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ORIGINAL RESEARCHES
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Predictors of successful weaning in patients requiring extremely

prolonged mechanical ventilation

Abstract

Introduction: For patients on prolonged mechanical ventilation (PMV; > 21 days), successful weaning has been attributed to
various factors. The aim of this study is to determine the usefulness of the rapid shallow breathing index (RSBI) and other potential
predictors of successful weaning in patients unable to wean and requiring extreme PMV at a hospital-based long-term ventilator
facility in Israel.

Material and ethods: Retrospective analysis of prospectively collected data over 5 years.

Results: A total of 150 subjects on PMV, ready to undergo a weaning process, were included in the study. Of them, 60 (40.0%)
were males. The mean age of the whole study population was 76.5 years (SD = 13.6; range 22.0-96.0 years). The subjects were
on MV for a mean period of 170.1 days (SD = 237.6; range 25.0-1624.0 days). Sixty patients (40%) were successfully weaned.
The mean RSBI in the successfully weaned population was 41.9 breaths/min/L (SD = 12.3; range 13.0-80.4 breaths/min/L), in
the population where weaning failed, it was 114.8 breaths/min/L (SD = 69.2; range 47.5-450.0 breaths/min/L). By univariate
logistic regression analysis, younger age (p < 0.007), female gender (p < 0.001), decreased duration of MV (p < 0.023), re-
spiratory rate (p < 0.001) and RSBI (p < 0.001), increased tidal volume/ideal body weight (p < 0.001) and minute ventilation
(p < 0.01) were found to be factors that significantly predict successful weaning. By multivariate analysis, increased tidal volume/
/ideal body weight (p < 0.007) and decreased RSBI (p < 0.046) were found to be independent predictors of successful weaning
(p < 0.001; R* Nagelkerke = 0.90).

Conclusions: Factors independently predicting successful weaning in patients requiring extreme PMV included increased tidal
volume/ideal body weight and decreased RSBI.

Key words: mechanical ventilation, respiratory mechanics, mechanical ventilator weaning, respiratory rate, tidal volume

Introduction

The timing of weaning from mechanical
ventilation should be carefully considered. To
initiate the process of weaning, patients should
be able to support their own ventilation and oxy-
genation, and this facility should be assessed
continuously. Failed trials of discontinuation of
mechanical ventilation may precipitate respira-
tory muscle injury, and, ultimately, prolong the
duration of mechanical ventilation. Moreover,
failed trials of extubation have been associated

Adv Respir Med. 2020; 88: 477-484

with prolonged hospital stay and excess hospital
mortality [1].

One of the best studied and most commonly
used weaning predictors over the last three de-
cades, is rapid shallow breathing index (RSBI)
— see Table 1. It is defined as the ratio of respi-
ratory rate to tidal volume (f/V;). It was described
in a prospective cohort study of mechanically
ventilated patients which found that a RSBI
> 105 breaths/min/L was associated with weaning
failure, while a RSBI < 105 breaths/min/L predict-
ed weaning success with a sensitivity, specificity,
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Table 1. Summary of studies with predictive measures of successful weaning by rapid shallow breathing index (RSBI), for
adults admitted in facilities for long-term care only

Study Adults N Age, mean Gender COPD MV RSBI Weaning pro- Logistic
admitted in years [SD] — males, [%] prior to weaning, [breath/ cess: success regression
[%] days /min/L]  and duration
Gluc, Corgian LTVF 38 67.4 na 58.0 Mean = 23.9 na 1 na
1996 3] (14.9) SD =289
Chao, LTVF 191 70.2 50.5 na Median = 29 <97 2, 21h na
Scheinhorn (13.0) Range
2007 [4] 5-136
Wu et al. LTVF 1307 73.2 54.2 20.5 >21d 146.4' 2, >1d OR
2009[16] (15.3) 0.99
Verceles et al. LTAC 52 57.9 44.2 115 >21d <105 2, >2d #
2012[5] (15.7)
Dermot Frengley LTAC 540 79.2 43.0 19.4 Median = 39 <105 2,>28d aOR
etal. 2014 [7] (8.1) Range 0.99%*
26-57
Current study LTVF 150 76.5 40.0 8.7 Median = 84.5 41.9' 2, a0OR
(13.5) Range >7d 0.83*
25-1624

Success in weaning process: 'Successful extubation; “Trial of unassisted breathing followed by extubation; “no association; "of success population; *p < 0.05; ** p
< 0.001. aOR — (adjusted) odds ratio for the likelihood of being successfully weaned; MV — mechanical ventilation; na— not available; LTVF — long-term ventilator

facility; LTAC — long-term acute care

positive predictive value and negative predictive
value of 97%, 64%, 78%, 95%, respectively [2].

Despite relatively low specificity, RSBI is
appropriate for most medical-surgical intensive
care patients, but there are no specific and accu-
rate criteria for objective parameters to look for
when considering withdrawal, that generalize to
all patients[1].

In recent studies, the predictive power of
commonly known values of RSBI (< 100 or < 105
breaths/min/L) and more than 50 other known
weaning measures (vital capacity, maximal inspi-
ratory pressure, expired volume per minute, tidal
volume, positive end-expiratory pressure, etc.)
has been very poor [1]. The discrepancy in results
between the original study [2] and more recent
ones may be due to several factors, among them,
differences in patient population (intensive care
patients, patients requiring PMV [3-5] pediatric
[6] or elderly patients [7] etc.), methodology of the
weaning process, the absence of objective criteria
to determine the tolerance for a trial of discon-
tinuation or extubation [1], the lack of objective
criteria to clearly define weaning outcomes 8] and
variation in definition of PMV [9] — see Table 1.

The prevalence rate of patients meeting the
definition of PMV (> 21 days) will likely continue
to increase [8]. The value of classic respiratory
parameters as weaning predictors in PMV has
not been demonstrated [1, 10]. Moreover, few
studies have assessed the efficacy of the RSBI

478

in predicting successful weaning in this chronic
population [4, 5] — see Table 1. Therefore, the
nontraditional values of RSBI (other than < 100 or
< 105 breaths/min/L) could be important in deter-
mining the weanability of patients who have been
mechanically ventilated for prolonged periods of
time. The aim of this study is to determine the
usefulness of RSBI and other potential predictors
of successful weaning in patients requiring ex-
tremely prolonged mechanical ventilation.

Material and methods

This is a retrospective study in a 29-bed
long-term ventilator facility (LTVF) that is a part
of a 282-bed Bayit Balev Geriatric and Rehabilita-
tion community teaching Center (managed by the
Maccabi Health care services group) in Bat Yam.
This center serves as a tertiary referral center for
patients in the central region of Israel. The study
was approved by the Institutional Review Board-
IRB (IRB approval number 14/2013). Since patient
care was not influenced by this study, the IRB did
not require informed consent.

Subjects

All study subjects had undergone tracheosto-
my and were ventilator dependent for > 21 consec-
utive days, for > 6 hours per day, before admission
to our LTVF (during the period between January

www.journals.viamedica.pl
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1%, 2012 and December 31*, 2016), consistent with
the National Association for Medical Direction of
Respiratory Care’s criteria for PMV [8].

For all of the study subjects before the admis-
sion to our LTVF, at least three previous weaning
attempts, within at least a week, had failed, they
were with tracheostomy, hemodynamically sta-
ble, with no need for intensive care, after at least
30 days of stay in general hospital, consistent
with the Israeli Ministry of Health definition of
patients on PMV [11].

All of the subjects were being supported with
one of the following mechanical ventilators: the
740 Ventilator System (Covidien Puritan Bennet,
Galway, Ireland); Vela (CareFusion, Viasys); Ham-
ilton — C1, C2 & Raphael (Hamilton Medical AG,
Bonaduz / Switzerland). At baseline, one of the
following modes of ventilator support were em-
ployed: Volume control intermittent mandatory
ventilation (VC-IMV), 135 subjects; Continuous
spontaneous ventilation (CSV) + pressure sup-
port, 10 subjects; Volume control continuous
mandatory ventilation (VC-CMV), 2 subjects;
Other modes, 4 subjects.

All the subjects were ready to undergo
a weaning process based on the following criteria:
1. Stable hemodynamics without the need for va-

soactive or intravenous sedative agents [12-16];
2. Core temperature < 38°C[10, 12, 13, 15, 16];
3. Absence of acute psychiatric and/or acute

neurological disorders [3];

4. Absence of catabolic state: a) severe decu-
bitus; b) serum albumin > 2.4 g/dL [3]; ¢)
hemoglobin > 8 g/dL [3, 10, 13];

5. Adequate gas exchange, due to the fraction
of inspired oxygen (FiO,) < 0.4 [15, 16] with
a positive end-expiratory pressure (PEEP) of
less or equal than 5 cmH,0 [15, 17];

6. Adequate serum electrolyte exchange [3];

Being conscious and cooperative [12, 13];

8. In case of chronic obstructive pulmonary
disease (COPD) — during the remission
phase only;

9. In case of bulbar involvement (multiple scle-
rosis, Guillain-Barre syndrome, post cerebro-
vascular accident-CVA, etc.) — appropriate
neurological treatment has been given in
medical centers before admitting to LTVE.
These patients received multidisciplinary
treatment (language therapist, physiothera-
pist and occupational therapist) in order to
care for swallowing problems.

The exclusion criteria were the following:
1. Obstructive sleep apnea, apnea due to im-

paired respiratory drive, apnea due to hyper-

N

ventilation and anxiety before the weaning
process;

2. All kinds of hypoventilation before the wean-
ing process (such as due to morbid obesity,
etc.). In case of successful treating of these
conditions, the eligible subjects have been
included in the weaning trail;

3. Abnormal blood gas analysis.

Data collection and measurements

Medical records were retrospectively re-
viewed. Recorded data included demographic and
clinical features. Pressure support and FiO, were
assessed at baseline.

The other pulmonary mechanics measures
(Table 2) were assessed during spontaneous
breathing trial. The trial of spontaneous breathing
has been continued for 20 minutes approximately
on continuous positive airway pressure mode
(pressure support 0). During the trial of sponta-
neous breathing tidal volume, respiratory rate and
minute ventilation have been measured.

The ideal body weight (IBW) was calculated
using the Stewart equation, based on patient’s
height and body mass index [18]. In bed-ridden
subjects the height was calculated from the value
of patient’s knee height [19].

Interventions/weaning process

The weaning protocol was a basis for the grad-
ual removal of ventilator support for all subjects:
1. Disconnection of the patient from the ventila-

tor was carried out in the morning while sit-

ting or lying, after essential parameters were
measured and deep suction was performed;

2. The disconnection was carried out while be-
ing monitored, after saturation, a few breaths
and hemodynamic measurement;

3. Thelevel of end tidal carbon dioxide (etCO,)
was monitored by capnography;

4. In cases where etCO,could not be measured,
the CO, level was measured by means of
a blood test for gasses;

5. Each time, when the patient was disconnect-
ed from the ventilator, the cannula balloon
was deflated;

6. Supplemental O, was supplied to keep arte-
rial saturations > 90%;

7. In cases of excessive secretion and ineffective
coughing, suction was performed as required
until the patient learnt to cough effectively;

8. If, during the removal of the ventilator, the
patient was able to maintain hemodynamic

www.journals.viamedica.pl 479
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Table 2. The demographics and clinical features of the patient population (n = 150)

Characteristics Successfully Failed P-value
weaned (n = 60) weaning (n = 90)
Age, median years (IQR) 76.0 82.5 0.02
(64.0-82.8) (74.5-88.0)
Gender — males, n [%)] 35(58.3) 25(27.8) 0.001
Cause of PMV, n [%] 0.002
Acute lung disease 33(70.2) 14 (29.8) 0.08
Chronic lung disease 6 (46.2) 7 (53.8) 0.29
Neurologic disease 36 (59.0) 25 (41.0) 0.84
Cardiac disease 15 (68.2) 7(31.8) 0.40
Miscellaneous 0(0.0) 7(100.0) 0.001
Time from intubation to tracheostomy, 19.5 23.0 0.07
median days (IQR) (13.2-27.8) (16.0-33.0)
Time from tracheostomy to admission in LTVF, 19.0 17.0 0.49
median days (IQR) (12.5-39.0) (10.0-37.8)
Duration of MV, median days (IQR) 74.5 95.0 0.014
(52.5-126.2) (57.5-251.5)
Baseline pulmonary functions
Fi0,, median (IQR) 40.0 40.0 0.43
(40.0-40.0) (40.0-40.0)
Pressure support, 12.0 14 0.015
median cmH,0 (IQR) (12.0-15.0) (12.0-16.0)
Pulmonary mechanics at spontaneous breathing trial
f, 18.0 28.0 0.001
median breaths/min (IQR) (16.0-20.8) (21.8-32.0)
V/IBW, 6.9 4.6 0.001
median mL/kg (IQR) (6.3-8.1) (3.8-5.5)
Minute ventilation, 8.2 7.1 0.001
median L/min (IQR) (7.0-9.8) (5.7-8.6)
RSBI, 41.3 93.6 0.001
median breaths/min/L (IQR) (35.1-49.4) (68.4-133.7)

Fi0, — fraction of inspired oxygen; IBT — ideal body weight; IQR — interquartile range; MV — mechanical ventilation; LTVF — long-term ventilator facility; PMV —
prolonged mechanical ventilation; RSBl — rapid shallow breathing index; V; — tidal volume

stability (> 90 mm Hg systolic blood pressure,
heart rate < 110 per min) and correct levels
of etCO, and saturation, the period of discon-
nection was extended by 1-2 hours every few
days, according the physician’s judgement
(avoidance of psychomotor agitation, som-
nolence, nonadherence to treatment regimen,
and the absence of CO, accumulation/eleva-
tion). The patient was monitored as described
above and was closely observed by a nurse;

9. During the weaning process, the subjects re-
ceived adequate pharmacological treatment,
respiratory physiotherapy, humidified inspi-
ratory gas and appropriate staff attention;

10. In cases where there was a worsening of the
patient’s condition, the disconnection was
immediately terminated;

11. Discussion of the status of the weaning pro-
cess and evaluation of the patient’s condition
was held weekly by a multidisciplinary team
and the conclusions were entered into the
patient’s chart;

12. Even after the disconnection was complete,
the patient remained in the unit for at least a
week for follow-up before being transferred
to another department. He was then given
routine monitoring and was located near the
nurses’ station for lung monitoring;

Weaning outcome measures
Successful weaning has been defined accord-

ing to the National Association for Medical Direc-
tion of Respiratory Care Consensus Conference
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Guidelines [8]. Subjects were considered weaned
if they were independent from mechanical venti-
lation for 7 consecutive days. A weaning process
was defined as the period of 7 days that a patient
was considered as actively weaning by respiratory
staff and has been classed as failed because at
least one of the following criteria:

1. Psychomotor agitation / change in mental
status [7, 20];

2. New-onset tachypnea (f > 35 breaths/min)
(4, 15, 17, 21];

3. Oxygen saturation (decrease < 90%, de-
spite supplemental oxygen with FiO, 60%)
(4, 7, 15];

4. Increasing PetCO, during capnography or
increasing PaCO, in arterial blood more than
50 mm Hg with clinical signs, sleeplessness
or CO, narcosis [22]. Hypercapnia (arterial
CO, >50 mm Hg) without symptoms was not
considered as weaning failure. Hypoventila-
tion during sleep was excluded;

5. Hypotension (decrease of < 90 mm Hg sys-
tolic) [2, 7, 15, 20];

6. Evidence of increasing respiratory effort
(accessory respiratory muscle involvement,
diaphoresis, agitation etc.) [2, 4, 7, 12, 13,
15, 17, 20, 21].

Subjects were considered “not weaned” if
they required continuous mechanical ventilation,
were transferred to an acute care facility, or died
during the study period [16].

Statistical analysis

Data were analyzed using the Statistical Pack-
age for Social Sciences version 20.0 for Windows
(SPSS, An IBM Company, version 20). Continuous
data are expressed as median with range/inter-
quartile range (IQR) or mean with Standard De-
viation (SD), while categorical data are expressed
as frequencies and percentage unless otherwise
specified. Demographic and clinical character-
istics were compared using the Mann-Whitney
U test or Chi-square test, as appropriate.

Univariate and multivariate (while con-
trolling for confounding factors) logistic re-
gression analysis with odds ratio (OR) and 95%
confidence interval (95% CI) was performed
to determine the factors predictive of success-
ful weaning. A model to predict successful
weaning was then constructed using these fac-
tors. A p-value < 0.05 was considered statisti-
cally significant.

Results

Patient population
During the study period, there were 211 sub-

jects in our LTVF. After excluding those not

eligible for inclusion, 150 subjects were includ-
ed in this study. Out of them, 60 (40.0%) were
males. The mean age of the study population was

76.5 years (SD = 13.6; range 22.0-96.0 years).

The subjects were on MV for a mean period of

170.1 days (SD = 237.6; range 25.0-1624.0 days;

IQR 54.0-158.0 days).

Out of the study population, 148 (98.7%)
were ventilator dependent for 24 hours per
day and 2 (1.3%) were ventilator dependent for
12 hours per day. All subjects required oxygen
therapy.

The causes of PMV [16] were as follows (see
Table 2):

1. Acute lung disease (n = 47): pneumonia (n =
16), acute respiratory distress syndrome (n =
4), aspiration pneumonia (n = 3), pulmonary
embolism (n = 2), hemothorax (n = 1), lung
cancer (n = 1);

2. Chronic lung disease — COPD (n = 13);

3. Neurologic disease (n = 61): post CVA (n =
37), anoxic brain damage (n = 9), traumatic
intracranial hemorrhage (n = 5), vocal cold
paresis (n = 2), Guillain-Barre syndrome (n
= 2), Parkinson disease (n = 2), multiple
sclerosis (n = 1), muscular dystrophy (n = 1),
spinal cord injury (n = 1), Creutzfeldt-Jakob
disease (n = 1);

4. Cardiac disease (n = 22): congestive heart
failure (n = 20), cardiac arrest (n = 2);

5. Miscellaneous (n = 7): sepsis (n = 6), post-
operative (n = 1).

Out of the study population, 60 (40.0%)
became ventilator independent, without non-in-
vasive support or temporal ventilation, and
were discharged. In 30 (50.0%) of these subjects,
tracheostomy was removed. Only 11 (18.3%) of
them were oxygen dependent. The remaining
90 subjects (60.0%) were ventilator dependent.
Additional patient characteristics, demographics,
physiological and clinical variables are depicted
in Table 2.

The subjects were grouped with respect to
weaning status (successful or failed), and com-
parisons were made. In the successfully weaned
sub-population, there were more males (p <
0.001), the subjects were younger (p < 0.02), and
they were mechanically ventilated for a shorter
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period of time (p < 0.014). V{/IBW (p < 0.001) and
minute ventilation (p < 0.001) were all signifi-
cantly higher in the successfully weaned group.

The following were all significantly lower
in the successfully weaned group: f (p < 0.001),
pressure support (p < 0.015), RSBI (p < 0.001).
The mean RSBI in the successfully weaned pop-
ulation was 41.9 breaths/min/L (SD = 12.3; range
13.0-80.4 breaths/min/L), while in the failed
weaned population 114.8 breaths/min/L (SD =
69.2; range 47.5-450.0 breaths/min/L).

No deaths occurred during the study period.

Predictive factors of successful weaning

Univariate logistic regression analysis

The results of univariate logistic regression
analysis are shown in Table 3. Younger age (p <
0.007), female gender (p < 0.001), decreased du-
ration of MV (p < 0.023), f (p < 0.001) and RSBI
(p < 0.001), increased V/IBW (p < 0.001) and
minute ventilation (p < 0.001) were found to be
factors that significantly predict the successful
weaning.

Multivariate logistic regression analysis

The results of multivariate logistic regression
analysis are presented in Table 4. Variables with
significant differences between outcome groups
were chosen. After controlling for confounding
factors, increased V/IBW (p < 0.007) and RSBI (p
< 0.046) were found to be independent predictors
of successful weaning (X* = 164.5; df = 7; p <
0.001; -2 Log Likelihood = 37.3; R* Nagelkerke
= 0.90).

Discussion

The current study focused on the investi-
gation of the efficiency of using predictors of
successful weaning among patients after PMV.
This study was one of the few that investigated
the success of weaning of patients who had been
ventilated for a very long time (up to nearly
4.5 years).

The findings of the current study showed
that low RSBI values and a high V/IW ratio were
independent predictive factors of the success of
weaning among this population of patients. With
the increase of one unit of RSBI, the chance of
successful weaning raised by 0.83, in other words,
decreased. As the V,/IW ratio grew by one unit,
the chance of successful weaning increased by
6.42. The predictive model of successful wean-
ing in the current study (as shown in Table 4)

Table 3. Summary of univariate analysis revealing the pos-
sible factors associated with successful weaning
from extreme PMV (N = 150)

Characteristics OR 95%ClI P-value
Age 0.96  0.94-0.99 0.007
Gender — females vs males  0.28 0.14-0.55 0.001
Duration of MV 0.997 0.995-0.999  0.023
f 0.74  0.67-0.82 0.001
V/IBW 9.99  4.49-22.22 0.001
Minute ventilation 1.27 1.10-1.48 0.001
Pressure support 0.92 0.84-1.01 0.074
RSBI 0.83  0.77-0.89 0.001

IBW — ideal body weight; MV — mechanical ventilation; PMV — prolonged
mechanical ventilation; RSBl — rapid shallow breathing index; VT — tidal volume

Table 4. Summary of multivariate analysis revealing the pos-
sible factors associated with successful weaning
from extreme PMV (N = 150)

Characteristics OR 95%ClI P-value
Age 1.01 0.93-1.09 0.89
Gender — females vs males  1.19  0.14-9.81 0.87
Duration of MV 0.99  0.99-1.00 0.23
f 1.02  0.43-2.42 0.97
Vy/IBW 6.42 1.67-24.69 0.007
Minute ventilation 0.89 0.27-2.87 0.84
RSBI 0.83  0.69-0.99 0.046

IBW — ideal body weight; MV — mechanical ventilation; PMV — prolonged
mechanical ventilation; RSBl — rapid shallow breathing index; VT — tidal volume

accounts for 90% of the variance of success in
weaning from PMV. In other words, the variables
that were not studied only accounted for 10% of
the variance of success in weaning from PMV.
Among the additional advantages of the study is
the absence of mortality.

As has been found in previous studies [23—
26], including among patients after PMV [27], in
the current study, a decreased RSBI value has
been established as an independent predictive
factor of success in weaning. The OR of RSBI
as a predictive factor in the current study was
0.83. This means that it has been found in the
range of OR of RSBI as an independent predictive
factor in previous studies: between 0.64 [26] and
0.99 [16, 23, 24, 27, 28].

