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F. Palmieri, A. Pontarelli, A. Šmite, M.B. Souleymane, M. Vescovo, R. Zablockis, D. Zhurkin, 
J.-W. Alffenaar, J.A. Caminero, L.R. Codecasa, J.-M. García-García, S. Esposito, L. Saderi, 
A. Spanevello, D. Visca, S. Tiberi, E. Pontali, R. Centis, L. D’Ambrosio, M. van den Boom, 
G. Sotgiu and G.B. Migliori  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 403

Reviews
Use of Helmet CPAP in COVID-19 – A practical review

H. Amirfarzan, M Cereda, T.G. Gaulton, K.B. Leissner, A. Cortegiani, R. Schumann 
and C. Gregoretti  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 413

The immune response to SARS-CoV-2 and COVID-19 immunopathology – Current perspectives
J.L. Boechat, I. Chora, A. Morais and L. Delgado  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 423

Practical considerations for spirometry during the COVID-19 outbreak: Literature review and insights
C. Crimi, P. Impellizzeri, R. Campisi, S. Nolasco, A. Spanevello and N. Crimi  . . . . . . . . . . . . . . 438



iv  

Letters to the Editor
Ventilator confi guration in children on long term home ventilation during the COVID19 pandemic

I. Esposito, M. Chatwin, G. Accurso, A. Cortegiani, C. Gregoretti and E. Bignamini  . . . . . . . . . . 448
Functional impairment during post-acute COVID-19 phase: Preliminary fi nding in 56 patients

E. Zampogna, G.B Migliori, R. Centis, F. Cherubino, C. Facchetti, D. Feci, G. Palmiotto, 
P. Pignatti, L. Saderi, G. Sotgiu, A. Spanevello, M. Zappa and D. Visca  . . . . . . . . . . . . . . . . . . . 452

Non-invasive ventilation through a nasal interface during transoesophageal echocardiogram in a high-risk 
chronic patient
R.E. Gomes, M.T. Redondo and M.R. Gonçalves  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 455

High-fl ow nasal oxygen in re-expansion pulmonary oedema
A. Fontoura, F.R. Fernandes, M. Oliveira, P. Santos and L.P. Trindade e Silva  . . . . . . . . . . . . . . . 457

Reversed halo sign in radiation induced organizing pneumonia: natural course of the underlying 
pathophysiology
V. Tzilas, V. Poletti and D. Bouros  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 460

Hypersensitivity pneumonitis in a patient with pulmonary alveolar proteinosis A case report
M. Costa e Silva, S. Campainha, C. Souto Moura, I. Marques and S. Neves  . . . . . . . . . . . . . . . . 464

Airway stents in malignant central airway obstruction
M. Serino, C. Freitas, S. Saleiro, B. Cabrita, M. Conde, M.G.O. Fernandes and A. Magalhães  . . . . 466

Literacy on tuberculosis in paediatric population and their caregivers. The importance of an outpatient 
tuberculosis centre
J. Pinho, V. Lopes, I.A. Pereira, J.B. Silva, M.A. Rangel and I. Carvalho  . . . . . . . . . . . . . . . . . . 469

T790M-EGFR mutation frequency in advanced NSCLC patients on progression from a previous TKI 
therapy: results from a Portuguese study
E. Teixeira, A. Araújo, V. Hespanhol, B. Parente and F. Barata  . . . . . . . . . . . . . . . . . . . . . . . . 472

Correspondence
ROX monitoring in critical COVID-19 patients treated with high fl ow oxygen: A real added value 

compared to the respiratory rate?
M. Garnier and D. Blez  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 474

COVID-19 pneumonia and ROX index: Time to set a new threshold for patients admitted outside the 
ICU. Authors’ reply
M.L. Vega, R. Dongilli, G. Olaizola, N. Colaianni, M.C. Sayat, L. Pisani, M. Romagnoli, 
G. Spoladore, I. Prediletto, G. Montiel and S. Nava  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 475

Images
Foreing body bronchoaspiration in adult: Pharmaceutical blister

D. Ferrer-Pargada, F. Arnaiz de las Revillas and G. Blanco  . . . . . . . . . . . . . . . . . . . . . . . . . . . 477



TaggedEndPulmonology 27 (2021) 383�385

TaggedFigure TaggedEnd

www.journalpulmonology.org

TaggedFigure TaggedEnd
COMMENTARY
TaggedH1FeNO testing in severe asthma: A clinical argument or an
access constraint? TaggedEnd
TaggedPPedro Carreiro-Martinsa,b, Frederico S. Regateiroc,d,e, Jorge Ferreiraf, Jos�e Luís Pl�acidog,
Rita Gerardoh,i, Cl�audia Loureiroj,k,*TaggedEnd
TaggedP

a Comprehensive Health Research Center (CHRC), NOVA Medical School, Lisbon, Portugal
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immunoglobin E (IgE) and raised fractional exhaled nitric
oxide (FeNO) levels. Because Type 2 inflammation results
from complex pathophysiologic mechanisms involving both
innate and cellular immunity, the criteria to define type 2
asthma is still a matter of debate. According to GINA, either
refractory or underlying type 2 inflammation should be con-
sidered if: (i) blood eosinophils �150/ml, and/or (ii) FeNO
�20ppb, and/or (iii) sputum eosinophils �2%, and/or (iv)
asthma is clinically allergen-driven.3 TaggedEnd

TaggedPAll guidelines recommend the use of biomarkers, such as
FeNO, IgE or blood eosinophil counts, to characterize severe
asthma, although there is still disagreement regarding the
cut-off values.3,8,9 Biomarkers are important tools to classify
asthma patients into phenotypes. Asthma phenotypes do not
define asthma severity, as the correlation between bio-
marker levels and disease severity is limited, and, for some
uncontrolled patients, there are no detectable changes in
biomarker levels. However, biomarker-based phenotyping of
asthma patients, in association with detailed clinical evalua-
tion, is essential for the proper characterization of the
patient and to define the most appropriate therapeutic
strategy. This is particularly important considering the high
proportion of uncontrolled asthma patients in many coun-
tries, including Portugal. TaggedEnd
TaggedEnd Table 1 Summary of the answers to the online survey regarding F

Question

Immunoa
panel (n

Is FeNO typing a rou-
tine procedure, in
your hospital/
center?

Yes 9 (50.0%
No 9 (50.0%
Total 18

If yes to question 1,
do you use FeNO
typing for all
asthma patients?

Yes 6 (66.7%
No 3 (33.3%
Total 9

If yes to question 2,
for what purpose?

Diagnostic &
monitoring

0 (0.0%)

Monitoring only 6 (100.0
If no to question 1,

why not?
No apparatus
available

8 (88.9%

No technician
available

1 (11.1%

Lack of consumables 0 (0.0%)

Note: A panel of immunoallergologists and pulmonologists was informa
practice of FeNO testing in Portugal; a total of 30 valid answers were ob
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TaggedPNitric oxide is a key modulator of immune responses and
is overproduced in the airways of type 2 asthma patients.
FeNO levels have long been recognized as a valid bio-
marker for the clinical management of severe asthma, not
only for the phenotypic characterization of the disease,
but also for assessing the disease evolution and treatment
strategies.3,8,10 FeNO levels are particularly useful as a
diagnostic tool in ICS-naïve patients, to monitor patient
compliance with treatment, and are good predictors of
response to ICS, asthma exacerbations and decline of lung
function.11 In particular, the combination of elevated
FeNO levels and an elevated blood eosinophil count is a
good indicator of the higher exacerbation burden in severe
asthma.12 FeNO levels are also useful to monitor and guide
the therapeutic strategy, and to predict the responsive-
ness to some biological therapies.13 In short, FeNO evalua-
tion is a low-cost, non-invasive procedure that is useful as
a surrogate biomarker for the assessment and manage-
ment of severe asthma. Therefore, the routine use of
FeNO testing can play an important role in effective
asthma control. TaggedEnd

TaggedPInterpreting FeNO levels is not straightforward as
there are many possible underlying causes for variations
in FeNO levels: smoking habits, diet, respiratory tract
infections, time of day, height, gender, age, etc.11 This
precludes the use of this biomarker alone to define type
2 severe asthma and most specialists rely on several
biomarkers simultaneously in endotype assessment. FeNO
levels are easier to interpret when very high levels are
observed. TaggedEnd

TaggedPIn Portugal, biomarker-based asthma phenotyping assays
are reimbursed by the public national health service. How-
ever, FeNO testing is not reimbursed by private insurance
companies. In addition, FeNO testing is not available at all
eNO testing clinical practice in Portugal.

Answers

llergology
= 18)

Pneumology panel
(n = 12)

Total (n = 30)

) 3 (25.0%) 12 (40.0%)
) 9 (75.0%) 18 (60.0%)

12 30

) 2 (66.7%) 8 (66.7%)
) 1 (33.3%) 4 (33.3%)

3 12

1 (50.0%) 1 (12.5%)

%) 1 (50.0%) 7 (87.5%)
) 8 (88.9%) 16 (88.9%)

) 0 (0.0%) 1 (5.6%)

1 (11.1%) 1 (5.6%)

lly invited to answer an online survey in order to assess the clinical
tained.
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TaggedEndTaggedPhospitals/centers. In order to assess clinical practice of
FeNO testing in Portugal, a panel of immunoallergologists
and pulmonologists was informally invited to participate
anonymously in an online survey. The data obtained
(see Table 1), demonstrates that FeNO testing is still not rou-
tinely used in clinical practice in Portugal mainly due to
access constraints: the lack of devices or consumables for
FeNO measurement. Interestingly, for those who reported
using FeNO testing with all asthma patients, the biomarker
is mainly used for disease activity monitoring purposes, and
for those who use FeNO routinely but not for all patients,
the reported criteria for testing included severe and type 2
asthma patients. TaggedEnd

TaggedPIn conclusion, although FeNO testing appears to be recog-
nized by Portuguese asthma specialists as an important tool
for disease management, particularly in patients with severe
and/or type 2 asthma, there are access constraints to this
assay that need to be addressed in Portugal. Generalized
access to FeNO testing will add value to the clinical manage-
ment of asthma patients and improve symptom control.
FeNO testing is also particularly relevant in severe asthma
patients as it can serve to predict responsiveness to some
new biological therapies and contribute to more cost-effec-
tive therapeutic options: e.g., high FeNO levels are one of
the prescription criteria for dupilumab, a novel biologic for
the treatment of severe asthma. We thus recommend that
FeNO testing should be established as a routine procedure in
clinical practice in Portugal for the diagnosis and manage-
ment of asthma patients or at least be available in all refer-
ence centers. TaggedEnd
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Abstract
Background: In the conventional management of the morbidly obese that normalizes the apnea-
hypopnea index (AHI), CO2 levels often remain elevated.
Methods: A retrospective review of morbidly obese patients using volume preset settings up to
1800 ml to positive inspiratory pressures (PIPs) of 25---55 cm H2O, or pressure control at 25---50 cm
H2O pressure via noninvasive interfaces up to continuously (CNVS).
Results: Twenty-six patients, mean 55.6 ± 14.8 years of age, weight 108---229 kg, mean BMI 56.1
(35.5---77) kg/m2, mean AHI 69.0 ± 24.9, depended on up to CNVS for 3 weeks to up to 66 years.
There were eleven extubations and seven decannulations to CNVS despite failure to pass spon-
taneous breathing trials. Thirteen were CNVS dependent for 92.2 patient-years with little to no
ventilator free breathing ability (VFBA). Six used NVS from 10 to 23 h a day, and others only for
sleep. Fifteen patients with cough peak flows (CPF) less than 270 L/m had access to mechanical
insufflation-exsufflation (MIE) in the peri-extubation/decannulation period and long-term. The
daytime end-tidal (Et)CO2 of 14 who were placed on sleep NVS without extubation or decannu-
lation to it decreased from mean EtCO2 61.0 ± 9.3---38.5 ± 3.6 mm Hg and AHI normalized to
2.2. Blood gas levels were normal while using NVS/CNVS. Pre-intubation PaCO2 levels, when
measured, were as high as 183 mm Hg before extubation to CNVS.
Conclusions: Ventilator unweanable morbidly obese patients can be safely extu-
bated/decannulated and maintained indefinitely using up to CNVS rather than resort to
tracheotomies.
© 2021 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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Introduction

Morbid obesity is defined by having a body mass index (BMI)
of 40 kg/m2 or more, and is associated with a number of
comorbid conditions which can adversely impact survival.
Increased work of breathing and ‘resetting’ of hypotha-
lamic respiratory drive can result in hypoventilation and
in cor pulmonale.1,2 Morbidly obese individuals, with or
without complicating conditions, can become continuously
ventilator dependent, that is, dependent on noninvasive
ventilatory support (CNVS) or on tracheostomy mechanical
ventilation (CTMV).

‘‘NIV’’ has come to be synonymous with continuous pos-
itive airway pressure (CPAP) and bi-level PAP at spans that
can normalize AHI without providing full NVS to normalize
CO2 and optimally rest inspiratory muscles.2 Bi-level PAP
became available in 1990 and often better normalized AHIs
than CPAP but it has not been used at full ventilatory support
settings aimed at normalization of CO2 in patients with ven-
tilatory pump failure.3 Mokhlesi et al. reported that eight of
34 patients (23%) who used sleep bi-level PAP did not have
a significant improvement in their PaCO2 despite normaliza-
tion of their AHIs from 44 ± 45.4 Likewise, Bouloukaki et al.5

evaluated CPAP and typical bi-level therapy and reported
that around 20% of individuals had a CO2 > 45 mm Hg after
two years of therapy. Greater than the usual bi-level spans
can be needed to normalize CO2.

The positive inspiratory pressures (PIPs) of mechanical
ventilation during general anesthesia and neuromuscular
blockade for patients with normal BMI are 17---25 cm H2O
as are PIPs for any patients with little or no measurable
vital capacity (VC) but normal pulmonary compliance.6 How-
ever, patients with poor lung and chest wall compliance may
require much higher pressures to normalize ventilation. The
aim of this study is to demonstrate that NVS can at times be
required to pressures over 50 cm H2O for the morbidly obese
to normalize CO2 levels and avoid the need for O2 therapy
and tracheotomy. Ventilator dependent patients can also be
extubated or decannulated to it. This study was approved
by the Rutgers University Institutional Review Board as No.
Pro2018001071.

Methods

This is a retrospective study describing the use of NVS with
high PIPs for morbidly obese patients presenting to two NVS
centers over a 12 year period who required NVS support due
to ongoing hypercapnic respiratory failure despite NIV use.
Patients 1---17 presented to Center A and patients 18---26 to
Center B. Vital capacity (VC) (measured to correlate with
weight but not reported here), cough peak flows (CPF), End-
tidal (Et)CO2, and oximetry were measured at every visit
Thirteen of the 17 patients of center A underwent bariatric
surgery but subsequently regained weight. All were offered
ketogenic diets and exercise programs, but none continued
these therapies long-term. Introduction of NVS was indi-
cated by symptomatic hypoventilation with decreased VC.

The therapeutic goals were: (1) normalization of PaCO2
and/or end-tidal carbon dioxide (EtCO2) or transcuta-
neous CO2 (TcCO2) tensions and oxyhemoglobin saturation
(SpO2) during wakefulness and sleep to relieve symptoms

of hypoventilation; (2) to extubate and/or decannulate
those failing ventilator weaning parameters and sponta-
neous breathing trials to CNVS.

We define NVS as the use of portable ventilators, vol-
ume or pressure preset or bi-level machines, at at least
full ventilatory support settings to normalize CO2 levels as
opposed to ‘‘NIV’’ settings to only normalize AHI. Although
volumes were initially prescribed for the patient to choose
over a range from 700 to 1500 ml, one patient increased his
to 1800 ml. Pressure support/control for drive pressures of
20---55 cm H2O were used for patients with abdominal dis-
tension. The goal was to normalize PaCO2 around the clock.
Patients used sleep-only NVS, sleep plus daytime NVS for up
to 23 h/day, or CNVS with little or no VFBA.

All patients were prescribed NVS, which was preferen-
tially volume preset with physiologic back-up rates, that is,
normal respiratory rates for age or about 12−16. Portable
ventilators were used with active ventilator circuits with
or without minimal EPAP/PEEP. Volume preset was pre-
ferred since lung volume recruitment cannot be performed
when using pressure preset ventilation.6,7 Intubated patients
and those using tracheostomy mechanical ventilation (TMV)
were extubated/decannulated to up to CNVS with weaning,
as possible.

Sleep NVS users who continued to gain weight tended to
become dyspneic upon discontinuing NVS in the morning and
developed fatigue, somnolence, and dyspnea when daytime
hypercapnia was associated with decreases in SpO2 below
95% during the day, especially late in the day. As previously
described, increased daytime use of mouthpiece/nasal NVS
at that point was facilitated by using oximetry feedback.
This renormalized blood gases and relieved dyspnea. Nasal
or oronasal interfaces were used for sleep, although patients
who required daytime as well as sleep NVS used oronasal
interfaces with straps tightly applied during sleep for a more
‘‘closed system’’ to maintain normal blood gases. With nasal
NVS during sleep large leak resulted in difficulty maintaining
adequate PIPs and normal SpO2.8 Any supplemental O2 and
sedating medications were discontinued to avoid increased
NVS leakage out of the mouth.9,10 Patients’ cough peak flows
(CPF) were measured and when less than 270 L/m mechan-
ical insufflation-exsufflation (MIE) was made available to
decrease the risk of intercurrent pneumonias.11,12

Although pre-NVS AHI measurements were by
polysomnography, subsequent measurements were esti-
mated by ventilator flow and pressure sensors that store
the data for analysis on personal computers. Compliance,
average tidal volume, minute ventilation, respiratory rate,
leaks, percent of spontaneous inspirations, and indices
of residual apnea and hypopnea were monitored during
sleep. However, only SpO2 and EtCO2 or TcCO2 levels
were used as indications to adjust ventilator settings and
interfaces, for example, whether to use nasal or oronasal
interfaces. The reliability of the AHI by ventilator software
has been reported to be sufficient for monitoring subjects
on long-term NIV/NVS.11,13,14

Results and outcomes

The patients’ demographics, anthropometric data, any com-
plicating neurological conditions, and whether extubated
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Table 1 Demographic Data, Extubations and Decannulations for Patients with Morbid Obesity.

Case Age Sex BMI Complicating
conditions

BiPAP to intubation Required Extuba-
tion/Decannulation
to CNVS

1a 71 M 77 None 1 year 3 intubations Extubation &
Decannulation

2a 24 M 54.4 Spina bífida
paraplegia

2 years 3 intubations No

3 43 F 41.4 None NVS to intubation Extubation x 2
4 72 F 43.9 Post-poliomyelitis No Extubation to CNVS

for Surgery
5a 32 F 75 None 2 years 2 intubations Extubation &

Decannulation
6a 59 F 57.5 None 2 years 2 intubations Extubation &

Decannulation
7 71 M 35.5 Diabetic neuropathy No Extubation
8a 53 F 53.1 None 1 intubation Extubation x 2 &

Decannulation
9a 62 F 48.1 None 14 years 2 intubations Decannulation
10a 81 F 54 None 8 years No
11a 59 F 46.3 None 2 intubations Decannulation
12 58 F N/A None No No
13 37 F 44 diabetic neuropathy No No
14 30 F 47 Hypopituitarism,

Cushingoid
No No

15 53 F 61.8 None No No
16 71 M 48 MND 4 years No
17 52 F 68 None No No
18 64 F 75 None No No
19 66 F 58 None No No
20 61 M 49 Post-Polio No No
21 50 F 67 None No No
22 66 F 56.3 None No No
23 69 M 58.6 None No No
24 42 M 74 None No No
25 37 F 66.8 None No No
26 59 M 55 Polyneuropathy No No

CNVS ---- continous noninvasive ventilatory support; BMI ---- body mass index.
BiPAP to intubation----‘‘No’’ denotes patients who were placed on NVS settings from outset, otherwise patients developed acute on
chronic respiratory failure with or without using bi-lovel PAP with seven requiring intubation then extubation to CNVS and five of the
seven failing a total of nine extubation attempts at other hospitals before transfer for successfully extubation to CNVS and mechanical
insufflation-exsufflation (MIE). One local patient required extubation to CNVS and MIE twice.
Required extubation/decannulation to CNVS --- except where noted, all intubations were for acute on chronic respiratory failure and
extubation attempts to CPAP, bi-level PAP, and O2 failed or were not attempted do to inability to pass ventilator weaning parameters
and spontaneous breathing trials. The patients had to be extubated to CNVS and MIE.

a Denotes patients who had been successfully extubated to low span bi-level PAP and O2 but remained extremely hypercapnic despite
sleep bi-level PAP until being transitioned to NVS settings, in 5 cases, after being intubated again, undergoing tracheotomies, then being
decannulated to CNVS in our center. Patient 9, however, only required sleep NVS post-decannulation.

or decannulated to CNVS or simply maintained on NVS set-
tings following polysomnography with or without transition
from low span bi-level PAP are noted in Table 1. Eighteen
were female and eight male, mean age 55.6 ± 14.8 years.
Weights ranged from 108 to 229 kg and BMI a mean of 61.1
(range 35.5---77) kg/m2. Twenty presented with symptomatic
hypercapnia or were intubated, ventilator unweanable, and
wanted extubation to CNVS and MIE rather than tracheotomy
and six presented using tracheostomy mechanical ventila-
tion (TMV) (Table 1).

Patients’ initial presentation, clinical management, and
transition to NVS are described in a flow diagram in Fig. 1.
Diurnal CO2 and SpO2 levels, mean sleep SpO2 levels, and
AHI for those undergoing polysomnograms before introduc-
tion to NVS are noted in Table 2. Extent of NVS dependence
(VFBA) between NVS to CNVS varied with patients’ weight
(Table 2).

Table 3 denotes extent of daytime use of NVS. Five
intubated patients were transferred, including two on two
occasions, from other critical care units after failing wean-
ing and a total of 15 extubation attempts. Two intubated
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Figure 1 Patients’ Initial Presentation, Management, and Transition to Noninvasive Ventilatory Support (NVS).
NIV- noninvasive ventilation; ARF- acute respiratory failure; CNVS- continuous noninvasive ventilatory support.

Table 2 Pre-Noninvasive Ventilatory Support (NVS) Assessment.

Case Pre-NVS

Daytime O2 Sat Daytime EtCO2/TcCO2 Sleep mean O2 Sat AHI

1 88−94% 51
2 92% 71 81
3 88−94% 63
4 75−90% 90%
5 79−83
6 85−91% 59 93%
**7 **
8 96−98% 47
9 94−95% 44
10 83−85% 54 89% 67
11 86−88% 51
12 79−89% 56
13 98% 33 92−93% 81
14 90−92% 52 90% 79
15 83−84% 65 74
16 91−94% 48 89% 40
17 78−82% 103 55.2%
18 87% 64 81% 113
19 91% 58 87% 68
20 86% 68 83% 32
21 90% 50 86% 79.5
22 94% 49 88% 56.2
23 96% 60 87% 50.8
24 89% 55 77% 19.3
25 92% 49 83% 88.7
26 90−94% 94 84% 105

EtCO2 ---- End-tidal carbon dioxide in mm Hg; TcCO2 ---- transcutaneous CO2 mm Hg; Daytime O2 sat and EtCO2 ---- O2 sat and EtCO2 while
stable; AHI ---- apnea hypopnea index; NVS settings ---- ** indicates pre-hospitalization blood gases unknown; the patient was transferred for
extubation to CNVS after failing two extubation attempts and passing no ventilator weaning parameters; post-extubation was discharged
using sleep NVS.
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patients were local. All seven unweanable patients were
successfully extubated to CNVS and MIE, including Cases 3
and 8 on two occasions, and discharged home. Three of the
seven eventually weaned, at least temporarily, to nighttime-
only NVS. Their CPF averaged 208 L/m (70 L/m Case 8) and
only one patient had flows over 270 L/m (Case 15) so 15
needed access to MIE long-term as well as for extubation
and/or decannulations.15---17

All six patients who presented using up to continuous
TMV (CTMV) were successfully decannulated to NVS/CNVS
and MIE including 3 CTMV users who had no VFBA. All six
subsequently weaned to have at least some daytime VFBA.
Two patients who were decannulated to CNVS but then used
sleep-only NVS, subsequently developed pneumonia and
required re-intubation but were successfully re-extubated
to CNVS (Table 1: Cases 1, 5). One patient who was extu-
bated to CNVS developed sepsis from a hand infection,
underwent tracheotomy, and was subsequently decannu-
lated to CNVS.

Dyspnea was relieved and blood gases normalized for all
patients. For the eleven who used only sleep NVS the initial
daytime EtCO2 of 61.5 ± 6.3 decreased to 39.5 ± 3.3 mm Hg,
and SpO2 normalized before increasing weight resulted in
their need to extend NVS into daytime hours. The EtCO2 and
SpO2 were always normal while using NVS during the day at
PIPs of 25---55 cm H2O. The mean pre-NVS AHI of 69.0 ± 24.9
decreased to 2.3 ± 1.4 during sleep NVS. Four required CNVS
only for days to months following extubation or decannula-
tion before weaning to less than full-time NVS was achieved.
Using oximetry as feedback, all patients were able to main-
tain normal daytime SpO2 in ambient air by using NVS and
MIE.17

For Center A, the 17 patients’ mean VC was 1409 ± 871
(range 200---2680) ml when sitting, and 1029 ± 764 (range
200---2060) ml when supine with a mean decrease of 27% from
sitting to supine for these patients who could not tolerate
reclining supine without using NVS. In the overall group, 18
patients used nasal and eight patients used oronasal inter-
faces for sleep NVS (Table 2). Four patients died; three
predominantly from diabetes, hypertension, and renal fail-
ure including one with sickle cell anemia and aortic stenosis.
Contact was lost with Case 8 who had liver cirrhosis and
severe diabetes mellitus, and with case 13.

No patients were intubated due to failure of CNVS, how-
ever, two using less than CNVS, because of its inconvenience
while walking, developed CO2 narcosis, required hospital-
ization and intubation for ARF, and had to be extubated back
to CNVS.

