year 16 (47.0%) 22 (20.6%)
c) <6 months 10 (29.4%) 68 (63.5%)

Number of times ATT taken
a) >2 8 (23.5%) 13 (12.3%) p = 0.134
b) 2 12 (35.3%) 27 (24.5%)
c) 1 14 (41.2%) 66 (62.3%)

Drug sensitive TB
a) Yes 44 (89.9%) 179 (89.05%) P = 0.89
a) No 5 (10.1%) 22 (10.95%)

Health service
a) Private 22 (64.7%) 70 (66.0%) p = 0.900
b) Public 8 (23.5%) 27 (25.5%)
c) Public and private 4 (11.8%) 9 (8.5%)

SpO2

a) ≤90% 37 (75.5%) 110 (54.7%) p = 0.00012
b) >90% 12 (24.5%) 91 (45.3%)

PaCO2, mmHg
a) >45 2 (4.1%) 1 (0.5%) p = 0.038
b) <45 47 (95.9%) 200 (99.5%)

PaO2, mmHg
a) <70 40 (81.6%) 98 (49.2%) p = 0.000044
b) >70 9 (18.4%) 101 (50.7%)

Haemoglobin, gm/dl
a) <7 23 (46.9%) 40 (19.1%) p = 0.00627
b) 7---10 18 (36.7%) 95 (47.3%)
c) 10---12 2 (4.1%) 34 (16.9%)
d) >12 6 (12.2%) 32 (15.9%)
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Table 1 (Continued)

Cases (n = 49) Controls (n = 201) p-Value

White cells, cells/�L
a) <4000 and >11000 32 (65.3%) 96 (47.8%) p = 0.027
b) 4000---11000 17 (34.7%) 105 (52.2%)

Platelet count,
a) <150 × 103/�L 9 (18.4%) 171 (85.9%) p = 0.00001
b) ≥150 × 103/�L 40 (81.6%) 28 (14.1%)

Heart rate per minute
a) >100 9 (18.3%) 91 (45.3%) p = 0.00056
b) <100 40 (81.6%) 110 (54.7%)

Systolic blood pressure, mmHg
a) <90 32 (65.3%) 75 (37.3%) p = 0.00038
b) >90 17 (34.7%) 126 (62.7%)

Respiratory rate, per minute
a) ≥20 39 (79.5%) 109 (54.2%) p = 0.00119
a) <20 10 (20.4%) 92 (45.8%)

Serum sodium, mEq/L
a) <135 37 (75.5%) 109 (54.2%) p = 0.0067
b) 135---145 12 (24.5%) 92 (45.8%)

Serum potassium, mEq/L
a) <3.5 45 (91.8%) 88 (43.8%) p = 0.00001
b) 3.5---5.0 4 (8.2%) 113 (56.2%)

Total serum proteins, gm/dl
a) <6.5 41 (83.7%) 132 (65.7%) p = 0.014
b) 6.5---8 8 (16.3%) 69 (34.3%)

Chest radiography
a) Advanced disease 16 (32.6%) 22 (10.9%) p = 0.0005
b) Moderate disease 31 (63.3%) 158 (78.6%)
c) Minimal disease 2 (4.1%) 21 (10.4%)

Cavities
a) Yes 44 (89.8%) 150 (74.6%) p = 0.022
b) No 5 (10.2%) 51 (25.4%)

Cavities (n = 44) (n = 150)
a) Single 1 (2.3%) 14 (9.3%) p = 0.123
b) Multiple 43 (97.7%) 136 (90.7%)

Data shown as n (%), unless otherwise stated. BMI: body mass index; ATT: anti-tuberculosis treatment; ABG: arterial blood gas; TLC:
total leucocyte count; BP: blood pressure; AFB: acid fast bacilli; RBC: red blood cell; SpO2: estimate of arterial oxygen saturation PaCO2:
partial pressure of oxygen in the arterial blood.

Table 2 Variables independently associate with early mortality at the multivariate logistic regression analysis.

Odds ratio (95% CI) p Value

a) BMI <16 kg/m2 3.80 (1.12---12.88) p = 0.0202
b) Hb < 7 gm/dl p = 0.02796
c) SpO2 < 90% 4.25 (4.01---6.17) p = 0.0004301
d) Serum sodium, <135 mEq/L 2.60 (1.28---5.28) p = 0.044456
e) Total serum proteins, <6.5 gm/dl 2.88 (0.98---8.47) p = 0.02497
f) Advanced disease on chest radiography p = 0.00011
g) Cavity 2.99 (1.12---7.95) p = 6.03E-05
h) PaCO2 > 45 mmHg 8.51 (0.75---9.58) p = 0.04445
i) Heart rate > 100 per minute 2.27 (1.12---2.59) p = 0.00012
j) Systolic blood pressure < 90 mmHg 3.16 (1.64---6.08) p = 0.01255
k) Respiratory Rate > 20 per minute: 3.29 (1.55---6.95) p = 0.04201
l) PaO2 < 70 mmHg 4.58 (2.11---9.93) p = 4.98E-06

Abbreviations: OR: odds ratio; CI: confidence interval; BMI: Body Mass Index; SpO2: estimate of arterial oxygen saturation; PaCO2: partial
pressure of oxygen in the arterial blood.
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Table 3A Five core risk parameters composing the clinical scoring system to predict early mortality.

Predicting factor Multivariate OR (95% CI) Weight for risk score

SpO2 ≤ 90% 6.1 (3.37---7.75) 4
Respiratory rate > 20 per minute 4.95 (2.32---10.4) 2
Systolic blood pressure < 90 mmHg 4.8 (2.46---9.12) 2
Advanced disease on chest radiography 4.0 (1.68---11.92) 1
Heart rate > 100 per minute 3.6 (1.68---3.88) 1

Abbreviations: OR: odds ratio; CI: confidence interval; SpO2: estimate of arterial oxygen saturation;

Table 3B Stratification of the pulmonary TB patients
admitted to emergency care according to the newly devel-
oped risk assessment tool’.

Risk score Risk class Mortality

a) 1---2 Low 15%
b) 3---5 Moderate 33%
c) >6 High 87.5%

Figure 1 Receiver operating characteristic (ROC) curve for
the clinical scoring system and mortality rate.
Area under ROC curve: 0.86; Accuracy 88%.

mortality with a positive predictive value of 94.88% and a
negative predictive value of 19.90%.

Discussion

This prospective study assessed the risk factors of patients
with TB associated with early mortality at the emergency
department level in a developing country. Furthermore, it
allowed us to stratify the mortality risk by using basic and
easy measurable parameters. To the best of our knowl-
edge, our study is also the first prospective study specifically
designed and powered to study early mortality of these
patients admitted to the emergency department and to
propose a clinical prediction model to stratify all the
patients admitted to an emergency department for early
mortality.9---11 Although the evidence raised is limited to
India, and more evidence is needed, the model is likely to be
useful in other intermediate and low-income settings, being
based on simple parameters. Early referral to intensive care
is likely to reduce preventable early mortality.

Our study suggests that severe malnutrition is an inde-
pendent risk factor for mortality. In a study by Yung-Feng
Yen et al.20 severe malnutrition was significantly associated
with higher risk of all-cause mortality in these patients. The
Indian Government has considered malnutrition in patients
with TB as a serious concern and framed a national policy
to provide financial aid to all patients by transferring cash
incentives every month to their accounts till the completion
of treatment as an initiative to improve their nutritional
status.2 In our study severe anaemia was observed in 46.9%
of cases, as compared to 19.1% of controls. Anaemia was
associated with mortality in a retrospective case-control
study in South Africa in which 50% of patients died.10

Interestingly enough, the factors independently and sig-
nificantly associated with mortality in our study did not
include history of previous treatment. As the treatment
of drug-susceptible TB has not changed over the last four
decades and the prevalence of drug resistance is alarming in
several countries (including India), new drugs and regimens
are urgently needed.21,22

The use of clinical prediction rules (CPRs) gained recent
relevance in the field of pulmonary diseases. Most of the
prediction rules available so far in the area of TB cover diag-
nosis, with only three studies providing prognosis-centred
CPRs.11,23---29 Wejse et al.28 proposed the first CPR (the
BandimTBscore) in a low-resource country (Guinea-Bissau),
based on five symptoms and six clinical signs. However,
the study included HIV-positive patients who might have
been independent risk factors for mortality.24 Horita et al.30

developed a CPR to predict in-hospital TB mortality. How-
ever, exclusion of multi-drug resistant cases might have
biased the conclusions as well as excluding co-morbidities
(e.g. diabetes) from their prediction model.30 Bastos et al.11

conducted a retrospective cohort study in Portugal and
selected five risk parameters in patients with pulmonary TB
to formulate a risk assessment tool. They stratified patients
into low (score 2), moderate (score 3---5) and high (score 6)
mortality risk. However, six-month mortality was taken as
the outcome measure.

Patients with higher scores are likely to benefit from early
admission to intensive/advanced medical care units. Impor-
tantly, the prediction of mortality is independent from both
the patients’ collaboration and the clinician’s subjective
judgement.

Recent evidence suggests that a significant propor-
tion of TB cases are affected by functional abnormalities
(obstruction, restriction, mixed pattern) at the end of
their treatment as a consequence of sequelae.12---16 Recent
evidence is also available on the need for pulmonary reha-
bilitation following surgery for TB.31---32 A more accurate
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evaluation of severely ill patients with pulmonary TB with
earlier access to intensive care for those for which indica-
tion exists will minimise mortality, increase the proportion
of patients successfully cured and probably lower the occur-
rence of post-treatment sequelae. Further studies on this
are needed.

Study limitations

Some demographic factors like age and sex did not match
between cases and controls. Only four patients were HIV-TB
co-infected, as the prevalence of HIV-TB co-infection in the
Delhi population is much lower when compared to national
figures.33 Therefore, the influence of this important factor
on early mortality could not be properly evaluated. Fur-
thermore, the study was conducted in a TB hospital where
usually patients with advanced disease are admitted, so the
mortality rates might be skewed. Furthermore, the 7 days
cut-off to define early mortality (cases) is arbitrary and the
proposed score needs to be tested in different settings and
countries to define its generalisability.

Conclusions

The five significant risk parameters which are independently
and significantly associated with mortality in TB patients
and are easy to measure in field conditions include: SpO2

≤90%, tachypnoea, hypotension, advanced disease at chest
radiography and tachycardia. We propose a scoring system
to predict a mortality rate in patients with severe pul-
monary TB admitted to an emergency department. The
study may help clinicians at the periphery level to early
identify severely ill patients using a scoring system based
on simple parameters. These parameters, easily measur-
able in peripheral health institutions of any setting would
allow early referral of such patients to specialised centres to
reduce mortality, improve success rates, minimise the need
for pulmonary rehabilitation and prevent post-treatment
sequelae. Further studies are necessary to evaluate the
workplace safety when potentially infectious TB cases are
admitted, and the role of appropriate airborne infection
control measures in reducing the risk of transmission to
other patients, health care workers and visitors.34 Finally,
although internal validation of the risk score was performed,
additional studies validating the score in similar and differ-
ent settings would allow us to clearly define a potentially
useful prognostic score for severe TB patients.
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Abstract:
Introduction: Invasive mechanical ventilation (IMV) is associated with several complications.
Placement of a long-term airway (tracheostomy) is also associated with short and long-term
risks for patients. Nevertheless, tracheostomies are placed to help reduce the duration of IMV,
facilitate weaning and eventually undergo successful decannulation.
Methods: We performed a narrative review by searching PubMed, Embase and Medline
databases to identify relevant citations using the search terms (with synonyms and closely
related words) ‘‘non-invasive ventilation’’, ‘‘tracheostomy’’ and ‘‘weaning’’. We identified
13 publications comprising retrospective or prospective studies in which non-invasive venti-
lation (NIV) was one of the strategies used during weaning from IMV and/or tracheostomy
decannulation.
Results: In some studies, patients with tracheostomies represented a subgroup of patients on
IMV. Most of the studies involved patients with underlying cardiopulmonary comorbidities and
conditions, and primarily involved specialized weaning centres. Not all studies provided data on
decannulation, although those which did, report high success rates for weaning and decannu-
lation when using NIV as an adjunct to weaning patient off ventilatory support. However, a
significant percentage of patients still needed home NIV after discharge.
Conclusions: The review supports a potential role for NIV in weaning patients with a tra-
cheostomy either off the ventilator and/or with its decannulation. Additional research is needed
to develop weaning protocols and better characterize the role of NIV during weaning.
© 2020 Sociedade Portuguesa de Pneumologia. Published by Elsevier España, 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

Invasive mechanical ventilation (IMV) with an endotra-
cheal tube may lead to ventilator associated pneumonia
and development of other ventilator-related complications
including ventilator-induced lung injury, muscular atro-
phy, diaphragmatic dysfunction,1 tracheal stenosis2 and
high sedation requirements. Factors associated with pro-
longed IMV include chronic cardiopulmonary diseases,
sepsis, critical illness myoneuropathy, the use of prolonged
and excessive sedation, neuromuscular blocking agents,
diaphragmatic weakness, tracheo-bronchial obstruction,
ineffective cough, retained secretion, nutritional and
metabolic deficits.3

Tracheostomy is often placed in patients needing
extended duration of endotracheal intubation. The most
common indications for tracheostomy are acute respiratory
failure with demonstrated or expected prolonged duration
of mechanical ventilation, failure to wean from IMV, upper
airway obstruction and copious secretions.4 It may diminish
risks associated with prolonged endotracheal tube use such
as ventilator-associated pneumonia, sinusitis and laryngeal

and tracheal damage. In addition, it also improves patient
comfort, reducing the need for sedation, and lowers air-
way resistance.4 Tracheostomy may also facilitate patient
recovery as it allows more effective airway access and secre-
tion clearance, reduces work of breathing, improves patient
comfort, and promotes progression of care in and outside the
intensive care unit (ICU).5

However, tracheostomy or placement of an artificial air-
way in the neck also has a host of short and long-term risks
and complications that mirror those associated with IMV. The
tracheostomy tube is a foreign body and can lead to infec-
tious and respiratory complications, along with impaired
swallowing. Moreover, patients with a tracheostomy are
unable to engage in pursed-lips breathing and lose the
contribution of the vocal cords in maintaining subglottic
pressure.6 In most cases, the use of tracheostomy also leads
to aphonia and loss of spoken communication. Early tra-
cheostomy complications include haemorrhage, structural
damage to trachea, aspiration, pneumothorax, pneumo-
mediastinum, subcutaneous emphysema, stoma infection
and stoma ulceration. Late complications include tracheal
stenosis, granulation tissue formation, tracheomalacia,
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pneumonia, trachea-arterial fistula and tracheoesophageal
fistula. Accidental decannulation and dysphagia are both
early and/or late complications.4 Also, mechanical ven-
tilation through a tracheostomy tube is associated with
more demanding out-hospital management and potential
respiratory incidents. In a study by Stieglitz et al. on
out-of-hospital IMV patients, almost half presented with
respiratory incidents, the most common being oxygen
desaturation and dyspnea, requiring other interventions
such as bag valve mask ventilation, need for pulmonolo-
gist consultation and replacement of the tracheostomy
tube.7

As more patients with multiple co-morbidities undergo
tracheostomy and develop difficulty with weaning, new
innovative concepts are urgently needed for their mana-
gement. Chronic ventilator dependent patients with
tracheostomies are at risk of aforementioned infections and
tracheal complications which further prolong duration of
mechanical ventilation as well as increased mortality, so
weaning from these artificial airways should start as soon
as possible.8 Surprisingly, there is very little data dealing
with tracheostomy patients in weaning from mechanical
ventilation and subsequent tracheostomy tube decannula-
tion. The former requires the unassisted respiratory muscles
to function well enough to manage the work of breath-
ing, the latter is feasible only if airways patency, glottic
function and cough efficiency are preserved. It is not
surprising that many of these patients are unable to over-
come these obstacles and remain ventilator dependent.
There is growing support for the use of non-invasive ven-
tilation (NIV) to facilitate this transition off ventilatory
support.