In preceding studies, RSBI values lower
than 50 breaths/min/L were found [13, 17, 20,
23, 25, 28, 29]. In our paper, the average RSBI
among patients with successful weaning was
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41.9 breaths/min/L. This was one of the lowest
values shown in recently published studies, al-
though among intensive care patients. The possi-
ble explanation for that may lie in the difference
between the study populations: the patients in
the acute phase in the intensive care unit (ICU)
as opposed to chronic patients in the LTVFE.

Until now, no empirical evidence has been
found of studies investigating the impact of the
V1/IBW ratio on the success in weaning from
PMV. That said, the recommended values of the
V./IBW ratio in cases of lung-protective mechan-
ical ventilation in patients with severe lung dis-
ease, such as ARDS, was in the range of between
4 and 8 mL/kg [30]. The average V/IW ratio in
the population with successful weaning in the
current study was within this range. From this it
can be concluded that there is a need for further
investigation of predictive factors of success in
weaning after PMV.

Among the possible explanations for the
relatively low rate of success in weaning is the
advanced age of the study population, which
was one of the oldest when compared to those
in previous studies [2, 4, 7, 10, 12, 13, 15, 16,
20, 21]. Only Krieger et al. [7] showed results
of weaning in an older population, with a mean
age of 79.6 years. An additional explanation may
lie in the extremely long period of mechanical
ventilation that these patients experienced and
medical comorbidities.

Limitations

Firstly, this was a retrospective analysis of
patients transferred to a single unit over a 5-year
period. Secondly, the unit was hospital-based, but
not community-based. Thirdly, several variables,
such as chronic comorbidity or functioning level
before the PMV, were not analyzed in this study.
Middle-term and/or long-term outcomes, such
as all-cause mortality, may be more meaningful
and helpful in providing patients and significant
others with realistic outcome expectations.

Conclusions

Factors independently predicting successful
weaning in patients requiring extreme PMV in-
cluded increased tidal volume/ideal body weight
and decreased RSBI. The weaning process, also
very prolonged, still falls in the gap between art
and science. Additional clinical research with
rigorous selection of subjects and a standard
weaning protocol, along with long-term outcome

monitoring after PMYV, is needed. The prevalence
of patients requiring PMYV is steadily increasing
and this demands adequate funding and promo-
tion of this kind of research.
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Abstract

Introduction: Genome-wide association studies have identified that genetic polymorphisms in the telomerase reverse transcrip-
tase (TERT) and cleft lip and palate transmembrane 1-like (CLPTM1L) genes may play important roles in the development of lung
cancer in never smokers.

Material and methods: This study was aiming to evaluate the associations between the risk of lung cancer in never smokers
and single nucleotide polymorphisms in these genes by Real-Time Tagman assay, in forty lung cancer patients and forty appar-
ently healthy age-matched controls selected from the chest department, Kasr Al-Ainy hospital from June 2018 to January 2019.
Results: Adenocarcinoma was the most common histopathological subtype of lung cancer in the study patients. Also, the
prevalence of females having adenocarcinoma was more common than males. The heterozygous form of the CLPTM1L occurred
more frequently in the subjects aged above 46 years (P=0.019). There was a significant association between (rs 2730100) (c.
1574-3777C>A) TERT and CLPTMI1L (rs 451360) (c.1532+ 1051C>A) genotypes and the incidence of lung cancer in never
smokers, especially adenocarcinoma, a subtype of non-small cell lung carcinoma (NSCLC).

Conclusions: Polymorphism in the telomerase reverse transcriptase (TERT) and cleft lip and palate transmembrane 1 like (CLPT-
M1L) genes may play an important role in the development of NSCLC, especially adenocarcinoma subtype. The two genes are

located in the chromosome 5p15.33.

Key words: genetic variation, 5p15.33 chromosome, lung cancer, non-smokers

Introduction

From data estimated in 2008, there were
16,632 newly diagnosed lung cancer cases among
Arab league countries nationals. The majority of
cases were reported in Arab countries in North
Africa such as Egypt (20.6%), followed by Moroc-
co (20.1%), Algeria (15.4%) and Tunisia (10%).
Furthermore, there were a total of 15,421 deaths
related to lung cancer in the Arab populations
[1]. Cancer develops after genetic damage to
DNA and epigenetic changes. Those changes
affect the cell’s normal functions, including cell
proliferation, programmed cell death and DNA
repair. As more damage accumulates, the risk of
cancer increases [2]. Studies have demonstrated
differences in epidemiological characteristics and
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histopathological subtypes between smokers and
never smokers, which led to the suggestion of
existence of non-tobacco-related risk factors in
the pathogenesis of NSCLC. Possible risk factors
included exposure to cooking fumes, hormones
and viral infection. Additional evidence that
suggested differences in tumor biology between
never smokers and smokers lay in the mutational
frequencies and spectra observed in the tumor
tissue itself [3].

Genome-wide association studies (GWAS)
have shown that the polymorphism in the telo-
merase reverse transcriptase (TERT) and cleft
lip and palate transmembrane 1 like (CLPTM1L)
genes may play important roles in the develop-
ment of lung cancer. These two genes are located
in chromosome 5p15.33 [4]. Telomerase expres-

Address for correspondence: Sabah Ahmed Mohamed Hussein, Faculty of Medicine, Cairo University, Cairo, Egypt; e-mail: sabah.hussein@Xkasralainy.edu.eg

DOI: 10.5603/ARM.a2020.0161
Received: 27.03.2020
Copyright © 2020 PTChP

ISSN 2451-4934

www.journals.viamedica.pl 485



Advances in Respiratory Medicine 2020, vol. 88, no. 5, pages 485-494

sion plays a role in cellular senescence as it is
normally repressed in postnatal somatic cells
resulting in shortening of telomeres. Deregulation
of telomerase expression in somatic cells may be
involved in oncogenesis [5]. CLPTM1L is a com-
monly overexpressed anti-apoptotic factor in lung
tumors. Knockdown of CLPTM1L transcript in
NSCLC cells results in the increase in sensitivity
to genotoxic stress-mediated apoptotic killing
and diminishes expression of Bcl-xL in a manner
dependent on a dose of CLPTM1L expression [6].

This study investigated the association between
telomerase reverse transcriptase rs 2736100 (c.1574-
3777C>A) and cleft lip and palate transmembrane
1 like protein rs 451360 (c.1532+1051C>A) single
nucleotide polymorphism with lung cancer in
never smokers. Moreover, it was aiming to figure
out the relation between the genotypes and tumor
histopathological subtypes.

Material and methods

This is a prospective study performed in
the Chest Department in collaboration with the
Clinical and Chemical Pathology Department,
Faculty of Medicine, Cairo University during the
period from June 2018 to January 2019. It was
performed on 80 subjects divided into two groups;
Group I included 40 lung cancer never smokers
recruited from the chest department inpatients
and diagnosed by bronchoscopic tissue biopsy;
Group Il included 40 age- and sex-matched never
smokers healthy volunteers as a control group.
Patients with type Il respiratory failure, refractory
hypoxemia, bleeding disorders, multiple organ
system failure, recent angina or myocardial in-
farction (< 6 weeks) were excluded. Institutional
research ethics committee has approved the study
and written informed consent was obtained from
all participants. Detection of telomerase reverse
transcriptase and cleft lip and palate transmem-
brane 1 like protein was done by real-time PCR.

Methodology

Specimen collection: 3 mL of blood were
withdrawn by aseptic venipuncture to a pre-
chilled violet top EDTA vacutainer tubes for
genomic DNA study. DNA samples were stored
at -80°C to be used for TagMan real-time PCR.

Genetic analysis of telomerase reverse tran-
scriptase rs 2736100 (c.1574-3777C>A) and cleft
lip and palate transmembrane 1like protein rs
451360 (c.1532+1051C>A) by Real-Time PCR:
Analysis of TERT and CLPTM1L Polymorphisms by

Real-Time PCR using TagMan® probes and primers
on Applied biosystems ®Step One Real-time PCR
system: The test was done in two main steps:

A. DNA extraction from peripheral blood
leucocytes of EDTA anti-coagulated blood

Principle: The kit (CinnaPure®DNA) con-
tains all ingredients for quick preparation of pure
DNA from blood.

Equipment: Mini spin columns 50X, collec-
tion tubes (1.5 mL) 50X, lysis buffer 20 mL, pre-
cipitation buffer 15 mL, wash buffer I 20 mL, wash
buffer II 40 mL and elution buffer 2 x 1250 uL.

Protocol: Approximate time for total nucleic
acid preparation from blood =15 min. Lysis buffer
(400 nL) was added to 100 uL of the sample in a ster-
ile 1.5 mL polypropylene tube. Precipitation solu-
tion (300 ul) was then added and vortexed at max-
imum speed for 5 seconds. The solution was then
pipetted to a spin column with a collection tube.
The tube was centrifuged at 12,100 X g for 1 min.,
after which the collection tube was discarded and
replaced by a new one. Wash buffer I (400 uL) was
added to the spin column, centrifuged at 12,100 X
g for 1 min. and flow-through discarded. The spin
column was washed with 400 uL. wash buffer II, cen-
trifuged for 1 min at 12,100 X g and flow-through
discarded. This step was repeated twice. The
column was carefully transferred to a new 1.5 mL
tube. Preheated elution buffer (30 uL at 65°C) was
added to the center of the column which was then
covered and incubated at 65°C for 3—-5 min. It was
then centrifuged for 1min. at 12,100 X g to elute the
DNA. Purified DNA was stored at -80°C. DNA con-
centration was measured spectrophotometrically by
measuring optical density when ultraviolet light is
absorbed at 260 nm by Nano drop [7].

B. Amplification and real-time PCR
allelic discrimination assays

Real-time PCR with sequence-specific primers
was used to assess the telomerase reverse tran-
scriptase and cleft lip and palate transmembrane
1like protein. Real-time PCR allelic discrimination
assay were designed using TagMan SNP Genotyp-
ing Assays (Applied Bio systems) (Figure 1).

Principle. TagMan SNP Genotyping Assay

1. Each TagMan Minor groove binder (MGB)
probe anneals specifically to its complementa-
ry sequence between the forward and reverse
primer sites.

2. When the oligonucleotide probe is intact, the
proximity of the reporter dye to quencher dye
results in quenching of reporter fluorescence.
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Figure 1 A. Allelic discrimination plot of TERT (rs 2736100). B. Allelic discrimination plot of CLPT1L (rs 451360). C. Multicomponent plot of TERT
(rs 2736100). D. Multicomponent plot of CLPT1L (rs 451360). After PCR amplification, real-time PCR allelic discrimination assays were designed
using TagMan SNP genotyping assay (Applied Bio systems). The Sequence Detection System (SDS) Software used the fluorescence measurements
made during the plate read to plot fluorescence values based on the signals from each well. Plotted fluorescence signals indicated which alleles
were in each sample
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3. AmpliTaq Gold DNA polymerase extends prim-
ers bound to template DNA.

4. AmpliTaq Gold DNA polymerase cleaves only
probes that are hybridized to target.

5. Cleavage separates reporter dye from quencher
dye, which results in increased fluorescence
by reporter.

6. Increase in fluorescence signal occurs when
probes that have hybridized to complementary
sequence are cleaved. Thus, fluorescence sig-
nal generated by PCR amplification indicates
which alleles are present in the sample [8].

Reagents

Each of the 40x TagMan SNP Genotyping Assay

consists of a single tube containing:

1. Sequence-specific forward and reverse primers
to amplify promoter region of CLPTM1L and
TERT genes.

2. Two TagMan MGB probes for distinguishing
between the two alleles:

— One probe labeled with VIC dye detects

Allele 1 sequence.

— One probe labeled with FAM dye detects

Allele 2 sequence:

* The context sequence for TERT was
Polymorphism: C > A, transition sub-
stitution.

* The context sequence for CLPTM1L was
Polymorphism: C > A, transversion
substitution.

Each TagMan MGB probe contains:

1. Reporter dye at the 5’ end of each probe.

— FAM dye (6-carboxyfluorescein) is linked
to the 5’ end of the Allele 1 (C) probe.
— VIC dye is linked to the 5’ end of the Allele

2 (A) probe.

2. Minor groove binder (MGB) at the 3’ end of
each probe. This modification increases melt-
ing temperature (Tm) for a given probe length
[9], which allows the design of shorter probes.

3. Non-fluorescent quencher (NFQ) at the 3’ end
of each probe.

Technique

All reactions were performed in total volume
of 20 uL containing 10 uL of master mix, 0.5 uL
of SNP-ready-made assay, (1-5 pL) purified DNA
solution according to DNA concentration which
was measured to be completed to 20 uL of nucle-
ase-free water. Reaction mixture was prepared
for each assay before transferring it to the optical
reaction plate for thermal cycling. After adding
reagents to DNA samples, they were mixed thor-
oughly to avoid air bubbles in the well.

Allelic discrimination plate read
and analysis

After PCR amplification, an endpoint plate
read was performed using an Applied Bio systems
Real-Time PCR System, The Sequence Detection
System (SDS) Software used the fluorescence
measurements made during the plate read to plot
fluorescence values based on the signals from
each well. Plotted fluorescence signals indicated
which alleles were in each sample. Plate read
document was analyzed. Automatic allele calls
were made. Allele calls were converted to geno-
types (Figure 1).

Statistical methods

Data were coded and entered using the sta-
tistical package SPSS version 23. Data were
summarized using mean, standard deviation,
median, minimum and maximum for quantitative
variables and frequencies (number of cases) and
relative frequencies (percentages) for categori-
cal variables. Comparisons between the groups
were done using unpaired t test when comparing
2 groups and analysis of variance (ANOVA) with
multiple comparisons post hoc test when com-
paring more than 2 groups. For comparing cate-
gorical data, Chi-square (y2) test was performed.
Exact test was used instead when the expected
frequency was less than 5. Genotype and allele
frequencies were compared between the disease
and the control groups using logistic regression.
Odds ratio (OR) with 95% confidence intervals
was calculated. P-values less than 0.05 were
considered statistically significant [10].

Results

Group (I) included 40 lung cancer non-smok-
ers, their mean age was 44.13 + 16.18. There
were 20 females (50%) and 20 males (50%) in
the group. Group (II) included forty healthy vol-
unteers serving as a control group. Their mean
age was 34.45 + 9.98 years, and there were
31 females (77.5%) and 9 males (22.5%). Never
smoker lung cancer patients were classified into
small-cell lung carcinoma (SCLC) constituting
5% (2 patients), undifferentiated lung carcino-
ma constituting 5% (2 patients) and 36 (90%)
non-smallcell lung carcinoma (NSCLC) cases,
who were divided into 26 (65%) adenocarcinoma
cases, 6 (15%) large-cell carcinoma and 4 (10%)
squamous-cell carcinoma (Figure 2).

TERT genotype distribution showed that
homozygous form of the wild genotype “CC”
was found in 22 (55%) patients and 18 (45%)
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Figure 2. Classification of never smoker lung cancer patients accord-
ing to the histopathological type of the tumor

individuals of the control group with no clinical
significance (P=0.2). The heterozygous form of
genotype “CA” was found in 12 (30%) patients
and 19 (47.5%) control individuals (P=0.175)
and the homozygous form of the mutant geno-
type “AA” was found in 6 (16%) patients and in
3 (7.5%) controls (P=0.525). The allelic distribu-
tion of TERT showed that “A” allele was present
in 24 (30%) patients and 25 (31.3%) controls (P
= 0.864), and allele “C” was found in 56 (70%)
patients and 55 (68.8%) controls (P = 0.932)
(Figure 3A). The genotype distribution of the
CLPTM1L showed that the homozygous form of
the mutant genotype “AA” was found in 9 (22%)
patients in the never smoker lung cancer group,
while it was found in 6 (12%) individuals in
the control group with no clinical significance
(P = 0.393). The heterozygous form “CA” was
discovered in 31 (77.5%) patients, while it was
found in 34 (85%) individuals of the control
group (p = 0.53), and the homozygous form of
the wild genotype “CC” was not detected in the
two studied groups. The allelic distribution of
the CLPTM1L revealed that allele “A” was found
in 49 (61.3%) patients and 46 (57.5%) controls
(P = 0.629), and the “C” allele was discovered in
31 (38.8%) patients and 34 (42.5%) controls (p
= 0.512) (Figure 3B).

On combining genotypes of TERT and CLPT-
M1L, the homozygous form of the wild genotype
“CC” of the TERT and the homozygous form of the

mutant genotype “AA” of CLPTM1L was found in
1 patient and in 1 control individual constituting
2.5% of each group (P = 0.884). On joining the
homozygous form of the mutant genotypes “AA” of
both SNPs (single nucleotide polymorphisms), it
was found in 3 patients (7.5%) and in 2 controls
(5%) (P = 0.841). On combining the homozygous
form of the mutant genotype “AA” of TERT with
the heterozygous form “CA” of the CLPTM1L, it
was found in 3 patients (7.5%) and in 1 (2.5%)
of the controls (P = 0.460). On combining the
heterozygous form “CA” of TERT with the ho-
mozygous form “AA” of the mutant genotype of
CLPTM1L, it was found in 5 (12.5%) lung cancer
patients and in 3 (7.5%) controls (P = 0.708). On
combining the heterozygous form "CA” of the two
SNPs, it was found in 7 (17.5%) patients and in
16 (40%) controls (P = 0.06), and on joining the
homozygous form of the wild genotype “CC” of
TERT with the heterozygous form “CA” of CLPT-
M1L, it was found in 21 (52.5%) patients and in
17 (42.5%) controls (P = 0.978).

The relations between TERT and CLPTM1L
genotypes and the histopathological subtypes of
lung cancer were shown in Table 1 and 2. Also,
relations between the combination of genotypes
of two SNPs and lung cancer histopathology were
shown in Table 3. The connection between the
genotypes or the combination of genotypes of two
SNPs and sex showed no statistical significance.
The relation of the CLPTM1L genotypes and age
uncovered that mean age of patients with het-
erozygous form of CLPTM1L “CA” was 46.42 =+
17.28 years, while mean age of patients who had
homozygous form of the mutant genotype was
36.22 + 8.09 (P = 0.019). The relation between
genotypes of TERT and age showed that mean
age of patients with heterozygous form “CA” was
44.17 + 15.58 years, and mean age of homozygous
form of wild genotype “CC” was 46.68 + 17.51,
and these are older ages than the ages (34.67 +
9.18) of the patients showing homozygous form
of mutant genotype “AA” (P = 0.27).

Discussion

Lung cancer is one of the commonest cancer
types worldwide in respect of incidence and
mortality. Global statistical data showed that
lung cancer alone accounts for 13% of all newly
diagnosed cancers and is responsible for 18%
of all cancer deaths [11]. Lung cancer in never
smokers is distinct from those in smokers in view
of pathogenesis, molecular alterations, drug re-
sponsiveness and prognosis. Significant portion
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Figure 3 A. Genotype and allelic distribution of TERT (rs 2736100) (c. 1574-3777A>C). B. Genotype and allelic distribution of CLPT1L (rs 451360)

(c. 1532 + 1051A>C)

of lung cancer in never smokers harbor genetic
variant in driving oncogene, to which molec-
ular targeted drugs are dramatically sensitive.
Therefore, genetic testing before the treatment
is essential for lung cancer in never smokers to
select the appropriate treatment option according
to patient’s molecular characteristics [12].
Non-smoking-associated lung cancer not
only occurs in never smokers, but also in cur-
rent and former smokers. Recent genome-wide
association studies (GWAS) have shown that the
polymorphisms in the TERT and CLPTM1L genes

may play important roles in the development of
lung cancer. The two genes are both located in
chromosome 5p15.33 [13]. Three GWAS in Euro-
pean populations showed consistent associations
of polymorphisms in these two genes with lung
cancer in non-smokers [14].

This study analyzed the distribution of TERT
and CLPTM1L single nucleotide polymorphism
in patients with lung cancer in never smokers
and in healthy controls in attempt to find the
association between these two polymorphisms
and the development of lung cancer in never
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Table 1. The relation between histopathological subtypes of lung cancer and TERT and CLPT1L genotypes among the study

population
TERT (rs 2736100)
Histopathological subtype AA cc Total P.value
(n = 6) (n=12) (n=22) (n=40)
NSCLC (n = 36) Yes [no, %] 5 (83.33%) 11(91.67%) 20 (90.91%) 36 (90%) 0.837
No [no, %] 1(16.67%) 1(8.33%) 2(9.09%) 4 (10%)
SCLC (n = 2) Yes [no, %] 0 2(9.09%) 2 (5%)
No [no, %] 6 (100%) 12 (100%) 20 (90.91%) 38 (95%) 0.422
Undifferentiated Yes [no, %) 1(16.67%) 1(8.33%) 0 2 (5%) 0.206
carcinoma (=2} o oo, o 5 (83.33%) 11(91.67%) 22 (100%) 38 (95%)
P-value 0.005* 0.0001* 0.0001* 0.0001*
CLPT1L (rs 451360) (c. 1532 + 1051G>T)
Histopathological subtype AA cc Total P.value
(n=29) (n=31) (n=0) (n = 40)
NSCLC (n = 36) Yes [no, %] 8 (88.89%) 28 (90.32%) 0 36 (90%) 0.899
No [no, %] 1(11.11%) 3(9.68%) 0 4 (10%)
SCLC (n = 2) Yes [no, %] 0(0.0%) 2 (6.45%) 0 2 (5%) 0.434
No [no, %] 9 (100%) 29 (93.55%) 0 38 (95%)
Undifferentiated Yes [no, %) 1(11.11%) 1(3.23%) 0 2 (5%) 0.339
carcinoma (=2} o rng, o 8 (88.89%) 30 (96.77%) 0 38 (95%)
P-value 0.0007* 0.0001* — 0.0001*

*P value < 0.05 is considered significant.