Fourteen patients were CNVS dependent for 7.3 ± 16.1
(range from 3 months to 66 years) years with little to no
VFBA for a total of 92.2 patient-years. Six others predomi-
nantly used NVS day and night with some VFBA and the others
predominantly for sleep-only (Table 2).

Discussion

These results demonstrate that: (1) volume or pressure
preset NVS settings can normalize blood gases day and
night and AHIs without EPAP or PEEP; (2) ventilator
unweanable patients with morbid obesity can be extu-
bated/decannulated to, and depend on, CNVS for years

to maintain normal blood gases without supplemental O2
despite having little or no autonomous ability to breathe,
(3) CNVS can be safely provided day and night to PIPs over
40 and even over 50 cm H2O for the morbidly obese, (4) mor-
bidly obese patients are good candidates for mouthpiece and
nasal CNVS because of intact bulbar-innervated musculature
that permits them to comfortably use NVS settings, (5) and
morbidly obese patients with respiratory orthopnea can use
NVS for sleep reclining.

In many studies on managing morbid obesity, supplemen-
tal O2 and bi-level PAP at less than NVS settings are used
rather than correcting SpO2 and CO2 levels by using NVS
settings.18---24 Residual hypercapnia can be symptomatic and
cause morbidity.9,25 Outside of academic circles, CO2 levels
are often not routinely monitored during polysomnography.
None of the patients we switched to active ventilator cir-
cuits with 0 ml of PEEP had CO2 monitored during their
sleep studies. While morbidly obese patients can obstruct
inspiration during sleep and they may not exhale to atmo-
spheric pressures, the air delivered at PIPs of 30---50 cm H2O
was unobstructed on flow signals from the ventilator down-
load. Increasing the IPAP to compensate for the EPAP to
achieve the same support as with EPAP increases mean tho-
racic pressures and possibly discomfort sometimes without
obvious clinical benefit. Although the airway obstruction of
patients with bulbar amyotrophic lateral sclerosis (ALS) is
certainly pathologically distinct from that of the morbidly
obese, Crescimanno et al. titrated the AHIs of patients with
ALS then repeated the studies with 0 EPAP and reported
that even 4 cm H2O produced more leak than no EPAP, along
with poorer sleep quality, more arousals, and a higher occur-
rence of patient-ventilator dyssynchrony without improving
oxygen saturation.26 Thus, EPAP may also be unnecessary
to treat the morbidly obese when NVS settings are used,
since airflow was unobstructed, blood gases normalized, and
symptoms relieved. Future studies will be needed to confirm
this observation.

Pressure preset CNVS at 18---50 cm H2O and volume preset
CNVS at 700---1800 ml have now been used to sustain life for
over 65 years for some of the 257 post-poliomyelitis mouth-
piece CNVS users described in 1993,27 for up to 28 years for
59 high level traumatic tetraplegics,28 for over 30 years for
patients with Duchenne muscular dystrophy,15 for over 25
years for severe spinal muscular atrophy (SMA) type 129,33

for up to 13 years for ALS,30 as well as for others. None
received EPAP, PEEP, or supplemental O2. Likewise, many
morbidly obese patients with no VFBA and immediate apnea
when unaided, may also be managed by NVS without EPAP
or PEEP.

Six patients were decannulated despite dependence on
up to CTMV with limited VFBA. Although these patients could
not be weaned from ventilatory support, this is not unprece-
dented. Perhaps the first decannulated CTMV dependent
patient was a 17 year old high level spinal cord injured
patient with 420 ml of VC seated but 0 ml supine. He had
had a C1 fracture in March of 1967. He was decannulated to
CNVS using a mouthpiece during the day. The ostomy closed
in April 1969. He was euthanized after 38 years of CNVS in
2006. Another 91 TMV dependent patients, including two
with 0 ml of VC, were subsequently decannulated to CNVS
in reports in 1988 and 1990.27,28,31 Seven remained CNVS
dependent for 12.4 ± 6.3 (range 1---22) years. Another 61
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decannulated patients ventilator unweanable patients were
reported in 2014,16 and in another report, Ceriana et al.
decannulated 46 patients with at least 8 h of VFBA to bi-level
NIV in 2019.32

No baro or volutrauma was observed in our patients nor
in many hundreds of patients with ventilatory pump failure
dependent on CNVS for decades, many of whom, as with
some of these patients, have performed LVR to pressures of
60---90 cm H2O three times daily for decades.6,7 Thus, state-
ments like ‘‘when ‘NIV’ becomes ineffective or is needed all
day tracheotomy is necessary’’ need to be re-thought.33,34

Although the use of long-term CNVS and extubation to it
along with MIE instead of TMV has now expanded to over
30 centers around the world,3 this is its first description
for the morbidly obese. Other than this report there are
as yet no other reports of continuous ventilatory support
via noninvasive interfaces for any morbidly obese patients
with little to no VFBA, and none have been reported to
use MIE to increase cough flows to expel airway debris.18---24

However, eight of the 17 patients, for whom it was mea-
sured, had CPF less than 250 L/m and, at times, as low as
130 L/m.

Limitations of this study were that it was retrospec-
tive with data from 2 different centers (not always the
same data points available), not all patients underwent
polysomnography which could have been used to determine
the effect on blood gases and sleep of adding EPAP/PEEP
to the high inspiratory pressures that normalized CO2, the
accuracy of ventilator software is speculative, and forms
of bariatric surgery were not documented. Polysomnograms
offer information about sleep architecture and arousals and
can be instructive even when CO2 is not monitored. How-
ever, since blood gases were normalized and symptoms of
dyspnea and somnolence relieved, it is clear that morbidly
obese patients can become continuously ventilator depen-
dent using noninvasive interfaces rather than tracheostomy
tubes or supplemental O2 provided that oximetry is used as
feedback. Leaks at any pressures or volumes are controlled
largely by ventilatory drive with sedative medications and
O2 avoided.10

In this paper we have described the use of NVS with
high PIP or tidal volumes for patients with morbid obesity
who continued to have daytime hypercapnia and symptoms
despite nocturnal ventilatory support using bi-level venti-
lation. This strategy was also used for a group of morbidly
obese patients who were unweanable from ventilator use.
Using the NVS strategy, in some patients on a continuous
basis, we were able to normalize daytime blood gases and
relieve symptoms associated with respiratory insufficiency.
No patient has required tracheostomy or oxygen therapy.
Future studies need to compare the use of NVS to NIV in
those with symptomatic hypercapnic morbid obesity to sys-
tematically evaluate the impact of this approach on health
care resource use, quality of life, tolerance and survival.
Continuous NVS is preferable to continuous TMV.35
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Abstract
Background: High altitude pulmonary hypertension (HAPH), a chronic altitude related illness,
is associated with hypoxemia, dyspnea and reduced exercise performance. We evaluated ECG
and pulse wave-derived markers of cardiovascular risk in highlanders with HAPH (HAPH+) in
comparison to healthy highlanders (HH) and lowlanders (LL) and the effects of hyperoxia.
Methods: We studied 34 HAPH+ and 54 HH at Aksay (3250 m), and 34 LL at Bishkek (760 m), Kyr-
gyzstan. Mean pulmonary artery pressure by echocardiography was mean ± SD 34 ± 3, 22 ± 5,
16 ± 4 mmHg, respectively (p < 0.05 all comparisons). During quiet rest, breathing room air
or oxygen in randomized order, we measured heart-rate adjusted QT interval (QTc), an ECG-
derived marker of increased cardiovascular mortality, and arterial stiffness index (SI), a marker
of cardiovascular disease derived from pulse oximetry plethysmograms.
Results: Pulse oximetry in HAPH+, HH and LL was, mean ± SD, 88 ± 4, 92 ± 2 and 95 ± 2%,
respectively (p < 0.05 vs HAPH+, both comparisons). QTc in HAPH+, HH and LL was 422 ± 24,
405 ± 27, 400 ± 28 ms (p < 0.05 HAPH+ vs. others); corresponding SI was 10.5 ± 1.9, 8.4 ± 2.6,
8.5 ± 2.0 m/s, heart rate was 75 ± 8, 68 ± 8, 70 ± 10 bpm (p < 0.05, corresponding comparisons
HAPH+ vs. others). In regression analysis, HAPH+ was an independent predictor of increased
QTc and SI when controlled for several confounders. Oxygen breathing increased SI in HH but
not in HAPH+, and reduced QTc in all groups.
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Conclusions: Our data suggest that HAPH+ but not HH may be at increased risk of cardiovascular
mortality and morbidity compared to LL. The lack of a further increase of the elevated SI during
hyperoxia in HAPH+ may indicate dysfunctional control of vascular tone and/or remodelling.
© 2021 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

Living at high altitude, where hypobaric hypoxia enhances
sympathetic tone, hypoxemia and progressively increases
mean pulmonary artery pressure (mPAP), residents may be
exposed to increased risk for sudden cardiac death (SCD)1

and cardiovascular disease (CVD).2 Cardiac adaption and
maladaptation to hypobaric hypoxia have been described
previously.3,4 Acute altitude exposure can prolong heart-
rate corrected QT interval (QTc),5,6 a validated marker for
SCD.7 Additionally, free reactive oxygen species are involved
in the adaptive process to hypobaric hypoxia.8 They act
as signaling molecules to transcribe hypoxic-inducible fac-
tor 1−�. Unfortunately, excessive reactive oxygen species
concentration can cause vascular endothelial dysfunction,
the major underlying factor promoting atherogenesis and
CVD.9 Well acclimatized, healthy highlanders have elevated
reactive oxygen species concentration without evidence of
vascular dysfunction, which is in contrast to observations
in highlanders with chronic mountain sickness (CMS).10,11

CMS is characterized by polycythemia, pulmonary hyper-
tension and severe chronic hypoxemia.12 Apart from CMS,
another chronic high altitude related illness is high altitude
pulmonary hypertension (HAPH),12 which is associated with
elevated mPAP and moderate chronic hypoxemia but with-
out polycythemia. Highlanders with HAPH may also be at
increased risk of CVD and SCD with potential consequences
for morbidity and mortality compared to healthy highlanders
and lowlanders.2,7,13

Therefore, our aim was to examine indices of risk of
CVD and SCD in highlanders with and without HAPH at
their altitude of residence. To elucidate the role of alti-
tude, a lowlander control group was assessed near sea level.
We hypothesized, that highlanders with HAPH would reveal
markers for elevated risk of CVD and SCD compared to
healthy highlanders and healthy lowlanders.

Methods

Participants

Highlanders with HAPH (HAPH+) and HH, 21---75 y of age,
both genders were recruited and studied at the Aksay
health post (3250 m, barometric pressure 515 ± 1 mmHg,
room temperature 24.2 ± 3.2 ◦C), Kyrgyzstan. Participants
had to be of Kyrgyz ethnicity, born, raised and currently
living at >2500 m. The diagnosis of HAPH was established
by typical symptoms and a mPAP >30 mmHg in the absence
of excessive erythrocytosis (hemoglobin concentration in
females <19 g/dl, in males <21 g/dl), and other present

or diagnosed diseases that lead to hypoxemia (i.e., such
as cardio-pulmonary diseases).12 Healthy lowlanders (LL),
21---75 y of age, both genders, of Kyrgyz ethnicity, born,
raised and currently living in Bishkek (760 m barometric
pressure 692 ± 2 mmHg, room temperature 25.8 ± 1.2 ◦C),
formed the lowlander control group. To eliminate the influ-
ence of smoking on the cardiovascular system, current heavy
smokers (>10 cigarettes per day), and subjects with a his-
tory of smoking >20 pack-years were excluded from the
study. Other exclusion criteria were diagnosed comorbidi-
ties or drug therapies that may have interfered with control
of breathing, or pulmonary hypertension other than HAPH,
in particular from left ventricular failure, lung disease or
other conditions listed in the guidelines on pulmonary hyper-
tension of the European Society of Cardiology.2 Data for
the current study have been collected during the conduct
of a previous study on HAPH, sleep apnea14 and cerebral
oxygenation15 but the analysis of the ECG and pulse wave,
the focus of the current study, have not been published. This
study was conducted in accordance with the Declaration of
Helsinki. Informed written consent was obtained, and the
ethics committee of the National Center of Cardiology and
Internal Medicine, Bishkek, Kyrgyzstan, approved the study
(No. 01-7/219).

Design and intervention

Highlanders traveled from their homes in the remote moun-
tain areas by horse or car within one day to the study site
at the Aksay health post. LL were studied in the National
Center of Cardiology and Internal Medicine of Bishkek. The
study design was according to a randomized single-blinded
crossover protocol as detailed below. Participants rested
in supine position breathing through a face-mask equipped
with a reservoir bag and a one-way exhalation valve (non-
rebreather oxygen mask, P.J. Dahlhausen & Co. GmbH,
Cologne, Germany). Either ambient air (FiO2 0.21) delivered
by a continuous positive airway pressure generator (REM-
star, Philips Respironics, Zofingen, Switzerland), or oxygen
(FiO2 1.0) at a flow rate of 10 l/min from a pressurized
bottle were breathed through the mask. After a baseline
period of at least 10 min, a 10 min recording period took
place with ambient air (or oxygen, according to random-
ization). After a 10 min wash-out period with ambient air
breathing (if FiO2 1.0 was used first), the procedure was
repeated with the alternate gas. Patients were not allowed
to sleep during the experiment. Blinding of participants was
achieved by placing the breathing gas source out of their
view.

395



M. Furian, T.D. Latshang, S.S. Aeschbacher et al.

Figure 1 Comparison of baseline measurements under ambient air in highlanders with high altitude pulmonary hypertension
(HAPH), healthy highlanders (HH) and healthy lowlanders (LL). Panel A: QT interval corrected for heart rate by the Bazett’s formula.16

Panel B: Stiffness index, calculated by the height of the participant in meters divided by the time delay in seconds between the
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Measurements

A 4-lead electrocardiogram and the finger photoplethys-
mogram from pulse oximetry were continuously monitored
with a sampling rate of 200 Hz. Arterial oxygen saturation
(SpO2) was assessed by finger pulse oximetry (Alice 5, Philips
Respironics, Zofingen, Switzerland). QTc was calculated by
the Bazett’s formula.16 Stiffness index (SI) and wave D to
wave A ratio (DA) of the second derivative of the finger
plethysmogram, both predictors for CVD were assessed.17,18

SI was calculated as height of the participant divided by
the time from the systolic to diastolic inflection point of the
pulse waveform19 whereas DA was calculated as described by
Takada et al.20 and Imanaga et al.21 A clinical examination,
measurement of systemic blood pressure, echocardiography
and arterial blood gas analyses were obtained as reported
previously.14

Statistics

Data are presented in median (quartiles). A per-protocol
analysis was undertaken for the present study. Comparisons
between groups were made with one-way ANOVA followed
by post-hoc Scheffé multiple-comparisons or Kruskal---Wallis
one-way analysis of variance followed by Mann---Whitney-U
test as appropriate. Within group comparisons were made
with dependent t-test or Wilcoxon signed ranks test as
appropriate. ECG and pulse wave contour analysis was per-
formed beat --- by --- beat over the last 2 min of breathing FiO2

0.21 or 1.0, respectively. ECG/pulse wave analysis was per-
formed with customized interactive software programmed
in MatLab on mean waveforms ensemble-averaged by ECG
triggering over 2 min. The number of participants exceeding
the critical threshold of QTc prolongation of >440 ms was
evaluated by the Pearson’s Chi-squared test.5,7

In order to evaluate the effect of HAPH and residence
at high altitude on QTc and SI independent of known con-
founders, such as age, gender, body mass index (BMI), mean
arterial pressure and SpO2 under ambient air, univariable
and multivariable regression analyses were employed. A
significance level of p < 0.05 was considered statistically sig-
nificant.

Results

Of 232 highlanders invited to the study, 105 refused to
participate, 37 had to be excluded due to relevant comor-
bidities or other exclusion criteria. Ninety consented to
participate and could be examined. Of 39 LL invited to the
study, 5 had to be excluded due to comorbidities or other
exclusion criteria. Thirty-four consented to participate and
could be examined. Two participants were excluded from
the final analysis because of poor quality of ECG recordings;

data from a total of 122 participants were included in the
analysis. Demographics are presented in Table 1 . HAPH+
were slightly older and had a higher body weight than both
control groups. In addition, HAPH+ were more hypoxemic
and had a higher heart rate than HH and LL (Table 1).

During breathing ambient air (Fig. 1, Panel A---C) QTc dura-
tion of HAPH+, HH and LL was, median (quartiles), 424 (404;
436) ms, 402 (388; 417) ms and 400 (380; 420) ms, respec-
tively (p < 0.05 vs HAPH+, all comparisons, p = NS between
HH and LL). Correspondingly, SI of HAPH+, HH and LL
were 10.4 (9.2; 12.2) m/s, 8.2 (5.9; 10.7) m/s and 9.0 (6.6;
10.4) m/s, respectively (p < 0.05 vs HAPH+, all comparisons,
p = NS between HH and LL); corresponding DA were 0.37
(0.29; 0.42), 0.24 (0.16; 0.34) and 0.27 (0.14; 0.36), respec-
tively (p < 0.05 vs HAPH+, all comparisons, p = NS between
HH and LL). Critical QTc prolongation above 440 ms were
observed in 6 of 34 (18%) in HAPH+, 5 of 54 (9%) in HH and 3
of 34 (9%) in LL (p = NS all comparisons).

Breathing oxygen FiO2 1.0 (Fig. 2, Panel A---C) reduced QTc
to a similar degree in HAPH+, HH and LL, i.e., by median dif-
ference (95% CI), −5 (−10 to −2) ms, −3 (−6 to −1) ms and
−5 (−9 to −3) ms, respectively (p < 0.05 compared to ambi-
ent air values within the different groups, p = NS between
groups, Fig. 2, Panel A), so that HAPH+ remained at pro-
longed QTc duration compared to HH and LL. SI did not
change with breathing oxygen in HAPH+, 0.0 (−0.6 to 0.0),
p = 0.585, and in LL, 0.0 (0.0 to 0.3), p = 0.223, but SI slightly
increased in HH with breathing oxygen, 0.1 (0.0 to 0.8),
p < 0.05, as shown in Fig. 2, Panel B. Ratio in DA remained
stable in all 3 groups (Fig. 2, Panel C).

Regression analysis confirmed that HAPH+ was an inde-
pendent predictor of increased QTc and SI even when
controlled for age, gender, mean arterial blood pressure,
BMI, and SpO2 (Table 2).

Discussion

All three indices of cardiovascular risk studied, the QTc a
predictor of sudden cardiac death (SCD), the SI and the
wave D to wave A ratio of the second derivative of the pulse
plethysmogram, were exclusively increased in highlanders
with high altitude pulmonary hypertension compared to
healthy highlanders and lowlanders. Furthermore, HAPH+
had a higher heart rate compared to HH. Thus, the cur-
rent study suggests a higher risk for SCD and CVD in HAPH+
compared to HH and LL. With 20 min oxygen breathing (FiO2

1.0), QTc was reduced in HAPH+, however, QTc remained
prolonged compared to HH and LL. The elevated values of
the SI in HAPH+ along with the lack of an acute change during
oxygen breathing may indicate an altered autonomic con-
trol of vascular tone and/or structural vascular remodeling.
Taken together, our findings raise concerns that HAPH+ may
be at increased risk of SCD and CVD.

systolic and diastolic peaks (or, in the absence of a second peak, the point of inflection) of the pulse wave. Panel C: Wave D to wave
A ratio of the second derivative of the finger plethysmogram. Boxes with lines represent medians and quartiles, whiskers represent
the 10th and 90th percentiles, and dots represent individual values that fall outside the 10th---90th percentile range. Significant
differences between groups are indicated. p < 0.05 was considered significant.
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Figure 2 Changes with breathing oxygen (FiO2 1.0) in highlanders with high altitude pulmonary hypertension (HAPH), healthy
highlanders (HH) and healthy lowlanders (LL) in comparison to breathing ambient air (FiO2 0.21). Panel A: Median change (95%
confidence interval) in QT interval corrected for heart rate by the Bazett’s formula.16 Panel B: Median change (95% confidence
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Table 1 Demographic characteristics of the participants.

Healthy lowlanders Healthy highlanders Highlanders with HAPH

N (% female) 34 (35%) 54 (39%) 34 (47%)
Age, y 40 (30;47) 39 (32;48) 52 (47;58)*¶
BMI, kg/m2 26.6 (23.1;27.8) 23.5 (21.3;25.6)* 29.0 (24.5;31.8)*¶
mPAP, mmHg 15 (12;19) 23 (19;26)* 33 (31;36)*¶
SpO2, % 95 (94;97) 92 (90;94)* 89 (87;90)*¶
Heart rate, bpm 69 (62;75) 69 (62;73) 75 (70;80)*¶
Systolic BP, mmHg 117 (111;129) 105 (97;111)* 113 (103;127)¶

Diastolic BP, mmHg 76 (68;86) 68 (61;74)* 74 (65;84)¶

Mean BP, mmHg 89 (83;99) 80 (73;86)* 87 (78;99)¶

Smoking, pack-years 0 (0;2) 0 (0;4) 0 (0;5)

Data presented as median (quartiles); HAPH: high altitude pulmonary hypertension; BMI: body mass index; mPAP: mean pulmonary artery
pressure; SpO2: peripheral arterial oxygen saturation; BP: blood pressure.
*p < 0.05 vs healthy lowlanders.
¶p < 0.05 vs healthy highlanders.

Table 2 Regression analysis of corrected QT interval (QTc) and stiffness index (SI) with several predictors.

Univariable regression Multivariable regression

Coeff SE 95% CI p value Coeff SE 95% CI p value

Dependent QTc, ms
Age, y 0.74 0.19 0.37;1.12 <0.001 0.57 0.27 0.03;1.02 0.038
Female vs. male 15.07 4.57 6.01;24.12 0.001 12.06 4.70 2.75;21.38 0.012
BMI, kg/m2 1.29 0.55 0.21;2.38 0.020 0.74 0.67 −0.59;2.07 0.273
SpO2, % −1.45 0.69 −2.82;0.08 0.038 0.79 0.78 −0.76;2.35 0.313
MAP, mmHg −0.27 0.22 −0.70;0.17 0.227 −0.38 0.22 −0.82;0.06 0.089
Group membership

HH vs LL 5.91 6.02 −6.02;17.84 0.329 5.83 6.54 −7.14;18.79 0.375
HAPH+ vs LL 22.5 6.30 10.08;35.04 <0.001 16.21 8.04 0.28;32.13 0.046

Intercept 300.4 84.2 133.6;467.2 0.001

Dependent SI, m/s
Age, y 0.11 0.02 0.08;0.14 <0.001 0.12 0.02 0.08;0.16 <0.001
Female vs. Male −0.11 0.44 −0.98;0.76 0.805 −0.18 0.39 −0.96;0.60 0.650
BMI, kg/m2 0.05 0.05 −0.05;0.15 0.283 −0.13 0.05 −0.23;0.04 0.006
SpO2, % −0.13 0.04 −0.20;−0.05 0.001 0.11 0.08 −0.05;0.27 0.193
MAP, mmHg 0.05 0.02 0.01;0.09 0.012 0.03 0.02 −0.01;0.07 0.163
Group membership

HH vs LL −0.11 0.49 −1.08;0.85 0.814 0.34 0.58 −0.80;1.49 0.055
HAPH+ vs LL 2.04 0.47 1.11;2.97 <0.001 1.71 0.66 0.40;3.02 0.011

Intercept −5.2 8.2 −21.3;11.0 0.527

All parameters from the univariate regression analyses were included in the multivariable models. BMI: body mass index; SpO2: arterial
oxygen saturation; MAP: mean arterial pressure; HH: healthy highlanders; LL: healthy lowlanders; HAPH: highlanders with high altitude
pulmonary hypertension.

These results are novel and of clinical importance since
HAPH is common among highlanders with an estimated
prevalence of 5---18%.22,23 With progressive increase of pul-

monary artery pressure in untreated HAPH,24 QTc and SI may
rise simultaneously, indicating that highlanders with long-
standing, untreated HAPH may be at increased risk of latent

interval) in stiffness index, calculated by the height of the participant in meters divided by the time delay in seconds between the
systolic and diastolic peaks (or, in the absence of a second peak, the point of inflection) of the pulse wave. Panel C: Median change
(95% confidence interval) in wave D to wave A ratio of the second derivative of the finger plethysmogram. Asterisks (*) indicate
significant changes (p < 0.05) from baseline of the corresponding group. Significant differences between groups are indicated with
horizontal lines. p < 0.05 was considered significant.
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CVD and SCD. In remote areas such as Aksay --- plateau treat-
ment for HAPH+ is difficult due to insufficient medication
supply and lack of knowledge of the potential risks, which
can result in premature death.