NIV has been used extensively to manage patients
with acute and chronic respiratory failure,9 as well as in
patients not capable of totally independent breathing after
extubation.10 NIV does not usually require sedation, allow-
ing patients to communicate, eat and drink. In a Cochrane
review11 of 16 trials that compared NIV with IMV wean-
ing, NIV significantly reduced mortality, weaning failures,
ventilator associated pneumonia, ICU and hospital length
of stay, total duration of IMV and rates of tracheostomy.
In subgroup analysis, the authors found that the mortal-
ity benefit was greater in COPD versus non-COPD patients.
The European Respiratory Society (ERS)/American Thoracic
Society (ATS) guidelines suggest that in hypercapnic res-
piratory failure NIV may be used to facilitate weaning
from IMV. It can also be used to prevent post-extubation
acute respiratory failure (ARF) in high-risk patients. How-
ever, NIV is not recommended for use in the treatment of
patients with established post-extubation acute respiratory
failure.12

The role of NIV in mechanically ventilated patients
with tracheostomy tubes to facilitate both weaning off
from the ventilator and removal of the tracheostomy
tube has a solid physiological rationale, but most clini-
cal evidence is derived from limited observational studies.
Therefore, to better outline the role of NIV in manage-
ment in these patients with tracheostomies and chronic
ventilatory failure, we conducted the following liter-
ature search and provide a narrative review on this
topic.

Research through PubMed, Embase
and Medline databases 

Publication identified (n=107)

Articles in which NIV was a strategy in 
weaning from tracheostomy (n=13)

Excluded for not directly 
addressing the use of NIV (n=94)

Fig. 1 Flowchart of the study selection process.

Methods

We searched PubMed, Embase and Medline databases for
relevant citations using the search terms (with synonyms
and closely related words) ‘‘non-invasive ventilation’’,
‘‘tracheostomy’’ and ‘‘weaning’’ from January 1992 to
February 2020. We have reviewed the bibliographies of
selected studies for additional references.

We identified 13 publications comprising retrospective or
prospective studies in which NIV was one of the strategies
used for patients with tracheostomies during weaning from
IMV and/or decannulation. These studies were analyzed in
relation to number of patients with tracheostomies, clinical
location and setting of NIV application, success in weaning
patient with tracheostomies from IMV, success of decannu-
lation of the tracheostomy tube and necessity for home NIV
after discharge. A flowchart of the study process is reported
in Fig. 1.

Due to limited and heterogeneous data, it was not feasi-
ble to perform a statistical analysis or provide high quality
evidence-based recommendations, but consensus recom-
mendations and opinions are provided where appropriate.

Rationale

Factors associated with difficulties in weaning patients with
tracheostomies from IMV include an imbalance between the
workload and the force efficacy of the ventilatory pump,
further limited by any compromise of the upper airways (for
example, bulbar dysfunction, low cough efficiency, vocal
cord dysfunction and airway stenosis and/or oedema).

Even brief periods of IMV may result in diaphragm weak-
ness due to a major decline of diaphragmatic contractile
force together with atrophy of diaphragm muscle fibres. IMV,
sepsis and malnutrition leading to mitochondrial oxidative
stress and inflammation, resulting in diaphragmatic muscle
atrophy and contractile dysfunction.13 Other factors con-
tributing to respiratory muscle dysfunction are advanced
age and use of medications like corticosteroids and neuro-
muscular blocking agents.14 The loss of efficacy from the
ventilatory pump contributes to imbalance between the
work of breathing and respiratory muscle reserve.3 There-
fore, the first step in weaning from tracheostomy comprises
reconditioning the respiratory pump and reducing workload
imposed during spontaneous breathing.8
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Generally, tracheostomy tubes are placed to facilitate
weaning as they do decrease dead space, are generally more
comfortable for the patient and permit a gradual decrease in
ventilatory support until the patient has recovered enough
to maintain independent unassisted ventilation. Often this
involves nocturnal ventilatory support with increasing dura-
tion of unassisted breathing during waking hours until no
longer requiring assisted ventilation. However, there is a
subset of patients who are not able to discontinue mechani-
cal ventilation with this approach, in whom NIV may be able
to facilitate this transition. This favourable effect is due
to several physiological advantages with NIV, as it allows:
reduction of inspiratory effort and work of breathing,
counters intrinsic positive end-expiratory pressure, recruit-
ment of collapsed alveoli and thereby increase dynamic
compliance.15 In addition, NIV may play a decisive role in
allowing decannulation, since patients can initiate NIV with
the tracheostomy tube still in place and continue to receive
non-invasive support during and after decannulation. As NIV
applies positive airway pressure, it may help maintain upper
airway patency by preventing oro-pharyngeal collapse and
potentially minimizing effects of vocal cord dysfunction.
However, in some patients after tracheostomy, the conti-
nuity and integrity of the trachea may be damaged, which
adds extra difficulties to NIV.16

One approach is to confirm upper airway patency using
bronchoscopy, after which NIV can be applied using a facial
mask, with the cuff deflated and the tracheostomy capped.
This will permit a check for tolerance and clinical stability,
after which decannulation could be considered.17

In patients with neuromuscular respiratory weakness or
failure, combined non-invasive assistance of both the ven-
tilatory pump and forced expiratory flow is needed to wean
these patients off ventilatory support. Cough augmenta-
tion techniques (CAT) may play a decisive role in secretions
management and reducing weaning failure rates, especially
in those patients with neuromuscular respiratory weakness
and clinical conditions associated with excessive respiratory
secretions. The CAT is a useful adjunct and should be applied
before each period of NIV application.18

The creation and development of respiratory high-
dependence care units is crucial for the management of
patients with tracheostomies, especially in view of the
weaning process.19 It is also important to highlight that
the process of decannulation includes a multidisciplinary
approach between doctors, nurses, physiotherapist and
speech therapists.20

Clinical studies

Udwadia et al.2 performed a study in ICU enrolling 22
patients with difficult weaning from IMV, 9 of them had tra-
cheostomies. Nasal NIV was used while the cuff was deflated
and the tube was occluded. Patients who tolerated NIV were
transferred from the ICU to a general or high dependency
ward within 24−48 h (only two patients did not tolerate NIV,
but not explicitly specified whether they had a tracheostomy
or endotracheal tube). In this study tracheostomies were
closed in all patients who were weaned from IMV (Table 1).

Körber W et al.21 reported that 32 of 37 patients with
tracheostomy who had been on long-term ventilation were

successfully weaned off IMV using a volume-controlled inter-
mittent ventilation via an individually adapted face mask.
Out of 37 weaned patients, 29 were discharged with home
NIV.

Schöenhofer et al.22 reported their ten-year experience,
in weaning centre, on 306 tracheostomy patients, 59% with
COPD, using a protocol directed T-piece weaning strat-
egy. They applied NIV in patients with ongoing hypercapnia
(PaCO2 > 50 mmHg (COPD) or >45 mmHg (restrictive disease)
after 24 h without ventilatory support (after capping the tra-
cheostomy). They identified 114 hypercapnic patients, 96
of whom were maintained off IMV and discharged home on
NIV; the most common condition was COPD and the rest had
either thoracic cage disorders or neuromuscular disease. No
data was presented on the percent undergoing successful
decannulation, but it was clear that NIV was fundamental
in maintaining independent ventilation to permit discharge
home.

In a similar report, Quinnell et al.23 described a nine-
year experience in their weaning centre, focusing on 67
COPD patients with prolonged mechanical ventilation and
tracheostomy tubes. They were able to wean 65 (96%)
with 62 surviving to discharge, of which NIV was initi-
ated in patients who were unable to tolerate unsupported
spontaneous breathing trials without developing respiratory
distress or hypercapnia, defined as PaCO2 > 56 mmHg. NIV
was used to wean 40 and used as long term ventilatory sup-
port in 25. Although not explicitly stated, all except two
were discharged without tracheostomies, with NIV provided
via a nasal or orofacial mask. A one-way speaking valve was
also used to facilitate communication and speech. NIV was
associated with a better long-term survival.

Heinemann et al.24 analysed 117 COPD patients admit-
ted to a weaning centre. Weaning was achieved in 82
patients (although it was not discriminated how many had
tracheostomies). In patients with tracheostomies, NIV was
applied according to clinical and laboratory (arterial blood
gas analysis) evidence of respiratory failure. NIV was initi-
ated in 62 patients after extubation or decannulation, and
39 patients were discharged home on NIV. However, the
study did not clearly state the number/percent of patients
in which NIV was necessary to achieve weaning from tra-
cheostomy after decannulation. The overall success rate in
weaning from IMV was 70.1% (no distinction made between
endotracheal tube and tracheostomy). The initiation of
home NIV after successful weaning was an independent prog-
nostic factor for survival to one year.

In a retrospective observational study on 26 patients with
tracheostomies, Ibrahim et al.25 proposed the use of NIV as
an alternative technique to facilitate discharge of patients
with tracheostomies who leave the ICU and eventually leave
the hospital. NIV was connected to the tracheostomy tube,
and 20 patients were discharged from the ICU and 16 from
the hospital (no data on decannulation or need for home
NIV).

Ceriana et al.26 reviewed their experience with
patients requiring prolonged mechanical ventilation and tra-
cheostomies. Over a 13-year period, they retrospectively
analysed prospectively collected data on their cohort of
patients. Out a total of 587 patients, they were able to
enrol 51 (9%) into their NIV decannulation protocol, of which
46 (8%) were successfully weaned and discharged on home
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NIV. They identified patients as candidates for NIV weaning
as those who could maintain unassisted breathing and had
favourable criteria for decannulation, but with signs of inad-
equate ventilation defined as a PaCO2 > 50 mmHg, and/or an
increase in PaCO2 ≥ 5 mmHg since suspension of IMV, and/or
pH < 7.33 within seven days of spontaneous breathing. These
patients underwent a protocol which included downsizing by
1 mm the cannula internal diameter without fenestration,
capping of the tracheostomy cannula, and increasing peri-
ods of nocturnal NIV with the goal of achieving at least 4
consecutive hours of NIV (after two nights with good adher-
ence they were switched to a domiciliary bilevel ventilator).
After conducting an upper endoscopy to check the airways,
the investigators decannulated patients who were admit-
ted to a domiciliary NIV program. The mean time needed to
protocol completion was 7.2 days. Home ventilators were
set with a mean IPAP of 17.1 cmH2O and mean EPAP of 4.2
cmH2O. None of the patients required surgical closure of
their tracheal stoma. Five patients failed due to claustro-
phobia associated with the mask and/or poor adherence to
the mask. After one year, the survival rate was 82% and only
one of the surviving patients was switched back to IMV. It
was possible to decannulate all patients in whom NIV was
successfully used for weaning from IMV.

In a one-year, prospective, multicentre study of respi-
ratory care units in Spain, Sancho et al.27 identified 231
patients with tracheostomies out of a population of 4609,
requiring prolonged mechanical ventilation. Of these 231
patients, 198 (86%) were successfully weaned and of that
group, 40 (21%) needed NIV during weaning, which was
applied when patients were not able to progress beyond
18 h on their spontaneous breathing trial for 5 consecutive
days. The ventilator was set in pressure-support mode to
achieve a tidal volume of approximately 8−10 mL/Kg. In
this study, the tracheostomy stoma was either capped with
a tracheal button or the tracheostomy tube was capped,
with the cuff deflated and inner cannula replaced with a
fenestrated tube. Bronchoscopy was performed to evaluate
upper and lower airways for possible lesions. No differences
were found between those with a capped tracheostomy
tube or tracheal button. Treatment focused on nocturnal
support and ventilatory goals included a PaCO2 < 45 mmHg
and less than 5% of time with oxygen saturation under
90%. In subgroup analysis, they found obstructive sleep
apnea, congestive heart failure and chronic renal failure
as underlying conditions of patients requiring NIV. Prior use
of home CPAP, NIV or chronic hypercapnia identified those
most likely to need NIV during weaning. Baseline hypercap-
nia was also significantly increased with an average PaCO2 of
50 ± 10 mmHg. Although not explicitly reported, it appears
that all the 40 NIV patients were successfully decannu-
lated.

Bonnici DM et al.28 conducted a prospective study of
patients with tracheostomies and neuromuscular and/or
chest wall disorders, postsurgical, COPD and obesity-related
respiratory failure. They found that 382% of the patients
were weaned to self-ventilation. In this cohort, 24% of
patients were discharged with nocturnal NIV and 1.9% of
patients were discharged with both nocturnal and inter-
mittently daytime NIV. However, numbers for patients on
NIV and the decannulation success rate were not explicitly
reported.

Bach et al.29 conducted a prospective study on 49
patients, including 37 with tracheostomies, with primarily
neuromuscular insufficiency. When patients were clinically
stable, the tracheostomy tube was switched to a fenes-
trated cuffed one, which was then capped, and the patients
were started on NIV using mouthpiece and nasal mask while
awake (during sleep they would use a nasal interface or
lipseal). Mechanical insufflation-exsufflation was applied
when needed. After decannulation (n = 32), 26 patients
required home NIV (later, it was possible to stop NIV in 9).
Decannulation was successful in 32 of the 37 patients.

Duan et al.30 performed a single center feasibility study
to compare the NIV vs. a conventional strategy to accel-
erate weaning of patients with tracheostomies. This study
enrolled 15 patients in the NIV group and 17 cases in control
group. At the initial stages, all of the patients underwent
conventional weaning strategies. If multiple spontaneous
breathing tests failed, the patient was enrolled in this
study. In the NIV group, the tracheostomy cuff was deflated,
and the tube was capped. NIV was initially set to an IPAP
10 cmH2O and EPAP 4 cmH2O (titration to 8 mL/kg tidal vol-
ume), with facemask. During the application of NIV, airway
management was especially important especially in patients
with weak cough. If the sputum production decreased and
was thin, and the ability to cough was strong, the tra-
cheostomy tube was capped for more than 48 h. If the
patient tolerated this trial, the tracheostomy tube could be
removed. NIV allowed weaning from IMV in 14 patients. In
this study, NIV reduced nosocomial pneumonia, shortened
the days on ventilator weaning and ICU length of stay for
these patients with tracheostomies. From the 14 patients
weaned from IMV using NIV, decannulation was possible in
6.