NSCLC — non-small cell lung carcinoma; TERT — telomerase reverse transcriptase; SCLC —small cell lung carcinoma

smokers. Never smokers lung cancer patients
were classified according to histopathological
subtype of lung cancer into small-cell lung car-
cinoma (5%), undifferentiated lung carcinoma
(5%) and non-small-cell lung carcinoma (90%).
Then NSCLC patients were further divided into
adenocarcinoma (65%), large-cell carcinoma
(15%), squamous-cell carcinoma (10%) (Figure
2). Adenocarcinoma was most prevalent subtype.
This agreed with Sun et al. [15] who stated that
smoking-related carcinogens act on both proxi-
mal and distal airways of the lung inducing all
major types of lung cancer. Also, they stated
that cancers arising in never smokers target
distal airways and favor the adenocarcinoma
type. Subramanian and Govindan [16] mentioned
that adenocarcinoma is the most common type
occurring in never smokers. Again, Landi et al.
[17] have established that locus on chromosome
5p15.33 is distinctly associated with a risk of
lung adenocarcinoma and not with other major
histological types. Also, Henschke et al. [18]
found that women are commonly diagnosed when
screened, and Patel et al. [19] showed that wom-

en outnumber men among lung cancer patients
who never smoked regularly. The study done by
Samet et al. [20] showed that adenocarcinoma
is more prevalent in females. This is explained
by the hypothesis that females are more prone
to exposure to second-hand smoke, household
exposure of coal used for cooking, hormone re-
placement therapy, use of antiaging drugs which
elongate telomeres thus escaping apoptosis and
lead to cancers [21].

In the present study, there was a statistically
significant difference in mean age between the
patients demonstrating heterozygous form of
CLPTM1L “CA” and those showing homozygous
form of mutant genotype AA” (P = 0.019). Al-
though age difference between different genotype
of TERT was statistically insignificant (P = 0.27),
the patients with heterozygous form CA and
homozygous form of wild genotype “CC” were
older than patients showing homozygous form of
mutant genotype “AA”. This agreed with Wakelee
et al. [22] who mentioned that lung cancer in
never smokers occurs more commonly after the
age of forty.
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Table 2. The relation between histopathological subtypes of non-small cell lung cancer and TERT and CLPT1L genotypes

among the study population

TERT (rs 2736100)
NSCLC histopathological subtypes AA CA cc Total P-value
(n = 5) (n=11) (n = 20) (n = 36)
Adenocarcinoma Yes (no, %) 2 (40%) 8 (72.73%) 16 (80%) 26 (72.22%) 0.202
(n = 26) No (no, %) 3 (60%) 3(27.27%) 4 (20%) 10 (27.78%)
Squamous cell car-  Yes (no, %) 2(40%) 0 2 (10%) 4(11.11%) 0.004*
cinoma (=4} Ny (no, %) 3 (60%) 11 (100%) 18 (90%) 32 (88.89%)
Large cell carcinoma Yes (no, %) 1 (20%) 3(27.27%) 2 (10%) 6 (16.67%) 0.455
(n=6) No (no, %) 4 (80%) 8 (72.73%) 18 (90%) 30 (83.33%)
P-value 0.740 0.001 0.0001 0.001
CLPT1L (rs 451360) (c. 1532 + 1051G>T)
NSCLC histopathological subtypes AA CA ce Total P-value
(n=8) (n = 28) (n=0) (n = 36)

Adenocarcinoma Yes (no, %) 6 (75%) 20 (71.43%) 0 26 (72.22%) 0.841
(n = 26) No (no, %) 2 (25%) 8 (28.57%) 0 10 (27.78%)
Squamous cell Yes (no, %) 0 4 (14.29%) 0 4(11.11%) 0.256
carcinoma (0 = 4) o (no, o) 8 (100%) 24 (85.71%) 0 32 (88.89%)
Large cell carcinoma Yes (no, %) 2 (25%) 4 (14.29%) 0 6 (16.67%) 0.473
(n=6) No (no, %) 6 (75%) 24 (85.71%) 0 30 (16.67%)
P-value 0.005* 0.0001* — 0.001*

*P value <0.05 is considered significant.

NSCLC — non-small cell lung carcinoma; TERT — telomerase reverse transcriptase; SCLC — small cell lung carcinoma

Table 3. The combination of genotypes of two SNPs and the histopathological subtypes of lung cancer
Groups CC/AA AA/AA AA/CA CA/AA CA/CA CC/CA P

(n=1) (n=3) (n=3) (n=15) n=17) (n=21)

Adenocarcinoma 1(100%) 2 (66.7%) 0 3(60%) 5(71.4%) 15 (71.4%) < 0.001*
Squamous cell carcinoma 0 0 2 (66.7%) 0 0 2 (9.5%) 0.15
Large cell carcinoma 0 1(33.3%) 0 1(20%) 2 (28.6%) 2 (9.5%) 0.54
SCLC 0 0 0 0 0 2 (9.5%) 0.07
Undifferentiated carcinoma 0 0 1(33.3%) 1(20%) 0 0 0.54
P 0.4 0.25 0.25 0.19 0.008* < 0.001*%

*P value <0.05 is considered significant.
SCLC —small cell lung carcinoma

There was no statistically significant differ-
ence between never smoker lung cancer patients
and the controls in TERT genotype distribution re-
garding homozygous form of wild genotype “CC”,
heterozygous form of genotype “CA” and homozy-
gous form of mutant genotype “AA”. Also, allelic
distribution of TERT showed that the “A” allele and
allele “C” didn’t differ in distribution between the
cases and controls. Wang et al. [23] showed that
TERT SNPs is a risk factor for developing lung can-

492

cer in never smokers. Again, case—control study by
Liao et al. [24] revealed the statistical significance
between AC and CC genotypes, as well as C allele
of rs2736100 in TERT gene and increased risks of
lung cancer in never smokers. This is explained by
various ethnic populations, besides, a difference
in defining investigating groups and small sample
size, a dissimilarity in their genetic backgrounds,
geographical differences in allelic frequencies and
complexity of the disease.
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The distribution of CLPT1L genotypes and
allelic distribution showed non-significant differ-
ence between never smoker lung cancer patients
and healthy controls. Also, Sun et al. [25] found
no association of XRCC1 and CLPTM1L polymor-
phisms with NSCLC in non-smoking Han Chinese
population. However, Pande et al. [26] revealed
additional SNPs that may be susceptibility mark-
ers for lung cancer risk in smokers (rs4975615)
and never smokers (rs451360) of clinical signifi-
cance. Also, the case-control study by Liang et al.
[27] found that rs451360, an intronic SNP within
CLPTM1L gene, was significantly associated
with lung cancer risk in never smokers. Possible
explanations for the same polymorphism to have
different roles in cancer susceptibility can occur
because that allele under investigation can be
masked by the presence of other genes involved
in disease development. Thus, results available
regarding effect of polymorphisms on cancer
risk and development should be interpreted with
caution.

TERT genotypes including homozygous form
of mutant genotype “AA”, heterozygous form “CA”
and homozygous form of wild genotype “CC” were
significantly found in NSCLC patients constitut-
ing 83.33%, 91.67% and 90.91%, respectively,
of lung cancer non-smoker patients. CLPTM1L
genotypes including homozygous form of mutant
allele “AA” and heterozygous genotype “CA” were
detected significantly in NSCLC patients consti-
tuting 88.89% and 90.32%, respectively (Table 2).
TERT and CLPTM1L genotypes were significantly
presented in adenocarcinoma compared to squa-
mous-cell carcinoma and large-cell carcinoma
(Table 3). On combining homozygous form of
wild genotypes “CC” of TERT and homozygous
form of mutant genotype “AA”, was found in ad-
enocarcinoma (100%). On joining homozygous
form of mutant genotype “AA” in both SNPs, was
found in adenocarcinoma (66.7%) and large-cell
carcinoma (33.3%). On combining homozygous
form of mutant genotype of TERT “AA” with het-
erozygous form of CLPTM1L “CA”, was found in
squamous-cell carcinoma (66.7%) and undifferen-
tiated carcinoma (33.3%). On combining hetero-
zygous form of TERT “CA” with homozygous form
of mutant genotype of CLPTM1L “AA”, was found
in adenocarcinoma (60%), large-cell carcinoma
(20%) and undifferentiated carcinoma (20%).
On combining heterozygous form “CA” of both
SNPs, was found in adenocarcinoma 5 (71.5%)
and large-cell carcinoma (28.6%) with statistical
significance (P=0.008). On combining homozy-
gous form of wild genotype of TERT “CC” with

heterozygous form of CLPT1L (CA), was found in
adenocarcinoma (71.4%), squamous-cell carcino-
ma (9.5%), large-cell carcinoma (9.5%), small-cell
carcinoma (9.5%) with statistical significance (P
< 0.001). Also, there was statistical significance
regarding the association of adenocarcinoma
and some combined genotypes, mainly “CC/AA,
CA/CA and CC/CA” (P <0.001). This agreed with
Yuan et al. [28] who demonstrated that TERT rs
2736100 polymorphism is a risk factor associ-
ated with increased lung cancer susceptibility,
particularly for lung adenocarcinoma. Also, Hsi-
ung et al. [29] reported conclusive evidence that
common genetic variants in TERT-CLPTM1L lo-
cus on chromosome 5p15.33 are associated with
a risk for lung adenocarcinoma in non-smoking
Asian women. Again, Zhao et al. [30] showed
a significant association of 5p15.33 (TERT-CLPT-
M1L genes) with lung cancer in the Chinese Han
population.

Again, Bhat et al. [31] suggested that
rs2853677 of TERT was significantly associated
with multiple cancers, and it could be a potential
marker for diagnosis of non-small-cell lung cancer
and leukemia. Our study together with Bhat et al
study highlighted the role of telomere-associat-
ed pathways in non-small-cell lung cancer. On
the other hand, Hung et al. [32] suggested that
SNPs/regions connected with lung cancer risk in
never smokers are not specific for this type of can-
cer but rather have pleiotropic effects. Also, they
found that genetic susceptibility to lung cancer in
never smokers is associated with genetic variants
with pan-cancer risk effects, and they mentioned
that the comparison with smokers discovered that
top variants previously shown to be associated
with lung cancer risk only confer risk in the
presence of tobacco exposure, underscoring the
importance of gene-environment interactions in
the etiology of this disease. Similarly, Wang et al.
[33] performed a pleiotropic analysis to explore
the shared susceptibility mechanisms between
non-lung cancers and lung cancer and found
that genetic variants identified from other cancer
types were also significantly associated with the
risk of lung cancer.

In conclusion, polymorphism in TERT and
CLPTM1L genes may play an important role in the
development of NSCLC, especially the adenocar-
cinoma subtype. The two genes are located in the
chromosome 5p15.33. It is necessary to conduct
large-scale population study on Egyptian patients
to elucidate our results. It is recommended to do
further studies using more advanced molecular
techniques as complete sequence analysis for
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proper evaluation and assessment of the TERT
and CLPT1L single nucleotide polymorphism as
a predictive marker of lung cancer in Egyptian
non-smoker individuals for early diagnosis of
lung cancer.
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Uncontrolled asthma in Ethiopia: a systematic review

and meta-analysis

Abstract

Introduction: Despite significant improvement in the diagnosis and management of this disorder, asthma in the majority of
Ethiopians remains poorly controlled. Although the prevalence of uncontrolled asthma is a public health problem in Ethiopia, its
reported prevalence varies from study to study. Hence, this review aims to determine the true prevalence of uncontrolled asthma
among asthmatic patients in Ethiopia.

Material and methods: Different database searching engines were used including PubMed, Scopus, Google Scholar, Africa jour-
nal online, World Health Organization (WHO) afro library, and Cochrane review. They were systematically searched for published
studies on uncontrolled asthma in Ethiopia from 2014 to 2019. Primary search terms were “asthma”, “uncontrolled asthma”,
“uncontrolled wheezing”, and “Ethiopia”. The Preferred Reporting ltems for Systematic Review and Meta-Analysis (PRISMA)
guideline was followed. Publication bias was examined by the funnel plot. The random-effect model was fitted to estimate the
pooled prevalence of uncontrolled asthma among asthmatic patients. All statistical analysis was done using R version 3.5.3 and
the RStudio version 1.2.5033 software for Windows.

Results: The overall pooled prevalence of uncontrolled asthma was found to be 71.67% [95% CI (0.6772; 0.7562)].

Potential associated factors were: unscheduled visits, frequency of short-acting beta2-agonist (SABA) use, type of treatment and
perceived rate of asthma control, low monthly income, age group, presence of comorbidity, moderate persistent asthma, severe
persistent asthma and use of SABA alone as anti-asthmatic medication, use of biomass fuel for cooking, longer duration of asthma
(> 30 years), incorrect inhalation technique, and asthma exacerbation in the last 12 months. Self-perceived poor asthma control
was associated with any activity limitation due to asthma, inconsistent inhaled corticosteroid use, and lack of health education
on metered-dose inhaler technique [AOR =4.96; 95% CI (1.08-22.89)].

Conclusions: Nearly two-thirds of patients were determined to have uncontrolled asthma. Thus, this evidence suggests that

attention should be given to asthma patients and health care providers.

Key words: uncontrolled asthma, asthmatic patient, determinants, Ethiopia

Introduction

Approximately 300 million people world-
wide have asthma and recent projections indi-
cate that an additional 100 million people will
be living with asthma by 2025 [1, 2]. The World
Health Organization (WHO) reports that there are

Adv Respir Med. 2020; 88: 495-503

approximately 250,000 asthma deaths per year,
primarily in low-and middle-income countries
(LMICs) [3, 4]. As with many other chronic dis-
eases in Ethiopia, rapid urbanization rates have
been related to a rise in the burden of asthma
and other allergic diseases [3—6]. The incidence
of these conditions can, in principle, have the
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potential to reach higher rates than those seen
in high-income countries (HICs) due to the pri-
mary effects of parasitic helminthic infections
on the immune system, as these infections are
widespread in Ethiopian settings [5]. The Interna-
tional Study of Asthma and Allergy in Childhood
(ISAAC) stated that the burden of asthma among
adults in Africa, including Ethiopia, has risen
and has contributed most to the burden of disease
through its effects on quality of life [3]. In-patient
admissions and sales of medications account for
much of the direct government expenses, while
the lack of employment due to absenteeism from
work and decreased education is responsible for
many of the indirect costs [7, 8].

In Ethiopia, challenges, including those
resulting from overuse of health facilities, lack
of qualified personnel and testing equipment,
and lack of access to and availability of inhaled
medicines have hampered efforts to improve
the management of asthma [8, 9]. The lack of
coordinated health promotion initiatives, such
as effective control strategies for environmental
causes, air pollutants, and occupational dust, has
also led to an increasing burden of disease [10].
The WHO has indicated that the rate of regula-
tion of asthma and health responses combatting
the diease on the continent have been below the
required requirements and have led to the large
size of the disease burden [3, 4]. Besides, while
many African countries have national guidelines
on the treatment of asthma and other CRDs, these
guidelines have not been enforced in most rural
areas [11, 12]. Economic analyses (Placeholder2)
in many African settings have shown that the
direct costs of asthma are typically higher than
indirect costs. Nonetheless, indirect costs reflect
a relatively higher proportion of overall costs for
pediatric patients compared to adult patients [8].
Moreover, the broader economic strain on individ-
uals, households, employers, and the community,
owing to the lack of future potential sources of
livelihood, has also been devastating in many
resource-poor environments [7]. It is assumed that
many children with asthma in Africa may fail to
reach their full potential unless appropriate treat-
ment and control measures are put in place [1]. It
has been proposed that awareness by health care
professionals and the public is a critical element
in reacting to the challenge raised by asthma in
Africa [3, 13].

By 2015, the urban population of the world
is projected to rise from 45% to 59%, with more
than half of this happening in Africa, including
Ethiopia [8]. The prevalence of asthma and other

chronic diseases in Africa is also projected to in-
crease due to this increasing population growth,
impact of subsequent urbanization, and adoption
of western lifestyles [14].

Because of reasons that include these chang-
es, the low output of research, and limited quality
of health services data on the burden of asthma
in Africa, it is important to evaluate the available
data through a systematic review of literature to
attempt to measure the burden, direct the setting
of health priorities, and inform the formulation of
effective health policy responses. Understanding
the determinants of uncontrolled asthma will also
help to manage premature death from non-com-
municable diseases (NCD) in general, as well as
asthma in particular.

This result will also allow the Ministry of
Health and Clinical Services, facility managers,
and governmental and non-governmental orga-
nizations to be informed of the determinants of
uncontrolled asthma and to commit to taking
action. Besides, this analysis should be used as
a model for prospective researchers and other
stakeholders.

Therefore, this study will be trying to assess
the prevalence and determinants of uncontrolled
asthma among asthma patients in Ethiopian
hospitals.

Methods and materials

Setting

Ethiopia is an east African country and is di-
vided into 9 regions named Tigray, Afar, Amhara,
Oromia, Somali, Benishangul-Gumuz, Southern
Nations Nationalities and People Region (SNN-
PR), Gambella, and Harari, as well as two admin-
istrative states (Addis Ababa city administration
and Dire Dawa city administration).

Search strategy

The search strategy has been applied using
Online Databases (PubMed/MEDLINE, Google
Scholar, Web of Science, Cochran Library, Afri-
ca Wide Knowledge, and Africa Index Medicus)
from 2014 to January 2020. Only articles written
in English and full-texts published from peer-re-
viewed journals were eligible for inclusion. Pri-
mary search terms were “asthma”, “uncontrolled
asthma”, and “Ethiopia”. Studies that reported
associated factors or determinants or predictors
of uncontrolled asthma only, or did not report the
magnitude or prevalence of uncontrolled asthma
were excluded.
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The literature search technique was devel-
oped using the headings of the medical subject
headings (Mesh), BOOLEAN (AND/OR) operator
was used.

The last electronic search was run on 30 Jan-
uary 2019. Although no complete study protocol
was written before starting this review, we devel-
oped and piloted a screening guide to make sure
that the inclusion criteria were adhered to and
consistently applied by all review authors. Two re-
viewers (DBT and KGK) independently screened
the titles, abstracts of all citations retrieved, and
full-text search results to identify potentially
eligible studies. The agreement between review
authors was measured using Cohen’s « statistic.
Disagreements were resolved by discussion after
mutual consensus and third-party independent
review (AH).

Inclusion and exclusion criteria

The following factors were a part of the
inclusion criteria for our analysis: studies pre-
sented as original articles; studies that assessed
uncontrolled asthma among patients; studies
conducted among Ethiopian asthmatic patients
living in Ethiopia and aged 18 and above; studies
conducted and published from 2014 to 30 January
2019; and studies written in English. Studies that
did not explain the criteria for the level of asthma
control and studies that didn’t state the number of
patients with uncontrolled asthma were excluded.

The types of studies included were all pub-
lished and unpublished observational studies
(cross-sectional, prospective/retrospective cohort
studies, or case-control studies). Baseline data
from randomized controlled trials conducted in
Ethiopia reporting on the prevalence of uncon-
trolled asthma were also included. Experimental
studies, letters, reviews, commentaries, editorials,
case reports, or case series were not included. In
the case of duplicate reports, the most compre-
hensive and up-to-date version was taken into
account.

The participants of the study included adult
populations with known asthma on any form of
anti-asthmatic medication. Study participants
should be at least 18 years of age.
Intervention(s)/exposure(s): On any form of an-
ti-asthmatic medications.

Outcome: Prevalence of uncontrolled asthma
among people who report taking antihyperten-
sive drugs

Settings: Hospital-based studies.

Publication date: 2014, to January 30, 2019.
Language: No language restriction.

Exclusion criteria

Studies not performed on humans, qual-
itative studies, studies that lack relevant data
needed to compute the prevalence of uncontrolled
asthma, studies among children and adolescents
< 18 years of age, and studies that did not use the
disease control criteria through the ACQ, C-ACT,
ACT, or GINA were excluded.

Data extraction and quality assessment

Data extraction used a preconceived and
standardized data collection form and was per-
formed by two independent authors (DBT and
KGK). Any discrepancies between these authors
were reconciled through discussion. Data ex-
tracted comprised information about the year of
publication, country, objective and design of the
study, diagnostic criteria of uncontrolled asth-
ma, mean age, sex (male proportion), duration
of asthma, signs and symptoms, anti-asthmatic
medications, complications, prevalence and/or
incidence, and risk factors for uncontrolled
asthma.

Quality assessment of included studies

The methodological quality of the included
studies was evaluated using the Newcastle-Ot-
tawa Scale. The Newcastle-Ottawa Scale was
designed to assess the quality of non-randomized
studies in meta-analyses. This scale is primarily
formulated by a star allocation system, assigning
a maximum of 10 stars for the risk of bias in three
areas: a selection of study groups (4 or 5 stars),
comparability of groups (2 stars), and ascer-
tainment of the outcome of interest or exposure
(3 stars). No validation study provides a cut-off
score for rating low-quality studies. A priori,
we arbitrarily established that 0-3, 4-6, and
7-10 stars would be considered as a high, mod-
erate, and low risk of bias, respectively.

Data analysis and presentation of results
Data were analyzed using the R software
V.3.5.3. Data were summarized using ranges,
means * SDs, and frequencies (percentages)
where appropriate. Forest plots were drawn to vi-
sualize the combined prevalence of uncontrolled
asthma and the extent of statistical heterogeneity
between studies. Statistical heterogeneity was as-
sessed using the x2 test on Cochrane’s Q statistic
[20] and quantified by calculating the I* statistic
(with values of 25%, 50%, and 75% representative
of low, medium, and high heterogeneity, respec-
tively) [21]. There was a clinical heterogeneity
between studies included in this study. The defi-
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nition of uncontrolled asthma was different across
studies. Consequently, we used a random-effects
meta-analysis to estimate the overall pooled prev-
alence of uncontrolled asthma. To assess possible
publication bias, Egger weighted regression meth-
ods were used. A p-value < 0.05 was considered
indicative of statistically significant publication
bias. Moreover, other relevant findings were sum-
marized in a narrative format.

Data management

Based on the inclusion and exclusion criteria,
a tool has been developed a priori to guide the
screening and selection process. The tool was
be piloted and revised before data extraction
begins. The search results were first be uploaded
to EndNote software first to remove duplicates.

Selection process

Once data are obtained, two investigators
will independently screened the titles and ab-
stracts of articles retrieved from the literature
search against the inclusion criteria. Full texts
for the eligible titles and/or abstracts including
those where there is uncertainty were obtained
for further assessment on whether to include in
the study or not. Where necessary, authors were
contacted for additional information to confirm
the eligibility of studies. Disagreements were
resolved through discussion and, when needed,
there was arbitration by a third reviewer. Reasons
for excluding articles were recorded.

Data collection process

Data were extracted using a standardized
data extraction form. From the studies included,
two assessors were independently extracted data
using the predefined standardized extraction
form. Disagreements were resolved through dis-
cussion and, when needed, there was arbitration
by a third reviewer.

Where there is missing information, the cor-
responding author of the study was contacted to
request the missing information. A maximum of
three emails will be sent to the corresponding au-
thor to request for additional information before
excluding the study. For studies appearing in more
than one published article, we considered the
one that is most recent, comprehensive, and with
the largest sample size. For surveys appearing in
one article with multiple surveys conducted at
different time points, we shall treat each survey
as a separate study. For multi-national studies,
data were separated to show the estimate by
country level.