To the best of our knowledge, no previous studies have
elucidated the risk for CVD and SCD in HAPH+, although
several studies have shown an increased risk for SCD in high-
landers with CMS7 and in travelers acutely exposed to high
altitudes.25,26

Stiffness index and wave D to wave A ratio

Rimoldi et al. in 2012 and Bailey et al. in 2013, showed that
highlanders with CMS had systemic vascular dysfunction,
evidenced by impaired flow-mediated dilatation, increased
vascular stiffness and increased carotid intima-media thick-
ness, predisposing these patients to higher cardiovascular
morbidity and mortality.10,11 A correlation between SpO2 and
flow-mediated dilatation (r = 0.62) and its improvement 1 h
after oxygen breathing in highlanders with CMS and in HH
with moderate hypoxemia (SpO2 < 90%) led the authors to
conclude that severity of hypoxemia was one of the under-
lying --- and reversible --- mechanisms responsible for the
vascular dysfunction. However, they presented no results
about mPAP and a possible correlation between mPAP and
vascular dysfunction in CMS patients. In the current study
we found high values of SI in HAPH+ comparable to those
reported in patients with two or more cardiovascular risk
factors,19 but SI were only weakly correlated with SpO2

(R2 = 0.045, p = 0.001). The multivariable regression analy-
sis revealed HAPH+, age and BMI as independent predictors
of SI (Table 2). We found no impairments in the HH con-
trol group, which was in accordance with the cited study.11

It has been shown that chronic hypoxemia induces vasodi-
latation in the peripheral blood vessels,27 therefore, we
assumed that baseline vessel diameter in the HAPH+ and
HH would be larger compared to LL and would respond
to breathing FiO2 1.0 by hyperoxia-induced vasoconstric-
tion and elevation of SI in HAPH+ and HH compared to
LL. Interestingly, breathing FiO2 1.0 increased SI in HH but
not in HAPH+. This finding indicates that mildly hypox-
emic HH have preserved vasomotor reactivity to breathing
FiO2 1.0. Indeed, acute supplemental oxygen has shown to
increase vascular stiffness and reactivity in healthy subjects
and in diseases associated with mild hypoxemia, such as in
COPD,28 indicating that breathing FiO2 1.0 modulates the
vasomotor activity by enhancing parasympathetic activity
and reducing sympathetic activity (indicated in our study
by a hyperoxia-induced median reduction in heart rate of
−6 bpm (IQR, −8 to −5) and −7 bpm (IQR, −9 to −5) in
HH and HAPH+, respectively), or by reducing the bioavail-
ability of nitric oxide due to increased oxidative stress.29

These changes towards higher vascular stiffness have been
associated with enhanced spontaneous baroreflex sensitivity
and restoration of vascular tone towards normal physiol-
ogy in otherwise hypoxemic individuals.28 Although, heart
rate decreased similarly under breathing FiO2 1.0 compared
to room air in HH and HAPH+, the absence of hyperoxia-
induced vascular stiffness as seen in HAPH+ might be due
to only 20 min hyperoxic gas breathing compared to 30 min
or 1 h in the cited studies,11,29 or due to blunted vasocon-

strictive mechanisms or even structural remodeling caused
by more severe hypoxemia or pulmonary hypertension com-
pared to HH. In LL, SI may possibly have remained unchanged
due to the already well oxygenated blood under ambient
air.

SI and wave D to wave A ratio of the second derivative
of the finger plethysmogram, both predictors for CVD, cor-
related good to each other (R2 = 0.48, p < 0.001).

In addition to the elevated mPAP, systemic blood pressure
and heart rate were also elevated in HAPH+ compared to
HH and LL. These findings are consistent with an elevated
sympathetic tone.

Sudden cardiac death

QTc was prolonged in HAPH+ compared to HH and LL.
Furthermore, QTc prolongation could be reduced with oxy-
gen administration, but remained prolonged compared to
the two control groups. Multivariable regression analysis
revealed HAPH+, gender and age as independent factors
influencing QTc. Our results are in accordance with past
studies, showing an association between QTc and elevated
pulmonary arterial pressure,30 gender31 and age.32 Right
ventricular strain and the association with sleep apnea with
cyclic nocturnal deoxygenation contribute to impaired repo-
larization of cardiac muscles and may therefore reflect an
increased risk of ventricular tachycardia and fibrillation.

Limitation

For logistical reasons, the current study in the remote moun-
tain region could only include a relatively small sample of
highlanders compared to previous low altitude studies.33

Instead of a 12-lead ECG, we used a 4-lead ECG and were
only able to analyze lead II ECG wave contour. SI assessed
by digital volume pulse as a predictor for arterial stiffness is
a common noninvasive technique to assess arterial stiffness
and has been successfully validated against flow mediated
dilatation34 or tonometry-derived augmentation index.19,34

HAPH+ were significantly older compared to the two control
groups, however, in multivariable regression models control-
ling for age, gender and other confounders, HAPH+ remained
an independent predictor for SCD and CVD.

Conclusion

ECG and pulse wave-derived indices studied in the current
investigation in highlanders with high altitude pulmonary
hypertension indicate that they may be at greater risk for
cardiovascular diseases and sudden cardiac death compared
to healthy highlanders and lowlanders in whom QTc and SI
were normal. Breathing oxygen reduced QTc in all groups,
however, this marker of sudden cardiac death remained ele-
vated in HAPH+. Moreover, the elevated SI and A to D wave
ratio derived from the finger pulse plethysmogram, both pre-
dictors of cardiovascular disease, remained unchanged in
HAPH+ during hyperoxia consistent with altered vessel wall
properties. In summary, our observations raise concerns that
HAPH+ might be at increased risk of SCD and CVD.
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Abstract The World Health Organization (WHO) recommends countries introduce new anti-TB
drugs in the treatment of multidrug-resistant tuberculosis.

The aim of the study is to prospectively evaluate the effectiveness of bedaquiline (and/or
delamanid)- containing regimens in a large cohort of consecutive TB patients treated globally.

This observational, prospective study is based on data collected and provided by Global
Tuberculosis Network (GTN) centres and analysed twice a year.

All consecutive patients (including children/adolescents) treated with bedaquiline and/or
delamanid were enrolled, and managed according to WHO and national guidelines.

Overall, 52 centres from 29 countries/regions in all continents reported 883 patients as of
January 31st 2021, 24/29 countries/regions providing data on 100% of their consecutive patients
(10---80% in the remaining 5 countries).

The drug-resistance pattern of the patients was severe (>30% with extensively drug-resistant
-TB; median number of resistant drugs 5 (3−7) in the overall cohort and 6 (4−8) among patients
with a final outcome).

For the patients with a final outcome (477/883, 54.0%) the median (IQR) number of months of
anti-TB treatment was 18 (13−23) (in days 553 (385---678)). The proportion of patients achieving
sputum smear and culture conversion ranged from 93.4% and 92.8% respectively (whole cohort)
to 89.3% and 88.8% respectively (patients with a final outcome), a median (IQR) time to sputum
smear and culture conversion of 58 (30−90) days for the whole cohort and 60 (30−100) for
patients with a final outcome and, respectively, of 55 (30−90) and 60 (30−90) days for culture
conversion.

Of 383 patients treated with bedaquiline but not delamanid, 284 (74.2%) achieved treatment
success, while 25 (6.5%) died, 11 (2.9%) failed and 63 (16.5%) were lost to follow-up.
© 2021 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 World Health Organization (WHO) estimated that
about half million people suffer from multidrug- (MDR-) or
rifampicin-resistant (RR-) tuberculosis (TB) in 2019, of whom

38% accessed treatment and, among them, 57% were suc-
cessfully treated.1,2

Effective treatment, coupled with rapid and accurate
diagnosis, of both drug-susceptible and -resistant (MDR- and
extensively drug-resistant, XDR-) TB cases is an essential
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intervention to curb the TB epidemic and prevent further
development and transmission of drug-resistant Mycobac-
terium tuberculosis strains.3,4

New drugs (i.e., delamanid and bedaquiline) have been
recently licensed to manage MDR- and XDR-TB2; they
were included into a new WHO drug classification where
bedaquiline belongs to Group A and delamanid to Group
C.5---18

Although more evidence is becoming available from
experimental and observational studies on the efficacy and
effectiveness of new drugs,19---23 programmatic information
on their effectiveness is still incomplete worldwide.1

The Global Tuberculosis Network (GTN) project,24 which
recently reported on the safety of these drugs, allowed to
shed further light on the effectiveness of these drugs in a
large cohort of patients (Table 1, Fig. 1).24---26

The aim of the study is to prospectively evaluate the
effectiveness of bedaquiline and/or delamanid- containing
regimens in a cohort of consecutive TB patients treated glob-
ally.

Methods

Study design

The study is observational, prospective and based on the
collection twice a year and analysis of data provided by GTN
centres.

Following a pilot study implemented in 2015 to pre-test
the project’s feasibility, the results of the project (manage-
ment of adverse events) was published elsewhere.25,26

The study was approved by the Ethics Committee of the
coordinating centre, and the participating centres obtained
ethical clearance based on local regulations and signed a
data-sharing agreement.25,26

All consecutive patients (including children and adoles-
cents) treated with bedaquiline and/or delamanid were
enrolled either from the beginning of the study or from the
time the drugs under study were introduced in the respec-
tive country centre (e.g. in Mexico, Nepal, Paraguay, Spain,
Slovakia and Sudan).25,26

In all participating countries, the patients were managed
according to WHO and National guidelines, under supervi-
sion of a coordinating team supervising the patients’ clinical
management and validation of data.27 Investigators were
contacted by the coordinating centre to ensure accuracy
after recoding and validation of the dataset before final
analysis was conducted. Discrepancies were resolved by
consensus.

WHO case and treatment outcome definitions were
used.1,5,6,28,29

The present manuscript reports the results of the interim
analysis conducted on the data collected up to the 31st
January 2021.

Variables collected

The data were collected via an ad hoc developed collection
form in electronic format.25,26

The information collected (from the clinical files of the
participating centres) included, among others, anonymized

Table 1 Participating countries, estimated coverage and
number of cases enrolled.

Countries Estimated
coveragea %

Cases
enrolled N

Argentina 100 11
Australiac 100e 26
Belarusb 80 53
Belgium 60 3
Brazil 100 39
Bulgaria 100 17
Chile 100 1
Chinac 100d 5
Eswatini 100 41
Greece 100 6
India 100e 15
Italyg 80 40
Latvia 100 30
Lithuaniah 100 160
Mexicoi 100 11
Nepalh 100 125
Netherlandsb 100 6
Niger 100 17
Paraguay 100 1
Peru 80 29
Portugal 100 1
Romaniac 100f 7
Russian Federationb 100j 202
Slovakia 100 1
Spaing 100 8
Sudan 100 2
Sweden 100 19
Switzerland 100d 3
United Kingdom 10 4
Total 29 Range 10%---100% Total 883

Legend:
a Countries’ estimate of the national coverage of the aDSM

project on new drugs;
b 2 centres;
c 1 centre;
d in the Province/Canton reporting;
e in the State reporting;
f in the Province reporting;
g 7 centres;
h 5 centres;
i 3 centres;
j in the 2 Oblasts reporting.

patient’s demographic data, bacteriological, radiological
and clinical status at diagnosis, and details on bacteriologi-
cal conversion and final treatment outcomes.

The study coverage and number of patients treated per
centre are reported in Table 1.

Data analysis

A descriptive analysis was performed to evaluate the char-
acteristics of the cohort.

Qualitative and quantitative variables were summarised
using absolute and relative (percentage) frequencies, medi-
ans with interquartile ranges (IQR), and means with standard
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Figure 1 Global distribution of the clinical centres participating in the study.

The following States/Regions are covered in the study: Australia (State of Victoria); China (Zhejiang Province); Romania (Dolj
Region); Russian Federation (Arkhangelsk, Moscow Oblasts).

deviations (SD). Sputum smear and culture conversion (as
well as the time to sputum and culture conversion) were
evaluated in the whole cohort and in those completing their
prescribed regimen.

Treatment outcomes were evaluated only in patients who
completed the prescribed treatment regimen (separately for
the entire cohort and in patients treated with bedaquiline
but not delamanid) to favour international comparisons.

Results

Overall, 52 centres from 29 countries/regions in all conti-
nents reported 883 patients as of January 31st 2021 (Fig. 1).

Argentina, Australia (State of Victoria), Brazil, Bulgaria,
Chile, Eswatini, China (Zhejiang Province), Greece, India,
Latvia, Lithuania, Mexico, Nepal, The Netherlands, Niger,
Paraguay, Portugal, Romania, Russian Federation (Moscow
and Arkhangelsk Oblasts), Slovakia, Spain, Sudan, Sweden
and Switzerland (Vaud county) reported 100% of the patients
treated with new drugs in the country/region, while Belarus,
Belgium, Italy, Peru and the United Kingdom reported a
proportion of national patients ranging from 10% to 80%
(Table 1).

Demographic, epidemiological, and clinical character-
istics of the patients are summarised in Table 2. The
bacteriological conversion rates and the time to sputum
smear and culture conversion are reported in Table 3 sepa-
rately for the entire cohort and for the patients completing
their prescribed treatment regimen. The final treatment
outcomes of the entire cohort (477/883, 54.0%) are sum-
marized in Table 4, while Table 5 is reporting the patients
treated with bedaquiline only who have a final outcome
assigned.

Overall, 883 patients were treated with bedaquiline
and/or delamanid, 477 of them with a final outcome
assigned (Table 2).

Most patients were male (n = 602, 68.2% in the overall
cohort and n = 333, 69.8% with a final outcome assigned) and
the median (IQR) age was 38 (28---49) years for the entire
cohort and (30---50) years for those with a final outcome.

The proportion of foreign born was 13.4% in the over-
all cohort and 12.8% in the group of patients with a final
outcome. The main co-morbidities and risk factors are sum-
marized in Table 2.

Pulmonary TB was diagnosed in 97% patients, and cavity
lesions were found in over 60% of the patients’ radiographs.
Overall, there were 575/883 (65%) patients with MDR/RR-TB
in the overall cohort, of whom 300/477 (62.9%) with a final
outcome. Among them the XDR-TB cases were, respectively
289/883 (32.7%) and 169/477 (35.4%). Other resistance pat-
terns were present only in 19/883 (2.2%) and 8/477 (1.7%),
respectively.

The median (IQR) number of drugs for which resistance
was detected was 5 (3−7) in the overall cohort and 6 (4−8)
among patients with a final outcome.

Bedaquiline was administered to 782/883 patients in
the entire cohort (88.6%), of whom 416/477 (87.2%) with
a final outcome. The patients undergoing treatment with
delamanid were, respectively 167/883 (18.9%) and 94/477
(19.7%), some of them having been treated also with
bedaquiline.

The median (IQR) number of months of anti-TB treatment
was 18 (13−23) (in days 553 (385---678)) among patients with
a final outcome.

Bedaquiline was prescribed for 180 (168−264) days in the
whole cohort and 183 (168---364) among patients with a final
outcome. Delamanid was prescribed for 168 (144−184) days
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Table 2 Characteristics of 883 patients undergoing treatment with bedaquiline and delamanid in the cohort, including 477
who completed the prescribed regimen.

Variable All patients (n = 883) Patients with final outcome (N = 477)

Male, n (%) 602/883 (68.2) 333/477 (69.8)
Median (IQR) age, years 38 (28−49) 39 (30−50)
Foreign born n (%) 118/882 (13.4) 61/477 (12.8)
Diabetes Mellitus, n (%) 79/880 (9.0) 40/476 (8.4)
People living with HIV, n (%) 67/871 (7.7) 27/473 (5.7)
Thyroid disease, n (%) 25/795 (3.1) 17/399 (4.3)
Alcohol misuse, n (%) 186/879 (21.2) 112/475 (23.6)
Injecting drug user n (%) 48/880 (5.5) 30/475 (6.3)
Methadone user, n (%) 10/787 (1.3) 4/395 (1.0)
Previous anti-TB treatment, n (%) 544/880 (61.8) 329/474 (69.4)
Surgical therapy, n (%) 90/814 (11.1) 59/449 (13.1)
Pulmonary TB, n (%) 857/883 (97.1) 463/477 (97.1)
Extra-pulmonary TB, n (%) 72/882 (8.2) 39/476 (8.2)
Cavitary lesions, n (%) 523/831 (62.9) 295/448 (65.8)
MDR/RR-TB, n (%) 575/883 (65.1) 300/477 (62.9)
XDR-TB, n (%) 289/883 (32.7) 169/477 (35.4)
Other drug-resistance patterns, n*(%) 19/883 (2.2) 8/477 (1.7)
Median (IQR) number of reported drug-resistances 5 (3−7) 6 (4−8)
Bdq administration, n (%) 782/883 (88.6) 416/477 (87.2)
Dlm administration, n (%) 167/883 (18.9) 94/477 (19.7)
Median (IQR) months anti-TB treatment duration --- 18 (13−23)
Median (IQR) days Bdq administration 180 (168−264) 183 (168−363,5)
Median (IQR) days Dlm administration 168 (144−184) 168 (136−186)

TB: tuberculosis; IQR: interquartile range; Bdq: bedaquiline; Dlm: delamanid; MDR/RR-TB: multi-drug resistant /rifampicin-resistant
tuberculosis; XDR-TB: extensively drug-resistant tuberculosis.

* Including 3 susceptible cases treated with second-line drugs due to AEs first-line drugs.

Table 3 Sputum smear and culture conversion and median time to bacteriological conversion in 883 patients treated with new
anti-tuberculosis drugs.

Variable All patients (n = 883) Patients with final outcome (N = 477)

Sputum smear conversion, n (%) 467/500 (93.4) 274/307 (89.3)
Sputum culture conversion, n (%) 532/573 (92.8) 324/365 (88.8)
Median (IQR) days sputum smear conversion 58 (30−90) 60 (30−100)
Median (IQR) days sputum culture conversion 55 (30−90) 60 (30−90)

IQR: interquartile range.

in the entire cohort and 168 (136−186) days to patients with
a final outcome.

The proportion of patients achieving sputum smear
conversion was 93.4% in the whole cohort and 89.3% among
the patients with a final outcome, with a median (IQR) time
to sputum smear and culture conversion of 58 (30−90) days
for the whole cohort and 60 (30−100) for patients with a final
outcome and, respectively, of 55 (30−90) and 60 (30−90)
days as far as culture conversion is concerned (Table 3).

The final treatment outcomes of the entire cohort
(477/883, 54.0%) are summarized in Table 4; 344/477
patients (72.1%) achieved treatment success, 38 died (8%),
20 failed (4.2%) and 75 (15.7%) were lost to follow-up.

Among the 383 patients treated with bedaquiline but not
delamanid, 284 (74.2%) achieved treatment success, while
25 (6.5%) died, 11 (2.9%) failed and 63 (16.5%) were lost to
follow-up (Table 5).

Discussion

The aim of the present study was to prospectively evaluate
the outcome of a global cohort of patients treated with new
anti-TB drugs.

Although new research results (some summarized in a
special bedaquiline series of the IJTLD)19---23,30---35 have been
recently published, to the best of our knowledge this is the
first global study prospectively reporting detailed informa-
tion on treatment outcomes; the report of the safety profile
of the new drugs was published elsewhere.25,26

The results of our study show that ∼90% of patients
from 29 countries in all continents, with a severe pattern of
drug resistance (>30% with XDR-TB; median number of resis-
tances: 5---6) achieved sputum smear and culture conversion
within 60 days of treatment with new anti-TB drugs. The suc-
cess rates achieved were 72.1% in the full cohort (patients
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Table 4 Treatment outcomes of the 477 patients who
completed the prescribed regimen including new anti-
tuberculosis drugs.

Treatment Outcome n/N (%)

Treatment success (cured + treatment
completed)

344/477 (72.1)

Cured 281/477 (58.9)
Treatment completed 63/477 (13.2)
Died 38/477 (8.0)
Failure 20/477 (4.2)
Lost to follow-up 75/477 (15.7)

Table 5 Treatment outcomes of the 383 patients treated
with bedaquiline (but no delamanid) who completed the pre-
scribed regimen.

Treatment outcome n/N (%)

Treatment success (cured + treatment
completed)

284/383 (74.2)

Cured 226/383 (59.0)
Treatment completed 58/383 (15.1)
Died 25/383 (6.5)
Failure 11/383 (2.9)
Lost to follow-up 63/383 (16.5)

with a final outcome) and 74.2% among the patients (the
vast majority) treated with bedaquiline. This second out-
come is particularly relevant for international comparisons.
Importantly, in this specific group of patients the death rate
was 6.5%, the failure rate 2.9% and the lost to follow-up
rate 16.5%; these outcomes need to be read considering
that this cohort has been programmatically managed in
many different settings, with a relatively low prevalence of
HIV infection (5.7%). In a previous study by the GTN with
different patients treated with bedaquiline,9 the culture
conversion rate was similar (90%) and the overall success
rate 76.9%

The study stratified the success rates by geographical
area, showing that in austral Africa (where the HIV preva-
lence is higher) it was lower (64.6%) than in Niger (76.5%)
where HIV prevalence is low, Europe (76.5%) and elsewhere
(77.6%). Specifically in XDR-TB patients, the success rate was
77.6% in Africa, 80.4% in Europe and 77.7% elsewhere; these
peculiar results, with treatment outcomes higher among
XDR- than MDR-TB patients, have been caused by the fact
that the XDR-TB patients had access to better drugs in
the regimen (e.g. linezolid, clofazimine) which were not
available in all countries (at the time the study was con-
ducted) for MDR-TB patients. The WHO has from January
2021 updated its DR-TB definitions36 to include the term
pre-XDR for patients with an MDR-TB strain resistant to
later generation fluoroquinolone and XDR-TB which is MDR-
TB plus resistance to two group A drugs (fluoroquinolone plus
bedaquiline or linezolid resistance). The MDR-TB definition
remains the same.28,36

Similarly, the death rate was much higher in Africa
(23.9%) than in Europe (3.5%) and elsewhere (6.1%).

In a sub-group analysis of the 57 severe patients undergo-
ing adjuvant surgery, the culture conversion rate was similar
(90%) and the overall success rate 69.1%.37

A South African study on 19,617 patients showed a 3-fold
reduction of all-cause mortality among individuals treated
with bedaquiline when compared with those treated without
new drugs.38

In the large individual patient data meta-analysis on
12,030 MDR-TB patients18 a small proportion of patients was
treated with bedaquiline: 431/491 (87.8%) achieved treat-
ment success (aOR, 95% CI: 2.0, 1.4---2.9) and 59/550 (10.7%)
died (aOR, 95% CI: 0.4, 0.3−0.5).

The preliminary results of the Challenge-TB Project30

reported, among bedaquiline-treated patients, a culture
conversion of 71% at months 6, with 58.8% treatment suc-
cess, 11.8% failure, 23.5% died, 4.7% lost to follow-up and
1.2% still on treatment after 24 months (2016 cohort data).
The patients’ drug resistance profile was not reported.30 The
project involved 23 countries with 9389 patients enrolled
between 2016 and mid-2019. Among the most relevant
problems encountered, the Authors identified the limited
in-country coordination and the absence of a robust clinical
and laboratory network and the difficulties of implementing
effective monitoring of adverse events related to the new
drugs.25,26

A report from India (interim analysis) showed 83% culture
conversion rate among the patients treated with bedaquiline
within a median time of 60 days, while the final outcomes
were not yet available.33

In Eswatini, between 2015 and 2018, 355 patients started
treatment with new drugs (bedaquiline and/or delamanid),
of whom 109 were treated with bedaquiline only and with
final outcomes.35 Out of 109 patients, 80 were treated suc-
cessfully (73.4%, a result consistent with that of our study),
18 died (16.5%, higher than our death rate but the HIV preva-
lence was higher in Eswatini, 72.3%), 1 failed, 1 was lost to
follow-up (both 0.9%) and 9 were still in treatment after
24 months (8.3%). In the Eswatini cohort the proportion of
males (58−7%), the median (IQR) age (35 (29---44) years) and
the proportion of pre-XDR-/XDR-TB patients (26−1%) was
consistent with our study.

Although without reporting details on treatment out-
comes some studies have started reporting on the modified
shorter regimens, which include bedaquiline ro replace the
injectable drug in the former Bangladesh regimen.20,31,34

The project worked as a ‘register’ reporting treatment
outcomes (and aDSM findings)25,26 twice a year so as to
support countries in implementing quality monitoring and
evaluation of the process of introducing new anti-TB drugs
under programmatic conditions.

The study has several strengths, including the number
of countries participating (29) from all continents, a large
sample size (as far we know one of the largest studies of
its kind), the prospective design, and the accuracy of the
information collected. Last but not least, the majority of
countries/states/regions (24/29) provided data on all the
consecutive patients treated with bedaquiline and dela-
manid during the study period.

One limitation (common to all the studies of this kind)
is the impossibility of attributing the outcomes to a specific
drug, as treatment regimens are inherently polypharmaco-
logical.
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A second limitation is that few paediatric patients
(twenty-seven individuals aged less than 18 years) and peo-
ple living with HIV (n = 67; 7.7%) were included in the cohort
to allow specific sub-analyses.

The study will continue to evaluate early and final treat-
ment outcomes as periodic updates occur and the ‘cohort’
is therefore a ‘living’ one. This cohort allows evaluation
of novel treatments and combinations in a relatively short
time-frame --- particularly important given the substantial
variation in international practice and guidelines recom-
mending person-centered therapy for MDR-TB.4,5,39---41

This approach will allow the participating countries to
evaluate the ‘quality’ of their treatment services and min-
imise the risk of post-treatment sequelae responsible of
functional damage and impaired quality of life.42---48

In conclusion, our Global TB Network study further sup-
ports the importance of access to lifesaving anti-TB drugs
like bedaquiline to improve outcome of drug-resistant (DR)
TB patients. Bedaquiline has allowed for an all-oral, less
toxic shorter regimen which significantly improves survival,
and it is becoming more widely available globally.49 Future
cohort reviews will show a reduction of treatment duration
from 18 months to 6 months. This global study shows that
even when there is access to the same WHO DR TB regimen,
outcomes can still differ greatly, highlighting that manag-
ing MDR-/DR-TB is not only a question of better detection
of DR-TB and starting treatment. Even though the WHO has
shortened treatment considerably for the majority of DR-TB
patients, it is very likely that more work and investment are
required, especially in resource limited settings and treat-
ment of people living with HIV and to combat the small but
concerning number of XDR-TB patients.
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Abstract Helmet CPAP (H-CPAP) has been recommended in many guidelines as a noninva-
sive respiratory support during COVID-19 pandemic in many countries around the world. It has
the least amount of particle dispersion and air contamination among all noninvasive devices
and may mitigate the ICU bed shortage during a COVID surge as well as a decreased need for
intubation/mechanical ventilation. It can be attached to many oxygen delivery sources. The
MaxVenturi setup is preferred as it allows for natural humidification, low noise burden, and
easy transition to HFNC during breaks and it is the recommended transport set-up. The patients
can safely be proned with the helmet. It can also be used to wean the patients from invasive
mechanical ventilation. Our article reviews in depth the pathophysiology of COVID-19 ARDS,
provides rationale of using H-CPAP, suggests a respiratory failure algorithm, guides through its
setup and discusses the issues and concerns around using it.
Published by Elsevier España, S.L.U. on behalf of Sociedade Portuguesa de Pneumologia. This
is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.
0/).
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Introduction

In 2019, a cluster of a novel acute atypical respiratory dis-
ease was described in Wuhan, China. A novel coronavirus was
responsible for the outbreak and was named severe acute
respiratory syndrome coronavirus-2 (SARS-CoV-2) due to its
high homology with SARS-CoV, which also caused severe pul-
monary involvement with a high mortality in 2002−03. The

https://doi.org/10.1016/j.pulmoe.2021.01.008
2531-0437/Published by Elsevier España, S.L.U. on behalf of Sociedade Portuguesa de Pneumologia. This is an open access article under the
CC BY license (http://creativecommons.org/licenses/by/4.0/).
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new disease was named Coronavirus disease 19 (COVID-19)
and in 2020 the World Health Organization (WHO) declared
a pandemic impacting nearly the entire world.1

SARS-CoV2 primarily affects the respiratory system,
but many additional organ systems can also be severely
affected. A high percentage of COVID-19 patients admit-
ted to an Intensive Care Unit (ICU) develop severe acute
hypoxemic respiratory failure (AHRF) and fulfill criteria
for COVID-19 acute respiratory distress syndrome (CARDS),
requiring mechanical ventilation.2---4

For patients with COVID-19, use of noninvasive mechan-
ical ventilation with face masks (FM) or high flow nasal
therapy (HFNT) has been either reduced or restricted
to airborne infection isolation rooms, due to the viral
aerosolization potential with these techniques.5,6 There-
fore, across the Unites States (US), in hypoxemic patients
who can no longer be sustained on conventional oxygen
supplementation, the rate of intubation and mechanical
ventilation remains high.2,4,7

In China and many European countries, noninvasive res-
piratory support (NRS) has been employed in up to 32.4% of
COVID-19 patients requiring intensive care1,3 and includes
helmet-based methods as part of a respiratory failure
management strategy.8---11 Helmet Continuous Positive Air-
way Pressure (H-CPAP) was initially introduced in the 1990s
using modifications of existing hyperbaric oxygen treatment
devices, and thereafter the use expanded to NRS for addi-
tional indications.12,13 H-CPAP has recently been reported to
significantly reduce SARS-CoV-2 aerosolization and exposure
risk for healthcare personnel compared to HFNT or FM.6,9,10

When facility ICU bed and ventilator capacity has been
temporarily expended, H-CPAP could be a lifesaving, easy
to perform respiratory management tool for appropriate
COVID-19 patients with respiratory failure and subsequently
may not necessarily require an ICU stay. H-CPAP may avoid
the need for intubation and ventilator associated problems
in patients with CARDS altogether.14,15

This practical review summarizes the COVID-19 respira-
tory physiology, the evidence to date for helmet use as well
as step-by-step instructions for clinicians to deliver CPAP
with a helmet for patients requiring noninvasive respiratory
support during a respiratory pandemic such as COVID-19.