In a retrospective study by Pu et al.16 conventional wean-
ing approach in those with a tracheostomy (n = 24) was
compared to a sequential invasive-noninvasive ventilation
strategy (n = 26). The latter patients were started on NIV
with a nasal of full-face mask, while tracheostomy was
plugged and the cuff deflated. Weaning was possible in 21
patients from the sequential group (however it was not dis-
closed whether continued nocturnal NIV was required). PaO2

at 1 and 24 h after withdrawal of IMV was significantly higher
in the sequential group. Also, the sequential group pre-
sented significantly shorter duration of IMV and incidence of
ventilator-associated pneumonia, and a significantly higher
rate of successful weaning. Although the decannulation suc-
cess rate was not explicitly reported, it appears that all
the 21 patients weaned from IMV in the NIV group were
decannulated.

A retrospective study by Budweiser et al.31 evaluated
the usefulness of a tracheostomy retainer during decannula-
tion. From 384 prolonged weaning patients, a tracheostomy
retainer was inserted in 166. After decannulation, NIV was
applied to 135 of them, with a first decannulation success
rate of nearly 72% (119 of 166), and 63 patients adapted to
home NIV.

Discussion

Due to advances in medical care, there is an increasing num-
ber of patients surviving admissions to the ICU who require
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long-term care due to prolonged IMV with tracheostomy tube
in place. This is associated with increasing healthcare costs
and organizational challenges for health systems related to
these patients’ debilitated state and poor long-term out-
comes of these patients.3 Few studies have evaluated the
role of NIV in weaning and decannulating patients with a
tracheostomy.

Based on the analysed results from studies using NIV to
facilitate weaning from IMV, several key points are evident:
1) the majority of the studies were retrospective analy-
ses; 2) most occurred in weaning centres; 3) NIV appears
to be effective even with a tracheostomy tube in place; 4)
NIV may be a useful adjunct for the very difficult to wean
patient requiring prolonged mechanical ventilation and a
tracheostomy, resulting in successful weaning and discontin-
uation from mechanical ventilation in more than 80%, and
with an equally high percentage tolerating decannulation);
5) hypercapnia during or after a spontaneous breathing trial
may identify patients who may benefit the most from this
modality); 6) In some patients, NIV will need to be contin-
ued, typically as nocturnal support in as many as 60% or more
of those weaned.

The studies16,30 comparing conventional weaning with NIV
suggest that NIV can provide enough support to result in
higher weaning and decannulation success rates. There may
be reduction in infection as well as the length of the weaning
period.

However, there are considerable limitations and lack of
ability to generalize results. First of all, in some studies, the
distinction between patients with tracheostomies or those
with endotracheal tube is unclear. The process of decannula-
tion is not mentioned in a significant number of the studies,
and decannulation success is not uniformly reported.

There is considerable heterogeneity in the patients
treated and the methods by which NIV is applied. The
best NIV modality and settings during weaning require addi-
tional physiological studies. Variables of interest included
the volume of dead space, upper airways resistance and
resistance of the tracheostomy tube.32 It is probably safe to
assume that the level of NIV inspiratory and expiratory pres-
sure needed during the weaning process is probably greater
than that applied via tracheostomy during assisted ventila-
tion. However, this may not be borne out as most of the
studies did not report on exact ventilator settings during
NIV.

Of course, the underlying cause of acute respiratory fail-
ure needs to be considered when planning the weaning
process with NIV.33 An underlying obstructive or restrictive
disease such as COPD or a neuromuscular respiratory failure
require completely different NIV settings. Not surprisingly,
based on our review the patients who may benefit the most
from NIV during weaning have the same conditions which
are best treated with NIV during acute respiratory failure,
specifically COPD, neuromuscular respiratory failure disease
and obesity/hypoventilation syndrome or obstructive sleep
apnea.

The choice of the optimal NIV interface is another
critical point.34 Nasal mask or mouthpiece intermittent pos-
itive pressure could facilitate expectoration and air staking
manoeuvre during daytime hours as opposed to an oronasal
mask which could be preferable during night-time NIV to
avoid excessive leaks with open mouths.

It should also be noticed that tracheal manometry was
not used in any of the reported studies. This could provide
objective measurements of airway pressure during capping17

and may be a useful tool to include in future studies.
On the other hand, some studies and proposed decannu-

lation protocols35,36,37 are not directly linked to NIV use but
may be the foundation for future research. Studies directed
to airway secretion quantification8 and secretion clearance
are important as they may contribute to weaning failure,
NIV effectiveness and safety.

High-flow tracheal oxygen (HFT) has been considered
as an alternative to NIV or as an integrative tool and
adjunct. However, although HFT allows a more accurate
FiO2,38 bypassing upper airways with administration through
a tracheostomy tube forfeits some potential benefits asso-
ciated with high-flow nasal cannula.38,39 The flow should be
at least 50 L/min for greatest benefit.38,40 High-flow oxygen
has been successfully used in liberating intubated patients
from IMV when compared to both conventional oxygen and
NIV. However, evidence of the role of HFT alone or combined
with NIV to facilitate weaning from those with tracheostomy
tubes and decannulation is still lacking.

Conclusions

There are increasing number of reports that incorporate
NIV into the weaning of patients with a tracheostomy. Most
call for NIV delivered through the facial interface while
the tracheostomy tube is capped. This seems to facili-
tate the transition off ventilatory support and eventual
decannulation. Additional research is needed to develop
weaning protocols and compare NIV weaning to other wean-
ing approaches and strategies in this population.
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Abstract
Background: Tocilizumab is an IL-6 receptor-blocking agent proposed for the treatment of
severe COVID-19. The aim of this systematic review was to describe the rationale for the use of
tocilizumab for the treatment of COVID-19 and to summarize the available evidence regarding
its efficacy and safety.
Methods: MEDLINE, PubMed, EMBASE, pre-print repositories (bioRxiv and medRxiv) and two
trial Registries were searched for studies on the use of tocilizumab in COVID-19 or SARS-CoV-2
infection, viral pneumonia, and/or sepsis until 20th June 2020.
Results: We identified 3 indirect pre-clinical studies and 28 clinical studies including 5776
patients with COVID-19 (13 with a comparison group, 15 single-arm). To date, no randomized
trials have been published. We retrieved no studies at low risk of bias. Forty-five ongoing studies
were retrieved from trial registries.
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of Health; NIV, Noninvasive mechanical ventilation; pJIA, Pediatric juvenile idiopathic arthritis; RA, Rheumatoid arthritis; SIMIT, Italian
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Conclusions: There is insufficient evidence regarding the clinical efficacy and safety of
tocilizumab in patients with COVID-19. Its use should be considered experimental, requiring
ethical approval and clinical trial oversight.
© 2020 Sociedade Portuguesa de Pneumologia. Published by Elsevier España, 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

The search for the holy grail of medical treatment for
COVID-19 (Coronavirus Disease-2019) has led researchers
to propose, among other options, the use of IL-6 recep-
tor blocking agents for treatment of symptomatic patients.1

With a death toll of nearly 400.000 worldwide and nearly 7
million known cases2,3 the current lack of targeted effective
medication and ongoing reliance on supportive treatment
alone remains a major cause of concern.1

Patients with the most severe COVID-19 symptoms (i.e.
severe lung damage, septic shock and multiple organ fail-
ure) also exhibit what seems to be a hyper-inflammatory
syndrome.4 Early serology analyses identified higher IL-6
serum levels in patients with severe COVID-19 (particularly
non-survivors) when compared to patients with mild and
moderate disease.5,6 As it has been proposed that elevated
IL-6 levels may be associated with greater disease severity,
the assumption is that they are also associated with worse
clinical outcomes7 and vice versa. This assumption underlies
the current interest in anti-inflammatory therapies for the
treatment of COVID-19.8

One of the IL-6 receptor blocking agents proposed for
treatment of COVID-19, tocilizumab, was introduced in the
early 2000’s for treatment of autoimmune disorders such as
refractory rheumatoid arthritis and systemic juvenile idio-
pathic arthritis (sJIA)9,10 and has been approved by the FDA
since 2017 for treatment of the cytokine release syndrome
(CRS) that may occur following some forms of immunother-
apy (e.g. CAR-T).11 The aim of this review was to describe
the rationale and summarize the available evidence, direct
and indirect, regarding the use of tocilizumab for treatment
of SARS-CoV-2 infection and to identify and describe ongoing
clinical trials with this drug.

Methods

A preliminary search conducted prior to formal study ini-
tiation suggested the evidence on the topic is likely to be
limited, and yet patients are already receiving the drug,
making the issue urgent. Therefore, the protocol of this
systematic review was not registered.

PICO question

We sought information regarding the use of tocilizumab (I)
for treatment of COVID-19, SARS-CoV-2 infection, viral pneu-
monia, and/or sepsis in any population (adults and children)
or laboratory model (P) with or without a comparator (C). We

aimed to describe any treatment outcome whether solicited
or unsolicited (O).

Search methods and article/trial
inclusion/exclusion criteria

We conducted a systematic search of the MEDLINE, PubMed
and EMBASE databases from inception to 20th June 2020.
We sought pre-clinical and clinical studies addressing the
use of tocilizumab for treating COVID-19, SARS-CoV-2 infec-
tion, viral pneumonia, and/or sepsis. Our search included
the keywords ‘tocilizumab’, ‘covid-19’, ‘coronavirus’, ‘sep-
sis, ‘pneumonia, and ‘viral infection’ as exact phrases and
a combination of subject headings according to databases
syntax. We also searched the references of retrieved papers
for additional potentially relevant papers. In order to
find prepublication manuscripts, we surveyed the pre-print
repositories biorRxiv and medRxiv from inception to 20th
June 2020 for clinical or pre-clinical studies about the use of
tocilizumab in COVID-19 or SARS-CoV-2 infection, viral pneu-
monia, and/or sepsis. No language restrictions were imposed
in any of the searches. Finally, to identify clinical trials
studying treatment with tocilizumab for COVID-19, SARS-
CoV-2 infection, viral pneumonia, and/or sepsis, we sought
trials registered prior to 20th June 2020 in the Chinese Clin-
ical Trial Registry and Clinicatrial.gov. The databases and
the trial registries were all screened independently and in
duplicate by two of the authors (MI, VG).

In the second stage, the abstracts of all potentially rele-
vant papers and pre-publication manuscripts were screened
to identify relevant papers to be downloaded in full. After
downloading potentially relevant articles, case reports, case
series and reviews were excluded. Discrepancies and doubts
regarding the relevance of papers downloaded in full were
resolved by discussion and consensus with two additional
authors (AC, MG).

Risk of bias assessment

Two of the authors (AC, MI) assessed the risk of bias
(RoB) of the included studies independently and in dupli-
cate. Disagreements over RoB were resolved by consensus
or, if necessary, adjudicated by a third author (AG). The
ROBINS-I tool (Risk Of Bias in Non-randomized Studies of
Interventions) was used for nonrandomized studies with a
comparison group.12 The Newcastle Ottawa Scale (NOS) was
used for single-arm nonrandomized studies.13 The domains
were rated in accordance with the requirements of the
assessment tool used, with the lowest score achieved
predominating as accepted. We used the Risk-of-Bias VISual-
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Figure 1 PRISMA flow-chart.
The figure shows the PRISMA flow-chart with inclusion/exclusion process in details.

ization (robvis) tool14 to present the risk of bias assessments
as either a plot or a table.

Results

The initial search identified 2071 records from MEDLINE,
PubMed and EMBASE, pre-print repositories and other
sources. After screening of titles and abstracts, removal
of duplicates and evaluation of the additional sources
retrieved, overall 31 published peer-reviewed papers and
preprint non peer-reviewed papers were included (see the
PRISMA flow diagram, available in Fig. 1 for the study selec-
tion process). Three papers described preclinical studies and
28 papers described clinical studies. The characteristics of
the clinical studies included were summarized (see Table 1).
In addition, forty-five ongoing clinical studies were retrieved
from the trial Registries. These too were tabulated (see
Table A1, Appendix A).

Pre-clinical studies and rationale

The hypothetical justification for treating patients with
tocilizumab in the context of COVID-19 stems from indirect

findings. These include several pre-clinical studies describ-
ing a beneficial effect in cellular and murine models of sepsis
and influenza.15---17

In a cell model of sepsis (Human monocyte cell line THP-
1), tocilizumab reduced the expression of TNF and IL-10,
down-regulated inflammasome activation (reduced levels of
NLRP3 and CASP1) and inhibited monocyte phagocytic activ-
ity. The authors of the study suggested that if suppressing
the ‘cytokine storm’ is important when treating sepsis, these
effects may be beneficial.15

Tocilizumab has also been evaluated in a murine model
of Influenza A virus infection. Mice were anesthetized,
intubated, and infected with mouse-adapted H1N1. The
tocilizumab treated group (8 mg/kg 24 h before infection)
and the controls were compared. Reduced skeletal mus-
cle weakness (measured as digital grip strength), preserved
muscle weight and increased short-term and long-term mor-
tality were registered in the treated group, in comparison
with controls. The mice manifesting distress were sacrificed
and their deaths were also recorded as mortality.16

In a rat model of sepsis-induced acute lung and kid-
ney injury, tocilizumab (4−8 mg/kg) reduced mortality. The
authors also observed normalization of persistently high
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serum levels of IL-6 in septic rats after treatment with
tocilizumab and improved lung wet/dry weight ratio and
total protein content in the treatment group, in comparison
with the sham group.17

Clinical studies

We retrieved 13 published clinical studies18---30 and 15 pre-
print (i.e. pre peer review) clinical studies,31---45 respectively
evaluating 1396 and 4380 patients, for a total of 5776
patients. The main characteristics of the included clinical
studies are presented in Table 1. Only three peer reviewed
papers22,26,27 and five prepublications31,33,35,40,44 were mul-
ticenter studies. Thirteen studies included more than 100
patients, but in these studies the number of patients receiv-
ing tocilizumab was not large. One published trial included
112 patients but only one in five patients (n = 21) received
tocilizumab.24 Another published trial included 111 patients
among whom less than half (n = 49) were treated.25 One pre-
publication included 547 patients of which a third (n = 134)
were treated31 and another included 1229 patients of which
260 received tocilizumab.33 Seven of the 13 published papers
and six of the 15 prepublications presented no comparator.

The risk of bias assessments are shown in Fig. 2 (nonran-
domized studies with comparison) and in Appendix A, Table
A2 (nonrandomized single-arm studies). Ten studies were at
moderate and five at serious risk of bias (ROBINS-I); thirteen
studies were judged to be of ‘‘poor quality’’ (NOS). None of
the studies were assessed as having a low risk of bias.