Data items

Data on general information, authors, year,
country, region, type of publication, study char-
acteristics (study design, setting, sample size,
response rate, mean or median age, or age range),
data on the diagnosis of asthma, information on
the use of anti-asthmatic medication/therapy,
and prevalence estimates of uncontrolled asthma
among those on treatment were extracted. Where
anti-asthmatic treatment or prevalence informa-
tion relevant for estimating uncontrolled asthma
among those on treatment are not available, we
contacted the corresponding author of the study
to request the missing information. The preva-
lence of uncontrolled asthma were estimated as
a percentage of all the participants on treatment
with an anti-asthmatic.

Outcomes and prioritization

The primary outcome is the prevalence of
uncontrolled asthma among people who report
taking anti-asthmatic treatment in Ethiopia.

Risk of bias in individual studies

To assess the risk of bias and quality of stud-
ies included in this review, a tool developed by
Hoy et al. for prevalence studies was used [15].
The tool contains 11 items; items 1-4 assess
the external validity, 5-10 assess the internal
validity, and item 11 is a summary of the over-
all risk by the reviewer based on the responses
of the above 10 items which are scored 1 if yes
and 0 if no. Studies were classified as having
either a low (> 8), moderate, or high (< 5) risk
of bias. This exercise was done by two reviewers
and disagreements were solved by discussion and,
where necessary, by arbitration involving a third
reviewer/author.

For each included study, we estimated the
precision (C) or margin of error considering the
sample size (SS) and the observed prevalence (p)
of uncontrolled asthma from the formula:

7' X p X (1-p)
dZ
where z was the value fixed at 1.96 across
studies (corresponding to 95% confidence inter-

val). The desirable margin of error is 5% (0.05)
or lower.

SS =

Data synthesis

Crude numerators and denominators from
the individual studies were used to recalculate the
study-specific prevalence. Prevalence estimates
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Records identified through database searching (n = 66)

\ 4

Duplicates removed (n = 35)

A

Records screened based on title and/or abstract (n = 31)

Records excluded due to irrelevance (n = 18)

A 4

Full-text article and conference abstract

R Full-text article excluded (n = 8) due to

assessed for eligibility (n=13)

A

Studies included in the qualitative synthesis (n = 5)

A 4

Studies included in the quantitative synthesis (n = 5)

no data on the prevalence of uncontrolled asthma

Figure 1. Process of the identification and selection of studies for inclusion in the review (PRISMA flow diagram)

will be summarized by geographic regions and
by comorbidities.

A meta-analysis were performed on variables
that are similar across the included studies.
Proportions were stabilized using the double arc-
sine transformation, and then, a random-effects
meta-analysis was performed to determine the
pooled estimate of the prevalence of uncontrolled
asthma among patients on anti-asthmatic treat-
ment across studies in Ethiopia.

Heterogeneity was be explored using Co-
chrane’s Q and quantified by F statistics [16].
Subgroup analyses were performed based on the
following: Regions (Eastern, Western, Central,
and Southern of Ethopia) to identify the possible
sources of heterogeneity. The definitions of the
comorbidities of interest were collected, and
those with the same definitions were analyzed
together.

The presence of publication bias was as-
sessed using Egger’s test and funnel plots [17].
A p-value of < 0.10 on the Egger’s test was con-
sidered statistically significant for publication
bias. Inter-rater agreements between the research-
ers involved in study selection and those involved
in the identification of risk of bias were assessed
using Cohen’s « coefficient.

All analyses were performed using
a “metaprop” routine using R version 3.5.3 for
Windows [18]. Results were reported as pro-
portions with corresponding 95% confidence
intervals (CIs).

Results

Screening flow

Figure 1 is a flow diagram outlining the pro-
cess of identification and selection of included
studies. We identified 66 records through a com-
prehensive search among which 35 duplicates
were identified and removed. Subsequently, we
screened 26 titles and abstracts and excluded
18 irrelevant papers. Then, the abstracts of thir-
teen full-text articles were reviewed for eligibility,
among which eight publications were excluded
for not reporting the prevalence of uncontrolled
asthma. At the end of the process, only five
studies met the inclusion criteria and were thus
retained for qualitative and quantitative analyses
(Figure 2).

Prevalence of uncontrolled asthma

All included studies were observationally
conducted from 2014 to 2019 in different re-
gions. Five studies were included with a total
of the sample being 1001. The sample sizes for
each study were as follows: 243 in Oromia [19],
197 in Oromia [20], 182 in Addis Ababa [21],
182 in Addis Ababa [22], 206 in Amhara [23].
The prevalence for each study was as follows:
Jimma University Specialized and Teaching Hos-
pitalJUSH) (71.3%), JUSH (64.4%), Addis Ababa
(75.8%), Addis Ababa (75.8%), and University of
Gondar (70%) [19-23]. The overall mean pooled
prevalence was 71.7% (Figure 2).
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Heterogeneity: I* = 50%, t = 0.0010, p = 0.09

Study Events  Total
Zemedkun K et al. 2014 162 234 —B
Fanta K et al. 2016 121 197 —F
Gebremariam TH et al. 2017 138 182 —'—
Gebremariam TH et a/. 2019 138 182 ——'—
Mebrahtom Metal. 2019 145 206 =
Fixed effect model 1001 <>
Random effect model =

[ I N

0.6 0.65 0.7 0.75 0.8

Proportion 90% CI Weight (fixed) Weight (random)
0.7137 [0.6512; 0.7707] 23% 21.4%
0.6447 [0.5735; 0.7114] 17.3% 18.6%
0.7582 [0.6894; 0.8185] 19.9% 20.0%
0.7582 [0.6894; 0.8185] 19.9% 20.0%
0.7039 [0.6365; 0.7653] 19.8% 20.0%
0.7176 [0.6898; 0.7454] 100% —
0.7167 [0.6772; 0.7562] — 100%

Figure 2. Forest plot for the pooled prevalence of uncontrolled asthma from 5 observational studies

Associated factors of uncontrolled asthma

The first and second studies were conducted
in Jimma Specialized Hospital (Southeast Ethi-
opia) from June 1, 2012 to July 31, 2012 and in
2016, respectively. The third and fourth studies
were conducted in Addis Ababa (Central Ethi-
opia) in 2017 and 2019, respectively. The fifth
study was conducted in Gondar (Northwest Ethi-
opia) in 2019 (Table 1).

Discussion

The present systematic review with me-
ta-analysis was performed to produce pooled esti-
mates of nationwide results of uncontrolled asth-
ma in Ethiopia among patients with asthma. This
review emphasizes the burden of uncontrolled
asthma among patients with asthma in Ethiopia
for a better understanding of the medical condi-
tion which will help in mitigating the problem of
uncontrolled asthma throughout the country. In
addition, this review points out a critical lack of
a high level of evidence regarding the burden of
uncontrolled asthma in Ethiopia. Indeed, we have
recorded only five studies that have assessed the
prevalence and/or risk factors for uncontrolled
asthma in Ethiopia. That being said, this review
highlights the crucial and urgent need to focus
on the epidemiology of uncontrolled asthma in
Ethiopia to better understand the condition and
address specific action plans that will surely
result in mitigating the morbidity and mortali-
ty due to asthma and its related complications
throughout the country.

This meta-analysis showed that the pooled
estimated of uncontrolled asthma in Ethiopia
was found to be 71.7% with a 95% CI between
67.72% and 75.62%. Individually, the prevalence
of uncontrolled asthma in the studies included
in our work was varied and ranged from 64.4%

reported by Fenta et al[20] to 75.8.2% reported by
Gebremariam [22]. The reason for these variations
could be due to the types of diagnotic tools and
assessment methods.

Our meta-analysis study result was higher
than the studies conducted in Ethiopia [20, 24],
Canada [25], Zimbabwe [25], and Morocco [26].
This might be due to differences in sample size
and study design. This study result is lower than
the studies conducted in Ethiopia [27] and Israel
[28]. This difference might be due to a difference
in setting since our hospital is the largest hospital
in the country and the most complicated patients
are treated here.

Age, unscheduled visits, frequency of SABA
use, types of treatment, and perceived rate of asth-
ma control [20]. Low monthly income, presence
of comorbidities, moderate persistent asthma,
severe persistent asthma, and use of SABA alone
as anti-asthmatic medication [21]. Use of bio-
mass fuel for cooking, longer duration of asthma
(>30 years), incorrect inhalation technique, and
asthma exacerbation in the last 12 months [22].
Self-perceived poor asthma control was associat-
ed with any activity limitation due to asthma and
inconsistent inhaled corticosteroid use [23]. Lack
of health education on metered-dose inhaler tech-
nique [AOR = 4.96; 95% CI (1.08-22.89)] [29].

Nonetheless, we conducted this review fol-
lowing the rigor and standards of the industry.
Besides, and to the best of our knowledge, this
is the first systematic review and meta-analysis
drawing a clear picture of the prevalence and
risk factors for uncontrolled asthma in Ethiopia.

Our findings from the meta-analysis have
implications in clinical practice because they
contribute to giving attention to the prevention
and care of patients with asthma. This pooled
point of estimates for uncontrolled asthma in
patients with asthma provides updated evidence
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Figure 3. Funnel plot showing evidence of no publication bias across studies

to advance prevention strategies, to serve as a key
indicator of patient safety, to reflect the quality
of healthcare service, and to further advance
potential and appropriate treatment strategies
for uncontrolled asthma in patients with asthma.
Finding the accurate prevalence of uncontrolled
asthma will help to improve the use of adher-
ence interventions such as patient education
and counseling on how to self- monitor, as well
as lifestyle modification interventions such as
exercise, weight reduction, and healthy diet.
Therefore, the asthma treatment strategy should
keep in mind that in addition to prescribing ap-
propriate anti-asthmatic medications and asthma
care practice, they need to include resources that
help patients overcome individual challenges to
reduce the development of chronic complications
using self-care practice. The implication of this
study, particularly the pronounced variation
between studies (64.4% to 75.8%), reflects that
patients with asthma require developed standards
for management and implemented endorsed
guidelines in clinical practice.

Conclusion

In this study, the prevalence of uncontrolled
asthma among asthmatic patients was consid-
erably high. Potential associated factors were:
unscheduled visits, frequency of SABA use,
type of treatment and perceived rate of asthma
control, low monthly income, age, presence
of comorbidities, moderate persistent asthma,
severe persistent asthma, use of SABA alone as
anti-asthmatic medication, use of biomass fuel for
cooking, longer duration of asthma (>30 years),
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an incorrect inhalation technique, and asthma
exacerbation in the last 12 months. Self-perceived
poor asthma control was associated with any
activity limitation due to asthma, inconsistent
inhaled corticosteroid use, and lack of education
on metered-dose inhaler technique. In response
to this finding, future interventions that target the
prevalence and resolution of associated factors
is required.

Strengths and limitations of this study

To the best of our knowledge, this is the first
and only systematic review and meta-analysis that
has focused on uncontrolled asthma in Ethiopia.

Strong and reliable methodological and sta-
tistical procedures were used in this review.

Only nine studies were found eligible for
inclusion in the qualitative and quantitative
analyses.

The definition of uncontrolled asthma was
different from one study to another, with a con-
sequential high clinical heterogeneity across
studies.

Different studies use different variables and
this results in variation in the significant variables.

Most of the studies did have not separate.
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Effects on vital signs after twenty minutes of vaping compared
to people exposed to second-hand vapor

Abstract

Introduction: Very little is known about the immediate physiological implications of vaping or inhaling second-hand vapor. This
study used a quantitative approach to understand the short-term physiological implications of vape use and exposure to sec-
ond-hand vapor for people who do not vape.

Material and methods: One hundred and forty-eight people participated in the study, 75 self-identified as non-vapers and 73
self-identified as people who vape. All participants were over the age of 18. Participants used or were exposed to non-flavored
e-juice without nicotine in Sorin® vape devices. Heart rate, blood pressure, respiratory rate, blood oxygenation, blood glucose
and pulmonary function tests were assessed. Physiological parameters were assessed prior to vape use or exposure to vapor
and again after 20 minutes of vaping.

Results: Findings indicated there were no significant changes in most health parameters except blood pressure which was
reduced in both groups. Heart rate was also significantly reduced for vaping participants.

Conclusion: Vaping without flavorings or nicotine do not appear to have an immediate negative health impact on vital signs.
The physiological effects of long-term exposure and/or vape use requires additional investigation. Information was established
regarding the physiological effects of non-flavored, non-nicotine vaping so future studies can compare the effects of vaping with
assorted flavors and nicotine concentrations to the effects of vaping only the base ingredients (vegetable glycerin and propylene
glycol). New knowledge was gleaned relating to exposure to vapor, a phenomenon not previously examined but common espe-

cially among non-vaping people who attend social events where people are vaping.

Key words: vaping, second-hand vapor, e-cigarettes, e-juice, vital signs

Introduction

The public health impact of vaping has be-
come a frequently discussed topic [1] but very
little is currently known about the immediate
physiological impact of vaping or second-hand
exposure to vapor. The paucity of information
related to the physiological effects of vaping is
presenting problems for the medical community
in knowing how to advise patients regarding
vape use. This study was aimed at investigating
the immediate physiological effects of vape use
compared to second-hand exposure to vapor
and to also better understand the demographics
between the two groups.

Adv Respir Med. 2020; 88: 504-514

Patented in 2003 but developed in 1963, vap-
ing was established as an alternative to cigarette
smoking [2]. The incidence of vape use is on the
rise [3, 4]. and has recently been subjected to
regulations under the United States (US) Federal
Food, Drug and Cosmetic Act[5]. The new reg-
ulations include restricting sales to minors and
listing health warnings on labels. US Federal reg-
ulations were implemented because, despite not
containing any tobacco, the US Center for Disease
Control and the US Federal Drug Administration
consider vapes to be tobacco products and poten-
tially harmful to health [3, 6, 7].

Since vaping is a fairly new phenomenon,
there remains a lack of research regarding the
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effects of its use and medical implications. Some
reports suggest that vaping helps people quit
smoking [9, 10]. Other reports suggest that vaping
can actually improve some health conditions such
as tonsilitis [11], that it can reverse symptoms of
chronic idiopathic neutrophilia [12], and that it can
improve and enhance a sense of well-being [13].

Vaping is typically regarded as a safer alter-
native to cigarette smoking under the assumption
that vaping is less toxic than tobacco use [14-17].
Some researchers are suggesting that adult smok-
ers could vape as a means to reduce or quit smok-
ing tobacco cigarettes [18, 19].

But other studies indicate that vaping can
actually lead to nicotine addiction and can have
serious negative medical implications [20].
Emerging animal studies are suggesting that va-
ping may have negative health consequences. For
example, an increased susceptibility to infections
was found in mice when exposed to vapor [21].
Increased bacterial growth, formation of bio-
films, alterations in immunity, and disturbances
in airway cytokines were other negative health
effects found in animals exposed to vapor [22].
The high temperatures used to heat inhaled vape
fluid are leading to the formation of toxins such
as acrolein, acetaldehyde, and formaldehyde in
the pulmonary system [23, 24]. Alterations in
physiological hemostasis, hyperactive platelet
activity, and an increased risk for thrombogenic
events were also discovered [25].

Human vaping studies are suggesting con-
cerning health outcomes including lung diseases
[26], cancer, cardiovascular disorders [27], head-
aches, bleeding from the nares, weight changes
[28, 29], dizziness, nausea, and tremors [30].
Reports of heart attacks and seizures are also
emerging as alarming health problems thought
to be linked to vape use [31].

Additionally, the US FDA has deemed vaping
to be potentially harmful to humans because of
the nitrosamines, diethylene glycol, rimonabant,
heavy metal, formaldehyde, acetaldehyde, and
other contaminants found after using the devices
[32]. As such, they have recently implemented
new regulations and restrictions for sellers of
vape products [5].

Health effects of base solvents in vape fluid

Most vape fluid contains vegetable glycer-
ine and propolyene glycol as the base ingredi-
dents. These FDA approved food ingredients may
have concerning health effects when inhaled. Cer-
vellati et al" found that base humectants evoked

release of cytokines and pro-inflammatory medi-
ators which is concerning even for vapers who do
not add nicotine or flavorings to the vape fluid.
Other researchers agree citing the discovery that
propylene glycol is converted to propylene oxide
which can cause a range of health problems rang-
ing from symptoms of infection to carcinogenic
effects [26, 27]. Vaporizing vegetable glycerine has
been found to cause irritation of the skin, eyes,
nares, and esophagus and may also be associated
with the development of malignacies [33]. Some
studies are finding that the elevated ratios of vege-
table glycerin and propylene glycol can lead to re-
active oxygen species formation which is linked to
cardiovascular, neurodegenerative, sensory, and
psychiatric disorders [34]. Other studies suggest
that inhaled base ingredients can be converted
to dangerous substances when heated. Some of
these ingredients include: acetaldehyde, acrolein,
acetone, formaldehyde and glyosal. They pose
a risk of inducing systemic biological alterations
which can lead to inflammation, central nervous
system depression, malignancies, and alterations
in circadian rhythms [35]. These concerning re-
ports and variants in vape use require much more
investigation to fully understand the implications
of this new non-tobacco trend.

Gaps in the literature

Very few studies have been completed look-
ing at the physiological effects of vape use or
second-hand exposure to vapor despite a call for
evidence on that end. A few studies discovered
that vaping (with nicotine) increases heart rate
(HR) and/or blood pressure (BP) [35, 36]. Var-
davas’ group [37] determined that vaping led to
respiratory impedance and flow resistance. Addi-
tionally, more data are needed on the short-term
physiological effects of vaping and second-hand
inhalation of vapor in order to build up evidence
to guide public health practices. The relative
recent increase in popularity of vaping coupled
with an insufficient amount of research surround-
ing its effects is affecting the ability for health
practitioners to guide treatment.

The identified deficiencies in knowledge
about vaping and the need to contribute knowl-
edge to inform health providers about the safety
and health effects of vape use prompted the
physiological variables of HR, BP, respiratory rate
(RR), blood sugar (BS), oxygen saturation (0,%)
and pulmonary function tests (PFT) to be chosen
for examination in this study. Additionally, we
were interested in understanding the effects of
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second-hand vapor for people exposed to vapor
but not actually using the vape as well. Finally,
we attempted to identify demographic differences
between the two groups.

Purpose and hypothesis

The purpose of this study was to examine the
physiological effects of vaping and second-hand
exposure to vapor when vaping for twenty min-
utes without nicotine or added flavorings. It was
expected that both direct inhalation of vegetable
glycerine and propylene glycol vapor through
a vape device, and inhalation of second-hand va-
por by those not using a vape device but exposed
to such vapor would contribute to an increase
in HR, BP (systolic, diastolic, and mean arterial
pressure), respiratory rate (RR), and blood sugar
(BS). We also hypothesized that there would be
a decrease in percent of blood oxygen saturation
and pulmonary function test (PFT) results.

Materials and methods

Design and procedure

The study utilized a mixed-factorial experi-
mental design with one “between groups” factor
(i.e., participants who directly vaped versus
participants who did not directly vape but were
exposed to second-hand vapor), and eight re-
peated measures of ‘within subjects’ factors (i.e.,
measurements of each of the eight physiological
variables both before and after vaping or exposure
to second hand vapor). Institutional Review Board
(IRB) approval was obtained from the institution
of the first author (i.e., University of Blinded for
Review) prior to the commencement of the study.

Participants from both the vape and non-
vape groups were commingled in data gathering
sessions such that non-vape participants were
sat next to vape participants. For each session,
participants first provided informed consent and
then were asked to complete a demographic and
health history questionnaire. Thereafter, all phys-
iological variables were measured. Next, vaping
participants were given a Sorin® vape device filled
with a 70/30 mix of vegetable glycerin and pro-
pylene glycol and asked to vape for twenty min-
utes. The fluid contained no nicotine or flavorings
in order to determine the physiological effects of
the base vape fluid without additives. Non-vapers
were asked to sit next to the vaping participants
during the same time frame. At the conclusion
of the twenty minutes of vaping, physiological
measurements were taken again.

Sample

A convenience sample of adult volunteers
was solicited using social media and direct re-
cruitment by the researchers. A total of 148 vol-
unteers agreed to participate. Approximately half
of the participants self-identified as vape users
and were assigned to the vape group, while the
remaining participants self-identified as non-vape
users and were assigned to the non-vape (i.e.,
vape-exposure) group. Participants were asked
to not eat or vape at least sixty minutes prior to
data collection.

Measures

Physiological variables measured included:
HR measured in beats per minute (bpm), respi-
ratory rate (RR) measured in breaths per minute,
percent of blood oxygen saturation (% O, sat) mea-
sured using a pulse oximeter, BP measured using
manual blood pressure cuff with ausculation for
systolic (SBP) over diastolic (DBP) pressures (mm
Hg), mean arterial pressure (MAP) determined by
calculating SBP + 2(DBP)/3, pulmonary function
tests (PFT) measured using a peak flow meter
(% of personal best average of three attempts),
and blood sugar (BS) measured using a glucom-
eter (mg/dL).

Results

Demographic characteristics and participant
responses to all health variables for the entire
sample are reported separately for each experi-
mental group (i.e., non-vape and vape) in Table
1. Analyses that were completed to determine if
the two groups differed on any of these variables
are also reported in the table. Of these analyses,
only those involving gender and smoking habits
emerged significant. The finding for smoking
habits became non-significant when participants
identified as former smokers were removed from
the analysis. It was also interesting to note that
while the two groups did not demonstrate statis-
tically significant differences, a higher frequency
of vapers reported health risk factors including
alcoholism, use of alcohol, cigarette use, former
cigarette use, and mental illness compared to the
non-vaping participants. Conversely, participants
in the non-vaping group reported a higher fre-
quency of a positive family history for alcoholism.