Pathophysiology and respiratory mechanics of
COVID-19 dyspnea

The pathophysiology of COVID-19 respiratory distress may
best be described as an inflammatory induced pulmonary
vasculitis, leading to varying degrees of lung collapse sec-
ondary to edema and microthrombosis,16 characterized by
bilateral ground glass opacities on CT-scan, resulting in ven-
tilation perfusion ratio (V/̇Q)̇ mismatching and a significant
shunt fraction.17,18

Elevated clot waveform analysis parameters are con-
sistent with hypercoagulability in critically ill COVID-19
patients.19 CARDS is an ‘‘atypical’’ form of ARDS, leading to
severe hypoxemia, dyspnea, impaired lung diffusion, forma-
tion of intravascular microthrombi hypoxic vasoconstriction,
and intrapulmonary shunting.19,20 As in the first days of the
disease, the lung mechanics are well-preserved and there is
usually no increased airway resistance or dead space ven-

tilation, a disparity may be seen between the degree of
hypoxemia and a clinically otherwise relatively unimpaired,
‘‘happy’’ patient.21

To better distinguish CARDS from classic ARDS, a contin-
uum between 2 phenotypes of CARDS has been proposed to
describe the pathophysiology, although not supported by any
controlled trial and still in need of more precisely defined
mechanisms. The early Type L is characterized by low elas-
tance, (relatively high compliance, 50.2 ± 14.3 mL/cmH2O),
low ventilation to perfusion ratio, limited PEEP response
and low alveolar recruitability. The late type H is cha-
racterized by high elastance, high right-to-left shunt, high
lung weight, better PEEP responsiveness, and high alve-
olar recruitability.20,22 The two types are not mutually
exclusive and overlap occurs during the course of the dis-
ease.

Improved arterial partial pressure of oxygen (PaO2) by
positive end-expiratory pressure (PEEP) may be explained
not only by lung recruitment, but also by more even dis-
tribution of perfusion, diverting flow toward the high Va/Q
areas.23 The optimum level of PEEP to improve oxygenation
still remains controversial and may depend upon presenting
phenotype.

Rationale for Helmet CPAP in patients with
hypoxemic respiratory failure

In a recent meta-analysis of trials of adults with AHRF,
treatment with NRS including H-CPAP was associated
with lower risk of death compared with standard oxygen
therapy.24

In addition to the relative ease of use, H-CPAP may have
physiological and biological advantages over the alterna-
tive strategies. H-CPAP decreases air leaks compared to
face mask interfaces, potentially reducing viral transmis-
sion when used to treat patients with AHRF from COVID-19.
In different forms of acute hypoxic respiratory failure, H-
CPAP may increase recruitment of non-aerated alveoli in
dependent pulmonary regions,25,26 thereby increasing lung
functional residual capacity and decreasing shunt. In theory,
the tidal volume is shifted with H-CPAP to a more compli-
ant part of the pressure-volume curve, thus reducing the
patient’s effort and work of breathing (WOB) and oxygen
consumption27,28 despite absence of ventilatory assistance.
In the less severe forms of ARDS when spontaneous effort
remains modest, there is an improved gas exchange and
better lung aeration in CT analysis in experimental and
clinical studies.29 By decreasing alveolar collapse and inho-
mogeneity of pulmonary gas distribution without imposing a
higher tidal volume, CPAP may decrease lung injury induced
by vigorous diaphragmatic contraction in dorsal regions.30

The presumed mechanism of diaphragmatic injury to the
lungs is thought to be due to strong inspiratory efforts and
large transpulmonary pressure swings that should be avoided
to prevent an adverse effect of Pendelluft and large local
tidal volume on baby lungs.31 Comparative physiological
studies have demonstrated the equal performance of hel-
met and mask CPAP for reducing the inspiratory effort and
WOB32; however, H-CPAP may increase the duration of pos-
itive pressure application because of improved tolerability
by patients.33
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Table 1 Major benefits and challenges of H-CPAP compared
to face mask.

• Reduce aerosolization and exposure to SARS-CoV-2 with
proper fit5,6

• Allows enteral nutrition and hydration
• Limited air leaks with proper fitting74

• No facial skin lesions12

• Fitting independent of the patient’s face anatomy
• Can be used without a ventilator
• Patient cooperation is likely improved with helmet

Challenges

• Large dead space needing fresh high flows
• Noise
• Possible Claustrophobia
• Armpits and neck skin breakdown
• Eye irritation
• Possible Claustrophobia
• Clinician team learning curve
• Achieving clinician education, engagement and

acceptance of H-CPAP as a treatment option that
improves outcomes

Currently, both noninvasive CPAP and HFNT are first-line
treatments for AHRF in immunocompromised patients.26 In
several recent meta-analysis of trials in adults with AHRF,
treatment with NRS including H-CPAP was associated with
a lower risk of death, decreased intubation compared with
standard oxygen therapy.24,34

The different considerations for H-CPAP use are summa-
rized in Table 1.

In 2016, a major American academic medical cen-
ter showed helmet NRS (pressure support ventilation) to
decrease intubation rates and ICU length of stay in patients
with mild to moderate ARDS when compared to mask NRS.33

Patients with COVID-19 and shunt-related hypoxemia may
have a variable WOB and may respond favorably to CPAP,
especially during type L CARDS and severe hypoxemia.20 A
successful response to CPAP can most likely be expected
when lung elastance and congestion are still low and clinical
signs of excessive inspiratory efforts (i.e. use of accessory
muscles) are still absent.20 Currently available data regard-
ing the safety profile of H-CPAP mostly from Europe15,35,36

suggests that H-CPAP is a helpful tool for NRS in mild to
moderate CARDS and may mitigate the ICU bed shortage
during a COVID surge as well as a decreased need for
intubation/mechanical ventilation. Recently, Franco et al.
reported using H-CPAP as a first line NRS in 49% of CARDS
patients and only 25% of them required invasive mechanical
ventilation after their initial treatment.37

Within the US, Gaulton et al. found that H-CPAP
decreased the odds of intubation by over 80% compared
to HFNT in obese and overweight patients with AHRF from
COVID-19.38 Additionally, H-CPAP as part of a ventilation
strategy for COVID-19 patients has been supported by the
Society for Critical Care Medicine and was integrated in their
guidelines as early as March 2020.39

H-CPAP respiratory failure management for
COVID-19 patients

The construction of the helmet typically includes a trans-
parent, latex free, polyvinylchloride hood joined to a metal
or plastic ring that incorporates a soft polyvinylchloride col-
lar adjustable to different neck circumferences. Underarm
straps may be attached to the front and back of the durable
ring to prevent upward displacement of the helmet when
gas flow is initiated.32 Prior to the COVID-19 pandemic in
the US, Food and Drug Administration (FDA) approval for
helmets was limited to the use for gas delivery in a hyper-
baric chamber. In response to the pandemic, the FDA has
issued Emergency Use Authorizations (EUAs) to several man-
ufacturers for helmet use in the treatment of AHRF from
COVID-19. At the time of this publication, helmet EUAs have
been granted to the StarMed CaStar R Hood (Intersurgical,
Berkshire, UK) and the Subsalve Oxygen Treatment Hood
(Lombardi Undersea LLC, Middletown, RI).40 Additional US
helmet manufacturers include Sea-Long Medical Systems,
(Waxahachie, TX), and Amron International Inc., (Vista, CA)
and non-US based H-CPAP options are also available.41

Setup and gas source

Several configurations are possible based on equipment
availability (Fig. 1). The MaxVenturi setup (Fig. 2) is pre-
ferred as it allows for natural humidification, low noise
burden, easy transition to HFNT during breaks and is a simple
and safe set-up for patient movement and transport. PEEP
may be selected to start at 5 cm H20 and can be titrated
to a maximum of 15. For use in cases of COVID-19, a viral
filter can be placed on the inspiratory and expiratory limbs
to reduce viral transmission. An arterial blood gas analy-
sis (ABG) prior to and after start of H-CPAP is desirable,
but scheduled ABGs might not be necessary. Carbon diox-
ide rebreathing is common but can easily be mitigated by
keeping continuous inspiratory flow >50 L per minute using
the oxygen delivery systems shown in Fig. 1.42 PEEP valve
features may also affect CPAP performance. Precalibrated
and water seal valves exhibit the best performance.43

H-CPAP management is most practically targeted to
achieve peripheral oxygen saturation (SpO2) > 92%. Initi-
ating CPAP treatment should depend on the assessment
of the PaO2/FiO2 ratio rather than on SpO2 alone.9 HCPAP
treatment may be initiated and maintained based on the
PaO2/FiO2 ratio, when there is a concern about falsely
elevated SpO2 from an early COVID-19 stage induced
respiratory alkalosis and an associated left shift of the
oxygen---hemoglobin dissociation curve.11 A Respiratory Fail-
ure Management Algorithm for COVID-19 Patients that
integrates H-CPAP is presented in Fig. 3.

Considerations specific to H-CPAP

Carbon dioxide rebreathing and tidal volume
measurement

The degree of CO2 rebreathing influencing the inspired par-
tial pressure of CO2 (PiCO2) depends on the CO2 produced
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Figure 1 O2 delivery system configuration.

by the patient and the total fresh gas flow that clears the
helmet. There are some data suggesting that reducing the
internal volume of the helmet does not automatically pre-
vent rebreathing but the increase in gas flow and the rate
of CO2 production will affect CO2 rebreathing.44,45

Patroniti et al45 found that with an increase of gas
flow from 20 to 60 L/min and of 0 PEEP to 15 cmH2O
during H-CPAP, the inspiratory CO2 concentration was
around 2.3 mmHg higher with helmet than with mask
NRS. Increasing the gas flow rate significantly lowered
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the inspiratory CO2 concentration in patients with H-
CPAP.

So far, H-CPAP does not allow tidal volume measurement
during use due to its mechanical properties. However, in
the setting of H-CPAP with a turbine driven ventilator, an
intentional leak, and dedicated software, tidal volume can
be estimated.46---48

Humidification

Although the optimal level of humidification of inspired
gases during NRS is unknown, inadequate humidification
can cause patient distress and NRS intolerance.49,50 Adding
active humidification set at body temperature may result in
fogging of the helmet visor, which can also cause discom-
fort. When using a Venturi system, like the one shown in
Fig. 2, to supply fresh gas, the entrained room air increases
humidity compared to dry medical gas alone, depending on
the chosen fraction of oxygen. Furthermore, the humidity
and temperature of expired gas can mix with the dryer and
cooler fresh gas, enhancing its temperature and humidity
and reducing the need for active humidification. Chiumello
et al.,51 reported that during continuous flow H-CPAP and
spontaneous breathing without active humidification, the
temperature and humidity of the inspired gas was significan-
tly higher compared to non-humidified medical gas alone.
The magnitude of this effect was directly dependent on the
gas flow passing through the helmet. Hence, in the absence
of active humidification during high flow H-CPAP, insufficient
humidification of gas may develop depending on the gas flow
and oxygen fraction.51,52 If humidification is chosen (e.g.
when patients require more oxygen), the modern actively
heated humidifiers are able to deliver an absolute humidity
above 10 mgH2O/L. The use of an active humidifier set at
room temperature improves absolute and relative humidity
inside the helmet and prevents insufficient humidification
while reducing fogging.

Proning

Prone positioning in spontaneously breathing patients with
AHRF may improve oxygenation and prevent intubation
and has demonstrated utility in COVID-19.53---56 Switching to
prone position changes pulmonary perfusion, diverting blood
flow toward the high Va/Q areas, and increases ventila-
tion in the dorsal, now nondependent areas of the lung.54 A
redistribution of aerated and non-aerated areas of the lung
occurs with proning. This maneuver improves oxygenation at
a lower level of PEEP with more homogeneous distribution of
ventilation and a decreased risk of ventilator---induced lung
injury.29,35 Anatomically, dorsal lung regions have a higher
density of pulmonary vessels independent of gravity.57,58

Prone positioning in patients with COVID-19 who are
receiving H-CPAP is safe, feasible, and may improve oxy-
genation and reduce work of breathing. In a study of 15
CARDS patients receiving H-CPAP in the prone position out-
side the ICU, a reduced respiratory rate compared to their
baseline that was maintained after the end of pronation was
observed.36 All patients exhibited an improved PaO2/FIO2

ratio in the prone position and 12 patients (80%) had an
enhanced PaO2/FIO2 ratio after the end of proning; 11

Figure 2 Flow delivery system configuration: MAX VENTURI
System connected to a helmet.
A: A MAX VENTURI system is provided with 2 knobs to inde-
pendently set oxygen and air. Knob (A) regulates oxygen
percentage, Knob (B) regulates air, (C) oxygen cell and read on
the display (D). protected by a HEPA filter (E). The outlet of the
venturi system is connected to the inlet port (G) of the water
chamber of an active humidifier (H) through an insulated circuit
(F) From the outlet port of the water chamber another insulated
circuit (I) connects the helmet inlet port as shown in B. B: A MAX
VENTURI system is connected to the helmet (L) inlet port (M)
through an insulated circuit (I) coming from the water chamber
of the humidifier (H). The expiratory helmet port (N), protected
with a HEPA filter (Q), is provided with a PEEP valve (O). Two
armpit braces (P) keep the helmet in place. MAX VENTURI can
be coupled to an active humidifier.

(73.3%) patients reported an improved level of comfort dur-
ing proning in a very recent prospective study where H-CPAP
was used in 79% of the patients. Moreover, Coppo et al.
found that prone positioning with H-CPAP was feasible and
effective in rapidly improving blood oxygenation in awake
patients with COVID-19-related pneumonia requiring oxygen
supplementation.59

Care should be taken to prevent inspiratory flow dis-
connection during positioning. A soft chest support may be
placed under the patient so as to better align the head posi-
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Figure 3 H-CPAP Respiratory Failure Management Algorithm for COVID-19 Patients.
The SpO2 goals are based off SCCM COVID recommendations.
NC: Nasal Cannula; NRB: Non-Rebreather; ETT: Endotracheal intubation, ARF:acute respiratory failure, RR: respiratory rate

tion with the body axis when in a helmet. A towel may be
placed inside the helmet to prevent head skin contact with
the plastic neck rim for instances when the patient’s head
may rest against the mattress.

Like any other noninvasive ventilation technique, use of
sedatives during H-CPAP application may trigger safety con-
cerns of potential aspiration and hypoventilation.

Noise

Operating noise of helmets compared to masks has been
reported as a barrier to helmet use.60,61 Noise contributes
to patient discomfort during the ICU stay,62,63 and noise
exposure during H-CPAP can be underestimated among the
factors that influence the patient’s well-being. The magni-

tude of gas flow is the origin of the noise generation for
the different CPAP gas sources. High efficiency particulate
air filters on the inspiratory limb of the gas circuit can help
to reduce noise provided that active humidification is not
used. Filters are recommended to reduce viral transmission.
Ear plugs can be worn by patients during helmet use if so
desired.

Nursing care and patient comfort

A well seated and maintained helmet is generally better
tolerated than the mask NRS, especially for extended CPAP
therapy over several days.64---67 Use of H-CPAP compared to
a face-mask interface may also reduce air leaks and thus
potential health-care worker COVID-19 particle exposure
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Table 2 Setup helmet and O2 delivery.

• Prepare the helmet collar for the patient’s neck size
according to the manufacturer’s specifications

• Connect the helmet to a gas source and connect a PEEP
valve (if a turbine driven ventilator in single limb vented
configuration set in CPAP mode is not used

• Place high efficiency particulate air (HEPA) filters in the
correct positions.

• Connect inflow limb to humidifier outlet (Fig. 2A), set
oxygen flow at 50-60 LPM and FiO2 50%---60%.

• The helmet can also be utilized with flow meter blender
devices (Fig. 1)

• The initial recommended FiO2 is 0.5 with a CPAP of
5 cmH2O.

• Either follow ABG values to determine the optimal
PO2/FiO2 ratio at the lowest level of CPAP or simply
titrate per SpO2 saturation

• If SaO2 is >96%, down regulate the FiO2 to reach closer to
an SaO2 of >92%.

• On the other hand, if the SaO2 is <92%, adjust the FiO2 to
ideally no more than 0.6 and increase the CPAP to
incrementally to no more than 14 cmH2O to achieve
adequate oxygenation.

and alleviate related anxiety triggered by the use of pos-
itive pressure NRS devices.68 Helmet technology improves
patients’ comfort, allows patients’ communication, interac-
tion, coughing and oral feeding.63 Rare problems of H-CPAP
include dermal decubiti or even skin necrosis at the neck,
gastric distension or eye irritation.64,65 The helmet often
features an anti-suffocation valve to allow air entry during
any fresh gas flow interruption.41 This feature is of utmost
importance when helmet is used outside the ICU in the case
gas source failure to prevent severe rebreathing.45

Appropriate patient selection and education of a coop-
erative patient and careful H-CPAP management are
fundamental to minimize claustrophobia and preserve the
patient’s full visual contact and communication with health
care providers and relatives.45,52,69,70 H-CPAP is thought to
also improve sleep possibly reducing the rate of delir-
ium compared to intubation.71 An H-CPAP bundle has been
proposed by Lucchini et al. including noise reduction mea-
sures, a counter- weight fixation method and a heated
wire active humidification system to further improve the
patient’s comfort.72 H-CPAP should be maintained around
the clock whenever possible. However, brief interruptions
to improve the ease of feeding and provide a short H-CPAP
holiday can be considered. A simple transition to HFNT is
feasible with the MaxVenturi setup. This may reduce the
amount of time a provider spends in a contaminated envi-
ronment.

Typically, H-CPAP sessions last at least 6 h continuously
followed by a break for meals (Table 2). Discomfort is a
major cause of NRS failure.69 Similar to invasive mechanical
ventilation, sedation has been advocated to improve NRS
success. However, patients undergoing CPAP therapy can-
not be heavily sedated.69 Dexmedetomidine is a preferred
agent for sedating patients receiving H-CPAP in the ICU when
necessary.73

Table 3 Indications for intubation.

• Inability to maintain a partial pressure of oxygen/FiO2

ratio of 150, with no reduction in respiratory rate with
use of accessory muscles and an increasing FiO2

requirement, defined as an FiO2 >80% after 1 h or at any
time during H-CPAP therapy75

• Loss of ability to maintain ventilation to keep PaCO2 <45
• Loss of protective airway gag reflex
• Respiratory or cardiac arrest
• Severe intolerance of the helmet
• Airway bleeding, persistent vomiting, or copious

secretions

Special straps loop around the axilla to secure the helmet
in a comfortable position on the patient’s head. This confi-
guration may cause dermal lesions despite padding and may
result in H-CPAP discontinuation.72 An alternative design is
an opening ring deployed underneath an inflatable cushion
to prevent leaks and secure the helmet without the need
for axillary straps. This design also reduces the ventilation
pressure swings during H-CPAP74 and aerosolization.5,9

When to intubate

Intubation should not be delayed in patients with AHRF from
COVID-19 if H-CPAP does not improve Arterial Blood Gas
parameters or the clinical status (Fig. 3), and the indica-
tion is no different from AHRF from non-COVID-19 etiologies.
(Table 3). When increased respiratory drive, WOB, persis-
tent dyspnea, and use of accessory muscles are present
in combination, invasive mechanical ventilation should be
instituted.75 Delayed intubation may increase the risk of
clinical deterioration.28

Camporota et al.76 suggest that as dead-space ventilation
increases, a greater respiratory drive generates a greater
minute ventilation and WOB. This in turn results in a higher
transpulmonary pressure as in other forms of AHRF.77 A
greater contribution of viral aerosolization in this circum-
stance is also likely. These patients may be at higher risk of
self-induced lung injury, which is thought to be caused by
large diaphragmatic swings and increased WOB in patients
receiving non-invasive mechanical ventilation.31 Such a situ-
ation worsens their clinical status by prolonging H-CPAP and
eventually leads to unfavorable outcomes.76,78

Specific to COVID-19, the airway team should be acti-
vated as soon as the need for mechanical ventilation is
anticipated, to allow for the appropriate donning of per-
sonal protective equipment, optimize procedural control
and avoid an emergency airway management scenario. Fi02
can be increased to 1, if using a MaxVenturi or ventilator
setup, for pre-oxygenation. The helmet can be removed
prior to or after induction ensuring that there are two
providers available to assist in helmet removal.

Weaning

Currently, no general consensus exists regarding H-CPAP
weaning process in COVID-19. Therefore, we propose a sound
clinical approach with individualized care for patients with

419



H. Amirfarzan, M. Cereda, T.G. Gaulton et al.

AHRF due to CARDS based on comorbidities and the resolu-
tion of the respiratory impairment.

In our clinical experience, the patient can be gradually
weaned from H-CPAP first by decreasing the PEEP, and FiO2,
followed by incrementally increasing the H-CPAP free time.
H-CPAP can be discontinued by achieving respiratory distress
improvement and an ability to maintain a SpO2 > 96% on
Fi022 ≤ 40% and CPAP 0−5 cmH20. When a PEEP of 5 cmH2O
has been achieved, the H-CPAP may be replaced by an oxy-
gen Venturi mask or HFNT if allowed (a surgical mask can
decrease aerosol dispersion).79

Conclusions

H-CPAP is not intended to replace endotracheal intubation
and mechanical ventilation in AHRF from COVID-19. Instead,
as an option for respiratory support with evidence of effec-
tive and safe use in many parts of the world, it deserves
consideration for more widespread use during a pandemic.76

H-CPAP, when properly fitted, is associated with minimal
particle dispersion and air contamination,5,6,9 reducing the
risk of transmission to healthcare workers.

Clinician concerns with H-CPAP regarding the risk of viral
contamination during use, the possibility of device malfunc-
tion, and patient decompensation can be alleviated with
education, scientific evidence, and mentored experience.

Life-long learning, an open mind, and a positive atti-
tude to new, life-saving treatments remain cornerstones for
successful new program implementation. We must accept a
learning curve for the benefit of many patients.
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Abstract
Background: As the Coronavirus disease 2019 (COVID-19) is spreading worldwide, countries are
dealing with different phases of the pandemic. Lately, scientific evidence has been growing
about the measures for reopening respiratory outpatient services during the COVID-19 pan-
demic. We aim to summarize the key differences and similarities among recommendations by
different national and international organizations.
Methods: We searched on Google and Pubmed for recently published National and International
Recommendations/Guidelines/Position Papers from professional organizations and societies,
offering a guidance to physicians on how to safely perform pulmonary function testing during
COVID-19 pandemic. We also searched for spirometry manufacturers’ operational indications.
Results: Indications on spirometry were released by the Chinese Task force, the American Tho-
racic Society, the European Respiratory Society, the Thoracic Society of Australia and New
Zealand, the Société de Pneumologie de Langue Française, the Spanish Societies (Sociedad
Espanola de Neumologia y Cirugia Toracica, Sociedad Espanola de Alergologia e Inmunologia
Clinica, Asociacion de Especialistas en Enfermeria del trabajo, Asociacion de Enfermeria Comu-
nitaria), the Sociedade Portuguesa de Pneumologia, the British Thoracic Society/Association

Abbreviations: ACH, air changes per hour; ARTP, Association for Respiratory Technology and Physiology; BTS, British Thoracic Society;
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for Respiratory Technology & Physiology, the Irish Thoracic Society, the Sociedad Uruguaya de
Neumologia, the Italian Thoracic Society and the Italian Respiratory Society, Cleveland Clinic
and Nebraska Medical Center. Detailed technical recommendations were found on manufac-
turers’ websites. We found several similarities across available guidelines for safely resuming
pulmonary function services, as well as differences in criteria for selecting eligible patients for
which spirometry is deemed essential and advice which was not homogenous on room ventilation
precautions.
Conclusions: This study shows a synthesis of national/international guidelines allowing practic-
ing physicians to adapt and shape the way to organize their outpatient services locally. There is
generally good agreement on the importance of limiting pulmonary function testing to selected
cases only. However, significant differences concerning the subsets of candidate patients, as
well as on the management of adequate room ventilation, were observed.
© 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

Coronavirus disease 2019 (COVID-19) has spread world-
wide, becoming a public health emergency of international
concern,1 officially designated as a pandemic by World
Health Organization (WHO) on March 11.2 COVID-19 has
had a high impact on the health care system, necessitat-
ing unprecedented measures for containing the infection,
shutting down all the outpatient activities and providing
treatment only for emergency cases.3

The infection is mainly transmitted by respiratory
droplets4 and close contacts, so both pulmonologists and
their patients are at high risk of COVID-19 transmission
during the outpatient visit and the pulmonary function
testing procedures. Therefore, in the early phases of
the pandemic some International Societies such as the
Chinese expert consensus,5 the American Thoracic Soci-
ety (ATS),6 the Thoracic Society of Australia and New
Zealand (TSANZ/ANZSRS),7 the Sociedade Portuguesa de
Pneumologia (SPP),8 the Société de Pneumologie de Langue
Française (SPLF),9 the Spanish Societies [Sociedad Espanola
de Neumologia y Cirugia Toracica (SEPAR), Asociacion de
Enfermeria Comunitaria (AEC), Asociacion de Especialis-
tas en Enfermeria del trabajo (AET), Sociedad Espanola
de Alergologia e Inmunologia Clinica (SEAIC)]10 and the
Irish Thoracic Society (ITS),11 recommended stopping or
postponing pulmonary visits and pulmonary function tests
(PFTs) during the pandemic surge unless deemed clinically
essential.5---8,11,12

Nevertheless, PFTs cannot be delayed for a long time in
some patients’ groups. Moreover, a respiratory follow-up of
patients who recovered from COVID-19 pneumonia is crucial
in the monitoring of a possible fibrotic complication of the
disease which could lead to a reduction of the pulmonary
function.1,5 Entering the second phase of the COVID-19 pan-
demic, we need to consider that the infection will remain
endemic and we have to coexist with the disease, which will
become a part of the routine practice. Therefore, hospitals
have to be prepared to safely bring back regular ambulatory
services and PFT labs, especially to assess patients suffering
from pre-existing chronic respiratory diseases, to prevent
their risk of mortality and disability.