Discussion

The mechanism of action and pharmacological
properties of tocilizumab

Tocilizumab is a humanized monoclonal antibody capable
of interfering with the IL-6 soluble and membrane binding
site of the receptor (IL-6R), thereby blocking the assem-
bling of the activated complex with the transmembrane
protein (gp130-IL-6-sILr). Tocilizumab is also able to block
IL-6 trans-signaling46 which is strongly related to the pro-
inflammatory effects of IL-6 (e.g. release of acute phase
proteins). Tocilizumab has a non-linear pharmacokinetic
profile, with a dose-response curve that plateaus at an
approximate dose of 800 mg.46 The half-life of tocilizumab
is dose-dependent and comparable to the half-life of IgG1.47

Interleukin-6 (IL-6) and COVID-19

IL-6 is a pleiotropic cytokine secreted by neutrophils, mono-
cytes and macrophages and involved in the inflammatory
response. It has a soluble (sIL-6R) and a membrane bind-
ing site (mIL-6R), constituting its receptors. IL-6 can bind
its mIL-6R at low doses or, at higher doses, its sIL-6R
(trans-signaling), creating the activated complex with gp130
protein.48 Signaling is mediated by Janus kinases (JAK) and
Ras/mitogen-activated protein kinase (MAPK)/NF-�B-IL-6.48

IL-6 promotes B and T cells differentiation, acute phase
protein production and osteoclast activation.46 High lev-
els of IL-6 have been listed among the main features of

cytokine storm and cytokine release syndrome (CRS), both
of which are characterized by an exaggerated release of
pro-inflammatory cytokines and potentially life-threatening
multiorgan damage.48 IL-6 also seems to be involved,
through these mechanisms, in the pathophysiology of COVID-
19, especially in the most severe forms of the disease.5,6,49,50

Furthermore, elevated levels of IL-6 have been associ-
ated with a hypercoagulable state in both animals and
humans,51,52 and coagulopathy is another characteristic of
patients with COVID-19 at high risk of death.53

Evidence on efficacy and safety of tocilizumab for
COVID-19

The current systematic review shows that although indi-
rect preclinical data suggests rationale for using tocilizumab
and observational studies suggest that treatment with
tocilizumab may be associated with more favorable out-
comes compared to standard care in patients with severe
or critical COVID-19, up till now no RCTs have been pub-
lished or made available pre-print regarding either the
effectiveness or the safety of tocilizumab in the context of
COVID-19.

The effects of tocilizumab against IL-6 related pro-
inflammatory and pro-coagulant status53 partially explain
its potential role in COVID-19.54 However, it is worth
remembering that there is yet no evidence that sup-
pressing the physiological inflammatory response to
the virus is indeed beneficial. Previous experience
with pharmaceutic inflammatory response modulation in
patients with ARDS55 and sepsis56 have been notoriously
unsuccessful.

Several observational studies have examined whether
tocilizumab has any effect in patients with COVID-19.
Although many of the patients included in these studies
had severe or critical disease and many were admitted to
ICUs, drawing conclusions from the findings of these stud-
ies is a leap of faith, given that most had small sample
sizes and high or moderate risk of bias, mostly due to con-
founding. The identified studies also varied in dosing (single
or double), and drug availability issues emerged in some
centres, which may have influenced both sample sizes and
study designs. Finally, the literature suggests the presence
of two phases in the pathophysiology of COVID-19. An early
phase characterized by a high viral load and limited sys-
temic impairment, and a late phase, with elevated cytokine
levels and a hyperinflammatory state.4 Regarding the tim-
ing of drug administration, that could therefore potentially
determine treatment outcomes, a pre-print study eval-
uated the effect of early vs late administration of the
drug on the outcomes, but the association remains unclear
and understudied.35 The authors found that for each addi-
tional day of delay from the admission to tocilizumab
administration, the odds of receiving mechanical ventila-
tion independently increase by 21% (95% CI: [1.08, 1.38],
p = 0.002).35

Clinical studies on patients with COVID-19 have also
evoked some safety concerns. The risk of secondary
infection complications is unclear. Among the stud-
ies with a comparison group, six found a higher rate
of infections among treated, compared to untreated,
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Figure 2 Risk of bias of nonrandomized studies with comparison groups.
The risk of bias of the included nonrandomized studies with comparison groups is reported per single study and per domain. RoB
was assessed using Risk of Bias in Non-randomized Studies of Interventions, as appropriate.

patients.19,22,25,31,32,41 Hepatotoxic effects, neutro- and
thrombocytopenia and intestinal perforation have also been
described.57---59 This is worrying, particularly given that data
from a clinical study promoted by the Italian agency for
medicines (Agenzia Nazionale del Farmaco - AIFA) suggests
no significant benefit in terms of either mortality (3.3%
vs. 3.2%) or ICU admission (10.0% vs 7.9%) in patients not
requiring mechanical respiratory support, when treated with
tocilizumab vs. controls.60

Recommendations ad ongoing studies

Several clinical practice guidelines already include
tocilizumab as a therapeutic option for COVID-19. The
most recent Chinese guideline61 suggests tocilizumab, at
a dose of 4−8 mg/kg, for patients with extensive lung
lesions and for severe cases with increased levels of IL-6 or
with complications.61 The Italian Society of Infectious and
Tropical disease (SIMIT - Lombardy section),62 recommends
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selection of patients who have recovered from the initial
high viral load (i.e. afebrile from >72 h or with symptoms
for >7 days), those with high IL-6 levels (>40 pg/mL),
those with increasing levels of D-dimer, C-reactive protein,
ferritin or fibrinogen levels and those needing ventilation
support (CPAP, NIV or IMV) for treatment with tocilizumab.
However, both the ‘Surviving Sepsis Campaign: Guidelines
on the Management of Critically Ill Adults with Coronavirus
Disease 2019 (COVID-19) and the U.S. National Institutes
of Health (NIH) state that the evidence does not suffice to
issue recommendations regarding the use of tocilizumab
for COVID-19.63,64 The World Health Organization (WHO)65

and the Infectious Diseases Society of America (IDSA)66 both
recommend that tocilizumab only be administered within
the context of a clinical trial.

Our search identified 45 registered ongoing trials, includ-
ing 18 multicentre randomized trials in several countries
across 4 continents. The details of the studies underway are
provided in Appendix A (Table A1). The results of these trials
will hopefully provide sufficient data regarding the role of
tocilizumab in the context of COVID-19.

Conclusion

Although basic science suggests rationale for administra-
tion of IL-6 receptor antagonists to patients with COVID-19,
the clinical evidence regarding the efficacy and safety of
tocilizumab for COVID-19 remains observational only and is
methodologically flawed. As concerns have also been raised
regarding the possibility of secondary infection, the use of
this drug should be limited to the context of a clinical trial
and accompanied by ethical committee approval and/or
informed consent, as well as appropriate monitoring for side
effects.
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COVID-19 effects on tuberculosis
care in Sierra Leone

After the first description in China, Severe Acute Respiratory
Syndrome Coronavirus-2 (SARS-CoV-2) spread all over the
world, reaching also the poorest countries of sub-Saharan
Africa. Despite several authors and organizations raising
issues and fears about the potentially devastating effects
of SARS-CoV-2 in Africa and unpreparedness of African
Health Systems to face Coronavirus Disease 2019 (COVID-
19),1 the real effects in this continent are far from being
established.

COVID-19 is posing several challenges in the richest areas
of the world which were unable to deal promptly with short-
ages of intensive care units, health personnel and personal
protective equipment2 leading to hundreds of thousands of
severe outcome and deaths.

Whereas, in Africa, while COVID-19 cases and deaths are
increasing, other major killers are still there. Tuberculosis
(TB) is still the number-one infectious disease killer in the
world and containing it during the COVID-19 pandemic is
seriously at risk.

Appropriate TB management comprises prompt diagno-
sis of active TB cases, identification of people exposed and
infected people, access to treatment and drug-adherence
control. With the rising number of multidrug-resistant TB
(MDR), direct observed therapy (DOT) is pivotal to ensur-
ing that people regularly take medications. For appropriate
care, a close link between the health centres and patients
is needed. However, after the arrival of COVID-19 in Africa,
this connection is at risk.

Several African countries are declaring lockdown to pre-
vent contagions. In poor settings, quarantine has heavy
economic implications and people are losing their daily
income. For most families, this generates difficulties in pay-
ing transport fees to reach health centres. In Sierra Leone,
the government allowed health facilities to provide patients
with enough TB medication for weeks, aiming to reduce
movement and flatten the COVID-19 curve. This may lead to
low treatment adherence with potential consequences for
TB cure rates, development of drug resistant TB and spread
in the community.

Importantly, many sub-Saharan peripheral health cen-
tres are experiencing a reduction in clinical visits.3 Matilda
Yamba, a community health worker from Bureh Town,

Sierra Leone, declared that ‘‘people do not seek medi-
cal care for two reasons: they are either scared of getting
SARS-CoV-2 infection in the health facilities, or are scared of
being diagnosed with it’’. Africa knows well the social stigma
associated with infectious diseases, HIV and TB being histo-
rical models, and it is not unexpected to be scared of being
recognized as COVID-19 patients and blamed for spreading
the virus in the community.4

To understand the impact of COVID-19 on TB care, we
evaluated the gross numbers of patients assessed for pre-
sumptive TB in the Community Health Post of Tombo, a
village of Western Rural Area in Sierra Leone, with a gov-
ernment recognized TB outpatient unit, referral for an area
of about 5000 people. Presumptive TB patients undergo
sputum smear for Acid Fast Bacilli (AFB) and receive free
TB-medications if the diagnosis is confirmed. We collected
the number of patients tested and confirmed AFB-positive
during the first 4 months of the year 2020 (January,
February, March, April), and compared it with the cases
reported in 2018 and 2019. The study was approved by
the authorities for the TB unit of the local health centre
(J.S.B.).

In Sierra Leone, the first COVID-19 presumptive cases
were documented at the end of March 2020 and lockdown
declared in April 2020. On May 6th, 225 COVID-19 cases
and 14 deaths were confirmed by the government in Sierra
Leone.

As shown in Fig. 1, on April 2020, a significant drop
of confirmed TB cases was documented. Also, the number
of TB presumptive cases, that might have other respira-
tory diseases, gradually decreased in March and April 2020.
Similarly, no DOTs were administered in April 2020. No
cases of COVID-19 and TB co-infections have been detected.
Although our study has several limitations, due to its retro-
spective and descriptive nature and reference to a specific
epidemiological area, this is the first description of an indi-
rect impact of COVID-19 on TB care in a low-resource high-TB
burden setting. Conversely, it is difficult to obtain data
about TB in children during this pandemic. In poor, periph-
eral settings, paediatric TB is diagnosed on a clinical basis
according to medical history and clinical assessment, since
children are not able to expectorate and gastric lavages can-
not be performed. For this reason, paediatric TB has been
historically considered a neglected condition, since it is dif-
ficult to obtain microbiological identification of the disease
and children, who usually have a paucibacillary illness, do
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Figure 1 Number of presumptive TB and confirmed TB cases in Tombo Health Centre, Sierra Leone. While a stable trend in TB
diagnosis during the first months of 2018, 2019 and 2020 was observed (a), a significant drop was reported in April 2020 (b), after
lockdown was declared by the government. * Proportion of TB cases over the total patients enrolled as ‘‘presumptive TB patients’’
coming to the outpatient TB unit of Tombo, Western Rural Area, Sierra Leone.

not significantly spread the infection. Since in poor settings
they are usually evaluated after an adult member is diag-
nosed with active TB, now, with the COVID-19 pandemic
and ongoing restrictive measures, child TB is disappearing.
Paradoxically, now, children with TB may be at risk of being
forgotten, not only neglected.

In this context, the International Community is called
on to provide massive support to poor countries. Before
COVID-19, African health systems were struggling to pro-
vide appropriate care, although improvements have been
made since the last Ebola outbreak. Now, Africa is not
only having to face the historical enemies, but has to deal
with both the direct costs of COVID-19 and the indirect
consequences of COVID-19. While rich countries are now
gaining more experience about the direct effects of COVID-
19 on human health, the consequences on the major killers
in poor countries are far from being understood. Here,
endemic diseases that can present with symptoms similar
to COVID-19 (TB, measles, pneumococcal disease and oth-
ers), must not be forgotten.5 Importantly, in these settings
where advanced forms of TB frequently occur and are caused
by drug-resistant strains of M. tuberculosis, higher mortal-
ity rates due to both TB and COVID-19 can be expected
in young individuals.6,7 Africa needs support not only to
strengthen promptness of response to COVID-19 pandemic
in hospitals and health centres but also appropriate commu-
nication strategies, basic instruments for telemedicine,
economic support for patients and healthcare workers, are
all needed tools to guarantee TB care. Otherwise, all results
achieved in recent years in the fight against TB, may be
lost.
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Extracorporeal membranous
oxygenation for a severe case of
vaping associated lung injury

In the United States, cases of severe acute respiratory dis-
tress syndrome (ARDS), pneumonitis, lipoid pneumonia, and
organizing pneumonia secondary to vaping have been rising
since June 2019.1 This syndrome is termed as e-cigarettes
or vaping product use-associated lung injury (EVALI) by cen-
ters of disease control (CDC).1 We report the case of a young
female who was diagnosed with EVALI and required mechan-
ical ventilation with extracorporeal membrane oxygenation
(ECMO).

A 26-year old female with a history of asthma, depres-
sion, and substance abuse presented to the emergency
department (ED) with two weeks of dyspnea on exertion
and whitish productive cough. She had a history of smok-
ing cigarettes and vaping tetrahydrocannabinol. The patient
reported receiving a new tetrahydrocannabinol cartridge
from a different supplier 2.5 weeks ago. Her oxygen sat-
uration was 84% on room air with respiratory rate (RR) in
the 30s and she had crackles in the lungs bilaterally. Ini-
tial labs were significant for leukocytosis (WBC: 16.7 k/mm3)
and EKG was normal. Chest X-ray showed bilateral opacities,
and CTA chest revealed bilateral ground-glass opacities and
no pulmonary embolism (Fig. 1). Echocardiography showed
normal ejection fraction. Broad-spectrum antibiotics and
furosemide were started. ABG on 12 L of oxygen showed pH:
7.40, PCO2: 39, bicarbonate: 23.8, and PO2: 93 with a persis-
tent RR of 30---35. She was intubated for respiratory failure.
Bronchoscopy was performed, and bronchoalveolar lavage
was sent for analysis and culture. High dose methylpred-
nisolone was started after no bacterial growth was seen on
initial sputum culture. While on mechanical ventilation, she
continued to be hypoxic showing features of severe ARDS
(PaO2/FiO2 = 68), following which she was placed in prone
position. After 20 min of pronation, she was on a venti-
lator setting of tidal volume: 6 mL/kg, FIO2: 100%, PEEP:
15 cm H2O, and driving pressure of 15 cm H2O. ABG showed
pH: 7.33, PCO2: 46, bicarbonate: 26, PO2: 69. After 4 h of
pronation, the patient was placed in a supine position. Given
the severity of respiratory distress, a veno-venous ECMO (31
French ProtekDuo, flow: 4.4 L/m, sweep: 2) was cannulated

through the right internal jugular vein with the plan to adjust
settings based on frequent ABGs. She was then placed on
an ultraprotective ventilator setting (tidal volume: 250 mL,
PEEP: 10 cm H2O, RR: 10 with FIO2: 40%).

Results from cultures remained negative. Further tests
were negative for fungus, influenza, atypical organisms, HIV,
and other rheumatological diseases. After 3 days of methyl-
prednisolone 500 mg IV, she was switched to prednisone
60 mg IV twice a day. After she showed clinical and radio-
logical signs of improvement (Fig. 2), ECMO was weaned off
on the 8th day. She was extubated on the 10th day. Sub-
sequently, she got out of the ICU on the 15th day and was
discharged on the 20th day of her hospital stay.