Basic descriptive statistics were calculated
for age and all outcome variables of interest for
the entire sample, as well as for the non-vape and
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Table 1. Descriptive statistics and frequencies for all demographic and health variables for the pooled sample and the
non-vape and vape groups separately

Total sample Non-vape group Vape group Tests of group
(N = 148) (n=175) (n=173) differences
Age
Mean 23.19 22.64 23.76
o F(1,136) = 0.76, p = 0.386
Standard deviation 9.23 8.08 10.30
Minimum-maximum 18-78 18-78 18-62
Gender
Male 63 22 41
%*(1) = 10.30, p = 0.001
Female 79 49 30
Missing 6 4 2
Race
White 112 60 52 )
o x° (1) = 3.36, p = 0.067
Not white/mixed 29 10 19
Missing 1 5 2
Family history of alcoholism
No 118 58 60 )
Ves 2 6 03 x°(1) = 0.34, p = 0.561
Unsure/missing 1 1 0
Alcoholism
No 142 73 69 )
Yes ) 0 ) x°(1) =2.09,p =0.149
Unsure/missing 4 2 2
Uses alcohol
No 42 26 16 )
Yes 102 17 55 x (1) = 2.98, p = 0.084
Missing 4 2 2
Smoking habits
Non-smoker 133 72 61
Smoker 6 1 5 x*(2) = 8.55, p = 0.014
Former smoker 5 0 5
Missing 4 2 2
Drug addiction
No 139 70 69 )
Ves ' ) ) x°(1) = 0.00, p = 0.989
Unsure/missing 5 3 2
Mental illness
No (AR 58 53 )
Yes 31 " e x°(1) =0.49,p = 0.485
Unsure/missing 6 3 3

For age, four cases were missing data, so calculations based on N = 144 for the pooled sample, n = 73 for the non-vape group, and n = 71 for the vape group,
respectively. For tests of group differences, one-way analysis of variance was used with age, and chi-square tests of independence were used for all other variables.
For smoking habits, the chi-square analysis was run a second time after excluding former smokers. The result emerged non-significant; x* (1) = 3.23, p =0.072
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vape groups separately. As well, skew and kurtosis
were computed for all variables. An examination
of these statistics revealed evidence of a severe
non-normality of score distributions for multiple
variables as reflected in the elevated skew (i.e.,
values of 2 or greater) and/or kurtosis (i.e., values
of 7 or greater). In addition, most variables appear
to have extreme values (i.e., values that are three
standard deviations below or above the mean).

Study outcomes as a function of demographic
and health variables

Prior to running the main analyses, we
thought it would be worthwhile to examine the
extent to which all main study outcome variables
may be influenced by demographic and health
variables. As such, we computed product-moment
correlations with age and outcome variables via
one-way Analysis of Variance (ANOVA) where-
in the outcome variables served as dependent
variables, and the remaining demographic (e.g.,
gender, race) and health variables (i.e., smoking
habit, family history of alcoholism, alcoholism,
use of alcohol, addiction, and mental illness)
were used as independent variables. While not
reported in this article due to length restrictions,
one or more statistically significant results was
obtained with all variables except self-reported
alcoholism. The most frequent significant results
were found for gender, followed by age, addiction,
family history of alcoholism, alcohol use, race,
mental illness, and smoking habit, respectively.

Main analyses

Given the research design used in this study,
the most straightforward and efficient approach
to analysis would have involved the completion
of eight mixed factorial ANOVAs with the groups
(i.e., non-vape vs. vape) as the “between groups”
independent variable, and the pre-post measure-
ments of the outcome variables (i.e., pre-post
systolic blood pressure, diastolic blood pressure,
mean arterial pressure, heart rate, blood oxygen
saturation, respiratory rate, blood sugar, and pul-
monary functions) as the ‘within subjects’ vari-
ables. However, problems with the non-normality
of score distributions and/or extreme outlying
values of many variables challenged the appro-
priateness of using such a statistic because it is
known to be sensitive to violations of assumptions
regarding normality, and also because extreme
values have a distorting influence on mean scores.

In lieu of the mixed factorial ANOVAs, we
decided to adopt a multi-staged approach to data
analysis. First, we completed one-way ANOVAs
using each outcome variable as the dependent
variable and experimental groups as the inde-
pendent variable. Second, we re-ran ANOVAs
after excluding extreme values on the dependent
variable whenever extreme outliers were found.
This was done to ensure that results were not
skewed due to the influence of outliers. Third, we
ran Mann-Whitney tests using all data including
outliers. This is the non-parametric equivalent
of the one-way ANOVA and is not influenced by
non-normality. The results of these three sets of
analyses using pre-test, post-test, and pre-post
difference variables can be found in Tables 2 and
3, respectively.

An examination of the results for the pre-test
variables in Table 2 revealed significant findings
in all analyses for systolic blood pressure, mean
arterial pressure, and pulmonary functions with
the vape group obtaining the significantly higher
mean score in all cases. Effect sizes as reflected
in eta-squared are all small. In addition, while
the one-way ANOVA for blood oxygen saturation
was found to be non-significant in all the cases,
the result became significant when excluding
outliers. The Mann-Whitney test result was also
significant. The effect size, however, is small. The
non-vape group obtained the higher mean score.

In terms of the post-test variables in Table 2,
consistently significant results with small effect
sizes were obtained for systolic blood pressure,
diastolic blood pressure, mean arterial pressure,
and pulmonary function tests. In all cases, the
vape group produced the higher mean score. Al-
ternatively, an inspection of Table 3 shows that no
significant results were found with the pre-post
difference scores. This indicates that the degree
of change in values from pre- to post-test was not
markedly different across the non-vape and vape
groups for any of the measured outcome variables.

To further test for the robustness of results,
two additional sets of analyses were completed. In
the first, outliers on both the dependent variable
and age were excluded and one-way ANOVAs
were re-computed. In the second, with the same
outliers removed, we completed Analyses of
Covariance (ANCOVA) controlling for age and
gender. These variables were selected for use as
covariates based upon the large number of statis-
tically significant findings that we obtained when
examining their association with the outcome
variables.
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Table 3. Results of analyses examining all pre-post test difference scores as a function of experimental group (non-vape

vs vape)

Non-vape Vape One-way ANOVA One-way ANOVA with outliers  Mann-Whitney test

(n=175) (n=173) excluded

Mean [sd] Mean [sd] F (1,146) P Eta’ F [df /df,] P Eta’ U(z) P
Systolic blood 4.44 5.15 0.15 0.702 0.55 0.460 261250  0.631
pressure (10.34) (12.14) (1, 145) (-0.48)
Diastolic blood 2.56 0.70 1.92 0.168 — — — 234850 0.135
pressure (8.34) (7.99) (-1.50)
Mean arterial 3.19 2.18 0.61 0.435 — — — 2599.00 0.595
pressure (7.70) (7.90)
Heart rate 2.57 3.85 0.30 0.585 0.04 0.851 2687.00 0.564

(14.30) (14.08) (1, 145) (-0.58)
Blood 0, 0.23 0.03 0.69 0.406 0.04 0.840 2530.00 0.404
saturation (1.44) (1.47) (1,142) (-0.83)
Respiratory -0.52 -0.14 0.90 0.345 0.02 0.902 2688.00 0.843
rate (2.81) (2.04) (1,143) (-0.20)
Blood sugar -0.25 -0.1 0.00 0.959 0.03 0.867 267450  0.809
(16.99) (16.90) (1,144) (-0.24)

Pulmonary 2.75 3.18 0.00 0.956 0.44 0.507 2523.00 0.410
function test (42.37) (52.21) (1, 144) (-0.82)

Pre-post difference scores were computed by subtracting post-test values from pre-test values for each variable. One-way ANOVAs with Outliers Excluded were only
computed when there was evidence of one or more extreme outliers (i.e., values greater than 3 standard deviations from the total pooled mean) on the dependent
variable. Mean arterial pressure was estimated using the formula [systolic blood press + (2 X diastolic blood press)] / 3. Asterisk (*) means that Levene's test was

significant so homogeneity of variance cannot be assumed

Analyses that emerged non-significant in
the first three sets of analyses continued to be
non-significant in these additional analyses. The
significant findings found with pre-test systolic
blood pressure, pre-test mean arterial pressure,
pre-test blood oxygen saturation, post-test systolic
blood pressure, and post-test pulmonary func-
tioning came out non-significant after excluding
outliers on these variables and age and when
controlling for age and gender. Pre-test pulmonary
function, post-test diastolic blood pressure, and
post-test mean arterial pressure were found to
remain significant after excluding outliers on the
variables as well as age but became non-signifi-
cant in the ANCOVAs. Overall, it appears that all
significant “between-group” results can be seen
as a product of the influence of outlier scores
and/or covariates.

To provide a more fulsome evaluation of the
effects of vape exposure on the non-vape and
vape groups, we elected to complete a number
of repeated measures ANOVAs for each group
separately. Akin to the between-groups analyses,
we used a multi-staged approach where we first
examined the pairs of pre-post outcome variables
using all available data for each group. Thereafter,
we ran a second set of ANOVAs excluding outliers
on both the pre- and/or post-test outcome vari-

ables. Third, we ran Wilcoxon tests for each pre-
post variable pair. This statistic is the nonpara-
metric equivalent to a paired-samples t-test and
repeated measures ANOVA and is not influenced
by non-normality or extreme outliers. Results of
these analyses can be found in Table 4.
Inspection of the findings for the non-vape
group only showed significant results with small
to medium effect sizes for systolic blood pressure,
diastolic blood pressure, and mean arterial pres-
sure. In all instances, pre-test mean scores were
significantly higher. No other significant results
were found for the non-vape group. For the vape
group, systolic blood pressure, mean arterial pres-
sure, and heart rate (all higher at pre-test) came
out significant with small to medium effect sizes.
Lastly, we ran two additional sets of repeated
measures ANOVAs. In one set, outlier pre- and/or
post-test scores on the outcome variable were
excluded, as were outliers on age. In the sec-
ond, outliers continued to be excluded and both
gender and age were used as covariates. Results
were mostly the same as they were in the first
three sets of analyses. For the non-vape group,
systolic blood pressure, diastolic blood pressure,
and mean arterial pressure remained statistically
significant with small-to-medium effect sizes. For
the vape group, systolic blood pressure remained
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Table 4. Results of analyses examining all dependent variables at pre-post test for experimental groups separately

Repeated measures ANOVA

Pre-test Post-test Repeated measures ANOVA with outliers excluded Wilcoxon test
Mean [SD] Mean [SD] F [df/df)] P Partial eta’  F [df/df] P Partial eta’ z P

Non-vape group only (n = 75)

Systolic blood 119.81 115.37 13.82 < 0.001 0.16 — — — -3.39  <0.001

pressure (14.52) (13.85) (1, 74)

Diastolic 74.93 72.37 (8.06) 7.07 0.010 0.09 — — — -2.65 0.008

blood pressure (8.18) (1, 74)

Mean arterial 89.89 86.71 12.86 0.001 0.15 — — — -3.15  0.002

pressure (8.97) (8.69)

Heart rate 85.61 83.04 2.43 0.124 2.23 0.139 -1.22 0.223
(16.39) (14.00) (1, 74) (1,73)

Blood 0, 98.16 97.93 (1.28) 1.86 0.177 3.52 0.065 -1.62  0.105

saturation (1.17) (1, 74) (1,72)

Respiratory rate 11.84 12.36 (2.50) 2.57 0.113 1.24 0.270 -1.07  0.285
(1.67) (1,74) (1,71)

Blood sugar 99.09 99.35 0.02 0.898 0.04 0.849 -0.03 0.975
(18.43) (17.73) (1,74) (1,71)

Pulmonary 405.80 403.05 0.32 0.576 1.17 0.284 -1.25  0.212

function test (111.43) (124.16) (1, 74) (1,71)

Vape group only (n =73)

Systolic blood 125.93 120.78 13.14 0.001 0.15 — — — -3.58 <0.001

pressure (15.45) (13.66) (1,72)

Diastolic blood 71.70 77.00 0.56 0.457 — — — -0.80 0.423

pressure (9.73) (10.77) (1,72)

Mean arterial 93.78 91.59 5.57 0.021 0.07 — — — -2.43  0.015

pressure (10.73) (10.79)

Heart rate 86.62 82.77 5.45 0.022 0.07 4.49 0.038 0.06 -2.23  0.026
(17.90) (16.43) (1,72) (1,71)

Blood 0, 97.77 97.74 (1.14) 0.03 0.874 0.35 0.556 -0.83  0.407

saturation (1.30) (1,72) (1, 69)

Respiratory rate 12.05 12.19 (1.60) 0.33 0.567 0.58 0.450 -0.56  0.579
(1.63) (1,72) (1,70)

Blood sugar 99.82 98.93 0.00 0.956 0.06 0.806 -0.28 0.781
(23.58) (21.93) (1,72) (1,71)

Pulmonary 458.36 455.18 0.27 0.605 — — — -0.21  0.833

function test (124.88) (137.73) (1,72)

Repeated measures ANOVAs with outliers excluded were only computed when there was evidence of one or more extreme outliers (i.e., values greater than 3 standard
deviations from the group mean) on the dependent variable at pre- and/or post-test. Mean arterial pressure was estimated using the formula [systolic blood press +

(2 x diastolic blood press)] / 3

significant in both sets of analyses with medium
effect sizes. Mean arterial pressure continued
to be significant when outliers were removed
but dropped below statistical significance when
covariates were included. Finally, heart rate
emerged non-significant in both analyses.

Discussion

The findings of this investigation provide
an interesting and somewhat unexpected set
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of results. In relation to our hypothesis which
predicted that HR, BP, respiratory rate (RR),
and blood sugar (BS) would increase while the
percent of blood oxygen saturation (0,%) and
results of pulmonary function testing (PFT) would
decrease as a function of vaping and/or exposure
to second-hand vapor, our pre-post analyses
indicated that, for the vape group, SBP, mean
arterial pressure (MAP), and HR significantly
decreased after vaping. However, only the result
for SBP remained significant when controlling
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for age and gender and/or excluding outliers. For
the non-vape group, all three BP variables (SBP,
DBP, and MAP) were significantly lower after ex-
posure to second-hand vapor. When considering
our ‘between-groups’ analyses, the vape group
produced significantly higher pre- and post-va-
ping mean values on SBP, MAP, and PFTs while
obtaining a significantly higher mean DBP at
post-vape only. Nevertheless, all of these differ-
ences ceased being statistically significant when
excluding outliers and/or when controlling for age
and gender. As well, “between-group” analyses of
mean pre-post difference scores were consistently
non-significant indicating that the two groups
did not substantively differ from each other in
their physiological response to vaping/exposure
to vapor. Based upon our findings, it appears that
vegetable glycerine and propylene glycol e-juice
without flavoring or nicotine does not seem to
have any markedly negative immediate physi-
ological effects regardless of whether they were
directly vaped or inhaled through second-hand
vapor.

The fact that robust decreases in one or more
mean BP variables were found for both groups
after vaping or exposure to vapor is counterin-
tuitive but may be explained as a function of all
participants becoming more relaxed with the ex-
periment as participation in the study proceeded
(e.g., participants in both groups became more
comfortable with the experimental situation and
interacting with each other). If this is correct, then
it may be worthwhile for future researchers using
a similar methodology to ensure that participants
are at ease with each other and with the study
conditions prior to vaping or exposing partici-
pants to vapor. It might also be good to obtain two
or more baseline (i.e., before vaping or exposure
to vapor) physiological measurements so that the
effects of any initial discomfort can be mitigated
through the averaging of multiple measurements.

Demographic findings suggest that people
who chose to vape show a trend toward report-
ing higher levels of other health-risk behaviors
including abusing alcohol and cigarette use. Va-
pers also reported a higher frequency of drinking
alcohol and have a higher incidence of mental
illness compared to people who do not vape.
Conversely, people who do not vape reported
a higher incidence of a positive family history
of alcoholism. However, the absence of statisti-
cally significant differences between the groups
on most of these variables (i.e all but smoking)
makes it difficult to ascertain if the higher levels
of health-risk behaviors seen with our sample are

reflective of robust differences that would be seen
in the population at large.

Limitations of the study

The study was limited by the skewed gen-
der and race distribution in the sample. There
were significantly more females than males and
a disproportionately high percentage of Cau-
casian participants compared to other ethnic
groups. A more equitably diverse sample may
yield different results. Additionally, the age of
participants was established as needing to be
greater than 18. However, there was no upper
limit and since age can affect some vital signs,
similar future studies could consider capping the
upper age limit.

Conclusions

One of the main goals of medical profes-
sionals is to promote health and reduce risk. It is
currently unclear if long-term vape use is a safe
alternative to smoking or if the use of e-cigarettes
can help smokers quit smoking [38, 39]. The out-
break of lung diseases portrayed in many media
outlets during summer 2019 created public aware-
ness and concern regarding the health effects of
vape use. Policy makers have been implementing
regulations on vaping in an attempt to keep the
public safe, but this is often done with insuffi-
cient evidence [40]. Medical providers need to
stay abreast of current vaping research in order
to know how to best guide patients, the public
at large, and contribute to evidenced based laws,
policies, and regulations surrounding vape use.
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Clinical outcome, viral response and safety profile of chloroquine
in COVID-19 patients — initial experience

Abstract

Introduction: Chloroquine and its analogues are currently being investigated for the treatment and post exposure prophylaxis of
COVID-19 due to its antiviral activity and immunomodulatory activity.

Material and methods: Confirmed symptomatic cases of COVID-19 were included in the study. Patients were supposed to re-
ceive chloroquine (CQ) 500 mg twice daily for 7 days. Due to a change in institutional protocol, initial patients received chloroquine
and subsequent patients who did not receive chloroquine served as negative controls. Clinical effectiveness was determined in
terms of timing of symptom resolution and conversion rate of reverse transcriptase polymerase chain reaction (RT-PCR) on day
14 and day 15 of admission.

Results: Twelve COVID-19 patients formed the treatment arm and 17 patients were included in the control arm. The duration
of symptoms among the CQ treated group (6.3 = 2.7 days) was significantly (p-value = 0.009) lower than that of the control
group (8.9 = 2.2 days). There was no significant difference in the rate of RT-PCR negativity in both groups. 2 patients out of
12 developed diarrhea in the CQ therapy arm.

Conclusion: The duration of symptoms among the treated group (with chloroquine) was significantly lower than that of the control
group. RT-PCR conversion was not significantly different between the 2 groups.

Key words: COVID-19, chloroquine, viral conversion, safety profile

Introduction

COVID-19 was first detected in the Wuhan
province of China and it has since traversed all
natural barriers and spread to all continents of the
world. COVID-19 is caused by the SARS-CoV-2 vi-
rus belonging to the family of Corona viruses and
was previously referred to as the 2019 n-CoV.
Within the limits of our current understanding,
person to person spread of COVID-19 occurs
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through droplets and fomites [1-3]. The incuba-
tion period is presumed to be 2 to 14 days. The
spectrum of disease ranges from a mild self-lim-
iting upper respiratory infection to Multi-Organ
Dysfunction Syndrome [3-5].

Chloroquine (CQ) and hydroxychloro-
quine have been used in the management of
COVID-19 due to their theoretical antiviral ac-
tivity [6-9]. China’s National Health Commission
had reported that CQ was associated with reduced
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progression of the disease and a decreased dura-
tion of symptoms [10, 11].

In light of the above, we considered it neces-
sary to undertake a study to describe the clinical
course and treatment outcomes in COVID-19 pa-
tients treated with CQ. This was especially nec-
essary in a malaria-endemic country like India
where CQ is easily available and doctors have
extensive experience using it.

Objectives

Our primary objective was to study the clini-
cal and viral effectiveness of CQ in COVID-19 pos-
itive patients. The secondary objective was to
study its safety profile.

Material and methods

Study design
This was an observational case-control study
done at a COVID referral center in western India.

Methodology and participants

All COVID-19 positive patients were hospi-
talized as per protocol. Symptomatic hospitalized
RT-PCR confirmed COVID-19 patients (> 18 years
old) were included in the study after providing
informed written consent. The study protocol was
approved by the Institute Ethics Committee vide.
AIIMS/IEC/2020-21/1035. Originally designed to
be a descriptive observational study, we initially
recruited patients who received CQ as per our
protocol. Due to changes in institutional guide-
lines, more patients could not be recruited into
the CQ arm. Hence, patients who did not receive
CQ served as controls in this study. Patients were
excluded if they had a known hypersensitivity to
CQ, cardiac arrhythmias, history of retinopathy,
glucose-6-phosphate dehydrogenase deficiency,
a prolonged corrected QT interval more than
450 milliseconds, and baseline aspartate trans-
aminase, alanine transaminase levels > 5 times
the upper limit of normal in the blood. Pregnant
patients, lactating mothers, bone marrow trans-
plant recipients, patients with stage 4 chronic
kidney disease, and patients on maintenance
hemodialysis were also excluded from the study.

The demographic details, clinical find-
ings, and investigation results were recorded in
a pre-designed proforma. A detailed history in-
cluding symptoms and their duration was record-
ed. Study participants in the CQ group received
CQ 500 mg twice daily for 7 days.

Repeat RT-PCR was done on day 14 and
15. Clinical outcomes included the number of
days of symptoms, RT-PCR conversion, and dis-
ease-related complications. The safety profile of
therapy was determined in terms of the incidence
of therapy-related complications.

Statistical methods

Data was analyzed using Python 3.6. Quanti-
tative data were presented as means and standard
deviations (SD). Qualitative data were present-
ed as percentages. The distribution of data on
categorical variables like the patient’s clinical
parameters was expressed as frequency and per-
centages. The student’s t-test was used to assess
the difference in duration of symptoms. Fisher’s
exact test was used to compare viral clearance
between the treatment group and the control
group. A two-tailed p-value of less than 0.05 was
considered statistically significant.

Results

We received 120 patients during the study
period of which 62 had RT-PCR done on day
14 and 15 following national guidelines. Amongst
those 62 patients, 29 of them were symptomatic
without any comorbidities and were enrolled in
our study as per protocol. Due to the unpredict-
able efficacy of chloroquine in COVID-19, it was
decided that chloroquine would only be adminis-
tered to patients without comorbidities. In accor-
dance with institutional guidelines, we treated
12 of them with CQ in addition to standard care.
In the other group (17 out of 29), patients were
treated with standard care as treatment protocol
changed (Figure 1).

Baseline demographic data of both groups is
presented in Table 1. There were 29 patients in the
study population with a mean age of 45.54 years
(SD 15.3 years). There was a predominance of
males in the study population. 24.13% of the
study participants were smokers. Major symp-
toms included cough (71.4%), fever (59.52%),
headache (14.2%), and hemoptysis (9.5%).

Among the disease-related complications,
2 patients (6.8%) had developed hypoxemic re-
spiratory failure. No patient had developed adult
respiratory distress syndrome, septic shock, renal
failure, liver failure, or multi-organ dysfunction
syndrome. 2 out of 12 (16.6%) patients in the
CQ-treated group developed diarrhea.