To date, several official Recommendations/Guidelines
from National and International Societies, hospitals or pro-
fessional organizations have been released on this topic with
operational indications during the COVID-19 surge.5---11,13

Some Organizations updated their own documents,14---16 and
other Societies, such as the European Respiratory Society
(ERS),17 the British Thoracic Society/Association for Respi-
ratory Technology & Physiology (BTS/ARTP),12 the Sociedad
Uruguaya de Neumologia (SUNEUMO),18 the Italian Thoracic
Society (ITS/AIPO),19 and the Italian Respiratory Society
(IRS/SIP),20 as well as renowned medical centers such as
Cleveland Clinic,21 recently published statements.

We aim to summarize the available official recommen-
dations on the use of spirometry in the context of COVID-19
infection and to compare them, reviewing in detail the most
important aspects, such as eligible patients, health-care
workers’ and patients’ protection, equipment, and envi-
ronmental management to prevent COVID-19 transmission.
These results will help practicing physicians make decisions
on how to safely reshape and reopen ambulatory services,
tailoring measures to the specific context of their needs,
and organizational issues.22

Methods

We searched and reviewed all recent Guidelines, Consensus
documents, Statements, and Position Papers from National
and International Societies or local policies of medical
centers on how to perform spirometry during COVID-19, pub-
lished on official websites in four languages: English, Italian,
French and Spanish.

To increase the search strategy’s sensitivity, we also
searched on Google the websites of the spirometer man-
ufacturers using the following terms: COVID-19, Sar-Cov-2,
spirometry, pulmonary function test.

Results

We considered the challenging issues related to perform-
ing spirometry and the solutions that may be adopted, as
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suggested by official Recommendations. Table 1 summarizes
Societies’ Recommendations on performing PFTs.

Eligible patients

There was an overall good agreement among Guidelines
on limiting PFTs to patients really needed them, weighing
the benefits of ongoing care and clinical evaluation with
‘‘exposure risk’’ to COVID-19 for individuals coming to the
hospital. Nevertheless, we found heterogeneous indications
on the subgroup of patients considered a priority.

The ATS6 and ERS17 Recommendations generically advise
performance of PFTs when they are essential for imme-
diate treatment decisions of the current illness. At the
same time, SPP,16 SPLF9 and BTS/ARTP guidelines12 strongly
encourage performing essential procedures only in cancer
patients or in cases of pre-operative assessments for urgent
surgery. In contrast, the recent update of the Australian
Guidelines14 suggests that asymptomatic patients might
undergo PFTs, especially in cases of a pre-operative evalu-
ation for elective surgery. The ITS11 Guidelines recommend
performing PFTs in patients with cystic fibrosis and rapid
access lung cancer and in those needing a pre-operative
assessment for emergency surgery. Furthermore, they rec-
ommend spirometry in immunocompromised patients for
urgent treatment (e.g. bone marrow transplant, lung trans-
plants, pre-chemotherapy treatments), suggesting testing
them first on the day. Conversely, the Chinese expert
Recommendations5 limit PFTs only to patients needing them;
moreover, they specify that in patients with asthma and
chronic obstructive pulmonary disease (COPD), the test
might be suspended unless urgently needed for diagnosis and
treatment, suggesting the use of a peak flow meter for self-
monitoring the lung function. Similar indications come from
the Position Paper of the ITS/AIPO Italian Society,19 which
also prioritizes patients needing thoraco-abdominal surgery.
The latest released IRS/SIP Recommendations,20 provide
more broad indications, including the diagnosis of COPD
and asthma and interstitial lung diseases, the follow-up and
the antifibrotic drugs prescription. Cleveland21 is the only
Organization that also mentions patients with pulmonary
hypertension, while SUNEUMO18 also takes into account
patients with pneumoconiosis and respiratory drug toxicity.
Finally, the SEPAR/AEC/AET/SEAIC10 Recommendations sug-
gest performing PFTs in negative rooms and postponing them
unless urgently needed.

As regards patients recovered from COVID-19 experi-
encing persistent or evolving respiratory complications,
BTS/ARTP12 Guidelines propose a detailed follow-up: all
patients recovered from a severe (hospitalized in Intensive
Care Unit/High Dependency Unit, or necessitating pro-
tracted dependency on a high fraction of inspired oxygen
or noninvasive ventilation during the hospital stay, or dis-
charged with oxygen or with significant ongoing respiratory
symptoms) or a mild to moderate pneumonia, or clinically
improved patients with persistent changes in the chest X-ray
12 weeks post-discharge, should undergo PFTs. Patients with
a previous COVID-19 pneumonia are also mentioned by the
ERS17 Guidelines that only specify that these patients must
not be tested for a minimum of 30 days post-infection. The
ITS/AIPO19 Position Paper recommends a documented nega-

tive swab test 48−72 h before PFTs or arranging dedicated
post-COVID PFTs lab facilities, while IRS/SIP20 Guidelines
state that these patients need to be tested without specify-
ing any strategy. No specific indications for PFTs in COVID-19
recovered patients are mentioned by the other Guidelines.

Patient management: measures to ensure social
distancing

To safely restart PFTs services, it is mandatory to appro-
priately assess each outpatient, considering everyone as a
potential symptomatic or asymptomatic COVID-19, avoid-
ing at the same time denying access to many patients. All
Guidelines are generally encouraging similar strategies to
guarantee health safety, are implementing measures to war-
rant social distancing and to identify suspected patients
for limiting the transmission of the infection, are ensur-
ing the safety of health-care workers (HCWs) with adequate
personal protective equipment (PPE), because subclinical
patients may still transmit the virus.

Patient visit
Chinese,5 ITS/AIPO,19 IRS/SIP,20 and Irish Recommendations
particularly emphasize that patients should be scheduled
for a visit at a specific date and time, in order to avoid
early arrival of the patient and crowded waiting rooms. The
Irish Thoracic Society specifies that patients booked for a
visit should wait in their own car, entering the department
for testing only after a phone call by the administrative
team.11 No mention of scheduled visits was formulated by
ATS,6 BTS/ARTP,12 TSANZ/ANZSRS,14 SSP,8 SUNEUMO,18 SPLF,9

SEPAR/AEC/AET/SEAIC10 Societies.

Waiting rooms
The Recommendations generally encourage patients to
come to the visit alone, without accompanying per-
sons, when possible, or limited to one caregiver if
they need support. Maintaining a minimum of 2 m dis-
tance between sitting patients is recommended by Irish,11

Chinese,5 ITS/AIPO,19 ERS,17 and BTS/ARTP12 Societies,
while SEPAR/AEC/AET/SEAIC limit the distance to at least
1 m.

Furthermore, the Chinese task force,5 and ITS/AIPO19

Position Paper suggest making a demonstration video
focused on the maneuvers for correctly performing spirome-
try and to project it in the waiting area, enabling patients to
be prepared before the visit, while SEPAR/AEC/AET/SEAIC10

Societies recommend to use educational posters.

Patient entrance
ERS17 and ITS/AIPO,19 IRS/SIP,20 Portuguese,16 SPLF9 and
Nebraska medical center15 Guidelines specify that patients
coming to their visit should wear a mask, stressing that
patients without a mask will not be allowed to enter the out-
patient facility. SEPAR/AEC/AET/SEAIC10 Societies suggest
wearing a mask only if patients have respiratory symptoms.

Screening
All the Guidelines besides ATS,6 TSANZ/ANZSRS14 and
BTS/ARTP12 recommend administering a symptoms screen-
ing questionnaire to patient on arrival and checking body
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temperature, in order to verify if they are likely to have
a COVID-19 infection. A sample screening questionnaire
is provide by ERS,17 ITS/AIPO19 and IRS/SIP20 documents.
ITS/AIPO,19 IRS/SIP,20 Irish11 and Chinese task force5 spec-
ify that the questionnaire, when possible, might also be
administered by telephone (tele-screening) 48−72 hours
before the visit. Body temperature detection alone is
recommended only by TSANZ/ANZSRS14 Guidelines: if the
temperature is greater than 37.3 ◦C, the visit will be sus-
pended. No information on PPE to be used by the personnel
during the triage is provided by any Guidelines. ITS/AIPO19

and IRS/SIP20 Guidelines strongly recommend a documented
negative swab test 48−72 h before PFTs for suspected cases,
while ITS/AIPO19 Guidelines encourage physicians to arrange
dedicated post-COVID-19 PFTs lab facilities.

Patient preparation
After this screening phase, the patient will perform careful
hand hygiene and enter the PFTs operative room; ITS/AIPO19

Guidelines specify that patients need to wear gloves too.

HCWs protection

There is a lack of evidence about whether the PFTs should
be considered aerosol-generating procedures. Nevertheless,
HCWs assigned to PFTs lab should adopt all the precaution-
ary measures suggested by WHO, since the procedure needs
close contact with the patient and can induce coughing,
similar to that induced by collecting diagnostic respiratory
samples (e.g. nasopharyngeal swab). All Societies cautiously
recommend PPE use for HCWs performing PFTs, specify-
ing that HCWs should wear filtering facepiece respirators
FFP3 or, when not available, FFP2 and eye protection. Only
SPLF9 Guidelines state that HCWs can use a simple surgi-
cal mask. Changing disposable gloves between patients is
highly recommended and rigorous hand hygiene is essen-
tial. BTS/ARTP12 Guidelines further specify that HCWs also
need to wear a fluid-resistant gown and a disposable plastic
apron, while IRS/SIP,20 SPLF9 and SEPAR/AEC/AET/SEAIC10

Guidelines mention only the gown. However, the Chinese
task force5 and Portuguese8 Guidelines recommend the use
of overshoes and surgical hats and replacing masks, gloves,
and protective glasses if contaminated with saliva, sputum,
and other secretions. Furthermore, Chinese task force,5

SEPAR/AEC/AET/SEAIC10 and ITS/AIPO Position Paper19 for
an additional level of safety consider it appropriate that
the chair direction of the PFTs operator should sit beside
the patient, facing the same way, and recommend avoiding
sitting face to face.

Equipment management

Spirometry systems are not designed to be sterile. There are
three main potential sources of cross-contamination when
performing the test: skin contact, aerosolized particles and
saliva/body fluids; therefore, hygiene measures to protect
users are crucial.

Filter
The ERS,17 BTS/ARTP,12 SEPAR/AEC/AET/SEAIC10 and
ITS/AIPO19 Guidelines specify that in-line bacterial/viral

filters should be used to protect the whole circuit from
contamination with exhaled microorganisms, and the
patient from inhaling particles from the circuit, while ATS,6

ITS11 and TSANZ/ANZSRS14 Guidelines do not specify any
precaution in this regard.

To ensure the protective effect, BTS/ARTP 12 Guidelines
recommend using in-line filters with a high-quality filtration
performance against viruses but with proven evidence of not
altering function measurements. Similarly, ITS/AIPO 19 and
the Chinese Task force 5 state that verification of the total
resistance of the filter and lung respiratory tube function
instrument should be < 1.5 cmH2O at a flow rate of 14 L·s−1,
in order to not affect the results of the lung function test.
At the same time, ERS 17 Guidelines suggest selecting a filter
with a minimum proven efficiency for a high expiratory flow
of 600---700 L/min.

Interestingly, only the SPLF9 Guidelines recommend per-
forming PFTs in a plethysmography boot with a shut door.

Bronchodilator
As far as bronchodilator challenge is concerned,
TSANZ/ANZSRS14 Societies suggest using the patient’s
own salbutamol inhaler or a single-use inhaler, while
ITS11 Guidelines recommend considering the use of Turbo-
haler® or an aerosol holding chamber (spacer) device (i.e.
aerochamber®), the latter also endorsed by the Portuguese
Society.16

Equipment cleaning
The use of in-line filters does not preclude the neces-
sity for thorough cleaning of the equipment. After each
use, equipment cleaning with 75 % ethanol for 3 min
twice is recommended by the Chinese task force.17

SEPAR/AEC/AET/SEAIC10 and BTS/ARTP Guidelines12 also
describe in detail the type of disinfectant solution, as shown
in Table 1. A general statement regarding regular equip-
ment cleaning protocol following local policies is advised
by IRS/SIP.20

Nose-clip
The use of disposable nose clips is strongly recom-
mended by ERS,17 BTS/ARTP,12 ITS/AIPO,19 IRS/SIP20 and
SEPAR/AEC/AET/SEAIC10 Guidelines.

Environment management

Ventilation
Airborne transmission occurs through the dissemination of
droplets from infectious patients; the motion of droplets
significantly depends on gravity, direction and strength of
local airflow, temperature, and relative humidity. It is cru-
cial, therefore, to perform the spirometry in a properly
ventilated room, in order to control any possible cross-
infection. Ventilation is defined as the supply/distribution
or removal of air from a space by mechanical or natural pro-
cedures. The clearance rate of aerosols in a closed space
is dependent on the extent of any mechanical or natu-
ral ventilation; therefore, the greater the ventilation rate,
expressed as the number of air changes per hour (ACH), the
sooner any aerosol will be cleared.23 A single air change
is estimated to remove 63% of airborne contaminants:
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after 5 air changes, less than 1% of airborne contamina-
tion is thought to remain.24 A minimum of 20 min, that is
2 air changes, in hospital settings, where most of these
procedures occurs, is considered pragmatic.25Nevertheless,
the issue of adequate ventilation was considered only
by ERS,17 ITS/AIPO,19 BTS/ARTP,12 Chinese task force,5

SUNEUMO18 and Nebraska Medical Center15 Recommenda-
tions. SEPAR/AEC/AET/SEAIC10 and Portuguese8 Guidelines
generally suggest avoidance of air recycling.

In particular, adequate room ventilation, i.e. at least
15 min to ventilate the room (open windows, closed doors),
is recommended by SPLF,9 ERS17 and ITS/AIPO19 Guidelines.
Negative isolation rooms with 6---12 ACH or side rooms with
6 ACH are encouraged by BTS/ARTP12 Guidelines.

The Nebraska Medical Center15 states that the procedure
room should remain closed for an hour after the PFTs. The
Chinese task force5 recommend maintaining the ventilation
of the lung function examination room, ensuring 12 ACH if
operating in a negative isolation room or an air flow of at
least 160 L / s per patient or hourly in a naturally ventilated
room, as well as opening windows as much as possible for
natural ventilation.

Chinese,5 SEPAR/AEC/AET/SEAIC10 and ITS/AIPO
Guidelines19 proposed separating the test area from
the administrative area of the room.

Room and surfaces cleaning and infection control
All the reviewed Guidelines agreed on the importance of
cleaning equipment and surfaces; SEPAR/AEC/AET/SEAIC,10

BTS/ARTP12 and Chinese5 Guidelines also recommend the
type of cleaning solution to be used, Table 1.

Disposable cleaning wipes were strongly recommended
by SEPAR/AEC/AET/SEAIC10 BTS/ARTP,12 ITS,11 and Cleve-
land Clinic21 Guidelines, but only TSANZ/ANZSRS14 and
SEPAR/AEC/AET/SEAIC10 Guidelines expressly recommend
the presence of minimal furnishings that can be easily
cleaned and disinfected.14

As regards PFTs operating room cleaning, ERS17

ITS/AIPO19 and IRS/SIP20 Guidelines suggest the use of
UV light or ozone room decontamination at intervals,
compliant with local infection policies, while more detailed
precautions are provided by the Chinese task force.5

The Chinese task force also recommend switching off the
central air conditioner, sanitizing the room at least twice
a day, using UV light for at least 30 min a day to clean the
air and medical air purification devices for air disinfection
during lung function tests.

Waiting time between patients

The suggested time required between visits by ERS,17

BTS/ARTP12 Guidelines is 30 min for a regular side room
and 60 min for a negative isolation room. The Portuguese
Society16 recommends a period time of 60 min between
visits and the Nebraska medical center15 specifies that
the operating room must be closed for 1 h after the
visit.

Interesting suggestions come from ITS/AIPO19 and SPLF9

Guidelines that recommend a new calibration of the spirom-
eter after the cleaning procedures, and from ERS,17 the only
Society that takes into account high-risk patients, that sug-

gest performing a remote test with live video instructions in
these subgroups of patients.

A plan to manage the respiratory issues of people with
acute respiratory symptoms, pre-existing chronic lung dis-
eases or conditions that need adequate pulmonary function
assessment to be appropriately diagnosed and treated, is
essential to prevent an inevitably indirect effect of COVID-
19 on frail patients that could be devastating, increasing
death and disability.

Manufacturers’ policies

Manufacturers’ policies26---29 are summarized in Table 2.

Discussion

The COVID-19 pandemic completely changed the routine
of providing health-care services, shifting from elective to
essential/acute management and limiting several diagnostic
resources for chronic respiratory patients such as pulmonary
function labs and sleep labs.30 We analyzed Society-specific
clinical practice Guidelines on how to safely perform PFTs
and the recommendation level of consensus for each clin-
ically relevant problem; we found similarities but also
several differences. In particular, the Societies’ Guidelines
on spirometry during the COVID-19 outbreak differ greatly
in relation to the subgroup of patients that need to be pri-
oritized for testing.

The Guidelines agreed about prioritizing patients with
urgent need to initiate treatment and pre-operative assess-
ment, except Cleveland,21 which takes into account also
pulmonary hypertension patients, IRS/SIP,20 which also con-
sidered patients with a diagnosis of pulmonary fibrosis and
follow-up and for therapy prescription, as well as patients
with a diagnosis of asthma and COPD, and Uruguayans18

Guidelines, providing indications also for pneumoconiosis
and drug toxicity.

We identified a recommendation level of consensus on
patient screening, on HCWs protection, and on the use of
in-line filters for spirometry, but a little reference to ade-
quate ventilation policies. No details on PPE that should
be worn by the triage personnel were found, as well as
no indications on how to safely perform spirometry using
point of care portable spirometers with turbines in any
National and International Guideline. ERS17 and BTS/ARTP12

Guidelines provided detailed information on when to per-
form PFTs in patients with a previous COVID-19 pneumonia,
while IRS/SIP20 and ITS/AIPO19 Guidelines strongly recom-
mend nasopharyngeal swab testing before the visit, probably
taking into account only in-patients. The Chinese task force5

and ITS/AIPO19 Guidelines, interestingly, recommend pro-
viding an educational video on how to perform PFTs in the
waiting rooms. ERS17 is the only Society that suggests the
possibility of remote testing in very severely ill patients,
‘‘untethering’’ them from physical sites, promoting decen-
tralized medical services. Manufacturers concentrate on
in-detail technical issues, such as the type of in-line filters
to be used or the cleaning procedures for the equipment of
each product.
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Table 2 Issues related to safely performing pulmonary function test: spirometry manufacturers’ proposed solutions.

Issue Proposed solutions

Vitalograph26 Morgan Scientific28 ndd27 Vyaire29

Cleaning and
infection control

New BVF for each pt
Clean the exterior
surface with a 70%
isopropyl alcohol
solution
The interior of the
patient circuit
requires no
decontamination
between tests
If internal
contamination is
suspected, follow
appropriate protocol

New BVF for each pt
Clean the exterior
surface with a 70%
isopropyl alcohol
solution
The interior of the
patient circuit
requires no
decontamination
between tests
Equipment cleaning
and disinfection
required after use on
infected subjects or
prior to use on ID

The ndd hygiene
solution, which uses the
inserts spirette,
FlowTube and bamette,
requires no cleaning of
internal tubing or sensor
Surface cleaning is
required
Separate test /
administrative area
Risk assessment
questionnaire

Use MicroGard II BVF
Minimize
contamination
performing PFTs
Use an enzyme
cleaner with neutral
pH (pH 6---8)
Do not use
temperatures above
130 ◦F

HCWs protection PPE:
- surgical mask
- disposable gloves

Minimum wait
time between
patients

5 minutes

Ventilation Air ventilation and
sterilization

Critical issue Measurements are
influenced by the filter’s
resistance

List of Abbreviations: BVF: Bacterial Viral Filter; HCWs: health-care workers; ID: Immunocompromised patients; PFTs: Pulmonary Function
Tests; PPE: personal protective equipment; Pt: patient.

This review provides a summary of clinical practice
Guidelines/Recommendations/Position Papers on practical
problems that might arise worldwide during the safe reopen-
ing of respiratory outpatient services during COVID-19
pandemic, with a special focus on spirometry, but does
not represent a Guideline itself. The main strength of this
research is that all the reviewed Guidelines were published
in the restricted time period of the COVID-19 outbreak, with
publication dates ranging from 4, March 2020 to 12, May
2020. Therefore, the scientific evidence available when they
were developed was almost the same for them all.

Differences in national healthcare systems, resource
availability and different times of epidemic evolution might
explain any dissimilarity in terms of consensus. However,
the lack of specific COVID-19-related evidence could be
another reason for heterogeneity of the Guidelines, mainly
based on experts’ opinions rather than evidence-based
recommendations. Furthermore, national and international
recommendations may overlap due to the contribution of
national representatives who possibly served also as the
international experts in the Societies’ statement. Finally,
although we have searched for national guidelines on
spirometry resumption in four common languages (English,
Spanish, French and Italian) we might have failed to detect
recommendations of some Societies due to language restric-
tions.

Conclusion

The review of Guidelines/Recommendations/Position Papers
indicate a good agreement in the need to prioritize patients
for PFTs, patients screening, HCWs protection, and in the
use of in-line filters for spirometry but poor consensus on
the subgroup of patients considered a priority, and few
indications on the measures to implement for adequate ven-
tilation. We believe that this summary of the available liter-
ature may be a useful guide helping HCWs to select appropri-
ate measures, tailored to the highly specific context in which
they will be used, to meet the needs of intended users.

Authors’ contribution

CC conceived the content, drafted the manuscript and
approved the final version to be submitted. PI drafted the
manuscript, approved the final version to be submitted.
RC, SN, helped in writing the manuscript and approved
the final version to be submitted. AS helped in writing the
manuscript, revised it critically for important intellectual
content and approved the final version to be submitted. NC
conceived the content, revised it critically for important
intellectual content and approved the final version to be
submitted.

445



C. Crimi, P. Impellizzeri, R. Campisi et al.

Funding

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

Competing interests

All authors declare no competing interests.

Acknowledgment

The authors thank Dr. Pietro Zucchi, medical writer, for
improving the use of English in the manuscript.

References

1. Wang C, Horby PW, Hayden FG, Gao GF. A novel coronavirus
outbreak of global health concern. Lancet. 2020;10223:470---3,
http://dx.doi.org/10.1016/S0140-6736(20)30185-9.

2. WHO. Coronavirus disease (COVID-2019) Situation Report; 2020.
Date last updated: 4 May 2020. Date last accessed: 17
May 2020; Available from: https://www.who.int/emergencies/
diseases/novel-coronavirus-2019/events-as-they-happen.

3. WHO. Critical preparedness, readiness and response actions
for COVID-19: interim guidance. Date last updated: 22 March
2020. Date last accessed: 17 May 2020; Available from:
https://apps.who.int/iris/handle/10665/331511.

4. Anfinrud P, Stadnytskyi V, Bax CE, Bax A. Visualizing
Speech-Generated Oral Fluid Droplets with Laser Light Scat-
tering. N Engl J Med. 2020;382:2061---3, http://dx.doi.org/
10.1056/NEJMc2007800.

5. Task Force of Pulmonary Function Testing, Clinical Respiratory
Physiology, Chinese Association of Chest Physicians, Pulmonary
Function Testing Group, Respiratory Therapeutics Group and
Chinese Thoracic Society. [Expert consensus on Pulmonary
Function Testing during the epidemic of Coronavirus disease
2019]. Zhonghua Jie He He Hu Xi Za Zhi. 2020;43:302---7,
http://dx.doi.org/10.3760/cma.j.cn112147-20200225-00175.

6. American Thoracic Society. Pulmonary Function Laboratories:
Advice Regarding COVID-19; 2020. Date last updated: 31
March, 2020. Date last accessed: 17 May, 2020; Available
from: https://www.thoracic.org/professionals/clinical-
resources/disease-related-resources/pulmonary-function-
laboratories.php.