The management of EVALI comprises of respiratory sup-
portive care, antibiotics, and corticosteroids. The initiation
of antibiotics on presentation is important as pneumonia is
a common cause of respiratory failure. Once no evidence
of infection has been identified, the de-escalation of antibi-
otics should be considered. Corticosteroids have known to
show excellent clinical results. However, caution must be
applied while starting corticosteroid if there is a strong
suspicion of infection. At times, if the presentation is less
severe, corticosteroid could be held until infectious causes
are ruled out. Although up to 35% of patients may require
intubation and mechanical ventilation, the overall progno-
sis is usually good, and improvement is seen within weeks of
starting corticosteroids.2

Three criteria define EVALI: pulmonary infiltrates in imag-
ing, use of electronic cigarettes within the previous 90 days,
and the absence of other possible infectious, cardiac, neo-
plastic, or rheumatological causes.2 Our patient met all
three. Escalation of care with intubation and mechanical
ventilation was performed because of severe ARDS. Due to
the worsening hypoxia, early ECMO was initiated with a pro-
tective ventilation strategy to facilitate faster recovery of
the lung injury. In a case series by Maddock et al., one out of
six patients required ECMO for seven days.3 In a case report,
Baxter et al. report that early initiation of ECMO for a young
male helped improve the condition within 72 h.4 In another
case series by Choe et al., one out of four patients required
ECMO for 14 days for refractory hypoxia.5

This case highlights the complicated course and the dev-
astating effects of EVALI. In addition to expanding the scant
literature, to the best of the authors’ knowledge, this is
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Figure 1 Chest CT scan on presentation showing bilateral infiltrates. Left: coronal view; right: axial view.

Figure 2 Chest CT scan follow up showing resolution of the bibasilar infiltrates. Left: coronal view; right: axial view.

also the first case where ECMO was performed for EVALI
on a female patient. Early initiation of ECMO with lung-
protective ventilation strategies could be considered as
a potential management strategy for selected individuals
suffering from severe ARDS due to EVALI, and this case serves
as a data point for such situations.
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The ‘‘Big Five’’ Lung Diseases in
CoViD-19 Pandemic --- a Google
Trends analysis

To the Editor:

Google Trends (GT), a popular and freely accessible tool in
big data analytics, has been widely used to study percep-
tions in various medical topics. The monitoring of online
queries using GT may provide insight into human behaviour
in the CoViD-19 pandemic, as this field is continuously
growing and uses data that could not have been accessed
otherwise.1

In December 2019, a novel coronavirus was identified in
Wuhan City, Hubei Province, China and later the disease
was named coronavirus disease 2019 (CoViD-19).2 On March
11, 2020, the World Health Organization (WHO) officially
announced that CoViD-19 had reached global pandemic
status.3 In the first months of the pandemic, not only the
research community, but also the global population, urged
for more information about CoViD-19.

The Forum of the International Respiratory Society iden-
tified, in 2017, five major lung diseases, the ‘‘big five’’,
which include asthma, chronic obstructive pulmonary dis-
ease (COPD), acute lower respiratory tract infections,
lung cancer and tuberculosis. These diseases are among
the most common causes of severe illness and death
worldwide.4

To identify a possible increase in online interest about
lung diseases in the first months of the CoViD-19 pandemic,
we conducted a GT worldwide search of five topics measur-
ing the Relative Search Volume (RSV) over time. GT topics
are a group of terms that share the same concept in any lan-
guage. RSV represents search interest relative to the highest
point on the chart for the given region and time, but doesn’t
convey absolute search volume.

Our search included five GT topics: ‘‘Asthma (Dis-
ease)’’; ‘‘Chronic Obstructive Pulmonary Disease (Dis-
ease)’’, ‘‘Pneumonia (Medical condition)’’, ‘‘Lung Cancer
(Topic)’’ and ‘‘Tuberculosis (Disease)’’. We conducted a
visual analysis of the worldwide RSV over the past 5 years
(May 2015 till April 2020) (Fig. 1a). In addition, we com-
pared four major European countries RSV-timelines (Spain,
Italy, United Kingdom and France) in the past 5 years (May
2015 till April 2020) (Fig. 1b---e).

We uncovered a worldwide peak in RSV-timelines of Pneu-
monia, Asthma, COPD and Tuberculosis in the first months
of the CoViD-19 pandemic (Fig. 1a). Comparing the RSV-
timelines from different European countries we perceive
peaks with different magnitudes for the four GT topics above
and a flat or downward RSV-timeline of Lung Cancer in this
pandemic (Fig. 1b---e).

To measure the possible variation in worldwide RSV
we compared the median-RSV in March-April 2019 with
median-RSV in March-April 2020 of the five GT topics
separately. Pneumonia, Asthma, COPD and Tuberculosis
median-RSV had a 244%, 50%, 16% and 14% increase,
respectively. Lung cancer had a 21% decrease in median-

RSV. Using Wilcoxon-test (IBM SPSS Statistics Version 25.0.
Armonk, NY: IBM Corp), every score between median-RSV
of March-April 2019 and 2020, was statistically significant
(p < 0.001).

The GT topic that had the highest percentage increase
of worldwide median-RSV was Pneumonia, with a two peaks
RSV-timeline: first peak in January-February 2020 and a
second peak in March-April 2020. These peaks may be
explained by the fact that pneumonia is a major and
already well-known phenotype of CoViD-19.5 Asthma world-
wide RSV-timeline revealed a visual peak in March-April
2020, with a substantial gain in the median-RSV compared
to the same period in 2019. Bousquet et al.6 stated that
in most countries searches for asthma are made during
local thunderstorm-induced asthma outbreaks. Our find-
ings suggest also a worldwide online peak search after
outbreaks of other diseases masquerading asthma exacerba-
tions, such as CoViD-19, which was particularly relevant in
the UK and in France, as asthma surpassed the ‘‘pneumonia’’
searches (Fig. 1d, e). COPD and Tuberculosis topics showed
less relevant visual peaks, but still a gain in the median-
RSV compared to the same period in 2019. Lung cancer
showed no visual peak, and less median-RSV in the first
months of the CoViD-19 pandemic compared with the same
months of 2019. We note this decrease in online search
interest about lung cancer, as opposed to other lung dis-
eases, with concern as cancer mortality and morbidity
might be on the rise because of late diagnosis in CoVid-19
pandemic.7

In conclusion, GTs of the ‘‘big five’’ lung diseases, except
lung cancer, have increased during CoViD-19 epidemics. It is
clear from the 5-year trends that these peaks are not related
to the diseases but to a variation in alertness or a misin-
terpretation of respiratory symptoms. Besides every recent
clinical guidelines and efforts by hospitals to admit, treat
and follow patients in the pandemic, a possible late diag-
nosis and/or treatment of lung diseases, especially cancer,7

is still a major concern. We believe that this pandemic is
a unique opportunity to increase awareness in the global
population about lung-health and, lung diseases other than
CoViD-19 which remain important causes of severe illness
and death worldwide.
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Figure 1 Relative search volume over time in the past 5 years (May 2015 till April 2020): Pneumonia (yellow line), Asthma
(blue line), COPD (red line), Tuberculosis (purple line) and Lung cancer (green line). The highest interest on a search query
is quantified as 100 relative search volume (RSV), decreasing to 0 RSV, indicating no interest. - Data source: Google Trends
(https://www.google.com/trends).

References

1. Springer S, Menzel LM, Zieger M. Google Trends provides a
tool to monitor population concerns and information needs
during COVID-19 pandemic. Brain Behav Immun. 2020;(April),
http://dx.doi.org/10.1016/j.bbi.2020.04.073. S0889-1591(20)
30696-6.

2. World Health Organization, WHO Director - General’s Remarks
at the Media Briefing on 2019-nCoV on 11 February 2020; 2020
https://www.who.int/dg/speeches/detail/who-director-gene
ral-s-remarks-at-the-media-briefing-on-2019-ncov-on-11-februa
ry-2020

3. WHO Novel coronavirus (2019-nCoV) situation report - 51
(11 March 2020). Geneva: World Health Organization; 2020
https://www.who.int/docs/default-source/coronaviruse/situat
ion-reports/20200311-sitrep-51-covid-19.pdf

4. Forum of International Respiratory Societies. The Global Impact
of Respiratory Disease. 2nd edition Sheffield, European Respira-
tory Society; 2017.

5. Huang C, Wang Y, Li X, et al. Clinical features of patients
infected with 2019 novel coronavirus in Wuhan, China.
Lancet. 2020;395(10223):497---506, http://dx.doi.org/
10.1016/S0140-6736(20)30183-5.

6. Bousquet J, O’Hehir RE, Anto JM, et al. Assessment of
thunderstorm-induced asthma using Google Trends. J
Allergy Clin Immunol. 2017;140(3):891---3, http://dx.doi.org/
10.1016/j.jaci.2017.04.042, e7.

7. Kutikov A, Weinberg DS, Edelman MJ, Horwitz EM, Uzzo RG, Fisher
RI. A war on two fronts: cancer care in the time of COVID-19

[published online ahead of print, 2020 Mar 27]. Ann Intern Med.
2020, http://dx.doi.org/10.7326/M20-1133. M20---1133.

M.T. Barbosaa,b,∗, M. Morais-Almeidab, C.S. Sousab,c,
J. Bousquetd

a Pulmonology Department, Hospital Centre of
Barreiro-Montijo, Barreiro, Portugal
b Allergy Centre, CUF Descobertas Hospital, Lisboa,
Portugal
c Pulmonology Department, Central Hospital of Funchal,
Portugal
d Charité, Universitätsmedizin Berlin,
Humboldt-Universität zu Berlin, and Berlin Institute of
Health, Comprehensive Allergy Center, Department of
Dermatology and Allergy, Berlin, Germany and
MACVIA-France, Montpellier, France

∗ Corresponding author at: Pulmonology Department, Hos-
pitalar Centre of Barreiro-Montijo, Avenida Movimento das
Forças Armadas, 2834-003 Barreiro, Portugal.
E-mail address: migueltrbarbosa@gmail.com (M.T. Barbosa).

28 May 2020

https://doi.org/10.1016/j.pulmoe.2020.06.008
2531-0437/ © 2020 Sociedade Portuguesa de Pneumologia.
Published by Elsevier España, 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/).



LETTER TO THE EDITOR 73

Total volume/week of physical
activity: an underused variable of
physical activity in daily life in
patients with copd and its
association with exercise capacity

Subjects with chronic obstructive pulmonary disease (COPD)
may be characterized by muscle dysfunction and symptoms
such as dyspnea and fatigue, which may lead to reduced
physical activity (PA) levels.1

In COPD, functional exercise capacity as measured by
the 6-minute walking test (6MWT) is known to be significan-
tly associated with different PA variables such as walking
time/day,2 number of steps/day and time spent/day in dif-
ferent PA intensities, mainly moderate-to-vigorous (MVPA).3

However, a large systematic analysis concluded that the
quality of the evidence for these associations is still rel-
atively low.4 Furthermore, Mesquita et al.5 corroborated
these findings by showing that changes in the 6MWT are
very weakly related to changes in time spent/day in differ-
ent PA intensities (sedentary: r = −0.26, light: r = 0.25 and
moderate-to-vigorous [MVPA]: r = 0.24).

Total volume is a composite variable that corresponds to
the product of duration versus intensity of a given effort. It
is often used in the context of exercise training, including in
patients with COPD.6 However, it is rarely considered in the
context of the total volume of PA in daily life (PADL), espe-
cially in the literature of patients with COPD. One can reach
the same total PA volume in a certain period through many
combinations of time spent in different intensities of PADL,
i.e., sedentary, light and MVPA. Moreover, the association of
the 6MWT with total PA volume/week has not yet been inves-
tigated. Therefore, the aim of this study was to investigate
the independent association of functional exercise capac-
ity (assessed by the 6MWT) with total PA volume/week in
patients with COPD, as well as to compare this association
with those concerning 6MWT and time spent/day in different
PA intensities.

A retrospective study was conducted comprising base-
line data from subjects with COPD assessed for admission
in a pulmonary rehabilitation program performed at the
University Hospital of Londrina, Brazil. The present sam-
ple concerns the combination of patients from a previously
published study7 and an ongoing study (ClinicalTrials.gov
number, NCT03127878). Both studies were approved by the
institutional Research Ethics Committee and all partici-
pants signed an informed consent term prior to inclusion.
Data collection occurred from 2010 to 2019, and the ini-
tial assessments, inclusion and exclusion criteria from the
two abovementioned studies were similar. Inclusion criteria
were: diagnosis of COPD according to the Global Initiative
for Chronic Obstructive Lung Disease (GOLD)1; absence of
any regular physical training in the preceding year; clini-
cal stability defined as absence of exacerbations within the
last month; and absence of severe comorbidities that could
interfere with the assessment protocol (e.g., orthopedic,
rheumatological, neurological or cardiovascular). Concern-
ing the analysis of the present study, individuals were

excluded in cases of unavailable data from the 6MWT or
incomplete data from the PADL assessment, i.e., not achiev-
ing the pre-established minimum wearing time for a valid
day (see below).

Objective assessment of PADL was performed using a vali-
dated PA monitor (SenseWear® Armband, BodyMedia, USA).8

Subjects were instructed to wear the monitor during day-
time for 7 consecutive days. A valid day was considered
as containing at least 8 h/day of wearing time, excluding
sleep periods during the day.9 Total energy spent during
the week was defined as the ‘‘total PA volume/week’’.
Time spent/day in PA performed at specific intensities (i.e.,
sedentary [<1.5 metabolic equivalents of task, METs], light
[1.5---3 METs], and MVPA [>3 METs]) was also quantified, both
in absolute values and adjusted as a percentage of the
respective wearing time. Functional exercise capacity was
assessed by the best of two 6MWT, performed according to
international standards.10

Normality in data distribution was evaluated using
the Shapiro---Wilk test and results were described as
mean ± standard deviation or median [interquartile range
25---75%], accordingly. Correlations were evaluated by the
Spearman’s coefficient. Multiple regression model was per-
formed to investigate the associations between 6MWT and
total PA volume/week, with adjustments for sex, age and
FEV1 %predicted.

The statistical softwares used were SPSS 22.0 (IBM, USA)
and GraphPad Prism 6.0 (GraphPad Software Inc., USA). Sig-
nificance level was defined as P < 0.05.

Data from 125 subjects with COPD were screened but
33 of them were excluded due to incomplete assess-
ments. Therefore, 92 subjects were analyzed (46 male;
66 ± 8 years; FEV1 50 ± 16%predicted; 6MWT 472 ± 73 m;
wearing time of the PA monitor 14.4 ± 1.5 h/day;
mean ± SD). Median [interquartile range] of total PA
volume/week was 1281[1089---1585] MET.min, whereas
time spent/day in sedentarism, light activities and MVPA
were 569[465---641], 254[147---338] and 32[12---72] min/day,
respectively.

There was positive correlation between total PA vol-
ume/week and 6MWT (r = 0.30; P = 0.004). In the multiple
regression analysis, total PA volume/week explained 26% of
the variation in the 6MWT (independently of sex, age and
FEV1%pred) (Table 1). Time spent/day in each specific inten-
sity (sedentary, light and MVPA) both in absolute values and
in percentage of the wearing time, was more weakly cor-
related with the 6MWT (0.06 < r < 0.27), corroborating the
previous literature.4 Furthermore, total PA volume/week
was strongly correlated with time spent/day in sedentarism,
light activities and MVPA (r = −0.59, r = 0.84 and r = 0.79,
respectively; P < 0.0001 for all).

This was the first study to show a significant and inde-
pendent association between functional exercise capacity
(i.e., 6MWT) and PADL assessed from a different perspec-
tive in COPD: total PA volume/week. This association is
welcome in the sense that improvements in exercise capac-
ity may be necessary to make patients more active and
less sedentary.5 Moreover, it was highly correlated with tra-
ditional PADL outcomes (time spent/day at different PA
intensities). The ‘‘PA volume/week’’ perspective reflects
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Table 1 Summary of the multiple regression analysis.