The duration of symptoms among the
CQ-treated group (6.3 = 2.7 days) was signifi-
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120 COVID-19 admissions

A

62 patients whose RT-PCR was done on day
14 and 15 were included in the study

v

58 patients whose RT-PCR was not done
on day 14 and 15 were not included in the study

42 symptomatic patients were included in the study

20 asymptomatic patients were not included in the study

A 4

A 4

29 symptomatic patients without comorbidities
were included in the study

13 patients with comorbidities were not included in the study

A

12 patients received treatment with chloroquine

A 4

17 patients served as controls

Figure 1. Allocation of participants in the study

Table 1. Baseline demographic and clinical characteristics of patients in the study group and in the control group

Characteristics Treated group Control group p value
(n=12) (n=17)
Number (%) Number (%)

Males 9 (75%) 14 (82.3%) 0.669
Females 3(25%) 3(17.7%) 0.669
Smokers 2(16.7%) 5(29.4%) 0.664
Mean age, years [SD] 41.25 (18.04) 47.64 (15.30) 0.6
Mean duration of symptoms in days [SD] 6.3(2.7) 8.9(2.2) 0.009
RT-PCR conversion rate on day 14 and 15 10 (83.3) 16 (94.4) 0.521

cantly (p-value = 0.009) lower than that of the
control group (8.9 = 2.2 days) (Figure 2).

In our study, RT-PCR conversion on day
15 was similar in both groups (p-value > 0.05)
with conversion seen in 10 out of 12 patients
on CQ (83.3%) compared to 16 out of 17 in the
control group (94.4%) (Figure 3).

Discussion

In the current pandemic situation, there is a rel-
ative scarcity of high-quality reliable data on what
constitutes optimal patient care in COVID-19. Drug
therapy in COVID-19 remains important as the
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global treatment recommendations were largely
based on empiric evidence and unpowered stud-
ies. Specific therapies which are currently consid-
ered for treatment include remdesivir, favipiravir,
CQ/hydroxychloroquine, interleukin-6 pathway
inhibitors, convalescent plasma, favipravir, inter-
feron-beta etc. The United States Food and Drug
Administration has authorized conditional use of
remdesivir for hospitalized children and adults
with severe COVID-19. However, its anti-viral effect
has only been proven in vitro and its use is sup-
ported by only a few randomized clinical trials [12].

CQ and hydroxychloroquine are currently
being considered for the treatment and post-ex-
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Figure 2. Box-plot showing the distribution of time-to-symptom reso-
lution between the CQ and control arms

posure prophylaxis of COVID-19 due to its theo-
retical antiviral and immunomodulatory activity.
CQ increases intracellular pH, reduces T cell
activation, impedes the pro-inflammatory sig-
naling pathway, and attenuates the production of
TNF-alpha and interleukin-1. CQ was also found
to inhibit the key steps of coronavirus entry into
cells via angiotensin-converting enzyme 2 (ACE)
receptor binding and membrane fusion [13, 14].
CQ has been used extensively in malaria treat-
ment especially in a malaria-endemic country like
India, and it has been proven to have an excellent
safety profile. This study is the first reported ex-
perience of CQ use for COVID-19 in India.

In our study, RT-PCR conversion on day
14 and 15 was similar in both groups (p-value
> 0.05). Although Guatret et al showed early
viral conversion in their study involving the
use of CQ/HCQ), our results differed from this
as we could not do serial RT-PCR testing owing
to resource limitation inherent to a developing
country [14]. Our result is concordant with the
findings of Tang et al. who assessed the efficacy
and safety of HCQ in 150 Chinese patients where
they found that the negative conversion of RT-PCR
was similar for their standard care group as well
as the hydroxychloroquine group [15].

The duration of symptoms among the treated
group was significantly lower than that of the
control group (p-value = 0.009). There were no
known studies in the literature that had reported
time-to-symptom resolution. Our results suggest

Figure 3. Bar plot showing RT-PCR conversion rate at the end of
2 weeks of hospitalization

that, although CQ is unable to cause an early
negative PCR conversion in patients, it assists in
early symptom relief.

In a study published by van den Broek et
al regarding the safety profile and adverse re-
actions, QTc interval prolongation greater than
500 milliseconds was seen in 22 of 95 patients
(25%) [16]. In our study, the only adverse event
related to drug therapy was diarrhea in 2 out of
12 patients. Tang et al also reported that diar-
rhea was the most common adverse event noted
[15]. Due to known drug interactions between
hydroxychloroquine and azithromycin, digox-
in, and metoprolol, we did not assess for these
confounding factors in our study which may be
elicited in larger trials.

Ourresults from the use of CQ in COVID-19 sug-
gest a limited albeit safe role in early symptom
resolution in COVID-19. A shortened duration of
symptoms with CQ might decrease the infectivity
of the disease as aerosols generated by coughing
are an important source of spread in COVID-19.

Strengths and limitations

This study, being the first reported expe-
rience of the use of CQ in the management of
COVID-19 in India, and being bound by institu-
tional protocol in COVID-19 management, could
only recruit a limited number of patients. How-
ever, since we could not find any larger studies
from India regarding the use of HCQ/CQ, we
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proceeded with reporting our limited experience
with it. Other limitations included the fact that
this was a single center design with limited long
term follow up. A shortened duration of symp-
toms with CQ might decrease the infectivity of
the disease as aerosols generated by coughing
are an important source of spread in COVID-19.

Conclusion

The duration of symptoms among the treat-
ed group (with CQ) was significantly lower than
that of the control group, though RT-PCR con-
version was not significantly different between
the two. CQ was used without serious adverse
events. Larger and multicenter trials are needed
to establish its definitive role in COVID-19.
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Knowledge, anxiety and the use of hydroxychloroquine
prophylaxis among health care students and professionals
regarding COVID-19 pandemic

Abstract

Introduction: Data regarding knowledge and attitude about COVID-19, the prevalence of acceptance of hydroxychloroquine
prophylaxis and anxiety amidst COVID-19 pandemic among health care students/professionals in India is scarce.

Material and methods: A cross-sectional study was conducted during May 2020, using an online survey via Google forms.
A self-administered validated structured questionnaire was applied, which comprised 28 questions among health care students/
/professionals at a tertiary care centrein North India.

Results: A total of 956 respondents were included (10.2% nurses, 45.2% medical students, 24.3% paramedical students, 11.7%
resident doctors and 8.6% consultant doctors). Overall knowledge score was 9.3/15; the highest for preventive practices (4/5),
followed by clinical knowledge (2.7/5) and the use of personal protective equipment (PPE) (2.6/5). The overall score was the
highest in consultant doctors (10.8) while the lowest in nurses (8.5) and paramedical students (8.4) (p < 0.001). Less than half
of the respondents had knowledge about the correct sequence of doffing PPE and the use of N95 mask. About 21.8% of the par-
ticipants experienced moderate to severe anxiety; higher among nurses (38%), followed by paramedical students (29.3%); and
anxiety was higher when knowledge score was low (27.6% vs 14.7%); both factors were independent predictors on multivariate
analysis (p < 0.001). Only 18.1% of the respondents applied HCQ prophylaxis — the highest proportion constituted consultants
(42.7%), and the least — paramedical students (5.2%); (p < 0.001) and HCQ use was more frequently used if they had a family
member of extreme age group at home (23.3% vs 12.2%; p < 0.001).

Conclusions: The knowledge about correct PPE usage is low among all groups of HCWs and students, and there is a high prev-
alence of anxiety due to COVID-19. The lower COVID-19 knowledge scores were significantly associated with a higher likelihood
of anxiety and inadequate use of HCQ prophylaxis. The appliance of HCQ prophylaxis had no significant association with anxiety
levels of the respondents.

Key words: COVID-19, anxiety, knowledge, HCQ prophylaxis, health care
Adv Respir Med. 2020; 88: 520-530

Introduction

The virus responsible for the global outbreak
of COVID-19 pandemic is a novel strain discov-
ered in 2019 and is believed to have originated
from bats. The first case was reported in Wuhan,
Hubei Province in China, then spread throughout
the world. The disease was declared a pandemic
on March 11", 2020 by the World Health Organi-

zation (WHO) [1].The virus was initially named
2019-nCOV and subsequently, the name was
changed to SARS-CoV-2 (severe acute respiratory
syndrome coronavirus-2) by the International
Committee on Taxonomy of Viruses [2]. This is
a highly contagious virus and community trans-
mission has been witnessed by many countries
worldwide. The health care workers being the
front liners, besides having the highest risk of
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being infected, are also bearing a great amount
of physical and psychological stress. Current-
ly, India is witnessing a rapid rise in cases of
COVID-19 and community transmission presence
in some areas of the country. To tackle the situ-
ation, the government of India and state admin-
istrations are building up the infrastructure at
a very rapid speed that includes the training and
deployment of medical students in COVID care
hospitals in the near future, if such need arises
[3]. Hence, it is of utmost importance to create
awareness, fill knowledge gaps, and address the
mental health of medical students and the health
care professionals. COVID-19 cases are increasing
rapidly in Punjab, particularly after allowing re-
laxations in lockdown, although the government
has been able to manage exceedingly well till now.
The Indian Council of Medical Research (ICMR)
has recommended prophylactic use of hydroxy-
chloroquine (HCQ) in high-risk contacts as well
as health care workers [4, 5]. Currently, there is
very scarce data from Indian perspective regard-
ing knowledge, awareness, anxiety and the use
of HCQ prophylaxis related to COVID-19 among
health care workers.

This study was planned to assess the knowl-
edge and anxiety regarding COVID-19 and HCQ
prophylaxis among the health care students or
professionals in the state of Punjab, India.

Material and methods

An online survey-based cross-sectional
study was conducted during the month of May
2020 (13"~ 24" May) in the period of extended
lockdown but increasing relaxations across India,
including the state of Punjab. The survey was
conducted using a self-administered question-
naire comprising 28 questions structured into
various sections (demographics, knowledge, and
anxiety) among health care students/professionals
at Adesh University, Bathinda in North India.

The questionnaire was designed after de-
tailed literature search on the disease, including
updated information provided by the World
Health Organization (WHO), the US Center for
Disease Control and Prevention (CDC), ICMR, and
other societies’ guidelines [1, 6, 7]. The question-
naire was further validated in three steps. Firstly,
it was sent to ten expert medical professionals
and researchers for an opinion regarding the
importance, relevance and acceptability of the
questionnaire, and their comments were incorpo-
rated. Subsequently, the questionnaire was sent
to ten health care workers (HCWs) for pre-testing,

checking the language, clarity, simplicity, feasi-
bility and time required to complete the ques-
tionnaire, and their comments were incorporated
too. Lastly, a pilot study was conducted among
100 respondents of the target population to check
for statistical validity (Cronbach’s alpha score
— 0.73). After validation, the questionnaire link
was sent to each respondent via personal emails
or using WhatsApp platform via a Google form.
The target population included medical students,
paramedical students, nurses, resident doctors
and consultant doctors of the university. The
respondents were asked to give their informed
consent before filling in the questionnaire. The
participants were briefed about the type of the
research work and assured that the anonymity of
the data was maintained. The persons who did
not consent to the study or provided incomplete
forms were excluded.

The demographic section included 5 ques-
tions (1 question was related to age, gender, quali-
fication, use of HCQ prophylaxis and family mem-
ber of extreme age group at home). Knowledge
section was further divided into 3 subdomains,
i.e. clinical knowledge of COVID-19 (5 questions),
the use of personal protective equipment (5 ques-
tions) and understanding of preventive measures
(5 questions). Each question was an option-based
(either “yes/no” or “multiple option” type with
the single correct answer), and “1” mark was
given for every correct response and “0” mark for
wrong answer. The Generalized Anxiety Disorder
(GAD-7) questionnaire was used to assess anxiety
among the respondents. The GAD-7 questionnaire
is a seven-item, self-report anxiety questionnaire
designed to assess the patient’s health status
during the previous two weeks. The score ranges
from 0 to 21 and the scores of 5, 10 and 15 repre-
sent cut-off points for mild, moderate and severe
anxiety, respectively [8]. A score of 10 or more
points is considered referral for further evalua-
tion [9, 10].

The study was undertaken after receiving
permission from the Institutional Research and
Ethical Committee (IRB no: AIMSR/MC/Estt/843).

Statistical analysis

Data was imported to Excel spreadsheet, and
statistical software Stata 14.0 was used for data
analysis. Numerical variables were expressed as
mean and standard deviations, while categorical
variables were expressed as frequencies (per-
centages). One-way ANOVA analysis was used
to analyse any difference in mean knowledge
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scores. Bonferroni correction in p-value was done
for multiple comparisons. Chi-square tests were
used to compare the association between two cat-
egorical variables. The logistic regression analysis
was applied to find independent predictors of the
presence of anxiety and the use of HCQ prophy-
laxis among the respondents, and was expressed
as odds ratio (OR) and 95% confidence interval
(CI). The variables found statistically significant
in univariate analysis and clinically relevant were
included in stepwise multiple logistic regression
model with the probability of entry 0.05 and
probability of removal 0.10. A p-value of less than
0.05 was considered significant.

Results

A total of 956 participants were evaluated.
Most participants (67.4%) were in the age group
of 20-30 years, with females (52.4%) being slightly
more common. Majority of the participants were
medical students (45.2%), followed by paramed-
ical students (24.3%) (Table 1).

Overall mean (SD) knowledge score was
9.3 (2.6), being the highest for preventive prac-
tices 4 (1.0). The overall score was higher in
consultants (10.8), and the least in nurses (8.5)
and paramedical students (8.4) (p < 0.001). The
knowledge scores were higher in the older age
group but were not different between males and
females. A similar trend of the association was
seen when analysed for differences in scores relat-
ed to knowledge of clinical aspects of the disease

and related preventive practices. However, not
only the knowledge regarding the use of PPE re-
mained poor across all participants, but also there
were no significant differences in knowledge
among any of the subgroups analysed (Table 2).

The doffing sequence of PPE and the need for
fit testing of N95 masks was known to less than
50% of the respondents. The fact that most of the

Table 1. Baseline and demographic characteristics

Group Subgroup Number [%]
Age [years] <20 226 (23.6)
20-30 644 (67.4)
31-45 71(7.4)
> 45 15(1.6)
Gender Male 455 (47.6)
Female 501 (52.4)
Profession/ Nurses 98 (10.2)
/qualification MBBS students 432 (45.2)
Paramedical students 232 (24.3)
Resident doctors 112 (11.7)
Consultant doctors 82 (8.6)
Having family mem- Yes 506 (52.9)
bers < 5 years or
> 65 years at home No 450 (47.1)
Use of HCQ Yes 173 (18.1)
as prophylaxis
No 783 (81.9)

HCQ — hydroxychloroquine; MBBS — bachelor of medicine and bachelor of
surgery

Table 2. Comparison of knowledge/awareness scores about COVID-19 among various subgroups

Group Subgroup Total score P value cS P value PPE P value PM P value
(out of 15) score score score
(out of 5) (out of 5) (out of 5)
Age [years] <20 8.8(2.7) <0.0001 25(1.2) <0.000 26(1.2) >005 38(1.1) <0.001
20-30 9.3 (2.5) 2.7(1.2) 2.5(1.2) 4.0(0.9)
> 30 10.9(2.0) 3.5(1.2) 2.8(1.0) 4.5(0.7)
Gender Male 9.2(2.6) >005 27(1.3) >005 25(1.1) >05 39(1.0) >0.05
Female 9.5(2.5) 2.8(1.2) 2.6(1.2) 4.0(0.9)
Profession/ Nurses 8.5(2.7) <0.001 23(1.3) <0.000 24(1.2) >005 38(1.00 <0.001
/qualification 1B students 97 (2.2) 3.0(1.0) 26(1.2) 40(0.9)
Paramedical students 8.4 (2.9) 2.2 (1.3) 2.5(1.2) 3.7(1.1)
Resident doctors 9.6 (2.4) 2.8 (1.3) 2.6 (1.1) 4.1(0.9)
Consultant doctors 10.8 (2.1) 3.6(1.2) 2.8(1.0) 4.4 (0.8)
Knowledge 9.3(2.6) 2.7(1.2) 2.6(1.2) 4.0(1.0)
scores

MBBS — bachelor of medicine and bachelor of surgery
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COVID-19 patients do not require hospitalisation
and single negative RT-PCR done on nasal swab
does not exclude the diagnosis of COVID-19 was
poorly known among respondents. The knowl-
edge of ICMR advisory regarding the use of HCQ
prophylaxis was good among respondents, but
was significantly higher in consultants (92.7%),
followed by medical students (91.9%), interns/res-
idents (88.4%) compared to nurses (78.6%) and
paramedical students (82.8%) (p-value < 0.001).

Using the GAD-7 scale, the overall prevalence
of anxiety in our study was 46.9% (25.1% had
mild anxiety, 14.7% had moderate and 7% had
severe anxiety). Using 10 as cut-off value for the
presence of anxiety, 21.8% experienced moderate
or severe anxiety, the highest was among nurses
(38%), followed by paramedical students (29.3%).
Anxiety was higher when knowledge score was
low (27.6% vs 14.7%); both factor were signif-
icant on univariate and multivariate analysis
(p < 0.001). There was no significant association
of anxiety in relation to age, gender or the use of
HCQ prophylaxis by the respondents or those
having family members of extreme age group at
home (Table 3).

In our study, most common factor reported
for causing emotional distress in health care

workers was found to be the non-availability of
the definite cure/vaccine for COVID-19 (32.5%),
followed by the fear of the infection to the dear
ones (20.5%). A lot of information/misinformation
on various media platforms was the most common
responsible factor for anxiety for a significant
proportion of the respondents (12.2%), whereas
shortage of PPE and violence against doctors was
responsible for anxiety among 4.7% and 6.0% of
the respondents, respectively (Table 4).

HCQ prophylaxis was used by 18.1% of the
respondents, which was significantly higher
among consultants (p < 0.001), and those having
family member less than 5 years or more than
65 years of age at home on multivariate analysis
(p < 0.001). Older age group and higher overall
knowledge scores were associated with a signifi-
cantly higher frequency of taking HCQ prophy-
laxis on univariate analysis but were not found
significant on multivariate analysis (Table 5).

Discussion

In this study, we aimed to assess the knowl-
edge gaps, anxiety perceptions and the use of
HCQ prophylaxis among medical/ paramedical
students, nurses, residents and doctors, and we

Table 3. Factors affecting anxiety levels among healthcare students and professionals (univariate and multivariate analysis)

Group Subgroup Anxiety present 0dds ratio (95%Cl)  P-value 0dds ratio (95%Cl)
number [%]
Univariate analysis Multivariate
Age [years] <20 55/226 (24.3) 1
20-30 141/644 (21.9) 0.87 (0.61-1.24) > 0.05
> 30 12/86 (13.9) 0.50(0.25-1.1)
Gender Male 92/455 (20.2) 1
> 0.05
Female 116/501 (23.1) 1.19(0.87-1.62)
Profession/ Nurses 37/98 (37.8) 1 1
/qualification MBBS students 64/432 (14.8) 0.28 (0.18-0.47) 0.32 (0.19-0.52)
Paramedical students 68/232 (29.3) 0.68 (0.41-1.12) < 0.001 0.66 (0.40-1.1)
Resident doctors 24/112 (21.4) 0.45 (0.24-0.82) 0.49 (0.26-0.91)
Consultants 15/82 (18.3) 0.37(0.18-0.73) 0.48 (0.24-0.98)
Having family No 93/450 (20.7) 1
member < 5 years
> 0.05
or > 65 years Yes 115/506 (22.7) 1.12 (0.82-1.5)
of age at home
Use of HCQ No 167/783 (21.3) 1
as prophylaxis >0.05
Yes 41/173 (23.7) 1.14 (.77-1.69)
Overall knowledge Low 144/522 (27.6) 1 1
score . < 0.001
High 64/434 (14.7) .45 (.32-.62) 0.52 (0.37-0.73)

HCQ — hydroxychloroquine; MBBS — bachelor of medicine and bachelor of surgery
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found a large gap in their knowledge. We also
noted high prevalence of anxiety among the
evaluated individuals.

We found a higher level of knowledge among
consultant doctors. A study by Bhagavathula et
al. showed greater and more sound knowledge
regarding COVID-19 in doctors as compared to
other health care workers. They also discovered
that awareness regarding the symptoms of the

Table 4. Factor reported as the strongest reason for anxie-
ty or emotional distress

S.No. Factor responsible for anxiety N [%]
or emotional distress
1. No definite cure or vaccine 311 (32.5)
2. Fear of getting infected or transmitting 196 (20.5)
the infection to your dear ones
3. A lot of information/misinformation 117 (12.2)
on various media platforms
4 Improper health care facilities for patients 75 (7.9)
5 Extended lockdown period by government 74 (7.7)
6. Violence against doctors 57 (6.0)
7 Financial crisis 53 (5.6)
8 Shortage of PPE 45 (4.7)
9 Feeling of being isolated if get infected 28 (2.9)

PPE — personal protective equipment

disease and the use of preventive measures in
interrupting the transmission of COVID-19 was
higher in doctors [11]. Another study demon-
strated similar trends depicting wider knowledge
in doctors compared to nurses and paramedical
staff [12]. Health workers, especially consultant
doctors, seemed well versed in the situation in
our study but the workers from other spheres
as well as students, needed awareness sessions
conducted in a righteous and wholesome man-
ner. This may be due to the fact that consultant
doctors have more knowledge about infectious
diseases because of their better professional
development and experience to manage infec-
tious diseases (particularly HIN1 infections in
the Indian context) with growing age and time.
Ironically, a study by Olum et al. did not find
any difference in knowledge among health care
workers of different cadres and professional
qualifications. A widespread use of international
and government media by the respondents as an
information source was cited as one of the pos-
sible reasons for that. To the contrary, the same
study found greater knowledge in the younger age
group (< 40 years) [13]. The better use of a wide
and diverse source of information platforms by
young people was attributed to the same. Fur-
ther we assessed knowledge scores for various
subdomains and similar trends of knowledge

Table 5. Factors affecting the use of HCQ as prophylaxis among healthcare students and professionals (univariate and

multivariate analysis)

Group Subgroup Use of HCQ as 0dds ratio (95%Cl)  P-value 0dds ratio (95%Cl)
prophylaxis [%]
Univariate analysis Multivariate
Age [years] <20 35/226 (15.5) 1 1
20-30 101/644 (15.7) 1.01 (0.67-1.54) < 0.001 0.79 (0.51-1.24)
> 30 37/86 (43.0) 4.12 (2.36-7.2) 2.42 (0.97-6.07)
Gender Male 92/455 (20.2) 1
> 0.05
Female 81/501 (16.2) 0.76 (0.55-1.05)
Profession/ Nurses 12/98 (12.2) 1 1
/qualification MBBS students 84/432 (19.4) 1.73 (0.90-3.31) 2.08 (1.03-4.2)
Paramedical students 12/232 (5.2) 0.39 (0.17-0.90) < 0.001 0.46 (0.19-1.11)
Resident doctors 30/112 (26.8) 2.62 (1.26-5.47) 3.36 (1.53-7.32)
Consultants 35/82 (42.7) 5.33(2.53-11.25) 2.38(0.95-5.98)
Having family member No 55/450 (12.2) 1 1
< 5 years or > 65 years < 0.001
of age at home Yes 118/506 (23.3) 2.18 (1.54-3.09) 1.78 (1.23-2.57)
Overall knowledge score Low 75/522 (14.4) 1 0.001
High 98/434 (22.6) 1.74 (1.25-2.42) '

HCQ — hydroxychloroquine; MBBS — bachelor of medicine and bachelor of surgery
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gap were observed for the clinical spectrum of
the disease and associated preventive measures
in regard to age and professional qualification
of the respondents. The most impactful finding
of the study is that the knowledge regarding the
use of masks and personal protective equipment
(PPE) remained poor across all respondents. This
highlights many areas which need special sen-
sitisation; most common being the use of masks
and PPE, as it is essential to know the correct
use of PPEs for the safety of HCWs. Studies have
shown that knowledge of disease can influence
preventive practices and attitude of health care
worker to the disease [14]. Poor or inadequate
understanding is not only related with the high-
er risk of acquiring infection among health care
workers but can also lead to delayed or improper
treatment of patients and further spread of infec-
tion. Although various guidelines are available,
the information dissemination among health care
students and workers should be made accessible
at local levels, particularly by arranging training
lectures, seminars, journal clubs and educational
campaigns. We organised a vertically integrated
seminar on COVID-19 bridging the knowledge
gaps in our institute after the results of our study
were obtained.