7. TSANZ/ANZSRS. Peak Respiratory Bodies recommend suspen-
sion of lung function testing; 2020. Date last updated. Date last
accessed; Available from: https://www.anzsrs.org.au/images/
anzsrs/peak respiratory bodies recommend suspension of
lung function testing 002.pdf.

8. Sociedade Portuguesa de Pneumologia. Recomendaço˜es da
SPP para a realizaça˜o de provas funcionais respiratórias
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LETTER TO THE EDITOR

Ventilator configuration in children
on long term home ventilation
during the COVID19 pandemic

Introduction

On March 11th, the World Health Organization (WHO)
declared the novel coronavirus disease (COVID-19) a
pandemic.1 Paediatric patients with COVID-19 are underrep-
resented in this epidemic so that management strategies and
standards of care are poorly defined especially in patients
with chronic respiratory diseases. Technologically depen-
dent children on a ventilator represent a subgroup with
medical complexity that accounts for about 1/3 of eco-
nomic health resources.2,3 It is important to remember that
these patients are mainly affected by chronic r̈espiratory
pump failure’’ conditions which can aggravate their clin-
ical condition in cases of respiratory tract infections.4 In
most of the cases, children are ventilated, either using non-
invasive ventilation (NIV), with an single-limb intentional
leak circuit, where typically the leak is within the interface,
or a single-limb non-intentional leak circuit with an active
exhalation valve inserted into the mask. For tracheostomy
ventilation (TIPPV) a single-limb non-intentional leak circuit
with an active exhalation valve is normally used, however,
some patients are managed with single-limb intentional leak
circuit or a double limb circuit.5

Paediatric ventilator-dependent patients are reluctant to
change their ventilation modes, settings and interface.6,7

However, during this pandemic, when the patients are
admitted to the hospital for an exacerbation of their under-
lying disease, or with suspected, or positive infection for
SARS-COV2 several of the healthcare providers and parents
may be in close contact with the children. Where precau-
tions are not taken the risk of transmission of virus due
to the ventilator being an aerosol generating procedure
(AGP) is high. This is because, expired air aerosolization
from ventilators and interfaces8 as well as from plain tra-
cheostomy tube9 may be the cause of contamination of
environment and infection in health care workers. It has
been demonstrated, in an adult population, that physiother-
apy and NIV delivered with vented mask generated large
droplets close to the patient but, the fall out of these
decreases significantly at 1 m from the patient. NIV using non
vented mask and filtered exhalate can reduce the amount
of aerosolization.8 In addition, full face or total face masks
have a built in ‘‘anti-asphyxia valve’’ that opens when the
ventilator does not work properly. The exhaled air from
this ‘‘anti-asphyxia valve’’ is also bound to contaminate the

Figure 1 Shows an example of a mask with an inbuilt leak and
anti-asphyxia valve.

environment with the virus.10 Although hospitalization of
these patients needs maximum attention in terms of per-
sonal protection equipment (PPE) for health care workers
and parents the ventilators as well interfaces should be
also upgraded to reduce aerosolization of exhaled air see
Figs. 2, 4 to 6.

However changing to a non-vented mask has the poten-
tial to cause problems. One potential issue is leaving out the
expiratory intentional leak. Training and education need to
occur in the hospital to prevent adverse events. This can be
done by showing a picture of the circuit above the bed. This
can also include a reminder to change the heat and moisture
exchanger (HME) daily otherwise this will lose the filtration
properties required. Another potential risk is a waterlogged
filter. This can affect triggering and cause problems with the
alarms. These filters need to be checked regularly. Chang-
ing from a nasal mask also has the potential to increase the
risk of abdominal distention. This can be alleviated by vent-
ing the gastrostomy or the feeding tube. Likewise enteral
feeding may need to be commenced if ventilator time has
increased. The insertion of a nasogastric tube may cause
mask leak and this needs to be minimized.

We therefore provide practical recommendations for how
to optimize home ventilators circuits and interface configu-
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Figure 2 Shows suggestions for switching from a vented mask to a non-vented mask attached to an antibacterial/antiviral heat
moisture exchanger (HME) filter, then attached to a controlled leak (Whisper swivel II (Philips, Murraysville, USA). Left picture shows
a child mannequin wearing a non---vented nasal mask. Centre picture a full face mask and right picture a total face mask. Note the
position of the HME and Whisper Swivel controlled leak (labelled and circled).

Figure 3 Top left hand photograph demonstrated that oxygen should be entrained using a dedicated connector where possible
(circled). If this is not possible the top right hand photograph illustrates the position of an oxygen connector attached to the
ventilator tubing (circled). It can also be placed on, before intentional leak (bottom left photograph) or before the ‘‘active valve’’,
bottom right photograph.
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ration in different case scenarios to avoid airborne spread
and cross infection, in hospital admissions.

Recommendations for children using a ‘‘vented’’
nasal, full face or total face mask

Box 1

1) Switch to a non-vented mask without an a ‘‘anti-
asphyxia valve’’, (Fig. 1)

2) Attach a antibacterial/antiviral low resistance
heat and moisture exchanger (HME)(*) into the mask
or after the catheter (for tracheostomy ventilation),
(Fig. 2)

3) Next attach an intentional leak for example a
whisper swivel II (Phillips Respironics, Murrysville, PA,
USA), (Fig. 2)

4) Ensure any wet humidification is removed.
5) Evaluate for an increase in resistance by checking

for a possible reduction in the estimated tidal volume
when using a time or flow cycled pressure controlled
mode without any tidal volume or alveolar ventilation
target mode.8 Or in volume controlled mode check for
an increase in maximal peak pressure. Perform a mea-
surement of CO2 to assess carbon dioxide level (**)

6) For patients who require oxygen, entrain oxygen
at the back of the ventilator (Fig. 3). Or insert oxy-
gen before the controlled leak or active valve with a
dedicated connector. (Fig. 3)

Recommendations for children using a non-vented
nasal or full face mask with an active valve circuit

Box 2

1) Remove an a ‘‘anti-asphyxia valve’’ if present
2) Attach the low resistance antibacterial/antiviral

HME (*) before the expiratory valve (Fig. 4)
3) Ensure wet humidification is removed
4) Evaluate for an increase in resistance by checking

for a possible reduction in the estimated tidal volume
when using a time or flow cycled pressure controlled
mode without any tidal volume or alveolar ventilation
target mode.8 Or in volume controlled mode check for
an increase in maximal peak pressure.

5) Perform a measurement of CO2 to assess carbon
dioxide level (**)

6) For patients who require oxygen, entrain oxygen
at the back of the ventilator (Fig. 3). Or insert oxy-
gen before the controlled leak or active valve with a
dedicated connector. (Fig. 3)

Figure 4 Picture shows a child mannequin wearing a
non---vented nasal mask with the active valve circuit set up.
Note the position of the HME and active valve in the circuit.
The same set-up can be used for a face mask or a total face
mask.

Tracheostomised patients

Box 3

1) Where possible replace a cuff-less tracheostomy
tube to a cuffed tube

2) Remove heated humidification
3) Insert a low resistance antibacterial/antiviral

HME (*) between the catheter mount and the circuit
(see Fig. 5 for circuit set up)

4) Evaluate for an increase in resistance by checking
for a possible reduction in the estimated tidal volume
when using a time or flow cycled pressure controlled
mode without any tidal volume or alveolar ventilation
target mode.8 Or in volume controlled mode check for
an increase in maximal peak pressure.

5) Take measurement of CO2 to assess carbon dioxide
level (**)

6) In patients who require oxygen, entrain oxygen
at the back of the ventilator (Fig. 3). Or insert oxy-
gen before the active valve with a dedicated connector.
(Fig. 3)

(*)The addition of a HME will increase the dead space of
the circuit. This can cause a drop in the delivered IPAP. If this
occurs increasing inspiratory pressure by 1−2 cmH2O solves
the problem. The HME will also cause a small increase in the
resistance to the circuit. Changing the device triggers sensi-
tivity to be more sensitive which will help to overcome this
problem. If triggering remains a problem, switching from a
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Figure 5 The three photographs show a child mannequin with a tracheostomy. The left picture shows a active valve circuit. The
centre picture a controlled leak circuit and the right picture a double limb circuit.

pressure support mode to pressure control with an appropri-
ate back up rate (near to patient’s rate)

(**) We recommend in the first instance continuous tran-
scutaneous CO2 (TcCO2) with pulse oximetry monitoring for
the first 24 h to ensure optimal ventilation and no adverse
increase in PaCO2 levels as a result of the change in the cir-
cuit. If TcCO2 monitoring is unavailable, then this should be
replaced with end tidal CO2 (EtCO2) with pulse oximetry
monitoring. Where non-invasive monitoring is unavailable
percutaneous capillary measurements should be carried out
3 h after changing the mask. If the CO2 levels are satisfac-
tory we then recommend repeating the following morning
unless the patient’s SpO2 deteriorates.

Figure 6 This picture shows the set-up of heated humidifica-
tion if required in a child with a tracheostomy. Note the position
of the filter on the expiratory limb to protect the ventilator and
the environment.

Additional scenarios

Secretion retention
If secretions are a problem remove the HME and insert
heated humidification with a double limb circuit (see Fig. 6).
The expiratory limb should be protected by a hydrophobic
antibacterial (HEPA) filter.

It should always remembered when ventilation is
required:

• Mask on
• Ventilator on
• Check for nonintentional leaks
• Add oxygen if required.
• Stop ventilation, oxygen off, ventilator off, mask off

Conclusion

Children receiving any respiratory support should be cared
for in airborne isolation rooms at negative pressure when-
ever possible.

Non-vented face or total face masks should be used as the
first choice. A non-vented nasal mask11 should be used as the
second choice when the children cannot tolerate the oro-
nasal mask or for inability to ventilate the children. Use of
pacifiers should be stimulated and mouth-piece ventilation
should be avoided.

Staff should adopt full contact, droplet, and airborne
isolation precautions whether the patient is positive or sus-
pected of having a COVID-19 infection.

In particular, appropriate type of masks/filtering face-
piece respirators (FFR) should be selected according to
risk of aerosolization.12---14 If present (as in case of NIV),
healthcare personnel should always wear FFR ensuring both
droplets and airborne protection (e.g. FFP2, KN95, N95,
FFP3).12

Providers and parents should be aware that theoretically,
coronaviruses can remain infectious on inanimate surfaces
like metal, glass or plastic for up to 9 days.14 Surfaces and
equipment like ventilators used for SARS-2- CoV-infected
children should be carefully disinfected with appropriate
solutions (ie about 62---71% ethanol, 0.5% hydrogen peroxide
or 0.1% sodium hypochlorite within 1 min of cleaning).15
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Finally, regardless of their respiratory support patients
who are admitted to hospital from home with suspicion
of having COVID-19---associated respiratory failure, should
be closely monitored for deterioration. An emergency care
pathway including an escalation plan and ceiling of care
should be discussed and documented on arrival.
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Functional impairment during
post-acute COVID-19 phase:
Preliminary finding in 56 patients

Dear Editor,

Rehabilitation in a bedded setting is estimated to be needed
in 4% of 2019 novel Coronavirus (COVID-19) patients dis-
charged from hospital, especially from Intensive Care Unit
(ICU).1

Functional impairment of patients surviving the COVID-19
acute phase has been poorly described, and the only avail-
able information is provided by experts2 or inferred from
patients with other clinical conditions (e.g., Acute Respira-
tory Failure-ARF).3 Two recent studies suggested that early,
post-hospitalization rehabilitative interventions would be
recommended.4,5

Aim of this study is to assess the clinical and functional
presentation of post-acute COVID-19 patients at admis-
sion for inpatient rehabilitation. All consecutive COVID-19
patients admitted to undergo inpatient rehabilitation at Isti-
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tuti Clinici Scientifici (ICS) Maugeri, Tradate, Italy between
April 1st and July 31st were evaluated. The study was
approved by the Central Ethical Committee of ICS Maugeri
(CEC2279; March 12th, 2020) and patients signed the con-
sent form. Healthcare operators were trained in personal
protection measures.6 The following evaluations were per-
formed: clinical examination (including vital signs and blood
gas analysis) and anthropometric assessment. Dyspnoea and
perceived health state were measured by Barthel Dyspnea
Index (Bd) (total scores range from 0-best- to 100-worst-),
and Euro Quality of Life (EuroQoL-VAS), respectively (total
scores range from 0-worst- to 100-best-), whereas disability
with Barthel Index (Bi) (total scores range from 0-worst- to
100-best-), and Short Physical Performance Battery (SPPB)
(total score results from the sum of three scores: standing

balance, walking, and standing from sitting position, with
disability if <9−1/2: severe; 3/8 moderate-).7 Functional
assessment with Medical Research Council Muscle (MRCm)
strength test for quadriceps and biceps (≥4 normal) and res-
piratory muscles fatigue with Single Breath Counting (SBC)
were also evaluated.

Exercise capacity was assessed with the 6-min walk
test (6MWT) or One Minute Sit to Stand (1STS)8 (reference
value of repetitions: 30---37/min in men and 27---34/min in
women, aged 60---79 years). Data accounted for length of
stay (LoS) before admission for pulmonary rehabilitation,
previous treatment for ARF (Invasive Mechanical Ventilation
(IMV), Non-Invasive mechanical Ventilation (NIV), and oxy-
gen), comorbidities (Cumulative Illness Rating Scale (CIRS))
gender and age.

Table 1 Baseline characteristics of 56 patients surviving the acute COVID-19 phase.

All IMV (n = 24) NIV (n = 11) Oxygen (n = 21) p-Value

Males, n (%) 39 (69.6) 19 (79.2) 7 (63.6) 13 (61.9) 0.40
Age, years 69.4 (9.9) 64.5 (8.7) 71.6 (7.6) 73.8 (10.2) 0.004b

LoS, days 48.0 (17.4) 57.9 (14.2) 42.5 (15.5) 39.4 (16.4) 0.0004c

BMI, kg/m2 25.3 (23.2---27.4) 24.9 (23.2---28.9) 23.9 (20.4---30.1) 25.6 (23.9---27.3) 0.67
FiO2 0.21 (0.21---0.24) 0.21 (0.21---0.21) 0.21 (0.21---0.28) 0.21 (0.21---0.21) 0.24
PaO2, mmHg 82.4 (73.3---95.4) 83.3 (74.2---100.5) 79 (67---92.9) 84.4 (76.5---93.4) 0.73
PaCO2, mmHg 34.1 (32.4---38.3) 32.8 (31.6---35.1) 33.4 (32.3---38.4) 34.7 (33.4---39.6 0.05
pH 7.44 (7.42---7.45) 7.431 (7.42---7.456) 7.44 (7.40---7.46) 7.439 (7.406---7.447) 0.61
CIRS CI 1.7 (0.3) 1.6 (0.2) 1.7 (0.3) 1.7 (0.3) 0.81
CIRS SI 3.4 (1.5) 3.3 (1.2) 3.6 (1.5) 3.6 (1.8) 0.74
Bi 68.7 (28.0) 62.6 (26.3) 74.3 (25.9) 74.7 (30.9) 0.39
Bd 20 (11---40) 26.5 (12.5---46.5) 22 (17---34) 13 (9---27) 0.21
SBC 20.4 (10.6) 20.5 (10.7) 17 (8.4) 22.9 (11.9) 0.46
SPPB total score 0.5 (0---6) 0 (0---5) 0 (0---6) 2 (0---8) 0.34
SPPB balance testing 1.6 (1.8) 1.5 (1.8) 1.7 (2.0) 1.5 (1.6) 0.94
SPPB walk 0 (0---3) 0 (0---2) 0 (0---3) 1 (0---3) 0.55
SPPB stands 0 (0---1) 0 (0---1) 0 (0---1) 0 (0−1) 0.55
MRC Quadriceps 3.9 (0.9) 3.9 (0.9) 4.3 (0.8) 3.7 (0.8) 0.34
MRC Biceps 4.1 (0.8) 4.2 (0.8) 4.2 (1.0) 3.9 (0.8) 0.53
1STS, number of stands 0 (0−10) 0 (0−0) 0 (0−9) 9 (0−17) 0.006d

6MWT, meters 0 (0−0) 0 (0−0) 0 (0−0) 0 (0−0) 0.84
EuroQoL-VAS 60.6 (19.1) 54.8 (17.6) 68.6 (21.5) 63.0 (18.2) 0.10
Deviation from normal valuea

� SPPB total score (n = 50) 9 (4−9) 9 (5−9) 9 (4−9) 8 (5−9) 0.81
� 1STS, number of stands 33 (23.5−35.0) 35 (34---35) 33(26---35) 25 (16---35) 0.002e

� 6MWT, meters 482 (419−539) 515.5 (464.5---568.5) 483 (383---537) 457 (369---481) 0.004f

� SBC (n = 21) 7.9 (5.3) 7.3 (5.8) 8.7 (4.8) 7.8 (5.7) 0.90
� MRCm Quadriceps (n = 15) 1 1 1 1 ---
� MRCm Biceps 1 1 1 1 ---

Value are expressed as number, mean or median SD or IQR.
Legend: IMV: Invasive Mechanical Ventilation; NIV: Non Invasive Mechanical Ventilation; LoS: length of stay; BMI: body mass index; FiO2:
fraction of inspired oxygen; PaO2: partial pressure of oxygen; PaCO2: partial pressure of carbon dioxide; CIRS: Cumulative Illness Rating
Scale including the comorbidity index (CI) and the severity index (SI); Bi: Barthel of activity of daily life; Bd: Bathel dyspnoea; SBC: Single
Breath Counting; SPPB: Short Physical Performance Battery; MRCm: Medical Research Council Muscular; 1STS: One Minute Sit to Stand;
6MWT: six minute walk test; EuroQoL-VAS: Euro Quality of Life with visual analogue scale. Sidak and Bonferroni multiple comparison
tests were performed.

a Estimation of variability of the outcome in relation to reference values.
b IMV VS. Oxygen p-value = 0.004.
c IMV VS. Oxygen p-value = 0.02; IMV VS. Oxygen p-value = 0.001.
d IMV VS. Oxygen p-value = 0.002.
e IMV VS. Oxygen p-value = 0.0008.
f MV VS. Oxygen p-value = 0.004.
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Table 2 Correlations between LoS, age, CIRS and impairment outcomes.

LoS Age CIRS CI CIRS SI
Rho (p-value) Rho (p-value) Rho (p-value) Rho (p-value)

Bi −0.47 (0.002) −0.21 (0.19) −0.10 (0.53) −0.08 (0.60)
Bd 0.37 (0.008) 0.14 (0.32) 0.12 (0.41) 0.11 (0.42)
SBC −0.38 (0.03) −0.13 (0.45) 0.05 (0.81) 0.04 (0.83)
SPPB TOT −0.12 (0.38) −0.02 (0.91) 0.05 (0.74) 0.03 (0.82)
MRCm Quadriceps 0.25 (0.15) −0.46 (0.004) −0.14 (0.42) −0.16 (0.35)
MRCm Biceps 0.28 (0.10) −0.21 (0.20) −0.05 (0.76) −0.12 (0.48)
1STS −0.34 (0.18) −0.04 (0.86) 0.06 (0.81) −0.05 (0.83)
6MWT --- −0.74 (0.47) 0.92 (0.26) 0.95 (0.20)
EuroQoL-VAS −0.31 (0.04) 0.05 (0.75) 0.11 (0.46) 0.02 (0.89)

Legend: LoS: length of stay; CIRS: Cumulative Illness Rating Scale including the comorbidity index (CI) and the severity index (SI); Bi:
Barthel of activity of daily life; Bd: Bathel dyspnoea; SBC: Single Breath Counting; SPPB: Short Physical Performance Battery; MRCm:
Medical Research Council Muscular; 1STS: One Minute Sit to Stand; 6MWT: six minute walk test; EuroQoL-VAS: Euro Quality of Life with
visual analogue scale.

Qualitative and quantitative variables were described
with absolute and relative (percentage) frequencies and
means (standard deviations, SD) or medians (interquartile
ranges, IQR), depending on their normal or non-normal
distribution, respectively. Demographic, epidemiological,
and clinical variables were compared, stratifying by ICU
stay and gender. Chi-squared or Fisher exact test was
used for qualitative variables; analysis of variance or
Kruskall---Wallis was computed for quantitative variables
with a normal or non-normal distribution, respectively. CIRS
and LoS were correlated with key clinical variables (Spear-
man’s correlation) and were ranked according to the Chan’s
classification. A p-value <0.05 was considered statistically
significant.

All 56 patients showed a reduced Bi and EuroQoL-VAS
and increased Bd (Table 1). Overall 27/56 (48.2%) patients
had a total SPPB score of 0, 22/56 (39.3%) between 1
and 8, and 7/56 (12,5%) ≥9. The SPBB ‘standing balance’
was less than 4 in 40 (71.4%) patients. Only 19/56 (33.9%)
completed the 1STS test with a median (IQR) number of
14 (9.3---19.8) repetitions. The majority (53, 94.6%) could
not perform the 6MWT and 5.4% covered a mean (SD) dis-
tance of 423.7 (34.8) m, around 70% of the Enright predicted
value.

No statistically significant differences were found
for clinical and functional data between males and
females.

Patients previously treated with IMV were younger (p-
value: 0.004), experienced a longer LoS (p-value: 0.0004),
and had worse 1STS (p-value: 0.006) when compared with
patients previously treated with oxygen (Table 2).

Furthermore, a statistically significant fair correlation
was found between LoS and Bi, Bd, SBC and EuroQoL-VAS
and between age and MRC quadriceps oriented to a worse
functional and symptomatic status.

The results of the present study show that COVID-19
survivors can have an impairment of functional and muscu-
lar performance, dyspnoea, as well as impaired perceived
health state. Patients who underwent IMV were younger,
had a longer LoS and could not perform any exercise
test.

Our patients, without acute respiratory failure, showed
more clinical complications (i.e., reduced ability to carry
out daily living activities and moderate dyspnoea, even
at rest) when compared with another cohort, which
included respiratory failure survivors with an average
SPBB < 4.9

Our findings are consistent with those of recent
studies,4,5 where post-acute COVID-19 patients suffer
from dyspnoeaand severe disability. Although information
about fatigue is missing in our study; a recent review
underlined this as an important outcome in pulmonary
rehabilitation.10 These data support the rationale for pul-
monary rehabilitation, being effective in reducing dyspnea
and fatigue, improving exercise capacity and quality of
life.

In conclusion, our preliminary data suggest indication for
previously hospitalized COVID-19 patients to undergo a com-
prehensive clinical and functional assessment to identify
those who are likely to benefit from rehabilitation. However,
future studies in this field are also needed about potential
effects of pulmonary rehabilitation.
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Non-invasive ventilation through a
nasal interface during
transoesophageal echocardiogram in
a high-risk chronic patient

Dear Editor,

Non-invasive ventilation (NIV) has been an efficient strat-
egy for ventilatory support and sedation related respiratory
failure prevention during endoscopic procedures in high-risk
patients. However, there is not enough evidence concerning
the ideal pressure setting and choice of interface, mainly
in home mechanical ventilated patients that have different
interface options.1

We report the use of NIV in a high-risk chronic patient
undergoing transoesophageal echocardiography (TEE) under
sedation using her own home care vented nasal interface
with intentional leaks (Mirage FXTM, ResMed, Australia).

The patient was a 31-year-old woman, 45 kg weight, with
a previous medical history of cystic fibrosis, chronic respira-
tory failure and end-stage kidney disease. She was on home
mechanical ventilation with high ventilatory dependency

(>18 h/day) in spontaneous/timed (ST) bi-level pressure
cycled mode [inspiratory positive airway pressure (IPAP)
of 17 cmH2O; expiratory positive airway pressure (EPAP) of
4 cmH2O; backup respiratory rate (RR) of 16 cpm], alter-
nating between oro-nasal and nasal interface during sleep
and daytime, respectively, continuous oxygen (O2) therapy
(2 L/min) and haemodialysis through a catheter placed in
the right atrium.

She was hospital admitted due to fluid overload and
fever of unknown origin. Aetiological investigation isolated
a Methicillin-susceptible Staphylococcus aureus in blood
cultures without evidence of respiratory or urinary tract
infection. Transthoracic echocardiogram showed a mass in
the right atrium in relation to the catheter, requiring TEE
characterisation.

Monitoring during TEE included non-invasive blood pres-
sure and pulse oximetry (SpO2). NIV was applied with ST
bi-level pressure cycled mode using an acute hospital ven-
tilator with an O2 blender permitting a fraction of inspired
oxygen (FiO2) of 100% (Trilogy 202TM, Philips Respironics,
Pennsylvania, United States). The interface was patient’s
home care vented nasal mask. Sedation was performed with
intravenous midazolam ---- intended sedation level of -3 in
the Richmond Agitation Sedation Scale (RASS).
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Figure 1 Mouthpiece placement for transoesophageal
echocardiography probe insertion during non-invasive
ventilation trough nasal mask.

Patient was positioned in lateral decubitus and a mouth-
piece was placed for TEE probe insertion (Fig. 1). Initial
ventilator settings were set at 22 cmH2O IPAP, 6 cmH2O EPAP
and 40% FiO2 to achieve normal RR and SpO2 > 95%. Venti-
lator settings and FiO2 were adjusted in every episode of
SpO2 < 95%.

Incremental doses of 2 mg of midazolam (total 4 mg) were
administered to achieve the depth of sedation. Few minutes
after initiating the TEE, patient’s SpO2 decreased to 88% and
a significant increase of mouth leak (>60 L) was observed.
IPAP was incremented to 24 cmH2O and FiO2 was set first
at 80% and then 100%, resulting in a SpO2 of 100% and chest
excursion throughout, even with persistent mouth leaks. TEE
lasted 11 min and operators did not mention any technical
difficulty. Patient remained RASS score-3 all procedure, was
alert ten minutes post-procedure and tolerated it well with
nasal NIV without complaints or complications. TEE revealed
a thrombus in the right atrium.

Intravenous sedation is an effective way of achiev-
ing patient compliance during TTE. However, it is widely

Figure 2 Transoesophageal echocardiogram performance
during non-invasive ventilation trough nasal mask.

recognized that its use is associated with respiratory depres-
sion, desaturation and sometimes with respiratory failure,
especially with increased sedative doses2,3 and in chronic
respiratory failure patients.3 We describe the use of a home
care nasal mask to deliver NIV during TEE in a high-risk
patient and proved its effectiveness in preventing sedation
induced respiratory failure. No similar report has been found
in the English literature.