Variable B SEB � 95 %CI (LB; UP)

6MWT (m)
Constant 411.647 65.842 (280.774; 542.510)
Total PA volume/week (MET.min) 0.059 0.021 0.260* (0.018; 0.100)
Sex 45.593 13.540 0.312* (18.679; 72.506)
Age (years) −1.727 0.850 −0.193* (-3.417; −0.037)
FEV1 (%pred) 1.478 0.420 0.322* (0.644; 2.313)

* P < 0.05; B = unstandardized regression coefficient; SEB = standard error of the coefficient; � = standardized coefficient; 95% CI = 95%
Confidence Interval; LB = Lower Bound; UB = Upper Bound; 6MWT = 6-minute walking test; PA = physical activity; FEV1 = forced expiratory
volume in the first second.

PA guidelines’ recommendations and incorporates different
intensities of PA into a single and comprehensive outcome.
Therefore, this preliminary report suggests that this is a rea-
sonable and promising approach, since increasing total PA
volume/week (regardless of whether this increase occurred
at any intensity) may be a more realistic way of achieving
PADL improvements in severely debilitated patients. Further
investigation of its measurement properties (i.e., sensitivity
to changes due to interventions such as pulmonary rehabili-
tation) may advance the understanding of its usefulness. In
conclusion, total PA volume/week in daily life is significan-
tly and independently associated with functional exercise
capacity in patients with COPD.
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Rhodococcus equi infection as
inaugural manifestation of idiopathic
CD4+ lymphopenia: A rare entity and
a therapeutic challenge

Introduction

Rhodococcus equi (R. equi) is a facultative intracelular
gram-positive coccobacillus which primarily causes zoonotic
infection.1,2 This bacteria is becoming an emerging oppor-
tunistic agent in humans.3 As far as we know, we present
the first case of R. equi infection in a patient with idio-
pathic T-CD4+ lymphopenia (ICL), a rare condition defined
by the repeated presence of a T-CD4+ lymphocyte count
<300 cells/mm3 or less than 20% of total T cells without evi-
dence of human immunodeficiency virus (HIV) infection or
other condition that might lead to decreased T-CD4+ counts.4

Case description

In April 2017, a 69-year-old never smoker male presented to
the emergency department with cough, left pleuritic thora-
calgia and fever during the previous month. He was a retired
driver who owned a farm with several animals. Past medical
history included hypothyroidism treated with levothyroxine
and chronic hepatitis B under entecavir. He had undergone
lower left lobectomy in 2004 for a pulmonary mass, but his-
tology of the operative specimen suggested an infectious
etiology and the patient received no further treatment or
follow-up.

On admission, he had peripheral oxygen saturation of 97%
on room air and decreased respiratory sounds in the left
pulmonary field.

Blood test revealed white blood cells count of 10 030/�L
(83.3% neutrophils and 7.5% lymphocytes) and C-reactive
protein of 14.7 mg/dL. Chest X-ray revealed a pleural-based
consolidation in the left pulmonary field (Fig. 1A) which was
characterized by contrast-enhanced chest computed tomog-
raphy (CT) showing a 67 × 41 × 24 mm mass on the periphery
of the left upper lobe (LUL) with heterogeneous contrast
uptake and hypodense areas suggestive of necrosis (Fig. 1B).

The diagnosis of necrotizing pneumonia was established
and the patient was hospitalized. Urine was negative
for pneumococcal and Legionella antigens. Blood cul-

tures were collected. Intravenous amoxicillin/clavulanic
acid and azithromycin were started. Bronchofibroscopy and
bronchoalveolar lavage (BAL) were conducted without endo-
bronchial lesions. R. equi was isolated in both blood cultures
and BAL. Antimicrobial susceptibility test (AST) showed
sensitivity to imipenem and levofloxacin and intermediate
sensitivity to ceftriaxone and ciprofloxacin. Treatment was
adjusted for a combination of rifampicin and levofloxacin.
Although sensitivity to rifampicin could not be tested, it
was included due to its intracellular action and because it is
a first choice drug.3,5 The patient underwent transthoracic
aspiration biopsy of the LUL lesion that excluded malignancy
and showed signs of R. equi infection, namely, histiocyte
foci with granulomatous configuration, necrosis and coc-
coid elements in the macrophage cytoplasm. The diagnosis
of necrotizing pneumonia by R. equi with hematogenous
dissemination was established. Central nervous system, car-
diac, abdominal and cutaneous involvement were excluded.
HIV and human T-lymphotropic infections were ruled out.
Further extensive work-up to detect any other immunode-
ficiency condition was made leading to the diagnosis of ICL
with an initial T-CD4+ lymphocyte count of 28 cells/�L.

The patient was discharged after two weeks of intra-
venous treatment with rifampicin and levofloxacin and
instructed to continue oral antibiotic treatment at home.

After one month, blood cultures were negative and radi-
ological improvement was documented with a significant
reduction in the LUL mass. After six months of treatment,
bronchofibroscopy revealed persistence of R. equi in BAL,
albeit with significant reduction in the number of colonies.

In April 2018, nearly one year after starting treatment,
the patient developed stridor. Rigid bronchoscopy showed
obstruction of the lumen of the lower third of the trachea
in about 50% due to a protruding lesion (Fig. 1C) in which
endoscopic treatment was conducted. Tracheal lesion biopsy
revealed chronic inflammation with intracellular bacteria,
malakoplakia and no signs of malignancy. Relapse of R. equi
infection was assumed based on these histopathological find-
ings, but since microbiological isolation was not obtained it
was not possible to determine AST. Other potential recur-
rence sites were investigated leading to the diagnosis of
an asymptomatic small brain abscess in magnetic resonance
without indication for surgical treatment (Fig. 1D). A new
antibiotic regimen was started with ertapenem, gentamycin
and linezolide according to the literature.3,5 One-year treat-
ment was proposed and a central line was placed allowing
outpatient parenteral treatment.
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Figure 1 Sites of Rhodococcus equi infection. (A) Lung as a consolidation in the left pulmonary field on posteroanterior X-ray; (B)
lung as a mass on the periphery of the left upper lobe on chest computed tomography; (C) trachea as a protruding lesion leading
to obstruction of about 50% of the lumen; (D) brain as an abscess in the left parasagital occipitoparietal location on magnetic
resonance.

On July 2018 linezolid was replaced by clarithromycin
due to myelotoxicity and on January 2019 gentamycin was
replaced by doxycycline due to nephrotoxicity and ototoxi-
city.

On July 2019 the patient was under ertapenem (14
months), clarithromycin (12 months) and doxycycline (7
months) with a favorable clinical response, resolution of
cerebral abscess and no evidence of infection recurrence.
These antibiotics were discontinued and it was decided to
start prophylactic treatment with cotrimoxazole. So far the
patient has been under surveillance and has not undergone
any further treatment.

Discussion

Diagnostic approach of R. equi infection requires high clini-
cal suspicion. Multidisciplinary discussion with microbiology
expert is of vital importance since R. equi may be mis-
diagnosed as a contaminant or other bacteria. Due to its
partial alcohol-acid resistance, R. equi infection may lead
to misdiagnosis of mycobacteriosis.2,6 R. equi infection may
also mimic malignancy since pulmonary nodules or masses
may be the radiological manifestation.3 We believe that

the lesion treated with lobectomy in 2004 could already
correspond to infection by R. equi, since at that time the
patient had contact with animals and signs of infection by a
supposed atypical mycobacteria on the operative specimen
were found. A radical treatment such surgery, the insidious
course of the disease and continued contact with animals
could explain why the infection only manifested again over
ten years later.

R. equi infection prompted the investigation of an
immunosuppressive condition leading to the inaugural diag-
nosis of ICL. T-CD4+ cells, mainly Th1 cells, are involved
in acquired resistance against facultative intracellular bac-
teria and increase bactericidal activity of macrophages by
producing gamma interferon.7 Th1 response seems to be
crucial in pulmonary clearance of R. equi.3 Recombinant
human IL-7 may be a promising therapeutic intervention in
ICL, leading to an increase in T-CD4+ cells in both peripheral
blood and tissues.8 It may be questionable to assume the
diagnosis of ICL since opportunistic infections may them-
selves lead to a depression of T-CD4+ cell count.9 Because
low T-CD4+ cell count persisted for over two years after the
first analysis and no apparent cause had been determined,
the diagnosis of ICL was made by exclusion.
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Regarding treatment there are no consensus guidelines.
Because acquired resistances are of concern, combination
treatment is recommended with two or three antibiotics
to which the agent is susceptible and at least one drug
should have good intracellular activity.3 First line drugs
in humans include rifampicin, levofloxacin, erythromycin,
imipenem, vancomycin and aminoglycosides.5 For immuno-
compromised patients at least six months of antibiotic
therapy are advised.10 The placement of a central venous
catheter allows intravenous treatment on an outpatient
basis, reducing risks of nosocomial infection and costs. Side-
effects from multi-drug treatment over such a long period
of time may be a concern and should be closely monitored.
Antibiotics withdrawal and substitution may be needed,
making R. equi infection treatment a dynamic process.

Relapse may occur requiring close surveillance. We
scheduled hospital medical consultation whenever the
patient presented any complaint and every three months
with hemogram, serum biochemistry, blood and sputum cul-
tures and chest computed tomography. After relapse with
a brain abscess, brain magnetic resonance was performed
every three months until its resolution. No further bron-
choscopy was performed following endoscopic treatment of
tracheal pseudotumor as the patient refused further inva-
sive examinations and remained asymptomatic.
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First case report in Latin America:
Oral treatment of multidrug-resistant
tuberculosis with delamanid and
bedaquiline in combination with
linezolid, moxifloxacin and
clofazimine following a DRESS
syndrome in a peruvian patient

Dear Editor,

The World Health Organization recommends the use of oral
medications for the treatment of multidrug-resistant (MDR)

and extensively drug-resistant (XDR) tuberculosis (TB).1---3

However, few countries have adopted these recommen-
dations, either due to lack of medication or because of
outdated local recommendations, as in the case of Peru.4

The combination of some medications for the treatment of
MDR TB such as delamanid (Dlm) with bedaquiline (Bdq)
has been associated with a potential risk of cardiovas-
cular symptoms such as prolongation of the QT interval
corrected by Fridericia interval (QTcF).5 Other medications
that may enhance the prolongation of this interval are fluro-
quinolones, especially moxifloxacin (Mfx) and clofazimine
(Cfz). We present a case of the simultaneous use of these
medications in a patient who provided informed consent.
There was no prolongation of the QTcF interval, and no sig-
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nificant cardiac symptoms were observed throughout the
entire treatment. (1) This patient was the first Peruvian to
receive a completely oral combination of medications for
the treatment of MDR tuberculosis.8 (2) This was the first
Peruvian case to receive a combination of 4 drugs (Mfx, Bdq,
Cfz, and Dlm) considered potentially dangerous because of
their sum effects on QTcF.

The patient was a single, nulliparous 23-year-old female
with no pathological history living in Lima, Peru. At the
beginning of August 2018, she presented hemoptysis and
malaise and underwent a chest tomography on August 4th,
2018 showing exudative lesions in the right upper pulmonary
lobe associated with a cavity of 3 cm in diameter. On August
14th, 2018, bronchofibroscopy was performed, obtaining a
smear-positive in bronchial lavage. Tuberculosis treatment
was initiated on August 15th with isoniazid, rifampicin,
ethambutol and pyrazinamide.4 The patient weighed 64 Kg
at this time. This treatment was suspended on September
10th, 2018 following results of a Line Probe Assay study
(Line ProbeAssay, Genotype® MTBDR Plus Version 2.0) of a
sputum sample from August 16th, 2018 showing the pres-
ence of primary resistance to rifampicin and isoniazid (Gen
KatG). On September 12th, 2018, a new empirical treatment
was begun with ethambutol, pyrazinamide, kanamycin,
levofloxacin, ethionamide and cycloserine.4 On October
16, 2018, the patient presented cervical lymphadenopathy
(>3 cm in diameter) and axillary lymphadenopathy, in addi-
tion to a temperature of 38.5 ◦C and rash in the following
days. On October 23, 2018, eosinophils in peripheral blood
were found to be elevated (7%) and proteins were also found
in a urine sample. On October 28th, 2018, antituberculosis
treatment was suspended. Eosinophils in peripheral blood
continued to increase to a maximum of 21% on November
19th and then normalized on January 17th, 2019. Aspar-
tate aminotransferase (AST) values increased to 78 IU/L
on November 19th and normalized on December 3rd (AST:
26 IU/L). Alanine aminotransferase (ALT) values reached a
maximum of 152 IU/L on November 10th and normalized on
December 3rd (ALT: 34 IU/L). The patient was diagnosed with
Drug Rash and Eosinophilia with Systemic Symptoms (DRESS)
syndrome, with a score of 6 points in the Registry of Severe
Cutaneous Adverse Reaction (RegiSCAR) secondary to the
treatment received.6

The patient was hospitalized on January 25th, 2019
with the aim of designing a new tuberculosis treatment
schedule. She was stable with normal vital signs and
with a weight of 65 kg. Laboratory tests showed a nor-
mal blood count, mild anemia, normal renal, hepatic and
cardiac function (normal echocardiogram, electrocardio-
gram, QTcF, and cardiac enzymes), normal glycosylated
hemoglobin, and negative viral hepatitis studies (HAV, HBV,
HCV). Antibiotic susceptibility testing showed sensitivity
to: ethambutol, pyrazinamide, streptomycin, kanamycin,
capreomycin, ethionamide, cycloserine, ethionamide, para-
aminosalicylic acid (PAS), levofloxacin and Mfx. The MDR TB
unit decided to use new tuberculosis drugs that had not pre-
viously been combined in Peru, and the new antituberculosis
treatment was begun on March 13th, 2019. This treatment
consisted of linezolid (Lzd) at a dose of 600 mg/day, Mfx
400 mg/day, Cfz 200 mg/day, Bdq at a dose of 400 mg/day
for the first 14 days and then 200 mg 3 times/week for 22
weeks for a total of 24 weeks, and Dlm at 100 mg bid for

24 weeks. After 24 weeks of treatment, Bdq and Dlm2,7

were suspended. The patient continued to receive Lzd at the
dose described. Cfz was decreased to 100 mg daily from the
fourth month due to changes in skin color. The dose of Mfx
was increased from 400 mg to 800 mg daily from week 24.
Throughout this period laboratory tests were normal. There
was no prolongation of the QTcF interval, and no significant
cardiac symptoms were observed during the entire treat-
ment. Fig. 1 shows the results of the periodic controls of
the QTcF Interval in the timeline of this case. Direct sputum
smear and cultures taken monthly were negative from the
first month of treatment and throughout the treatment. The
2 tomographic controls taken at months 4 and 8 of treatment
showed no lung lesions.