The psychological effects related to the cur-
rent pandemic are driven by many factors, includ-
ing uncertainty about the duration of the crisis,
lack of proven therapies or a vaccine, and poten-
tial shortages of health care resources, including
personal protective equipment [15]. Health care
workers are also distressed by the effects of social
distancing pitted against the desire to be present
for their families, and the possibility of personal
and family illness. They also experience consid-
erable psychological distress as a result of the
COVID-19 pandemic due to their involvement
in patient care, vicarious trauma, quarantine or
self-isolation.

The overall prevalence of anxiety in our
study was about 47%, and about 22% suffered
from moderate or severe anxiety. Out of the total
participants in the present study, the nursing
staff had significantly higher levels of moderate
or severe anxiety and was also higher in those
who had poor knowledge scores, both signifi-
cant on multivariate analysis. Our findings were
similar to a study by Lai J et al., which reported
a 44.6% prevalence of anxiety among health care
workers using the GAD-7 scale and was found to
be significantly higher in nurses and front line
health care workers [16]. That study also reported
higher anxiety in the female population, but we

did not find any gender differences. In a study
by Sogut et al., 5% of the female midwifery
students had moderate or high levels of anxiety,
and concern was higher if parents or relatives
had some chronic disease, but no relation was
found between knowledge and anxiety levels. In
contrast, having a family member at extremes of
age had no significant association with anxiety
levels [17]. In a systemic review and meta-anal-
ysis by Pappa et al., the overall reported anxiety
prevalence was 37%, which was lower than that
in our study group [18]. However, the nurses
reported higher anxiety in comparison to the
doctors in parallel with the findings of our study.
The widely different demographic profile of the
respondents in the studies may be responsible
for these differences, as in our study, the females
were coping with stress similar to their counter-
parts. Another interesting observation was that
the majority had mild anxiety, emphasising the
need for early diagnosis to prevent the evolution
into a potentially difficult clinical situation.
The similar findings were documented in the
systematic review and meta-analysis [18]. An
important factor responsible for emotional dis-
tress was a plethora of information as well as the
misinformation of the same available in ample
doses on the internet and social media. Hence,
it is advisable to pertain to reliable sources of
information like WHO, CDC, ICMR and national
or state health ministry websites for authentic
information in this era of widespread use of so-
cial media and internet. Although various media
platforms can be a good source of information for
a novel disease like COVID-19 with daily emerg-
ing literature and data, we need to be cautious
about authenticity of the information, particular-
ly to avoid rumour mongering, fear, chaos, panic
and potentially harmful practices [19]. Staying
connected online with loved ones, even as we cut
back on in-person socialising, can help reduce
the feelings of isolation and anxiety originating
from it. Maintaining some kind of routine cou-
pled with a healthy lifestyle along with a good
diet can help maintain a sense of normalcy. Also
indulging in relaxing and soothing activities like
exercise and meditation for the more peaceful
mind is definitely the need of the hour for the
stressed-out health care workers. The sense of
anxiety and uncertainty about the possibility
of contracting COVID-19 is a dynamic process,
and response from health care workers is likely
to vary, as they get accustomed to the pandemic,
although the importance of such knowledge and
relieving the anxiety continue to be there.
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We found that only about 18% of the respon-
dents in our study were taking HCQ prophylax-
is. Although a recent RCT did not show benefit
of HCQQ prophylaxis, the ICMR guidelines (Indian
Council of Medical Research) continue to recom-
mend the same in India, supported by a case con-
trol study [20, 21]. HCQ intake was significantly
higher in consultant doctors, interns, residents,
medical students compared to nursing staff and
paramedical students; and higher among the re-
spondents having extreme age family members at
home, both factors were statistically significant
on multivariate analysis. The higher use of HCQ
in the respondents having extreme age family
members may be associated with fear of trans-
mitting the infection to the age group vulnerable
to the disease. The higher knowledge about the
disease was associated with higher HCQ use on
univariate analysis, but that factor was not signif-
icant on multivariate analysis. A low use of HCQ
in nursing staff despite their direct involvement
in suspected patients’ care is a concern. On the
other hand, among MBBS students who were
not involved directly in the care of suspected
patients, a significant proportion (19.4%) took
HCQ prophylaxis. Better awareness of ICMR advi-
sory among consultant doctors/medical students
compared to nurses/paramedical students can be
one of the reasons for that finding.

Our study uniquely assessed independent
predictors of the use of HCQ prophylaxis among
health care workers and students. The study
draws attention towards the need for better aware-
ness and knowledge regarding ICMR advisory on
the use of HCQ prophylaxis along with potential
benefits and side-effects associated with the drug.
The use of HCQ prophylaxis had no relation to
the anxiety levels of the participants.

There are several limitations to the study.
A large proportion of staff did not respond, sug-
gesting a response bias. Subjective variations of
the individuals and recall bias may have some
impact on the results of the study. The study
was conducted in only one medical college and
hospital of Northern India. Hence, the results may
not be generalised for health care workers from
other hospitals or medical colleges.

Conclusions

The lower COVID-19 knowledge scores were
found to be significantly associated with a higher
likelihood of anxiety and potentially harmful
preventive practices towards COVID-19 epidemic
in this study. The knowledge about masks and

PPE remained poor among all respondents. Our
findings clearly emphasise the importance of pro-
viding health education to health care students
and professionals to increase COVID-19 knowl-
edge, which may also result in improvements
in their anxiety levels and practices towards
COVID-19. The study uniquely assessed inde-
pendent predictors of the use of HCQ prophylaxis
among health care workers and students.
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Appendix 1. Proforma gquestionnaire

1.

2.

3.

Your age (in years)*
O <20
O 20-30
] 31-45
O > 45

Your gender*
[J Male
[J Female

Your professional qualification*
1* year MBBS student

2" year MBBS student

Final part 1 MBBS student
Final part 2 MBBS student
Intern/resident
Faculty/professional doctor
Nursing staff

OooooonOono

Paramedical staff

CLINICAL SPECTRUM OF COVID-19

4.

528

What are the most common symptoms of

COVID-19?*

(1 point)

[J Nasal congestion, sneezing and sore throat

O Fever, diarrhoea and abdominal pain

[0 Breathing difficulty, haemoptysis and
chest pain

O Fever, dry cough and fatigue

“Most of the COVID-19+ patients are sick
and need hospitalisation”. This statement
is...”

(1 point)

L True

O] False

“A negative RT-PCR test performed on prop-
erly collected nasopharyngeal swab ex-
cludes the diagnosis of COVID-19 in sus-
pected patient”. This statement is...*

(1 point)

O True

[J False

ICMR has recommended for pro-
phylaxis of COVID-19 infection in high risk
group?*

(1 point)

[ Ivermectin

O Lopinavir/Ritonavir
0 Hydroxychloroquine
[0 Oseltamivir

O Azithromycin

The following drugs have showed some
promising effects in clinical trials for treat-
ment of COVID-19, except?*

(1 point)

O Remdesivir

O Tocilizumab

[0 Convalescent plasma

[0 Ocrelizumab

0 Hydroxychloroquine

PROTECTIVE PERSONAL EQUIPMENT (PPE)
AND MASKS

9.

10.

11.

PPE includes:*

(1 point)

[0 N95 masks and surgical masks
[0 Gown and gloves

[ Cap, shoe cover and face shield
O All of the above

Tick the correct sequence for donning (put-
ting on) PPE*

1 point

0 Gown, face-mask, goggles, gloves

[0 Face-mask, gloves, gown, goggles

[0 Goggles, face-mask, gloves, gown

O Gloves, face-mask, goggles, gown

Tick the correct sequence for doffing (re-
moving) PPE*

(1 point)

[0 Face-mask, gloves, goggles, gown

O Goggles, face-mask, gown, gloves

0 Gown, gloves, face-mask, goggles

O Gloves, goggles, gown, face-mask
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12.

13.

Which layer acts as anti-viral layer in three-
-layered surgical mask?

(1 point)

O Inner layer

O Middle layer

O Outer layer

[0 All layers act equally

The following statement about N95 masks is

true?*

(1 point)

[J N95 masks are less effective than surgical
masks

[0 The particles size that is used for testing
Respirator Filter Efficiency are 0.5 microns

[0 N95 masks are not needed during aero-
sol-generating procedures

O] It is required to fit test N95 mask before
wearing

PREVENTIVE MEASURES

14.

15.

16.

What is the preferred method for good hand

hygiene to prevent COVID-19 transmission?*

(1 point)

O Alcohol-based sanitiser or hand rub for
10 seconds

[0 Non-alcohol-based sanitiser or hand rub
for 10 seconds

O Alcohol-based sanitiser or hand rub for
20 seconds

O Non-alcohol-based sanitiser or hand rub
for 20 seconds

Precautions that need to be followed to re-

duce chances of being infected or spread of

COVID-19 include?*

(1 point)

[0 Good hand hygiene

OO0 Cover mouth and nose with bent elbow or
tissue paper while coughing or sneezing

[0 Encouraging people to stay at home

O All of the above

To practise social distancing, the minimum
distance to be maintained away from others?
(1 point)

] 2 metres

] 3 metres

] 4 metres

[J 6 metres

17. To best reduce the transmission of COVID-19

in OPD’s...7*

(1 point)

[0 Both doctor and patient should wear the
mask

[0 Doctor should wear the mask

[0 Patient should wear the mask

[0 Either doctor or patient should wear the
mask

18. The minimum percentage of alcohol need-
ed in the handsanitisers for prevention of
COVID-19?*

(1 point)
L 30%
O 50%
O 70%
O 90%

ANXIETY RELATED TO COVID-19 PANDEMIC

19. Feeling nervous, anxious or on edge over last
2 weeks?*

] Not at all

[0 Several days

[0 More than half the days
[0 Nearly every day

20. Not being able to stop or control worrying
over last 2 weeks?*

[0 Not al all

[0 Several days

0 More than half the days
[0 Nearly every day

21. Worrying too much about different things
over last 2 weeks?*

[0 Not al all

[0 Several days

[0 More than half the days
[0 Nearly every day

22. Feel trouble while relaxing over last
2 weeks?*
[0 Not al all
[0 Several days
[0 More than half the days
[0 Nearly every day
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23.

24.

25.

26.

530

Being so restless that it is hard to sit still over
last 2 weeks?*

] Not al all

[0 Several days

[0 More than half the days

[0 Nearly every day

Becoming easily annoyed or irritable over
last 2 weeks?*

[J Not al all

[J Several days

0 More than half the days
0 Nearly every day

Feeling afraid as if something awful might
happen over last 2 weeks?*

[J Not al all

[0 Several days

[0 More than half the days

[0 Nearly every day

Do you have family members < 5 years or
> 65 years of age at home?*

O Yes
O No

27.

28.

Have you or any of your family members
have started HCQ/chloroquine therapy as
prophylaxis for COVID-19? Mark yes, if
taken even a single dose*

O Yes
0 No

Which among the following factors you con-
sider the strongest reason for your anxiety
or emotional distress?*

00 Shortage of PPE
O No definite cure or vaccine
O

A lot of information/misinformation on
various media platforms

Extended lockdown period by government
Violence against doctors
Fear of getting infected

Ooood

Fear of transmitting the infection to your
dear ones

Feeling of being isolated if get infected
Improper health care facilities for patients

OO0

Financial crisis
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Bronchodilatory effects of B-type natriuretic peptide in acute
asthma attacks: a randomized controlled clinical trial

Abstract

Introduction: B-type natriuretic peptide (BNP) regulates different physiological processes such as blood pressure, cardiac
growth, and neural and skeletal development. Thus, the aim of this study w as to evaluate the effect of BNP in the treatment of
acute asthma attacks.

Material and methods: In this randomized clinical trial, patients with acute asthma attacks were enrolled. The patients were divided
randomly into two groups. Patients in the interventional group received BNP via intravenous infusion. Two ug/kg of BNP was injected
as a bolus in 60 seconds. Then, infusion of BNP immediately began and was given in 0.01, 0.02, and 0.03 ug/kg/min doses every
30 minutes for the first 1.5 hours. The patients in the control group received nebulized salbutamol. Afterwards, peak flow meter
findings, hemodynamic parameters, and estimation of the clinical severity of asthma in both groups were checked every 30 minutes.
Results: In total, 40 patients were included in this study. The values of PEFR in the 60" and 90" minutes in the control group
were lower than those in the interventional group. In the 60" minute, the mean of PEFR was 377.3 in the BNP group but 335.95
in the control group (P = 0.049). Moreover, this difference remained significant in the 90™ minute (P = 0.021). However, forced
expiratory volume in one second (FEV,) did not differ between the groups at any time (p > 0.05).

Conclusion: Although a large experimental study is needed to verify our hypothesis, it seems that BNP might be a therapeutic

option in asthma exacerbations, particularly in those with 32 agonist receptor polymorphism.

Key words: bronchodilator agents, asthma, B-type natriuretic peptide, emergency medicine

Introduction

Today, chronic lung diseases such as asthma
are one of the most common causes of disability
and death in human societies. Asthma is the most
common chronic disorder of the respiratory tract
and, in 2011 alone, resulted in 51% of 26 million
US adults diagnosed with the disease reporting an
asthma attack [1]. The burden caused by severe
asthma results in a greater number of resonances,
healthcare utilization, and expenditures [2] which
increase the frequency of hospital admissions by
nearly 50% [3].

High dose 2 agonists, inhaled anticholi-
nergics, and oral corticosteroids are often re-
commended to manage acute exacerbations

Adv Respir Med. 2020; 88: 531-538

[4-8]. However, these are not always effective [9]
because of the resistance due to 2 adrenorecep-
tor gene polymorphism in 30% of patients [10,
11-15] which also impacts the frequently delayed
response to corticosteroids [16-18]. Therefore,
finding other drugs which are also effective in
controlling signs and symptoms in this high-risk
population is necessary.

Natriuretic peptides (NPs), which include
atrial natriuretic peptide (ANP), brain natriuretic
peptide (BNP), and C-type natriuretic peptide
(CNP), regulate different physiological proces-
ses such as blood pressure, cardiac growth, and
neural and skeletal development [19-21]. Mo-
reover, BNP influences a variety of animal and
human respiratory cells by NP receptors such
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as type II alveolar cells, airway epithelial cells,
and airway smooth muscle (ASM) cells [22-25].
Therefore, the administration of BNP can cause
bronchorelaxation in patients with asthma. Cal-
zetta et al. demonstrated that BNP stimulated the
release of acetylcholine (210.7 * 11.1%) from
human bronchial epithelial (BEAS-2B) cells. This
resulted in increased myosin phosphatase target
subunit 1 and nitric oxide synthase gene/protein
expression which enhanced nitric oxide levels
in asthmatic airway smooth muscle supernatant
(35.0 = 13.0%). This shows that BNP protects
against bronchial hyperresponsiveness via an
interaction between the respiratory epithelium
and airway smooth muscle in subjects with asth-
ma [26]. To the best of our knowledge, there are
hardly any sufficient prospective studies on this
subject. Therefore, the present study was designed
to evaluate the clinical efficacy of BNP in allevia-
ting acute asthma attacks in asthmatic patients.

Material and methods

Study design and target group

This prospective, double-blind clinical trial
was conducted in the Emergency Department
of Ahvaz Golestan Hospital in Ahvaz, a city in
the southwest of Iran, from March 2015 to June
2016. The asthma symptoms and peak flow me-
ter findings in patients receiving BNP combined
with standard treatment (intervention group)
were compared to those of patients receiving just
standard treatment (control group). The inclusion
criteria consisted of being referred to the Emer-
gency Department of Ahvaz Golestan Hospital
with a diagnosis of asthma which was confir-
med based on clinical and para-clinical British
guidelines on the management of asthma [12% or
200cc increase in forced expiratory volume in one
second (FEV,) levels after 15 min following admi-
nistration of inhaled short-acting beta-2-agonists
such as salbutamol], having a history of asthma
symptoms (i.e. wheezing, shortness of breath, and
cough), signing a consent form to participate in
the study, being aged between 18-55, not consu-
ming bronchodilators 6 hours before admission to
the emergency department, and having the ability
to perform peak flow meter tests.

Exclusion criteria consisted of having an un-
derlying pulmonary disease (i.e. cancer or laryn-
geal edema), left ventricular dysfunction (diasto-
lic dysfunction with preserved ejection fraction),
eosinophilic pneumonia, systemic vasculitides
(i.e. polyarteritis nodosa), chronic obstructive
pulmonary disease (i.e. chronic bronchitis or em-

physema), interstitial lung disease, a lung mass,
history of chronic bronchitis, coronary artery
disease, a cardiac arrhythmia, pregnancy, lacta-
tion, and/or a mild or severe asthma exacerbation
(predicted FEV, < 25%) that occurred in patients
with a known asthma diagnosis in response to
a “trigger” (i.e. a viral upper respiratory infection,
allergen or irritant exposure, lack of adherence to
medication, or an unknown stimulus). Patients
were also excluded in the case that they were criti-
cally ill and required CPR, had a lack of favorable
response to treatment and a deteriorating clinical
condition requiring the use of other complemen-
tary therapies for the treatment of asthma (i.e.
magnesium sulfate/epinephrine, intubation, or
intermittent positive pressure ventilation), blood
pressure < 100 mm Hg at admission, an allergic
history to BNP, a history of smoking (10 packs
per year), age either below 18 years or more than
55 years, and/or a dissatisfaction to continue par-
ticipation in the study. We also excluded patients
with uncompleted data.

Participants

The participants were randomly allocated
into two groups using a block randomization
procedure with matched subjects in each block
based on age and sex. The study received ethics
approval from the Ethics Committee of Ahvaz
University of Medical Sciences. All participants
gave written informed consent.

After obtaining informed consent, eligible
patients were enrolled. The peak flow meter and
estimation of clinical severity of asthma were
performed in both the control and interventional
groups before administering any drug. Then, ba-
sed on the severity of the asthma attack, asthma
treatment was performed according to standard
protocols. Patients with a mild to moderate
severity of attacks were treated with 2.5 mg of
nebulized racemic salbutamol over 20 minutes in
three doses, as well as 0.5 mg of inhaled ipratro-
pium in 3 doses within 20 minutes. Patients with
extremely severe attacks were treated with 5 mg
of inhaled racemic salbutamol via an inhaler in
three doses over 20 minutes, 0.5 mg of inhaled
ipratropium in three doses over 20 minutes, and
50 mg of oral prednisolone.

Patients in the interventional group received
BNP via intravenous infusion. For this purpose,
2 ug/kg of BNP was injected as a bolus over 60 se-
conds. Standard treatment was the base treatment
in both groups, but BNP infusion was the additive
adjunctive treatment for the case group. BNP in-
fusion consisted of 0.01, 0.02, and 0.03 ug/kg/min
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each for 30 minutes in the first 1.5 hours. If the
patient had a systolic blood pressure < 100 mm
Hg on two separate readings, the infusion was di-
scontinued and the patient was excluded from the
study. Also, if the systolic blood pressure decreased
to 20 mmHg, the infusion was interrupted. If the
patient’s systolic blood pressure improved, infusion
was resumed and the patient was included in the
study. Throughout the study, all patients under-
went cardiac monitoring and pulse oximetry. The
patients’ blood pressure was measured by monitors
approximately every 10 minutes. For all patients,
drugs were injected through a catheter inserted in
the elbow. Patients were treated in a semi-upright
position at an angle of 45 degrees. The patients
in the control group received standard treatment
(nebulized salbutamol). Then, peak flow meter
findings (peak expiratory flow rates [PEFR] and
FEV,), hemodynamic parameters, and estimation
of the clinical severity of asthma in the both groups
were checked every 30 minutes.

Sample size

The sample sized used in these studies was
justified in previous similar studies [29, 30]. For
our study, we determined the sample size accor-
ding to other reviews in literature which showed

that the minimum size for every group was to be
no less than 20 patients.

Data analysis

Data were analyzed and reported only for
patients who completed the trial. Statistical
analysis of the data was performed using SPSS.
To compare qualitative variables between groups,
analysis of non-independent observations were
used which included variance with repeated
measurements (parametric), the Friedman test
(non-parametric), and ANOVA with repeated
measurements for multifactorial, separately for
each group. The two-tailed p-value of < 0.05 was
considered significant.