Air leaks through the mouthpiece were high during
the procedure, which in association with the respiratory
depression caused by sedation, were responsible for the
desaturation episode. Nevertheless, they were effectively
compensated with increment of pressure support, resulting
in a SpO2 of 100% and chest excursion throughout. When
using a single tubing system and with such a large leak, the
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use of tidal volume (Vte) for ventilatory monitoring may be
misleading, since real Vte quantification in this situation is
not possible.

The use of NIV as an adjunct to TEE has already been
shown to be effective in preventing respiratory failure due to
sedation. However, all reports described the use of oronasal
or total-face masks.4---6 In those cases, the endoscopic probe
had to overcome a mask port before reaching the mouth. The
main difficulties reported were in introducing TEE’s probe
due to suboptimal gliding through the mask port and exces-
sive image attrition due to difficulties in moving the probe.6

The use of a nasal mask had no interference in TEE probe
insertion and handling (Fig. 2). Moreover, the novelty of
using the patient’s home care mask is considered to con-
tribute to increased tolerance and cooperation, as she was
already trained in its use.

In conclusion, we find two advantages for this approach.
First, it is effective in delivering efficient ventilatory support
in high-risk patients during TEE avoiding the risk of respira-
tory failure. Second, the choice of a home care vented nasal
mask did not interfere with TEE technique. Monitoring of
SpO2 and qualitative clinical signs, such as chest excursion,
can be useful for NIV optimization during the procedure.
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High-flow nasal oxygen in
re-expansion pulmonary oedema

Dear editor,

Re-expansion pulmonary edema (RPE) is a rare clinical condi-
tion with a low incidence rate, which normally occurs with
the rapid expansion of the collapsed lung after drainage of
the pleural cavity. It often manifests with acute respiratory
failure, in some cases making invasive mechanical ventila-
tion (IMV) necessary.

The authors report a case of a 49-year-old male, smoker
of 20 packs per year, who went to the emergency depart-
ment with fever, dyspnea, cough, purulent sputum, and right
posterior pleuritic chest pain with 4 days of evolution. Phys-
ical examination revealed cachexia (BMI of 14.8 kg/m2),
tachycardia, tachypnea, and decreased breath sounds in

the lower half of the right lung field. Blood gas revealed
type 1 respiratory failure (paO2/FiO2 223) and analy-
ses identified leukocytosis with neutrophilia and increased
inflammatory parameters (C-reactive protein 39 mg/dL, nor-
mal < 0.5 mg/dL). The chest radiograph revealed pulmonary
homogenous opacification of the right lung, with obliter-
ation of right costophrenic angle and superior concavity,
compatible with pleural effusion (Fig. 1A). The thoracic
computed tomography (CT) evidenced a large loculated
right pleural effusion with pleural thickening, compatible
with empyema (Fig. 1B), and extensive centrilobular and
paraseptal emphysema with bullous dystrophy of apical pre-
dominance (Fig. 1C). For infection focus control, a 24 Fr
chest tube was placed, with drainage of 2000 mL of purulent
pleural fluid. The analysis of this liquid revealed leuko-
cytes 28868/mm3, glucose < 5 mg/dL, LDH > 3100 IU/L, pH
6.0. The chest radiograph (Fig. 2A) after drainage, showed
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Figure 1 Imaging exams on admission.
A) Posteroanterior chest radiograph: pulmonary homogenous opacification of the lower two thirds of the right lung, with obliteration
of right costophrenic angle and superior concavity, compatible with pleural effusion.
B) Thoracic computed tomography: large loculated right pleural effusion (200 × 74 mm in the axial plane) with pleural thickening,
compatible with empyema.
C) Thoracic computed tomography: extensive centrilobular and paraseptal emphysema with bullous dystrophy of apical predomi-
nance.

Figure 2 Imaging evolution during ICU stay.
A) Reduction of pleural effusion after placement of chest tube.
B) Apicocaudal opacification at the right pulmonary field, compatible with reexpansion pulmonary edema.
C) Improvement of right lung field opacification at discharge from the ICU.

improvement of the pleural effusion. At the same time,
empirical antibiotic therapy (ceftriaxone and clindamycin)
was started.

One hour after the placement of the chest tube, the
patient presented marked dyspnea with sudden worsening
of the respiratory failure (paO2/FiO2 120). The radiograph
was repeated (Fig. 2B) and revealed an opacification of
the entire right lung field compatible with RPE. Due to
the worsening of respiratory failure, he was admitted to
the Intensive Care Unit (ICU). Because of the low BMI, the
sarcopenia, and the extensive pulmonary emphysema with
bullous dystrophy, IMV and non-invasive ventilation (NIV)
were delayed and High-Flow Nasal Oxygen (HFNO) was ini-
tiated with the following parameters: gas flow 60 L/min;
FiO2 70%. Concomitantly, diuretic therapy was started, as
the administration of diuretics can diminish the occurrence
of pulmonary edema by raising the osmotic pressure and
decreasing pulmonary blood flow.1 The patient showed pro-
gressive recovery under HFNO over the 72 h after admission.
He was discharged from the ICU on the 4th day of hospi-
talization, under oxygen mask (FiO2 31%) and improvement
of the respiratory failure (paO2/FiO2 319). The chest radio-
graph (Fig. 2C) at discharge from the ICU reveals an almost
complete resolution of pulmonary edema.

RPE is an uncommon condition, with an incidence rate
between 0 and 1% after rapid pulmonary re-expansion of a
collapsed lung.2 It presents a sudden clinical installation,
which can cause severe hypoxemia and mortality rates that
can reach 20%.3,4 It is usually unilateral, occurring after
the active drainage of a large amount of air or liquid from
the pleural cavity and risk factors for its occurrence are
young age, prolonged pulmonary collapse (usually greater
than 72 h), and rapid pulmonary re-expansion.4,5

The pathophysiological mechanism of RPE is multifacto-
rial and is not fully understood. At its base is the increase
in vascular permeability secondary to damage to capillaries
and alveolar membrane, as well as the decrease in surfac-
tant production, airway obstruction, changes in pulmonary
artery pressure, and the production of inflammatory medi-
ators (IL-8 and Leukotriene B4).6,7

In the case presented, the patient had decreased BMI,
pulmonary emphysema, and extensive bullous dystrophy and
was being a poor candidate for IMV and NIV due to the
risk of barotrauma. Therefore, and taking into account the
severe respiratory failure (paO2/FiO2 120), HFNO was imple-
mented.

HFNO is a high-flow oxygen system that allows the admin-
istration of up to 60 L/min of heated and humidified gas
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with a variable FiO2 (21%-100%). Studies have shown that,
compared to conventional oxygen therapy, HFNO allows for
better oxygenation and greater comfort, which is justified
by its physiological effects: generation of positive pressure
at the end of expiration (PEEP), improvement of the inspired
oxygen fraction, wash-out and reduction of pharyngeal dead
space, reduction of respiratory work and improvement of
mucociliary clearance.8

HFNO provides spontaneous breathing, maintaining pos-
itive pressure in alveoli and stable supply of a high
concentration of oxygen.9 It is a simpler and more com-
fortable application than NIV and avoids complications
associated with the latter therapy such as abdominal dis-
tention, aspiration of gastric content, facial injuries, and
barotrauma.

Frat et al.10 demonstrated a decrease in mortality at 90
days (without increasing the rate of intubation) in patients
with type 1 respiratory failure and paO2/FiO2 ratio < 200
treated with HNFO compared to patients treated with NIV.

In exacerbated COPD patients, HFNO has been used as
an alternative to NIV. In these patients, work of breathing is
reduced with HFNO by a similar extent to NIV, while keep-
ing similar PaCO2 values. HFNO has the advantage of being
more comfortable than NIV because it does not require a
ẗruëinteraction or synchrony between the system and the
patient.11

In comparison with IMV, it reduces the period of
treatment and hospitalization in the ICU since venti-
latory weaning is not necessary, as well as reducing
the incidence of ventilator-associated pneumonia and
barotrauma.

In the case described, the patient’s particular symptoms
made him a poor candidate for mechanical ventilation, with
HFNO providing the necessary respiratory support and allow-
ing a complete recovery from the RPE episode.

In conclusion, RPE is a rare and potentially fatal clinical
condition and timely diagnosis is essential to ensure proper
treatment. The therapeutic is based on organ support, with a
special focus on pulmonary support, and mechanical ventila-
tion is the cornerstone of this approach. The results obtained
with HFNO in this9 and other cases of type 1 respiratory fail-
ure seem promising, however, more studies are needed to
establish HFNO as a safe approach to RPE.
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Reversed halo sign in radiation
induced organizing pneumonia:
natural course of the underlying
pathophysiology

The reversed halo sign (RHS) refers to a focal rounded area
of ground-glass opacity surrounded by a more or less com-
plete ring of consolidation.1 It was initially described by
Voloudaki et al.2 in two patients with cryptogenic organiz-
ing pneumonia (COP). Zompatori et al. used the term atoll
sign,3 while the term RHS was first introduced by Kim et al.4

Initially, it was considered to be relatively specific to COP.
Subsequently, the RHS has been reported in a wide variety
of pulmonary diseases including infectious, neoplastic and
non infectious/non neoplastic, thus losing its specificity.

Despite the fact that the RHS is quite extensively stud-
ied in terms of radiology,5 data on corresponding pathology
are actually scarce. In the initial report by Voloudaki et al.,2

histology from the periphery of the lesions showed the pres-
ence of buds of granulation-fibromyxoid tissue in the lumen
of alveolar ducts and alveoli, while the central area of the
ground glass attenuation showed less granulation tissue and
more alveolar septal inflammation. These findings were con-
firmed in a much larger cohort of 43 patients, where the
‘‘ring’’ of the RHS corresponded pathologically to intralu-
minal organizing fibrosis in distal air spaces.6 The RHS has
no specificity as it can be observed in a wide variety of
diseases. Furthermore, it can appear in different phases of
disease progression. The pathology remains vague as to what
this image implies. In order to delineate the pathology cor-
relation, it is essential to specify the actual timeframe at
which the RHS appears. We present a representative case
of radiation induced organizing pneumonia (RIOP) in which
the temporal evolution of imaging findings sheds light on the
pathological and clinical significance of the RHS.

A 68-year-old female was diagnosed with right breast
cancer. She was managed with breast conserving surgery
(lumpectomy) followed by radiotherapy. The patient pre-
sented with progressive dyspnea and fatigue 16 weeks after
completion of radiotherapy. CT revealed areas of consoli-
dation in the right upper and right middle lobe (Fig. 1a,b),
ipsilateral to the irradiated side. A presumptive diagnosis
of radiation pneumonitis was made at an outside facility
and the patient was started on corticosteroids with gradual
tapering. A subsequent CT after 4 months showed a com-
plete resolution of the lung opacities in the right upper
lobe but appearance of a new consolidative area in the
right lower lobe (Fig. 1c,d). Corticosteroid therapy contin-
ued and after 3 months all opacities completely resolved
(Fig. 1e,f). After 5 months from corticosteroid discontinua-
tion, the patient complained again of fatigue. At that time,
she was referred to our interstitial lung disease unit. A new
HRCT exhibited several areas of ring consolidation surround-
ing a central area of ground glass opacity in the right upper
and right lower lobe (Fig. 2). Based on history, clinical exam-
ination and imaging findings, a diagnosis of relapsing RIOP
was established.7 This time, azithromycin was administered
to the patient at a dose of 250 mg three times weekly. After
2 months of treatment, the patient reported resolution of
her symptoms. A chest radiograph showed an almost com-
plete resolution of the abnormal imaging findings as well

(Fig. 3).The patient reports no symptoms and has a nor-
mal chest radiograph and laboratory work-up, at 1 year. It
is worth noting that the administration of steroids in the
context of RIOP is related to a higher rate of relapse.8

The incidence of organizing pneumonia (OP) follow-
ing breast radiotherapy is 1---3% and the interval period
between completion of radiotherapy and onset of symptoms
is 2.3---47 weeks (usually 4---24 weeks).7---14 Increasing age
(≥50 years),9,15 concurrent endocrine therapy,9 smoking,15

increasing lung volume within the radiation field16 and
increasing central lung distance13,16 have been associated
with the development of RIOP. Usually, the initial imag-
ing findings are unilateral (ipsilateral to the irradiated
side), however, bilateral involvement can also be seen
at presentation.7,8,10 In patients with migratory infiltrates
and relapsing disease, it is more likely to have bilat-
eral involvement.10 The exact pathogenesis and pathology
of RIOP has not been clarified. Proposed mechanisms are
radiation induced injury of alveolar epithelial cells (DNA
double-strand breaks) and mutations in the ATM (ataxia
telangiectasia mutated) gene.17 The ATM gene plays a key
role in the repair of DNA double-strand breaks.18 How-
ever, it is important to highlight that radiation in the lung
causes endothelial damage and impairs the stability of the
alveolar-capillary membrane.19 The increased permeabil-
ity of the latter leads to the exudation of plasma protein,
intra-alveolar clotting, deposition of fibrin, and finally col-
onization by matrix-producing fibroblasts resulting in the
formation of intraluminal bus of connective tissue.

In order to understand the radiology-pathology corre-
lation, reviewing diseases in which the RHS is the initial
radiological manifestation of the healing response can
provide significant insight. Such characteristic paradigms
are pulmonary infarction, mucormycosis and pulmonary
radiofrequency ablation. The study of underlying pathology
in these cases reveals a common pathology and response to
injury.

The RHS has been described in cases of pulmonary
infarcts, consisting of a thick consolidative ‘‘ring’’ sur-
rounding a central ground glass area. Pathologically,
the external rim of consolidation corresponds to orga-
nizing granulation tissue associated with the presence
of histiocytes, foamy macrophages, hemosiderin-laden
macrophages, and activated fibroblasts. The central area
corresponds to coagulative necrosis associated with hem-
orrhage. Necrosis often assumes a geographic pattern,
crisscrossing the parenchyma and traversing interlobular
septa.20 Fluorodeoxyglucose-positron emission tomography
computed tomography (FDG-PET/CT) provides valuable
information delineating the metabolic pathophysiology of
the RHS in the context of pulmonary infarction. Specifi-
cally, in cancer patients with pulmonary infarction, the ‘‘rim
sign’’ has been described.21 It corresponds to slight FDG
uptake strictly along the periphery of the infarct, while
the central area shows no uptake. This finding has a strong
correlation with the pathological features of pulmonary
infarction as the increased peripheral uptake is due to the
increased metabolic activity of the activated fibroblasts and
macrophages that are located in this area.

The RHS seems to be consistent in cases of pulmonary
infarction regardless of the cause of interrupted blood flow.
In the clinical setting of immunosuppression (especially neu-
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Figure 1 Areas of consolidation in the right upper and middle lobe. The consolidative area in the right middle lobe has a ‘‘bird
nest’’ appearance (panel a, b). After 4 months under steroid treatment there is clearance of the infiltrates in the right upper and
middle lobe. There is a new area of consolidation in the right lower lobe consistent with a migratory pattern (panel c, d). After 6
months under steroid treatment there is a complete resolution of the imaging findings (panel e, f).

Figure 2 Same patient as Figure 1. Five months after treatment cessation. In the right upper and lower lobe there are areas
consisting of an external rim of consolidation surrounding a central area of ground glass attenuation (reverse halo sign).
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Figure 3 Same patient as Figure 1. Chest roentgenogram 5 months after cessation of steroids with areas of consolidation in the
right upper and lower lung zone (panel a). After two months of treatment with azithromycin (250 mg thrice weekly), there is a
complete resolution of abnormal findings (panel b).

tropenic patients with hematologic malignancies receiving
chemotherapy or bone marrow transplantation), the RHS is
considered highly suggestive of underlying fungal infection,
especially pulmonary mucormycosis.22,23 It is worth empha-
sizing that Mucorales infections are more angioinvasive than
aspergillus infections,23 resulting in vessel thrombosis, thus
infarction of infected tissues is a hallmark of the disease.
The lesions are mainly peripheral in distribution.24 When the
RHS is present in mucormycosis, the central ground glass
area corresponds pathologically to coagulative necrosis,
while the outer rim of consolidation to organization.25 From
an imaging point of view, the RHS presents different mor-
phological characteristics when present in OP and invasive
fungal infections. The presence of reticulation within the
central area, increased thickness of the outer rim exceed-
ing 1 cm (and the presence of pleural effusion), favors the
diagnosis of the latter.26

Radiofrequency ablation (RFA) has been used for the
management of selected patients with Non-Small Cell Lung
Cancer (NSCLC) unable to undergo curative surgical resec-
tion, selected patients with pulmonary metastases or those
with recurrences after surgery, chemotherapy, or radia-
tion treatment.27 RFA leads to coagulative necrosis and, as
expected based on the previous observations, it is a cause
of the RHS with a ‘‘bird nest’’ morphology.28

In our case of RIOP, it is important to note that when
relapse occurred, the patient sought medical advice almost
immediately, thus imaging findings correspond to the ini-
tial phase of the healing process. Based on the paradigms
of pulmonary infarction, angioinvasive mucormycosis and
RFA, it seems that when the RHS is observed at the initial
stages, it corresponds pathologically to activated fibrob-
lasts encircling certain areas of lung injury. In the above
mentioned entities, the initial lung injury results in coagu-
lative necrosis. The actual nature of injury in cases of RIOP
remains unknown. Intriguingly, radiation induced necrosis is
also coagulative.

This type of response follows a specific course which is
typically depicted by the resolution of a pulmonary infarc-
tion. Specifically, the resolution follows a centripetal course
from the periphery to the center of the infracted area, which
preserves its initial shape. On the other hand, there are
cases where the clearance of an infiltrate starts from the
center and expands centrifugally, creating an image consis-
tent with the RHS.29,30 However, in such cases the RHS is not
the initial radiological manifestation, it is observed during
the healing phase and it does not have the pathophysiolog-
ical significance as described above. Interestingly, Covid-19
represents an example where the RHS is observed at later
stages of the disease, when consolidation develops around
GGO or when the absorption of infiltrates starts from the
center as mentioned before.31,32

From a pathological point of view, the presence of the
RHS depends on a variety of parameters. The presence of
low dense tissue in the central part (when necrosis, and/or
edema is present) with dense (granulation) tissue in the sur-
rounding area can manifest the RHS. Also, as mentioned
earlier, there are cases when the healing process of OP starts
from the central part. Finally, the presence of inflamma-
tory aspects in the central area (NSIP like pattern, alveolar
macrophages etc.) surrounded by a rim of granulation tissue
can give the appearance of a lobular pattern or reversed halo
sign.33,34

Given the wide range of clinical entities that can present
with the RHS, it is important to determine the actual time-
frame at which it occurs, i.e. at the beginning or during the
response of the lung to injury. This can increase the clinical
significance of the RHS by narrowing differential diagnosis.
Treatment for OP is based on steroids. The recommended
doses are significantly high35,36 and one of the main prob-
lems in the management of OP is not the disease itself
but the management of steroid induced complications (e.g.,
obesity, osteoporosis, diabetes, depression, and immuno-
suppression). Based on the above observations, the RHS
reflects the initial step of a successful response to lung
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injury. The type of injury is coagulative necrosis, regardless
of the actual cause of reduced blood flow (e.g., thrombi in
pulmonary embolism, fungal angioinvasion in mucormyco-
sis, and thermal injury in case of RFA). In cases of RIOP, the
RHS also seems to represent an initial response to injury. The
actual cause of injury (parenchymal or vascular) is unknown.
It is intriguing that radiation causes coagulative necrosis
and impairs the permeability of the basement membrane
leading to intra-alveolar clotting, deposition of fibrin, and
finally colonization by matrix-producing fibroblasts resulting
in the organizing pneumonia pattern. Equally intriguing is
the fact that steroid treatment increases the recurrence of
RIOP after breast-conserving therapy, thus prolonging dis-
ease duration.8 Given the fact that the RHS represents the
initial phase of a successful healing response, it would be
important to clarify the natural history of these cases with-
out the administration of drugs. In conclusion, phenotyping
cases of OP based on clinical and imaging characteristics,
can lead to more specific management, avoiding unneces-
sary adverse events.
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Hypersensitivity pneumonitis in a
patient with pulmonary alveolar
proteinosis ---- A case report

Dear Editor,

Pulmonary alveolar proteinosis (PAP) is a rare syndrome cha-
racterized by the alveolar accumulation of surfactant due
to a deficient macrophage activity, resulting in impaired gas
exchange.1

PAP can be classified into different types. Autoim-
mune PAP is the most common (90---95%), and results from
autoantibodies against granulocyte-macrophage colony-
stimulating factor (GM-CSF).1,2 Secondary PAP is related with
an underlying condition.1 Additional forms of PAP, such as
Congenital, are associated with genetic abnormalities.1,3

The diagnosis of auto-immune PAP is based on three
findings: crazy paving pattern on high resolution chest
tomography (HRCT) as a consequence of intra and interlob-
ular septal thickening superimposed on patchy ground-glass
opacities; positive GM-CSF autoantibody; and bronchoalve-
olar lavage (BAL) with milky appearance and finding of
lipid-rich proteinaceous material, positive to periodic acid-
Schiff stain. Lung biopsy may be required if the previous
findings are indefinite.1

Therapeutic decisions are made in accordance with PAP
classification and disease severity.1 Whole-lung lavage (WLL)
has been the cornerstone therapy,1 but treatment with
inhaled GM-CSF has shown improvement in measures of pul-
monary gas transfer, functional health status and pathologic
features, when compared to placebo.2 Corticosteroid ther-
apy suggested more damage than gain.1

Hypersensitivity pneumonitis (HP) is an immunologically
mediated interstitial lung disease, caused by repeated
exposure to inducing environmental agents in a genet-
ically predisposed individual. Its diagnosis relied on a
multidisciplinary discussion focused on typical chest CT
scan, histological findings and high lymphocytosis in BAL.4

Although HP may be triggered by a comprehensive number
of antigens, the antigen responsible is often not identified,
and chronic forms of HP can even be indistinguishable from
idiopathic pulmonary fibrosis.5,6

The authors present the case of a 43-year-old Caucasian
male, former smoker (10 pack-year), volunteer firefighter,
and with medical history of peptic ulcer, that presented
in 2011 a 12-month history of progressive exertional dys-
pnoea and cough. Symptoms initiated after exposure to
smoke. He denied fever, weight loss, arthralgia, haemop-
tysis or chest pain. No history of infections, malignancy or
previous respiratory lung disease. Physical examination was
unremarkable.

He was diagnosed as having PAP based on chest HRCT
findings (Fig. 1A), BAL (significant amount of periodic Acid-
Schiff material, namely with various cell bodies) and positive
anti-GM-CSF antibodies. Lung function tests showed a mild
defect in carbon monoxide transfer factor (TLCO).

In 2013 he presented symptomatic, functional (PaO2
74 mmHg; shunt fraction 20.8%) and radiological deteriora-
tion; therefore, therapeutic WLL was carried out, resulting
in symptom and gas exchange improvement.

Five years later, despite clinical and functional stability,
chest HRCT (Fig. 1B) revealed a shift in its pattern, charac-
terized by peripheral and peribronchovascular reticulation,
and traction bronchiectasis. New flexible bronchoscopy with
BAL analysis was performed, revealing intense lymphocyto-

464



Pulmonology 27 (2021) 448---473

Figure 1 A and B --- High resolution computed tomography images (axial lung window). On the left, image from 2011, illustrating
bilateral ground glass alveolar infiltrates and interlobular septal thickening consistent with a ‘crazy paving’ pattern (A); On the
right, image from 2018, with reticular opacity in a manly peripheral distribution, and traction bronchiectasis in the bases (B). C1 and
C2 --- histology images. On the left, HE 10X --- pulmonary alveolar proteinosis (PAP) shows alveolar filling by a proteinaceous material
(C1); On the right, HE 10X --- cellular interstitial pneumonia airway-centered and peribronchiolar metaplasia; multinucleated giant
cell (C2).

sis (56,4%), with cd4/cd8 ratio of 1,7. BAL was translucent
and negative for periodic Acid-Schiff (PAS) granules.

New occupational and environmental exposure to organic
antigens were pursued; serum specific IgG antibodies
(avian and fungus) as well as autoimmune screening were
repeated; all were found to be negative.

After multidisciplinary discussion, a transbronchial lung
cryobiopsy was performed; histology revealed features of
alveolar proteinosis consisting of intra-alveolar eosinophilic
material and coexisting features consistent with hypersen-
sitivity pneumonitis (Fig. 1 --- C1 and C2).

PAP and HP are known interstitial lung diseases, however
completely different entities with distinct clinical features.
An overlap phenotype between HP and PAP has already been
described in a published article reviewing five cases, where
patients show concurrent radiological and histopathological
features of both diseases.7 Nonetheless, to the best of our
knowledge, this is the first case presenting this sequence of
events --- PAP initially, with HP appearing later on.

We hypothesized that the patient always presented pos-
itive GM-CSF antibodies and the exposure to smoke or silica
extinguisher powder acted as a trigger to develop PAP; it
is known that inhalation of toxic dusts and fumes is a major
risk factor for developing secondary PAP.8 Many patients with
autoimmune PAP have a history of exposure (23%), and posi-
tive autoimmunity may be present in some secondary PAP
cases.9 At least two recognized cases reporting PAP sec-
ondary to extinguisher particle’s exposure, are described in
the literature.10,11

Curiously, our patient developed HP later on, once PAP
was under control. We postulate that the development of

HP might be explained by the capability of PAP itself to
predispose to a secondary pathology, causing a lung hyper-
sensitivity reaction.7 It is possible that alveolar epithelial
damage following PAP might induce susceptibility to environ-
mental triggers, especially if there is an underlying immune
dysregulation. Our patient had positive GM-CSF antibodies
and some studies demonstrate that GM-CSF antibodies have
an important role in reducing lung injury after insult.12 High
values of GM-CSF antibodies were found in patients with HP
and sarcoidosis who also presented various features allusive
of autoimmune PAP. This finding suggests that measurement
of GM-CSF antibodies could help in identifying concomitant
early-onset autoimmune PAP.13

Another hypothesis is that leakage of PAS positive mate-
rial from damaged alveoli/bronchus led to a pulmonary
response similar to HP.