Several aspects are of note in the present case: (1) This
patient was the first Peruvian and the first Latin American
patient to receive a completely oral combination of med-
ications for the treatment of MDR tuberculosis.8 (2) This
was the first Peruvian and the first Latin American case
to receive a combination of 4 drugs (Mfx, Bdq, Cfz, and
Dlm) considered potentially dangerous because of their sum
effects on QTcF.1 (3) According to the study of Borisov et al.9

only 39 out of a total of 658 cases (6.1%) have received
Bdq and Dlm consecutively or in combination, none being
from Peru. In addition, of the 9 cases presenting severe
cardiological events, none had received the same combi-
nation as our patient. (4) In Latin America, only Chile and
Mexico together have reported 4 cases treated with the
combination of Bdq and Dlm, with apparently none using
Cfz and Mfx simultaneously.9 The treatment was well toler-
ated by our patient, with no adverse cardiovascular events
like those reported in other series of patients using this
combination.5,10 Cfz produced slight pigmentation of the
skin that did not bother the patient. Lastly, clinical response
was excellent with notable radiological improvement.

This drug combination was demonstrated to be safe and
effective and well tolerated. None of the frequent adverse
reactions that occur with the use of kanamycin injectable
medications that are still used in Peru for the treatment
of MDR tuberculosis4 were observed. Moreover, this treat-
ment is highly effective since the sensitivity of bacteria to
Bdq, Dlm and Lzd is high.11 The patient will be followed
every 3 months for 2 years to record possible development
of relapse. The results of this case are important for demon-
strating that oral treatment of MDR tuberculosis is possible
and can be carried out safely with suitable monthly clinical
controls and periodic QTcF controls.
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Figure 1 Results of the periodic controls of the QTcF interval in the timeline of this case.
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Alpha-1-antitrypsin deficiency
(AATD) and spontaneous
pneumothorax: Guidelines do not
recommend screening for AATD in
patients with pneumothorax --- What
did we find in 10 years of clinical
evidence?

Genetic influence on spontaneous pneumothoraces is sup-
ported by several lines of evidence: (1) pneumothorax can
cluster in families --- a family history of pneumothorax can
be elicited in 10% of individuals presenting with spontaneous
pneumothorax --- familial spontaneous pneumothorax1; (2)
mutations in the FLCN gene have been found in both famil-
ial and sporadic cases; and (3) pneumothorax is a known
complication of several genetic syndromes.2 These can be
divided into three mechanistic classes: (1) those arising from
mutations in tumour suppressor genes --- Birt-Hogg-Dubé syn-
drome (BHDS), pulmonary lymphangioleiomyomatosis (LAM
occurs both sporadically and in association with tuberous
sclerosis complex --- TSC); (2) connective tissue disor-
ders --- Marfan syndrome, vascular Ehlers-Danlos syndrome,
Loeys-Dietz syndrome, homocystinuria, cutis laxa; and (3)
those in which normal lung architecture is effaced ---
alpha-1-antitrypsin deficiency (AATD), cystic fibrosis and
others.2

AATD is a genetic autosomal codominant disorder caused
by mutations in SERPINA1 gene.3 It is one of the most preva-
lent genetic disorders, affecting 1/2000---5000 individuals, a
similar or higher incidence than cystic fibrosis. However, it
is an underdiagnosed condition.4

Alpha-1-antitrypsin (AAT) is the prototypic member of
the serine protease inhibitor (SERPIN) superfamily of pro-
teins and is mainly produced in the liver, reaching the lungs
by diffusion from the circulation. AAT reacts with neu-
trophil elastase and provides over 90% of defense against
the lower airway elastolytic load. In AATD, loss of the nat-
ural antiprotease screen against neutrophil elastase (and
other proteases), as well as the loss of the anti-inflammatory
effects of AAT, predisposes patients to emphysema.5

AATD primarily involves the lungs, liver and, less fre-
quently, the skin. In the lung, AATD predisposes individuals
to the premature onset of chronic obstructive pulmonary
disease (COPD), with 1---2% of all cases estimated to be due
to severe AATD.3 The premature onset of panacinar emphy-
sema is the most prevalent clinical correlate of AATD and
the major cause of morbidity and mortality. Spontaneous
pneumothorax may be the presenting manifestation of the
disease or a complication of emphysema. Bronchiectasis has
also been associated with severe AATD.3

Recommendations and guidelines of healthcare institu-
tions, such as the World Health Organization, the Portuguese
Society of Pneumology (SPP), the Spanish Society of Pneu-
mology and Thoracic Surgery (SEPAR) and the American and
European Thoracic/Respiratory Societies (ATS/ERS), indi-
cate that all COPD subjects and adults with nonreversible
asthma should be tested for AATD at least once during their
lifetime.5 According to the Portuguese guidelines, screening
should include an AAT serum level and, if it is <110 mg/dL,
genotyping or phenotyping should be done.3 As AAT behaves

like an acute-phase protein, serum levels may be falsely
augmented during inflammatory and infectious processes,
so measurements should be done outside of acute episodes.

Current guidelines do not recommend screening for AATD
in patients with pneumothorax, although this is a matter of
controversy. Few studies have addressed this issue. Some
support the measurement of AAT serum levels in patients
with spontaneous pneumothorax while others failed to prove
AAT deficiency was present in these patients.6,7 A study pub-
lished by Danielius Serapinas et al. revealed 7.7% of studied
patients with spontaneous pneumothorax had AAT deficiency
phenotypes including severe deficiency-related ZZ and SZ
phenotypes.8 Daniel and Teba reported spontaneous pneu-
mothorax to be observed in patients with an abnormally low
level of AAT.9

Our study was designed to evaluate the prevalence of
AATD in patients with a first episode of primary spontaneous
pneumothorax (PSP).

Clinical files of patients with a first episode of PSP admit-
ted to Coimbra Hospital and University Centre between 2007
and 2017 were reviewed. Patients with an AAT serum level
measurement were included in the study. Serum AAT lev-
els were determined by nephelometry. In patients with low
serum levels, phenotyping was done.

A total of 122 patients were admitted to our hospital with
a first episode of PSP between 2007 and 2017, 103 of whom
had an AAT serum level measurement and were included in
the study. The mean age was 29.1 ± 12.8 years and 74.8%
were males. Seventy-five patients had a chest CT done. Two
(1.9%) patients had AAT <57 mg/dl, indicating severe defi-
ciency. Genotyping was done in one patient that was found
to be an SZ. The other patient was lost to follow up. Five
(4.9%) additional patients had serum levels 57---110 mg/dl,
indicating that an intermediate deficiency (heterozygosity)
could be present. Genotyping was not done in any of these
cases. Among the 7 patients with serum levels <110 mg/dL,
only 3 patients were examined by chest computed tomog-
raphy. One of them had no emphysema and another one
had only subpleural blebs in chest CT, both of these had
AAT levels between 57 and 110 mg/dl. Only the patient with
severe AATD (genotype SZ), presented apical centrilobular
and paraseptal emphysema.

In order to prevent or at least slow down the development
of AATD related complications including the development
of COPD and emphysema, early recognition of the disease
is essential. Among patients with PSP we found 2 patients
(1.9%) with severe AATD. This detection rate is similar to
the detection rate of AATD in COPD patients (1---2%),6 where
screening is recommended, thus supporting the argument
that patients with PSP should be routinely screened for
AATD.

Additionally, we found 5 patients (4.9%) with AATD serum
levels 57---110 mg/dL, some of which could have an inter-
mediate deficiency, raising the detection rate of AATD in
patients with PSP even higher.

Furthermore, as AAT is an acute-phase protein it may
be elevated when pneumothorax occurs.8 For that reason,
there could be additional patients with an intermediate defi-
ciency whose AATD levels were in the normal range during
the episode of pneumothorax and so escaped detection in
our study, once again making the detection rate higher. In
order to solve this problem, we suggest that all patients
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with PSP should have AAT serum levels measured outside
the episode of pneumothorax or repeated later on.

Among the 103 patients included in the study, 75 were
studied by chest CT. Current clinical guidelines do not
recommend chest CT in first-time, unilateral spontaneous
pneumothorax.7,8 However, a recent study demonstrating
the cost-effectiveness of CT to detect diffuse, cystic lung
diseases in patients with first-time pneumothorax is among
the reasons some authors argue for the adoption of this
practice.9 The presence of emphysema might raise the sus-
picion of AATD, like it did in our SZ patient.

In conclusion, our study supports screening of AATD in
patients with primary spontaneous pneumothorax, as the
detection rate was at least as high as in other conditions
where screening is recommended.
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Secondary pulmonary alveolar
proteinosis in a patient with
systemic lupus erythematosus

Dear Editor,

Pulmonary alveolar proteinosis (PAP) is a rare respiratory
disease and is pathogenetically classified into the follow-
ing three types: autoimmune PAP, secondary PAP (sPAP), and
congenital PAP.1 sPAP is not associated with anti-granulocyte
macrophage colony-stimulating factor (GM-CSF) antibody
and accounts for 5---10% of PAP cases. sPAP is primarily caused
by hematological disorders; sPAP caused by autoimmune
diseases is extremely rare2,3; therefore, clinicians may not
always consider the possibility of sPAP when abnormal find-
ings on chest radiography and/or computed tomography (CT)
are seen in patients with autoimmune diseases. We report
here, a case of sPAP in a patient with systemic lupus erythe-
matosus (SLE).

A 70-year-old woman presented to our hospital with a 1-
month history of exertional dyspnea. She was a known case

of SLE and had a 37-year-history of treatment with corti-
costeroids and immunosuppressive agents. Her respiratory
sounds were normal, and she had no fever or cough; her oxy-
gen saturation was 94% in room air. Chest radiography and
computed tomography revealed diffuse ground-glass opaci-
ties in the lung fields bilaterally (Fig. 1A---C). Serum level of
Krebs von den Lungen-6, a marker of interstitial pneumonia,
was elevated (6416 U/mL); �-d-glucan and cytomegalovirus
antigenemia were absent. Non-infectious acute interstitial
pneumonia was suspected, and a high-dose corticosteroid
was administered; however, radiographic findings and symp-
toms did not improve. Furthermore, multiple nodules with
cavitation appeared in the lower lobe of the left lung. Bron-
choscopy was performed; the bronchoalveolar lavage fluid
(BALF) was markedly cloudy (Fig. 1D), and showed deposi-
tion of acidophilic granular material and foamy macrophages
on microscopy. Additionally, Nocardia was detected in the
nodules of the left lower lobe. Serum anti-GM-CSF antibody
was absent. Finally, she was diagnosed with sPAP associ-
ated with SLE, and pulmonary nocardiosis. Early treatment
of nocardiosis was necessary; therefore, antibiotics were
administered, while the corticosteroid dose was tapered.
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Figure 1 (A---C) Computed tomography image depicting diffuse ground-glass opacities in both lung fields. (D) Bronchoalveolar
lavage fluid with a markedly cloudy appearance.

Unfortunately, pulmonary nocardiosis was refractory to
treatment; furthermore, complications set in due to the
cytomegalovirus pneumonia and non-tuberculous mycobac-
teriosis. Two months later, the patient died of exacerbating
infections.

In this case report, there were two important clini-
cal observations. First, sPAP might develop in a patient
with SLE. To the best of our knowledge, only one case
of sPAP with SLE has been reported in the literature until
date.4 According to previous reports, autoimmune diseases
account for approximately 7% of the underlying causes of
sPAP2,3; however, autoimmune diseases include Behcet’s
disease, Wegener’s granulomatosis, microscopic polyangi-
itis, Sjogren’s syndrome, and dermatomyositis.2,3 There are
few specific diseases; therefore, every autoimmune disease
should be considered as a potential cause of sPAP.

Second, chest CT findings of sPAP might be confused
with those of acute interstitial pneumonia and pulmonary
alveolar hemorrhage. In many cases of sPAP, such as the
present one, chest CT shows ground-glass opacities in the
lung fields bilaterally,5 which are also seen in acute intersti-
tial pneumonia and diffuse alveolar hemorrhage, which are
pulmonary disorders of SLE.6---8 The treatment of acute inter-
stitial pneumonia and diffuse alveolar hemorrhage requires
administration of high-dose corticosteroid and frequently
an immunomodulatory agent as well. The treatment of
sPAP needs to be quite different (Table 1) but as the
mechanism underlying sPAP is still uncertain, there are no
specific treatment indications for sPAP This may lead to
high-dose corticosteroid and/or immunomodulatory agent
being administered for pulmonary infections, as in case here
presented. It is therefore important that in patients with
SLE and diffuse pulmonary ground-glass opacities, clinicians
should consider sPAP in addition to acute interstitial pneu-

monia and diffuse alveolar hemorrhage in the differential
diagnosis.

sPAP has a poor prognosis compared to autoimmune PAP.2

Acute interstitial pneumonia and diffuse alveolar hemor-
rhage associated with SLE have sudden onset with severe
symptoms, while the progression of sPAP is relatively slow
and symptoms are relatively mild. Regular and close follow-
up on chest radiography is necessary for early detection of
sPAP in patients with SLE. For early initiation of appropriate
treatment, awareness of the possibility of sPAP in patients
with ground-glass opacities in both lung fields is important.
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Table 1 Characteristics of secondary alveolar proteinosis compared to acute interstitial pneumonitis and diffuse alveolar
hemorrhage in SLE.

Characteristics sPAP AIP in SLE DAH in SLE

Progression rate Relatively slowly progression Sudden onset Sudden onset
Symptoms Dyspnea; cough Dyspnea; cough; fever;

sometimes hemoptysis
Dyspnea; cough; hemoptysis

HRCT findings Diffuse GGO; patchy
geographic pattern; crazy
paving pattern

Diffuse GGO and areas of
consolidation

Diffuse or patchy GGO and/or
consolidation

BAL findings Cloudy appearance; acidophilic
granular material deposition
and foamy macrophages

Incleased cellularity with
activated polymorphonuclear
leukocytes

Bloody appearance

Treatment Removing offending exposure
or treating the underlying
disorder; whole lung lavage

High-dose corticosteroid
and/or immunomodulatory
agent

High-dose corticosteroid
and/or immunomodulatory
agent, occasionally
plasmapheresis

Prognosis Poorer than autoimmune PAP;
median survival time <20
months

Short-time mortality of 50% Short-time mortality of 50%

SLE, systemic lupus erythematosus; sPAP, secondary alveolar proteinosis; AIP, acute interstitial pneumonitis; DAH, diffuse alveolar
hemorrhage; HRCT, high resolution computed tomography; GGO, ground-glass opacities; BAL, bronchoalveolar lavage.
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Potential survival paradox in
pneumonia

Dear editor,

I read with great interest the article entitled ‘‘Pneumonia
mortality, comorbidities matter?’’ by Hespanhol V and Bár-
bara C.1 Epidemiology of pneumonia varies among countries.
Interestingly, pneumococcus accounted for 40% of bacterial
isolates in Portugal. The result of this study may suggest
the target of vaccinations and other prevention strategies.
However, there are some concerns; some factors which can
contribute to impaired outcomes were associated with bet-
ter outcomes in this study.

Obesities, chronic obstructive pulmonary disease,
asthma, and diabetes mellitus were associated with
improved hospital mortality in this study. These diseases
can develop at a relatively young age, and this result
may reflect the potential confounding factors, espe-
cially the accessibility to physicians (obesity survival
paradox).2 The existence of past medical history may mean
patients go to hospital at an early stage of pneumonia.
Tabacco also seemed associated with improved outcomes.
If this variable referred to the current smoking habit,
it could mean the patients’ general condition was not
bad.

Among the factors mentioned above, chronic obstruc-
tive disease and diabetes mellitus have been reported to
result in impaired survival.3,4 Due to the nature of the ret-
rospective design, it may be complicated to investigate the
patients’ habits in detail; however, we should be aware of
these limitations when interpreting the result of this study.
Further investigations are needed to confirm the risk fac-
tors for hospital death among patients with pneumonia in
Portugal.
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Pneumonia mortality, comorbidities
matter? Authors’ answer

Dear Editor,

Thank you for inviting me to reply to the letter published in
Pulmonology journal by H. Ito ‘‘Potential survival paradox
in pneumonia’’1 concerning the recent published article in
Pulmonology ‘‘Pneumonia Mortality, comorbidities matter?’’

Thanks for reading and commenting our article,
‘‘Pneumonia Mortality, comorbidities matter?’’

Regarding the results described in your letter to the edi-
tor,one comment and some matters for concern raised about
the results described in our paper.2 The comment refers to
the possible high proportion of pneumococcal pneumonia
identified in the etiology of pneumonia in Portugal, point-
ing to its possible relationship with vaccination policy. In
fact, in Portugal the target populations for pneumococ-
cal vaccination are people under five and older than 64,
and patients with any kind of immunodeficiency. Interest-
ingly, most of pneumococcal isolates we obtained in our
study, were identified with young-adult patients with no
comorbidities, which are not usually included in the target
population for pneumococcal vaccination. This is probably
one of the explanations for the fact that, that this etiology
was not associated with a higher mortality risk.

The concerns are linked to the fact that in our study,
smoking habits, obesity, COPD and diabetes are not associ-
ated with an increased risk of dying of pneumonia, whereas
these comorbidities are usually associated with an increased
risk of death from pneumonia. However, the studies3---5 used
to justify the doubts raised in our research, have very dif-
ferent designs, populations, methodologies and analyses, so
they can hardly serve for comparison.

In our study, all patients admitted to National Health
Service (NHS) hospitals with pneumonia or sepsis with pneu-
monia, during 2015, were evaluated. The NHS hospitals
are responsible for the overwhelming majority of hospi-
talizations in Portugal. The evaluation and classification
of inpatient episodes is permanently carried out, prospec-
tively, by medical doctors specialized in disease coding.
This data was used in our study and, whenever necessary,
electronic patient records of pneumonia episodes were eval-
uated. It is not possible, when the investigation is carried out
on a retrospective basis, to eliminate all types of bias, due
to information/recall or if a particular patient characteris-
tic was included or not in the protocol. However, we believe
this was controlled by the nature of our data and by the
negligible number of missing values of the 36,366 patients
we studied. The risk of misclassification, as we pointed out
in the article, is impossible to eliminate completely and
we assume that it existed. However, we think that these
limitations do not explain the results. The prevalence of
severe limiting comorbidities, such as the high number of
bedridden patients, patients with stroke, sequelae, demen-
tia, cachexia, cancer and patients living in Care Homes,
accounting, in that year, for about 50% of the pneumonia
mortality requiring hospital admission. The interpretation of
‘‘non concordant’’ results from different research designs,
seeking the same goals, but using different data, is not
unusual.6 One way of dealing with this, is using Bayesian

approach for interpretation of to the data and results.7,8

This way of thinking, requiresnot only current data assess-
ment, but also, use of ‘‘prior knowledge’’ of the context
where the study was conducted, using the prevalence of the
patients characteristics in the study population, the way of
living and the access to medical care. The variable distri-
bution and prevalence are determinant in the subsequent
interpretation of the results and their external validity. The
data we used included the great majority of the hospi-
tal admissions for pneumonia during 2015 in Portugal. The
main goal of the study was to seek for explanations for the
high mortality rate for pneumonia in our country,9,10 and
in our view, comorbidities play an important role in this.
Using the available data from lastyears,9,10 it is easy to con-
clude that chronic illnesses appear early, limiting quality
of life. Our study allowed us to identify the coexistence,
in a large number of patients, of multiple comorbidi-
ties (eg.: smoker + obese + diabetic + COPD + stroke seque-
lae + bedridden, . . .) highly limiting. The impact of any
comorbidity, will always depend on their prevalence but
also, if in each patient, it exist alone or in combination with
others, leading to a different impact in the outcome we are
studying.

The results we obtained must be interpreted according to
the particularities of the studied population and the access
to health care. The large number of elderly patients with
concomitant multiple serious comorbidities and the univer-
sal access to NHS facilities, may justify the results we found.
In fact in other study in our country, the authors found that
hospital mortality was particularly related to the aging pro-
cess and unfavorable socioeconomic conditions11.The risk
model obtained will be tested prospectively in the near
future, so we hope to be able to validate the results obtained
for this population.
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Interleukin-6 blockade with
tocilizumab in COVID-19: Does it live
up to its hype?

A recent systematic review by Cortegiani et al.1 reviewed
the evidence and appraised the quality of evidence con-
cerning the use of tocilizumab in patients with coronavirus
disease 2019 (COVID-19). Despite a thorough appraisal of a
large number of clinical studies (n = 28) on tocilizumab in
patients with COVID-19, Cortegiani et al.1 concluded that
there is still insufficient evidence on its clinical efficacy in
patients with COVID-19 because these studies are associated
with a high risk of bias and poor quality. We would like to
complement the discussion on the evidence of tocilizumab
use in patients with COVID-19.

Interleukin (IL)-6 blocking agents such as tocilizumab
have been touted as the potential treatment for COVID-
19 since the recognition of the cytokine storm associated
with a severe course of COVID-19, which involves increased
levels of several cytokines where one of them is IL-
6. However, a more pressing question is ‘‘Do increased
concentrations of an IL-6 imply that its neutralisation
will be effective in COVID-19?’’ While a recent obser-
vational study2, not included in the systematic review,
demonstrated mortality benefits associated with the use
of COVID-19, the two recent randomized controlled
trials3,4 did not replicate the findings. The randomized,
double-blinded, placebo-controlled COVACTA trial3 among
hospitalized patients with COVID-19 reported no differ-
ence in 28-day mortality between the tocilizumab arm and
placebo arm (19.7% and 19.4%, respectively). Furthermore,
based on the results released on September 18, 2020, from
the randomized, double-blind, placebo-controlled EMPACTA
trial4, there was no statistical difference in 28-day mor-
tality between patients who received tocilizumab and
patients who received a placebo (10.4% and 8.6%, respec-
tively).

The findings from randomized controlled trials have
proved that the use of tocilizumab in COVID-19 did not live
up to the hype, where the increased concentration of IL-
6 does not imply that its neutralization will be effective
in COVID-19. There is a possibility that the wrong cytokine
was targeted to dampen the cytokine storm in COVID-19.
A recent prospective study by Blot et al.5 compared the

concentrations of IL-6 between 27 patients with COVID-19
pneumonia and 36 patients with non-COVID-19 pneumonia.
It was reported that the plasma concentrations of IL-6 were
significantly lower in the patients with COVID-19 pneumo-
nia compared to the patients with pneumonia other than
COVID-19 (121.0 pg/mL versus 460.4 pg/mL).

The findings of this prospective study, coupled with the
findings from two randomized controlled trials that failed
to detect mortality benefits with tocilizumab, suggest that
IL-6 may not be the cytokine that drives the progression
of COVID-19. The use of tocilizumab is not harmless since
it may predispose patients to the development of sec-
ondary infections. We suggest a shift in focus and to target
other mediators of hyperinflammatory state in patients with
COVID-19.
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Rationale and evidence on the use of
tocilizumab in COVID-19: A
systematic review. Authors’ reply

Dear Editor,

We read with interest the Letter from Siang Kow et al.1 com-
menting on our systematic review2 and their discussion of
the preliminary evidence from recent randomized controlled
trials (RCTs) on the efficacy and safety of tocilizumab for
COVID-19. We concur with the authors that it may indeed
be time to divert some of our attention from IL-6 to other
mediators of inflammation in COVID-19 patients. In fact,
previous pharmacological attempts to modulate the inflam-
matory response in patients with ARDS and sepsis have
repeatedly proven unsuccessful. It is therefore reasonable
to also question whether suppressing the pathophysiologi-
cal inflammatory response, or blocking a single mediator for
that matter, will be beneficial for patients with COVID-19.

The authors commented on the absence of significant
difference in mortality between patients who received
tocilizumab (Actemra/RoActemra) or placebo in the
industry funded COVACTA (NCT04320615 - https://www.
roche.com/dam/jcr:6d8de90d-2e31-43c8-b4e1-0a24a2675
015/en/29072020-mr-covacta.pdf) and EMPACTA
(NCT04372186 - https://www.roche.com/media/releases/
med-cor-2020-09-18.htm) trials.

The results of these trials confirm that findings from non-
randomized trials should be interpreted with caution and
that such caution is warranted particularly during public
health emergencies when large numbers of patients may
subsequently receive redundant treatments. As discussed
by the authors in the context of tocilizumab and exempli-
fied also by the hydroxychloroquine landslide,3 experimental
drugs are not always harmless, particularly when indiscrim-
inately used. Patient safety should always be prioritized,
which is why experimental drugs must be administered
within the framework of registered RCTs that are accom-
panied by appropriate monitoring and regulation.

Research methodology may have also contributed to the
negative findings of the above-mentioned RCTs. One exam-
ple of a potential determinant of outcome in relation to
treatment is the timing of administration in respect to the
clinical phase of the disease.4 Another is the treatment dose.
Case mix may also have diluted the results; there may be
sub-populations of COVID-19 patients who do actually ben-
efit from receiving tocilizumab. Hopefully the full reports
of the COVACTA and EMBACTA trials will shed some light on

these questions and more. These analyses combined with
additional data from the interventional tocilizumab arm of
the RECOVERY trial (www.recoverytrial.net) may yet change
our perspective on this drug. To summarize, although oft
repeated, the following rhetoric is simply the truth: more
(high quality) research is urgently needed.
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Spontaneous pneumomediastinum:
Beyond the risky diving

To the Editor:

We read with great interest the letter from Cascais-Costa
et al.1 on the risk of developing pneumomediastinum as a
result of diving. The authors reviewed the medical condi-
tion along with its primary risk factors. Hyperventilation due
to psychological stress is one cause that is scarcely refer-
enced in the medical literature. We introduce a case of a
patient with a leptosomal phenotype body who presents a
spontaneous pneumomediastinum resulting from an anxiety
crisis.

Spontaneuos pneumomediastinum (SP) is an uncommon
condition where air gets trapped in the mediastinum without
trauma associated. The most common factors are emesis,
cough or Valsava maneuvers. Other trigger situations are
asthma exacerbation, barotrauma, use of illicit drugs or
tracheobronchial/esophageal rupture.2 Psychological stress
with consequent altered breathing pattern are reported as
a cause of SP.3 Psychiatric diseases such anorexia nervosa
or anxiety attacks, have also been shown to cause SP. This
could be related to the intentional vomiting or the previ-
ously mentioned alterations in the ventilatory pattern. This
generates an increase in intrathoracic pressure causing alve-
olar rupture, which then releases air from the peribronchial
spaces to the mediastinum.4 Similar to pneumothorax cases,
those who have a leptosomic clinical phenotype with tall
and thin body and are also young and predominantly male
are considered to have several of the predisposing risk fac-
tors that are associated with the appearance of SP. This
is due to the structure of the thoracic tissues.5 In some
cases, pneumothorax or pneumoperitoneum may appear as
a pneumomediastinum complication. Usually, if no surgical
interventions are needed, treatment consists of relieving
symptoms and conservative management with radiological
follow up.

A 34 years-old male patient, nonsmoker with other
toxic habits, medical history or respiratory pathologies,
was admitted to emergency room with 12 h-history of pha-
ryngeal, cervical and thoracic oppressive pain that got
worse with body movements. No fever, coughing attacks,
vomiting, great efforts, Valsalva maneuvers or other find-
ings were present. Upon admission his BMI was 19 kg/m2.
Patient expressed feeling increased levels of psycholog-
ical stress resulting from job issues that arouse due to
the pandemic. Patient displayed cyclic episodes of short
breathing and hyperventilation patterns. His blood pres-
sure was 145/75 mmHg, respiratory rate was 24 beats/min
and oxygen saturation of 96% at room air. On examina-
tion, palpable crepitus at the neck area and upper torso

were detected. There were no relevant findings on labo-
ratories studies. Thorax radiography revealed air presence
in the left paratracheal structures with no indication of
a pneumothorax. Subsequent CT cervical scan showed air
located in vascular, prevertebral and perivisceral spaces (fig-
ure A black arrows), which extended from the skull base
to the thorax. CT thorax scan revealed air in prevascu-
lar space, supra-aortic trunks, trachea, great vessels and
peribronchovascular area (Macklin effect --- figure B black
arrow-) to the latero-cervical region. Subcutaneous emphy-
sema was in the supraclavicular spaces. These findings are
consistent with spontaneous pneumomediastinum affect-
ing the cervical region. Tracheobronchial and esophageal
rupture were ruled out by a bronchoscopy and barium esoph-
agography. Subsequent to the thoracic surgical evaluation,
no surgical intervention was needed. After 48 h with an
improved follow up, patient was discharged with good out-
comes.

In conclusion, this case demonstrates that a patient with
leptosomic body phenotype who is experiencing increased
levels of stress could be at risk of developing a spontaneous
pneumomediastinum.
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Wearing masks and the fight against
the novel coronavirus (COVID-19)

Correspondence:

We read with great interest the article by Ippolito et al.1 in
which the authors summarized the use of medical masks in
the viral outbreaks like the COVID-19. They pointed out that
wearing medical masks and respirators are critical in the
personal protection for the healthcare workers, especially in
virus breakouts such as COVID-19. They also expressed their
concerns about the worldwide mask supplies running out.
As their study compared different features of medical masks
and respirators, the essential role of wearing masks for both
inward and outward protection (protecting the wearer from
the environment and the opposite) was emphasized. Apart
from the inward and outward protection that wearing the
mask provides, the indirect effect of wearing masks during
epidemics can also be of great importance.

As COVID-19 is present in saliva,2 wearing the medi-
cal mask stops the transmission of this disease in droplets
and aerosols. As patients may be asymptomatic and the
reactivation of this disease is possible,3,4 wearing masks by
asymptomatic individuals is strongly recommended. In addi-
tion to the direct mechanisms of preventing the spread of
the virus, which is the main function of medical masks in
viral infections, the other way that wearing the medical
masks helps the healthcare systems to combat such epi-
demics is by decreasing the workload of the healthcare
systems and facilitating detection of the new cases.

In COVID-19 outbreak, the symptoms of the disease are
cough, fever, fatigue, diarrhea, headache, sputum pro-
duction, haemoptysis, dyspnoea and lymphopenia.5 These
symptoms are common among other types of influenza and
bacterial common cold. Wearing masks will also prevent
those types of infections caused by other types of pathogens
which are communicable with aerosols and droplets. If all
the individuals in a community wear masks, the number
of cases referred to the hospitals presenting COVID-19 like
symptoms decreases. In other words, the work load of the
medical system decreases. So, the real cases of COVID-19
can be screened out of all other types of influenza and com-
mon cold comparatively easily. By referring fewer people to
the clinics and hospitals, the chance of the contamination
of new patients while visiting the hospitals and clinics also
deceases. This strategy might help countries to fight against
the outbreak of COVID-19.
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