In conclusion, PAP is a rare entity, with still much to clar-
ify regarding its evolution. We reported the first case of HP
after PAP. It is unclear if this association occurred by chance
or if PAP predisposed the HP. Longitudinal records and reg-
istries may be a helpful tool to better understand the natural
history of PAP.

Ethical disclosure

I, Margarida Costa e Silva, hereby state that this study was
conducted in accordance with Helsinki Declaration, revised
in 2013, and approved by the ethical committee of Centro
Hospitalar de Vila Nova de Gaia/Espinho.
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Airway stents in malignant central
airway obstruction

Dear editor,

Central airway obstruction develops in a significant propor-
tion of lung cancer patients and many other cancers through
metastasis.1 Tumors that cause obstruction of the trachea
and the main bronchi are often inoperable.2 Airway stent-
ing is a therapeutic option for malignant central airway
obstructions (MCAO) and is indicated for both intraluminal
and extraluminal obstructions.3,4 There are several types of
stents available and there is a progressive and improved

experience of professionals regarding their management.3

Stenting is associated with immediate symptom relief and
improved quality of life.5 Palliative and therapeutic benefits
are well established, however, complications related to sev-
eral types of metal and silicone stents are also reported. We
report 5 years’ experience with stent placement in patients
with MCAO, using rigid bronchoscopy (RB), between January
2015 and December 2019, at Centro Hospitalar Universitário
São João.

Fifty-six stents were placed in patients with MCAO, 57.1%
for lung cancer, regional extension by other malignancies
including esophageal cancer (30.4%), head and neck (3.6%)
and lung metastases (3 colorectal, 1 tongue sarcomaand 1
unknown primary). Baseline characteristics of the popula-
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Table 1 Baseline characteristics.

MCAO, n = 56

Age (years), mean ± SD 59.5 ± 12
Male sex, n (%) 45 (80.4)
Primary site of malignancy

Local extension, n (%)
Esophageal cancer, n (%) 17 (30.4)
Head and neck cancer, n (%) 2 (3.6)
Tracheal and lung, n (%) 32 (57.1)

Metastatic disease
Colorectal cancer, n (%) 3 (5.4)
Tongue, n (%) 1 (1.8)
Occult, n (%) 1 (1.8)
Site of lesion

Single lesion
Trachea, n (%) 19 (33.9)
Right main bronchus, n (%) 5 (8.9)
Right bronchus intermedius, n (%) 3 (5.4)
Left main bronchus, n (%) 10 (17.9)

Extended lesion
Trachea and ≥1 bronchus, n (%) 19 (33.9)
Type of obstruction

Intraluminal lesion, n (%) 11 (19.6)
Extrinsic compression, n (%) 14 (25.0)
Mixed lesion, n (%) 31 (55.4)

Grade of obstruction (Myer and Cotton classification)a

I, n (%) 2 (3.6)
II, n (%) 13 (23.2)
III, n (%) 39 (69.6)
IV, n (%) 2 (3.6)

Tracheoesophageal fistula, n (%) 10 (17.9)
Time interval from diagnosis of MCOA to stent inserted (days), median (IQR) 76.5 (382)
Adjuvant interventions

None, n (%) 28 (50)
Mechanical debulking, n (%) 21 (37.5)
Mechanical dilatation, n (%) 6 (10.7)
Laser therapy, n (%) 13 (23.1)

Type of stent
Silicon stent (Dumon), n (%) 28 (50)

Y stent, n 2
Metallic stent, n (%) 28 (50)

Y stent, n 10
Time until first complication (days), median (IQR) 39 (80)

No complications, n (%) 35 (62.5)
Complications found

Mucostasis, n (%) 18 (32.1)
Granulation tissue, n (%) 9 (16.1)
Migration, n (%) 3 (5.4)
Halitosis, n (%) 4 (7.1)
Tumor in-growth, n (%), n (%) 15 (26.8)

Death, n (%) 52 (92.9%)
Survival (days), median (IQR) 68 (32−247)

Data are presented as frequency (n) and percentage (%) or median and interquartile range (IQR).
MACO: malignant central airways obstructions; SD: standard deviation.

a Classification based on the percentage of reduction in airway cross-sectional aera grade I ≤50% obstruction, grade II 51%---70%
obstruction, grade III 71---99%, grade IV no detectable lumen.
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Figure 1 (A) Box plot demonstrating survival difference (days of survival) in MCAO patients with stent-related complications versus
patients without complications. (B) Kaplan---Meier curve for overall survival after stent placement in relation to the occurrence of
stent-related complications (black) and the absence of stent-related complications (gray): + indicates censoring cases.

tion and the characteristics of the obstruction observed by
bronchoscopy are summarized in Table 1. Most patients had
a single lesion, trachea (33.9%), right main bronchus (8.9%),
bronchus intermedius (5.4%), left main bronchus (17.9%) and
33.9% of patients had an extended lesion. The severity of
airway obstruction was determined using the Myer-Cotton
grading system and forty-one patients (73.2%) had ≥ 71%
airway lumen obstruction (Grade III or IV). In 10 cases tra-
cheoesophageal fistula was detected.

An equal number of silicone (n = 28) and metallic (n = 28)
stents were placed. In addition to stent insertion, in half of
the cases, another bronchoscopy modality was performed,
including mechanical dilation, tumor mechanical debulking
and laser therapy.

Twenty-one (37.5%) of all stents placed were associated
with ≥1 complication, such as mucostasis (in 12 patients,
secretions were easily removable by flexible bronchoscopy
while in 6 patients RB was needed), migration (n = 3), tumor
in-growth (n = 15), granulation tissue (n = 9) and halitosis
(n = 4) (Table 1). The median time until first complication
was 39 (16---96) days.

The occurrence of complications was independent of
the type of stent placed (p = 0.78), localization of obstruc-
tion (p = 0.43), type of obstruction (p = 0.69), origin of the
malignancy (p = 0.78), tracheoesophageal fistula (p=0.48)
and the extent of the obstruction (p = 0.08). However, there
was a statistically significant difference between the num-
ber of complications and the presence of ≥71% airway
lumen obstruction (p < 0.05) and in patients with a y-stent
(p < 0.05).

Overall, the median survival was 68 (32−247) days. The
Kaplan-Meier method was used to estimate the overall sur-
vival after stent placement in relation to the origin of the
neoplasia (pulmonary vs non-pulmonary), type of obstruc-
tion and occurrence of complications. According to the
analysis (Fig. 1), the median time until death was 145
(70---338) days for patients with stent-related complications

and 59 (28---103) days for patients without complications,
this difference was the only statistically significant one
(p < 0.05).

Discussion

In patients with MCAO, bronchoscopic interventions can pro-
vide significant palliation of symptoms and quality of life.5

We report the experience of our bronchology department in
the placement of stents in cases with MCAO. Stent place-
ment requires a careful selection of patients and the type
of stent, as well as knowledge and experience regarding
the technique, follow-up and management of complications.
Although several types of stents are available, the ideal
type of stent for each situation is still a matter of debate.3

The main indications for stenting in MCAO are obstruction
by extrinsic compression, endobronchial tumor with resid-
ual obstruction/malacia after bronchoscopic resection and
malignant tracheoesophageal fistula.2 Prior to stent place-
ment, it is important that the obstructive lesion is dilated
and removed to facilitate stent deployment and obtain the
best possible benefit, which is maintaining long-term airway
patency.3

Stent-related complications are not uncommon3---5 and
appear to be related to the median time of stenting.6

Mucostasis, tumor in-growth and granulation tissue were
the most common stent-related complications in our
patients. The median survival found in our study was
68 days, which is close to that estimated in other
series,7,8 and the patients with longer survival after stent
placement may be more likely to have ≥1 complica-
tion.

In conclusion, although this treatment potentially
improves patients’ symptoms and quality of life, we
highlight the importance of regular and close monitor-
ing to promptly diagnose complications in long cancer
survivors.
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Literacy on tuberculosis in
paediatric population and their
caregivers. The importance of an
outpatient tuberculosis centre

According to the most recent Tuberculosis Surveillance
Report from the European Centre for Disease Prevention
and Control, the prevalence of Tuberculosis (TB) has been
steadily decreasing, from 21,3 per 100 000 inhabitants in
2014 to 20,5/100000 in 2018.1 As a result, and also related
to the centralization of health care, the general population
and healthcare professionals have progressively less contact
with TB, increasing misinformation about disease presenta-
tion, prevention and treatment, eventually compromising
the timely detection and management of cases.2 Raising
awareness about the topic is therefore crucial as a strategy
for disease control and public healthcare.2

The aim of this study was to assess the general popula-
tion’s knowledge about TB, by identifying, measuring and
evaluating the differences between Outpatient Tuberculosis
Centre users and Pediatric Hospital Department users, and
highlighting the factors that lead to a better understanding
of TB.

A comparative cross-sectional observational study was
conducted from April to June 2019. Participants were
divided into two groups: patients/caregivers admit-
ted to a Pediatric Hospital Department (PHD) and
patients/caregivers followed at an Outpatient Pediatric
Tuberculosis Reference Centre (OTBC).

Participants filled in a questionnaire designed by the
authors featuring fifteen multiple choice questions struc-

tured as: demographic information and general knowledge
about TB, disease presentation/organ involvement and
treatment/prevention. Questionnaires from children older
than 10years-old or their caregivers were only included if
completed in full.

A TB Knowledge Score (TB KScore) was obtained for inter-
group comparison of results; each correct answer scored one
point, with the final score ranging from 0 to 15 points. For
multiple correct answers 0,1 was added or subtracted if right
or wrong answer, respectively.

Data analyses was performed using IBM SPSS Statistics
v.25®. General knowledge of TB was reported as absolute
and relative frequencies; TB KScore was represented by
mean and standard deviation; independent sample t tests
were used for intergroup comparison. Multiple linear regres-
sion model was used to identify variables associated with TB
KScore.

A total of 175 participants were included (Table 1),
50.9% (n = 89) from the PHD and 49.1% (n = 86) from the
OTBC. 143 participants (81.7%) were female and the average
age was 34.73 ± 13.07 years. Questionnaires were mostly
answered by the mothers (n = 122; 69.1%), and the majority
of participants (n = 53 (30.2%)) had a high school qualifi-
cation. Fifty-nine percent (n = 104) of the caregivers were
employed and the monthly family income was mainly
between 500D ---1000D (n = 67; 38.3%).

In the general knowledge section, 21.1% (n = 37) cor-
rectly recognized the incidence of TB, with 53.0% (n = 93)
considering TB as a frequent disease and 23.0% (n = 40) as
rare. One hundred and seven participants (61,1%) knew that
TB is caused by a bacterium. About disease transmission,
23.4% (n = 41) answered correctly, with cough and breathing
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Table 1 Characteristics of study participants.

Groups
PHD (N = 89) OTBC (N = 86) PHD + OTBC (N = 175) p value

Variable
Sex: Female, N (%) 79 (88,76) 64 (74,42) 143 (81,70) 0,014
Age in years, mean (± SD) 35,37 (12,23) 34,07 (13,94) 34,73 (13,07) 0,526
Identification of the person responding: N (%) 0,068

Patients’ mothers 69 (77,53) 53 (61,63) 122 (69,71)
Patients’ fathers 8 (8,99) 12 (13,95) 20 (11,43)
Patient himself 7 (7,87) 17 (19,77) 24 (13,71)
Other 5 (5,52) 4 (4,65) 9 (5,14)

Level of education, N (%) 0,27
Primary school (1st-4th grade) 9 (10,11) 1 (1,16) 10 (5,71)
Middle school (5th-6th grade) 8 (8,99) 8 (9,30) 16 (9,14)
Middle school (7th-9th grade) 27 (30,34) 22 (25,58) 49 (28,00)
High school degree (10th-12th grade) 25 (28,09) 28 (32,56) 53 (30,29)
Graduation 14 (15,73) 13 (15,12) 27 (15,43)
Master 2 (2,25) 2 (2,33) 4 (2,29)

Household monthly income N (%) 0,008
<500D 17 (19,10) 5 (5,81) 22 (12,57)
500---1000D 37 (41,57) 30 (34,88) 67 (38,29)
1000---1500D 17 (19,10) 21 (24,42) 38 (21,71)
>1500D 9 (10,11) 20 (23,26) 29 (16,57)

Professional situation, N (%) 0,001
Employed 48 (53,93) 56 (65,12) 104 (59,43)
Unemployed 30 (33.71) 9 (16,07) 39 (22,29)
Student 3 (3,37) 16 (18,60) 24 (13,71)

Legend: PHD - Pediatric Hospital Department; OTBC - Outpatient Tuberculosis Centre.

Figure 1 Total of correct answers for topic in all participant of the study.
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identified by 76.0% (n = 133) and 53.1% (n = 93), respec-
tively; 14,3% (n = 25) answered that TB could be transmitted
by touch or contaminated water or food; the possibility
of sexual transmission was considered by 8.0% (n = 14) of
participants. Regarding presentation, 2.9% (n = 5) correctly
identified all the symptoms, with cough (n = 149; 85.1%) and
fever (n = 122; 69.7%) being the most commonly provided
answers. Twenty participants (11.43%) thought that the dis-
ease is asymptomatic. About TB location, 25.7% (n = 45)
answered it could affect several organs, mostly the lungs
(n = 109; 62,3%). Regarding treatment of TB, 45,1% (n = 79)
correctly identified the appropriate treatment, with antibi-
otics selected in 65.1% of the cases (n = 114), rest in 20.0%
(n = 35) and AINE’s in 10.3% (n = 18). Six participants (3.43%)
chose all possible answers about preventive treatment in
childhood and 38,3% (n = 67) selected all vulnerable groups
(Fig. 1).

The global TB KScore was 8,14 ± 3,30 (min = 0,0;
max = 12,5), being higher in OTBC group (40 ± 3,52 versus
6,9 ± 3,52 for PHD).

In multiple linear regression models, TB KScore was signi-
ficantly and mainly associated with provenience group (PHD
versus OTBC), but also with their age and level of education.

Compared to other studies, a higher knowledge was
detected for the topics about the disease cause and
presentation.2---5 However, results also indicate that literacy
related to transmission, vulnerable groups and treatment
were poorer than similar studies.2,5 The higher TB Kscore
detected on the OTBC group may be related to a closer
contact with the disease or its suspicion in a reference cen-
tre, with more frequent health education on the theme. As
other studies have shown, age and level of education have
a positive effect on a person’s knowledge of TB.2,4---7 The
authors recognize that most of participants were female
and acknowledge that this could be a bias when generalizing
results to the general population.

The results reveal that literacy on TB is far from optimal.
The correct diagnosis and early treatment depend on pop-
ular knowledge about the disease, so the authors highlight
the importance of developing a control strategy based on
education programs and health campaigns inside the com-
munity. Hereupon, it is crucial to create a patient-centred
approach to improve knowledge of and alertness for the
disease, aiming to achieve a more successful control of TB.
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LETTER TO THE EDITOR

T790M-EGFR mutation frequency in
advanced NSCLC patients on
progression from a previous TKI
therapy: results from a Portuguese
study

The current treatment for advanced non-small cell lung
cancer (NSCLC) patients harboring epidermal growth factor
receptor (EGFR) mutations is centered around EGFR-tyrosine
kinase inhibitors (EGFR-TKIs).1,2 However, resistance to
EGFR-TKIs frequently develops. Multiple reports have shown
that the T790 M mutation is present in approximately half
the patients who develop resistance to a first- or second-
generation EGFR-TKIs. Osimertinib is approved for the
treatment of NSCLC harboring T790 M, highlighting the clini-
cal relevance of the detection of this mutation.3 Genotyping
for EGFR T790 M initially required a tissue biopsy, with its
inherent risks and possible treatment delay. More recently,
noninvasive genotyping of cell-free plasma DNA emerged as
a safer and faster alternative for detection of EGFR T790M.4

There was no previous data on the prevalence of T790 M
mutation in the Portuguese patients with advanced NSCLC.
Therefore, the objective of this study was to determine
the frequency of this mutation in patients with advanced
NSCLC.

This prospective, analytical, multicenter study included
40 adult patients with locally advanced or metastatic NSCLC
treated at 13 Portuguese oncology centers, from November
2017 to March 2019, and who had progressed or discontin-
ued due to adverse effects following therapy or after two or
more lines of treatment with EGFR-TKI and chemotherapy.
The presence of T790M-EGFR mutation was assessed both
in tissue and blood biopsy. Blood samples were analyzed by
AmpliseqTM EGFR Hot Spots NGS panel from Thermo Fisher,
cobas® EGFR Mutation Test v2 US-IVD from Roche Molecular
Diagnostics and digital PCR EGFR T790 M by Thermo Fisher.
All patients signed an informed consent form, and the study
was previously evaluated and approved by the Ethics Com-
mittee of the participating sites.

Patients median age was 69 years (interquartile range
62---74.25 years) and 65% were females. Prior to sam-
ple collection, 32 (80%) subjects had received treatment
with EGFR-TKIs, 7 (17.5%) had had chemotherapy and
EGFR-TKIs, and one received EGFR-TKIs, chemotherapy and
immunotherapy. Thirty-nine patients had conclusive results
for liquid biopsy (one subject did not perform tissue biopsy
and had an inconclusive result in liquid biopsy) and 12
patients for tissue biopsy.

The frequency of T790 M mutation was 44% (95% CI:
28−59%), Table 1.

Table 1 Frequency of T790 M mutation by method.

Frequency of T790 M
mutation by method

Relative frequency
(%) [CI 95%] (n/total)

At least one positive
biopsy

44% [28−59%] (17/39)

Positive in tissue biopsy 42% [14−70%] (5/12)
Positive in liquid biopsy 36% [21−51%] (14/39)

This study was limited by the low recruitment rate that
implied the end of the study with 40 patients instead of
the target sample of 155 subjects. Moreover, only 12 sam-
ples were obtained for tissue biopsy. For these reasons, it
was not possible to draw statistically significant conclusions
regarding our secondary objectives, namely the concor-
dance between liquid vs. tissue biopsy, and the comparison
between techniques for determining the T790 M mutation of
the EGFR gene in liquid biopsy.

Nonetheless, the frequency of T790 M mutation in the
target population was comparable to that reported in the
literature5 which underlines the relevance of the testing.

In Portugal, the criteria for EGFR genetic screening varies
between medical institutions and it is still not a routine
assessment in clinical practice. These results, as well our
unforeseen low recruitment, highlight the importance of
issuing guidelines and implementing them in current prac-
tice.
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TaggedH1ROX monitoring in critical COVID-19
patients treated with high flow
oxygen: A real added value
compared to the respiratory rate? TaggedEnd
Available online 9 July 2021
TaggedPDear Editor,TaggedEnd
TaggedPWe read with interest the communication by Vega et al.

recently published in Pulmonology, dealing with the particular
features of the ROX index in the population of COVID-19 criti-
cal patients treated with high flow nasal cannula (HFNC).1TaggedEnd

TaggedPWe congratulate the authors for having added new evi-
dence in this field, by investigating 120 additional patients
with COVID-19-related acute respiratory failure. TaggedEnd

TaggedPHowever, we would like to correct a misreading by the
authors regarding our study published in Intensive Care Medi-
cine.2 Indeed, the oxygen flow used in our study was not “a
surprisingly low flow of 10 L/min” as written by Vega et al.
but the “usual” high flow of 60 L/min for all patients at HFNC
initiation (“HFNC was systematically initiated at 60 L min�1
/FiO2 1” � second paragraph). We think that Vega et al. had
mistaken the gas flow rate once HFNC was initiated for the
median oxygen flow rate delivered to the patients prior to
HFNC initiation in our study (“Prior to HFNC, the median [IQR]
RR was 30 [26�36]/min and O2 flow was 10 [8�15] L/min” �
Second sentence of the third paragraph).TaggedEnd

TaggedPIn addition, we did not report that “respiratory rate had
better accuracy than the ROX index” as suggested by Vega
et al. in their discussion. In fact, we showed that the RR and
ROX 30 min after HFNC initiation had similar predictive val-
ues for HFNC failure (AUROC 0.81 (0.61�0.96) and 0.78
(0.58�0.95), respectively).2 Since it is easier to monitor the
RR than the full ROX index, we entitled our work “less is
more, better look at respiratory rate”. We believe that the
results provided by Vega are concordant with our own, as
AUROC at the earliest time point (H2) were strictly similar
for RR and ROX (0.64 95%CI(0.51�0.78) vs. 0.64
(0.52�0.77), respectively); thus demonstrating no real
advantage of a more complex ROX calculation compared to
a simple respiratory rate monitoring. We could further
https://doi.org/10.1016/j.pulmoe.2021.06.011
2531-0437/© 2021 Sociedade Portuguesa de Pneumologia. Published by E
NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
TaggedEndTaggedPdiscuss a possible difference in performance between RR
and ROX at a later point in time (are the AUROC reported by
Vega et al. at H12 for the RR [0.72 (0.61�0.83)] and the ROX
[0.78 (0.67�0.89)] really significantly different?). However,
we believe that such a late time point might not really
impact patient’s management in case of HFNC failure as, in
both our experience and Vega’s, “most intubation occurred
between 12 and 24 hrs” after HFNC initiation. TaggedEnd
TaggedH1Conflicts of interest TaggedEnd
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regarding this article. TaggedEnd
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TaggedH1COVID-19 pneumonia and ROX
index: Time to set a new threshold
for patients admitted outside the
ICU. Authors' reply TaggedEnd
TaggedPWe thank Dr. Garnier and Dr Blez for their careful reading of
our study1 and their useful comments2TaggedEnd

TaggedPWe agree with them that we may have misinterpreted
their setting of High Flow Nasal Cannula (HFNC), and we
apologize for the misunderstanding. It makes obviously
sense that the flow was delivered at 60 L/min.3 TaggedEnd

TaggedPConcerning the point of respiratory rate, we think that it is
a matter of wording. We believe our statement "ROX H12 had a
greater predictive value than respiratory rate alone, in contrast
with Blez et al.” is true, because in their article, the authors
reported an AUROC of RR of 0.81, that is superior to 0.78
(AUROC of ROX). It is a matter of mathematics, despite not
being statistically significant. On the other hand, we are a bit
concerned about the title of their manuscript "....better look
at the respiratory rate". We strongly believe that "two is better
than one" in particular in patients with COVID-19 infections.
The pathophysiology of Acute Respiratory Failure during this
pandemic is complex and not fully understood. Everyone deal-
ing with these patients has noticed that the respiratory fre-
quency and tidal volume may be affected differently in specific
subgroups of patients. Increases in tidal volume are presumably
due to higher recruitment of respiratory premotor neurons,
whereas changes in frequency may be related to the network
activity of the neurons located in the pre-Botzinger complex.
In addition, COVID-19 patients with similar oxygenation effi-
ciency may have markedly different compliance. This makes
the combination of respiratory pattern and respiratory mechan-
ics complex and multifactorial. Not surprisingly, a consistent
group of patients may show the so-called “non-dyspnogenic
acute hypoxia” while others, for the same level of PaO2, show
an important distress. Obviously respiratory pattern may influ-
ence the PaO2/FiO2 ratio,4 but SaO2 is also determined by the
efficiency of the a-c membrane. So to make a long story short,
it is not only a matter of “less is more”.TaggedEnd

TaggedPIndeed, Drs Garnier and Blez argued that the ROX H12 "is
a time point too late to really impact management in case
of failure". The median time of HFNC failure, however, has
https://doi.org/10.1016/j.pulmoe.2021.07.001
2531-0437/© 2021 Sociedade Portuguesa de Pneumologia. Published by E
NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
TaggedEndTaggedPbeen reported to vary but it is on average >24 h.5-7 Thus,
this may suggest that a ROXH12 may give the clinician a bet-
ter overview of the patient's outcomes, than a more praecox
measurement. TaggedEnd
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TaggedPBronchial foreign bodies are a rare condition in adults. In
previous studies, only 6% of all airway foreign bodies occur
in patients over 14 years of age.1 TaggedEnd

TaggedPAccording to different series, 60�65% of the foreign bod-
ies are located in the right main bronchus, 25�30% in the
left main bronchus and 9�12% in the subglottis trachea.
There is a similar distribution in pediatric patients. Within
the adult population, the presence of foreign bodies in the
airway has been reported more frequently in elderly
patients, patients with mental health problems, and
patients with swallowing problems.2 TaggedEnd

TaggedPWe present a 67-year-old patient who underwent a liver
transplant in 2016. A computerized tomography (CT) scan
(Lightspeed Pro 32 General Electric Healthcare, Chicago,
USA) of the chest was made to study bilateral pulmonary
infiltrates. In addition to areas with a crazy-paving pattern,
a suspicious image of a foreign body was observed in the
right main bronchus. For a better assessment, a 3D recon-
struction was carried out. (Fig. 1a and b). TaggedEnd
TaggedEndTaggedEnd
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TaggedPSubsequently, bronchofibroscopy (Olympus BF H-190,
Tokyo, Japan) was performed. A foreign body in the right
main bronchus was observed, without alteration of the
adjacent bronchial mucosa (Fig. 1c and Fig. 1d) and
removed with biopsy forceps. Once outside, it was con-
firmed that the foreign body was a blister pack of a tablet
(Fig. 1e). TaggedEnd

TaggedPThe images are rare and surprising, first of all because
this was an adult patient without swallowing or mental
disorders. Secondly, despite the irritant and noxious
nature of the material and the long time in the airway,
no alteration in the bronchial mucosa was observed and
the patient was asymptomatic. Finally, reviewing previ-
ous literature, this is the first case in which the presence
of a pharmaceutical blister is described as a bronchial
foreign body. TaggedEnd
TaggedPWe want to particularly acknowledge Joy Selene Osorio for
help in the translation of this article. TaggedEnd
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Figure 1 Image a. Visualization of the foreign body in thoracic CT (indicated by the arrow). Image b. Reconstruction of the bron-
chial tree with foreign body at the level of the right main bronchus (indicated by the arrow). Image c. Impacted foreign body in the
right main bronchus with image from the main carina. Image d. Visualization of foreign body impacted at the entrance of the right
main bronchus. Image e. Foreign body once removed by biopsy forceps. TaggedEnd
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