Results

Forty patients completed the study. Five pa-
tients were removed because they declined to par-
ticipate and did not meet the inclusion criteria.
20 patients were placed into the interventional
group and 20 were placed into the control group
(Figure 1). The mean age of the patients in the
interventional and control groups was 42.7 =
10.38 and 36.65 + 11.25, respectively. 19 patients
(47.5 %) were male (Table 1). Before intervention,

[ Enrollment ]

Assessed for eligibility (n = 45)

Excluded (n = 5)

— Dot meeting inclusion criteria (n = 2)
— Declined to participate (n = 1)

| Randomized (n = 40) |

v

L

Allocation ) v

Allocated to intervention (n = 20)
— Received allocated intervention (n = 20)
— Did not receive allocated intervention
(give reasons) (n = 0)

v Follow-up v

Allocated to intervention (n = 20)

— Received allocated intervention (n = 20)
— Did not receive allocated intervention
(give reasons) (n = 0)

Lost to follow-up (give reasons) (n = 0)
Discontinued intervention
(give reasons) (n = 0)

L

¥ Analysis r

Lost to follow-up (give reasons) (n = 0)
Discontinued intervention
(give reasons) (n = 0)

J

Analysed (n= 20)
— Excluded from analysis
(give reasons) (n = 0)

Analysed (n = 20)
— Excluded from analysis
(give reasons) (n = 0)

Figure 1. Flow diagram
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Table 1. Studied variables during different periods of time in both control and B-type natriuretic peptide group

Group BNP (n = 20) Control (n = 20) P-value
variables
Age, year [mean + SD]’ 42.7+10.38 36.65£11.25 0.085
Sex, male [N (%)] 9 (45) 10 (50) 0.752
Asthma duration, year [mean + SD]’ 3.7+1.68 3.95+2.06 0.677
FEV, [mean + SD] Before intervention 1.67 = 0.43 1.67 = 0.33 0.955
30" min 2.04 = 0.44 1.96 + 0.34 0.54
60" min 2.36 = 0.43 2.29 = 0.44 0.596
90" min 2.7 045 2.58 = 0.47 0.4
PEFR [mean + SD] Before intervention 289.95 = 66.99 279.15 = 54.05 0.578
30" min 335.15 + 66.26 302.45 + 53.82 0.095
60" min 377.3 = 73.62 335.95 + 53.05 0.049
90™ min 427.7 = 78.2 376.9 + 53.42 0.021
PR, per min [mean + SD] Before intervention 89.25 = 7.056 91.4 = 5.16 0.278
30" min 95.9 + 3.07 95.45 + 2.21 0.598
60" min 99.3 + 4.06 98.45 + 2.85 0.498
90" min 95.9 = 2.16 95.45 + 1.46 0.598
RR, per min [mean =+ SD] Before intervention 28.65 = 2.47 28.85 = 2.13 0.786
30" min 22 = 1.58 222+15 0.685
60" min 19.65 = 1.3 19.35 + 0.81 0.39
90" min 15.1 £ 0.78 15.05 = 0.75 0.839
SBP [mm Hg] [mean + SD] Before intervention 121.25 = 5.59 118.5 = 7.45 0.195
30" min 120.5 + 4.26 121.5 + 6.09 0.551
60" min 118.75 = 6.85 119.25 = 4.06 0.781
90" min 118.3 + 6.57 118.65 + 6.99 0.871
DBP, mm Hg [mean + SD] Before intervention 79.5 = 12.55 79.5 £ 10.5 0.99
30" min 75 = 11.35 79 =47 0.158
60" min 75.25 +9.24 795 + 9.3 0.156
90" min 78.75 = 12.96 80.75 = 9.77 0.585
0, saturation [%], [mean + SD] Before intervention 90.8 = 0.76 91.05 = 0.88 0.347
30" min 93.45 = 1.14 93.75 = 1.16 0.417
60" min 95.75 + 0.91 95.25 + 1.61 0.236
90" min 96.75 + 0.85 96.8 = 0.89 0.857
Dyspnea [mean + SD] Before intervention 4 +0.79 425+ 0.5 0.241
At discharge 072 = 0.59 0.75 = 0.57 0.893
Speaking, N [%] Before Sentence 3(15 %) 3(15%) 0.667
intervention  ppase 13 (65 %) 15 (75 %)
Word 4 (20 %) 2(10 %)
At discharge Sentence 16 (80%) 16 (80%) 0.99
Phrase 4 (20 %) 4(20 %)
Wheezing, N [%] Before Mild 2 (10 %) 0 0.127
intervention - piogerate 16 (80 %) 14 (70 %)
Severe 2(10 %) 6 (30 %)
At discharge Mild 18 (90 %) 18 (90 %) 0.99
Moderate 2 (10 %) 2(10 %)

*Parametric. DBP —diastolic blood pressure; , FEV1 — forced expiratory volume in one second; PEFR — peak expiratory flow rates RR — respiratory rate; PR — pulse
rate; SBP — systolic blood pressure;
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Figure 2. Peak expiratory flow rate (PEFR) trend during the study
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Figure 3. Forced expiratory volume in one second (FEV,) trend during the study

the studied variables including peak flow meter
readings, hemodynamic measurements, and clini-
cal findings did not show a significant difference
between the groups (P > 0.05).

Results showed that the means of PEFR in the
60" and the 90" minutes in the control group were
lower than those in the interventional group. In
the 60™ minute, the mean of PEFR was 377.3 in
the BNP group but 335.95 in the control group (P
= 0.049). Moreover, this difference remained si-
gnificant in the 90" minute (P = 0.021) (Figure 2).
However, FEV1 did not differ between the groups
at any time (p > 0.05) (Figure 3). Hemodynamic
parameters such as respiratory rate, pulse rate,
and systolic and diastolic blood pressures did not
differ between the two groups in different periods
of time (p > 0.05) (Figure 4-7). Furthermore, we
found that clinical findings such as speaking and
wheezing were similar in both groups at discharge

(p > 0.05). Finally, the severity of dyspnea was
not different between the two groups at discharge
(0.72 vs 0.75, P = 0.893).

Discussion

According to our results, administering BNP
increased PEFR significantly without having serio-
us side effects or changing hemodynamic parame-
ters. However, the severity of dyspnea at discharge
did not differ in comparison with the control group.

Akerman et al. showed that intravenous (IV)
nesiritide (BNP) is an effective bronchodilator in
patients with asthma. They found that after 180 min
of nesiritide infusion, FEV, and FVC expanded to
2.41 L and 3.65 L, respectively [27]. Orlandi et al.
showed that the effect of BNP on relaxing bronchial
smooth muscle cells is mediated from the epithelium
and is associated with rapid changes in EGFR and
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Figure 4. Pulse rate (PR) trend during the study

150, SBP

140, -

130, 1

gs 120, . I \I jT:

110, I

100, -

90,
Before intervention 30" min 60" min 90" min
Time
—e— BNP Control
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Figure 6. Diastolic blood pressure (DBP) trend during the study
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calcium homeostasis-associated gene levels [28].
Calzetta et al. demonstrated that supernatant from
BEAS-2B cells treated with BNP reduced the hyper-
reactivity of asthmatic smooth muscle cells by shi-
fting the potency of histamine by 1.19-fold but had
no effect in healthy smooth muscle cells. BNP did
not have a direct effect on smooth muscle cells. Bloc-
king muscarinic M2-receptors and iNOS abolished
the protective role of supernatant from BEAS-2B
treated with BNP. BNP stimulated the release of ace-
tylcholine (210.7 + 11.1%) from BEAS-2B cells that,
in turn, increased MYPT1 and iNOS gene/protein
expression and enhanced NO levels in asthmatic
ASM supernatant (35.0 = 13.0%) [26]. Another
study conducted by Matera et al. showed that BNP
induced a weak relaxant activity on carbachol-con-
tracted bronchi in non-sensitized (relaxation: 4.23 +
0.51%) and passively sensitized bronchi (relaxation:
11.31 %= 2.22%). On the other hand, BNP induced
arelaxant activity on his-contracted bronchi in non-
sensitized (relaxation: 42.52 = 9.03%) and in passi-
vely sensitized bronchi (relaxation: 60.57 + 9.58%).
Finally, they acknowledged the modest relaxant role
of BNP in asthma and, possibly, COPD [29]. These
four studies confirmed our results.

However, Nishimura et al. showed a modest
elevation of plasma BNP during acute exacerba-
tions of chronic obstructive pulmonary disease.
It appears that acute exacerbations of chronic ob-
structive pulmonary disease may have an impact
on plasma BNP levels that are not attributable to
heart failure [30].

Study limitation

The results of this study are in contrast with
other studies. This may be due to different sample

sizes, different races with different demographic
features with different chief complaints, and
a lack of controlling for risk factors common in
both conditions.

Conclusions

Although a large experimental study is ne-
eded to verify our hypothesis, it seems that BNP
could be a therapeutic option in the treatment of
asthma exacerbations, particularly in those with
B2 agonist receptor polymorphism.
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Incidence and predictors of chronic thromhoembolic pulmonary
hypertension following first episode of acute pulmonary embolism

Abstract

Introduction: Late obstructive pulmonary artery remodeling presented as CTEPH portends adverse sequelae and therapeutic
challenges. Although progressive dyspnea on exertion beyond three-month period of treatment with anticoagulants is a diagnostic
cornerstone, uncertainty still surrounds early identification and risk factors.

Material and methods: We have conducted a prospective study among survivors of acute pulmonary embolism (PE) who were
treated by anticoagulants for at least 3 months. Patients with preexisting pulmonary hypertension (PH), severe chronic obstructive
pulmonary disease (COPD), and low ejection fraction (EF) in baseline echocardiography (EF < 30%) were excluded. Complete
follow-up for 290 subjects were performed. According to a predetermined stepwise diagnostic protocol, patients with exertional
Dyspnea and PH probable features in echocardiography underwent lung perfusion scan.

Results: Cumulative two-year incidence of CTEPH was 8.6% (n = 25). There was no patient with normal baseline right ventricular
(RV) function in CTEPH group. In the same way, none of these patients had only segmental involvement in baseline CT angiography
(CTA) in CTEPH group. Greater proportion of CTEPH group received fibrinolytic therapy, however the difference was not significant
(2.6% vs 8 %, P = 0.16). Multivariate logistic regression demonstrated significant association of RV diameter, and PAP in baseline
echocardiography as well as RV strain in CTA with development of CTEPH. Corresponding odds ratios were 1.147 (1.063-1.584)
P < 0.0001), 1.062 (1.019-1.106, P = 0.004), and 2.537 (1.041-6.674), P = 0.027), respectively.

Conclusions: We found that incidence of CTEPH was relatively high in the present investigation. RV diameter, baseline PAP and
RV dysfunction were independent predictors of CTEPH.

Key words: pulmonary hypertension, pulmonary embolism, CTEPH, echocardiography, predictor, RV dysfunction

“The Known” facts regarding CTEPH risk
factors are relatively inconsistent. However,
history of recurrent PE or VTE, RV dysfunction,
elevated PAP, RVD and the (RV/LV) ratio >1 are
frequent. Unprovoked pulmonary embolism, ol-
der age, and splenectomy have been mentioned,
too. Besides the incidence varies widely among
different populations.

“The New” findings in our prospective long-
term study were high incidence of CTEPH after
first index PTE and exploration of some important
risk factors. Of those, were RV diameter, baseline
PAP and RV dysfunction as determined via CT
angiographic measures. Furthermore, relative

Adv Respir Med. 2020; 88: 539-547

risks for developing CTEPH were persistent in
majority of subgroups.

Introduction

Chronic thromboembolic pulmonary hyper-
tension (CTEPH) is a serious chronic form of pul-
monary hypertension (PHTN) which is thought
to be caused by deposition of fibrotic material
and vascular remodeling following the initial
pathologic insult of an acute pulmonary embo-
lism (APE). Consequently, a cascade of events
pertaining to inflammation and healing process
occurs leading to elevation of pulmonary arte-
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rial pressure and right ventricular failure [1, 2].
Incidence of CTEPH in observational studies has
been reported in a wide range to be as low as 0.5%
or as high as 9.1% [3-6]. Given that CTEPH is one
of the few etiologies of PHTN potentially curable
by means of pulmonary end artrectomy (PEA) in
addition to high levels of morbidity and mortal-
ity in untreated patients [5], a timely diagnosis
and management is of great value with eminent
prognostic implications.

An essential question is when and how to
screen APE patients for detection of CTEPH [7].
There has been multiple studies [8, 9] linking
several medical and surgical conditions to devel-
opment of CTEPH following an APE episode . Like-
wise, there are also clinical risk scores predicting
the occurrence of CTEPH after APE [10]. However,
limited number of patients and lack of focus on
laboratory data, making their results either un-
representative or incomplete, might have plagued
most of them. In the current study, we sought risk
factors and potential clinical predictors of CTEPH
in APE patients who were followed in Tehran Heart
Center. The main purpose was to form a better
understanding of risk markers as encountered in
clinical practice in a patient with a history of APE
to alert the physician regarding possibility — and
indeed the peril — of developing CTEPH.

Material and methods

A prospective cohort structure was designed
in the present research. The study population
consisted of all consecutive patients who were
diagnosed with first episode of APE between
2014 and 2017 in our hospital. We enrolled all
those patients with first episode of APE who sur-
vived and were fully anticoagulated for at least
three months after admission. Patients who were
already diagnosed with PHTN, those with severe
COPD based on GOLD criteria and patients with
a Left Ventricular Ejection Fraction (LVEF) of <
30 % were excluded from the study. Then we
performed a scheduled follow-up program for
eligible patients with unresolved pulmonary hy-
pertension who were at increased risk of CTEPH.
Primary endpoint of the study was incidence of
CTEPH according to pulmonary perfusion scan.
We have also investigated the occurrence of this
diagnosis using right heart catheterization among
those with positive scan findings.

The diagnosis of CTEPH was made according
to the existing guidelines [7, 11]. In summary, we
defined the diagnosis of CTEPH based on abnor-
mal lung ventilation/perfusion scans despite at

least three months of anticoagulation in patients
with a previous history of APE. The diagnosis
was confirmed if mean pulmonary artery pressure
exceeded > 25 mm Hg at rest with a pulmonary
wedge pressure < 15 mm Hg in right heart cathe-
terization or any of the following criteria was met:
— abnormal ventilation/perfusion scan with at

least one or more segmental perfusion defect;
— an abnormal computed tomography scan.

Experienced echocardiography physicians
to assess right ventricular (RV) size and function
did echocardiographic assessment. RV function
indices like Tricuspid annular plane systolic
excursion (TAPSE), right ventricular systolic
motion (RVSM) and subjective parameters like
tricuspid regurgitation (TR) severity and inferior
vena cava (IVC) plethora were applied. Laboratory
data including D-dimer, high-sensitivity cardiac
troponin (hs-CTnT) and N-terminal proBNP
(NT-ProBNP) levels were gathered, at both base-
line and at prespecified certain points during
follow up. All laboratory measurements were
done using Tehran Heart Center’s Central Labo-
ratory equipment. All demographic, clinical and
laboratory data of patients were extracted from
Tehran Heart Center’s Data Bank (THC-DB). Defi-
nition of right heart strain (RHS) was performed
based on the definition of recent studies which
encompasses different RV to LV size ratios in
addition to IVC(inferior vena cava) plethora and
interventricular septal bowing [12].

Continuous variables were presented as mean
+ SD and categorical variables were expressed
as a percentage. Continuous variables were com-
pared using the standard t-test. Categorical vari-
ables were compared using the chi-square test
or Mann-Whitney U test regarding the presence
or absence of normal distribution. A P value of
less than 0.05 was considered significant. All
statistical analysis was done using SPSS Statis-
tics 25.0 (SPSS Inc, Chicago, IL). Multivariable
Logistic regression analysis with and without
bootstrap was recruited in order to determine
potential risk factors of CTEPH. We have also
evaluated adjusted effects of two major predictors
using subgroup analysis due to decline interac-
tions. Receiver Operating Curves (ROC) graphs
were applied to show association of continuous
variables predicting CTEPH either via pulmonary
scan or right heart catheterization.

Results

Overall, during the study period 359 patients
were initially admitted with a diagnosis of APE.
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359 patients
with APE admitteding

36 Patients died

13 patients died

before follow-up started

during admission

310 patients were enrolled in the study

Based on informed consent:
7 subjects loss to F/U visit

6 subjects refused to F/U echo
7 subjects refused to lung scan

290 patients underwent follow up

103 patients had dyspnea on exertion
> function class Il

Confirmed diagnosis of pulmonary HTN
in follow-up serial echocardiography

sessions in 53 patients. All were referred
to perform lung perfusion-ventilation scan

25 patients had imp

aired lung V-Q scan

Right heart catheterization

Figure 1. Scheme of study population and reasons for exclusion. APE — acute pulmonary embolism; HTN — hypertension

Of these patients, 49 were excluded on different
grounds (Figure 1), of 310 remaining patients
20 (6.5%) were lost to follow-up for various
reasons. To calculate the incidence of CTEPH in
study population we evaluated all patients three
months after their initial presentation, they were
asked about their functional capacity and their
functional class according to New York Heart As-
sociation (NYHA) were determined. All patients
who were in NYHA functional class of 2 and
greater were evaluated with trans thoracic echo-
cardiography (TTE), based on their TTE results
and their RV function we performed lung perfu-
sion scan to detect possible CTEPH in patients
who were symptomatic and had RV dysfunction
in their follow up period. Figure 1 shows steps in
this diagnostic work up and its results.

Tables 1 and 2 have shown the demographic
and baseline clinical characteristics of patients,

physical examination findings and initial lab data
results, electrocardiography, echocardiography
and CT Angiography results upon admission re-
spectively. Mean length of follow-up period was
21 months, which was similar for patients with
CTEPH and the others as well.

Overall, of 290 patients who met the inclu-
sion criteria and whose complete data was avail-
able to us 25 were diagnosed with CTEPH (8.6%).
However, the incidence rate was 3.79% according
to diagnosis via mean systolic PAP > 25 mm Hg in
right heart catheterization. Of note there was no
patient in CTEPH group who had a normal base-
line RV function in echocardiography, they all had
at least some grades of TR and all of them had
more than segmental involvement of pulmonary
vasculature based on CT angiography findings.

Among echocardiography parameters, that
we examined an increased diameter of RV was
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Table 1. Clinical characteristics including lab parameters of patients at baseline of the study

Non-CTEPH CTEPH Total P value
Gender (female) 46.4% (n = 123) 44% (n = 11) 46.2% (n = 134) 0.81
Age (mean) 56.8 61.4 57.2 0.19
Diabetes mellitus 20.4% (n = 54) 28% (n=17) 21% (n = 61) 0.30
Hypertension 41.1% (n = 109) 52% (n = 13) 42.1% (n = 122) 0.29
History of smoking 25.3% (n = 67) 24% (n = 6) 25.2% (n = 73) 0.88
Body mass index (Kg/m?) 29.8 30.3 29.8 0.64
Systolic blood pressure (mm Hg) 129 130 129 0.81
Oxygen saturation 93.1% 90.8% 92.9% 0.053
Neutrophil to lymphocyte ratio 2.78 2.46 2.76 0.39
High sensitivity troponin (ng/ml) 65.9 35.5 63.1 0.12
D-dimer (mg/L) 7 5.4 6.9 0.30
NT-proBNP (pg/mL) 3228 5035 3406 0.38
Episode of unprovoked acute PE 45.5% (n = 120) 52% (n = 13) 46% (n = 133) 0.53
Fibrinolytic therapy 26%(n=17) 8% (n=2) 3.1%(n=19) 0.16
Symptom duration (days) 5.3 6.7 55 0.29

Table 2. Electrocardiographic, echocardiographic and CT angiographic results of patients enrolled in the study upon admission

Non-CTEPH CTEPH Total P value
ECG RBBB Incomplete 14.3% (n = 38) 24% (n = 6) 15.2% (n = 44) 0.27
Complete 7.5% (n = 20) 0% (n = 0) 6.9% (n = 20)
T wave inversion in precordial leads 38.9% (n = 103) 44% (n = 11) 39.3% (n = 114) 0.61
S103T3 47.9% (n = 127) 52% (n = 13) 48.3% (n = 140) 0.69
ECHO RV dysfunction Yes 60 % (n = 156) 100% (n = 25) 63.5% (n = 181) < 0.001
No 40% (n = 104) 0% (n = 0) 36.5 % (104)
TR Yes 88.5 % (n = 231) 100% (n = 25) 89.5% (256) 0.014
No 11.5% (n = 29) 0% (n = 0) 10.5% (n = 29)
IVC plethora Non 51.8% (n = 127) 25% (n = 5) 49.8% (n = 132) 0.015
Severe 24.1% (n = 59) 55% (n = 11) 26.4% (n = 70) 0.006
RVSM (mean) 10.6 9.4 10.3 0.08
TAPSE (mean) 17.7 15.4 17.7 0.016
RV (strain) 33.3% (n = 88) 64% (n = 16) 36% (n = 104) 0.004
RVD 35.4 mm 41.9 mm 35.9 mm < 0.001
CT ﬁngiog- Segmental involvement 16.3% (n = 44) 0% (n = 0) 14.9% (n = 43) < 0.001
raphy

More than segmental involvement

83.7% (n = 220)

100% (n = 25) 85.1 % (n = 245)

CT — computed tomography; ECHO — echocardiography; IVC — inferior vena cava; RBBB — right bundle branch block; RV — right ventricle; RVD — RV diameter;
RVSM — right ventricular peak systolic velocity; TAPSE — tricuspid annular plane systolic excursion

associated with development of CTEPH in fol-
low-up period. In fact multivariate analysis
revealed that with each one millimeter increase
in RV diameter the risk of developing CTEPH
escalates by 10-14%.While a normal IVC diam-
eter and respiratory collapse were protective for

development of CTEPH, these two parameters
being abnormal were predictive of CTEPH de-
velopment in the future. A diagnosis of RV strain
by echocardiography also is predictive of CTEPH
in the follow-up period, based on results from
multivariate analysis it increased risk of CTEPH
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Table 3. Multivariate regression models with and without bootstrap method to determine main risk factors of chronic

thromboembolic pulmonary hypertension

Model 1 Model 2

OR (95% CI ) P value OR (95% CI) P value
WBC 0.97 (0.89-1.210) 0.185 0.95 (0.92-1.340) 0.072
hs-CTnT 0.968 (0.943-0.994) 0.017 0.954 (0.876-1.070) 0.066
NT-proBNP 1.060 (1.010-1.170) 0.033 1.1 (0.96-1.42) 0.169
PAP 1.079 (1.024-1.138) 0.005 1.062 (1.019-1.106) 0.004
(per 5 mm Hg increase)
Sex (male vs female) 0.410 (0.091-1.858) 0.248 0.748 (0.515-1.739) 0.146
Syncope 0.874 (0.636-2.088) 0.297 0.76 (0.69-1.17) 0.178
RVD 1.104 (1.038-1.175) 0.002 1.147 (1.063-1.584) 0.000
(per 1T mm increase)
RV strain in CTA 1.577 (1.668-14.418) 0.009 2.537 (1.041-6.674) 0.027
02 saturation 1.062 (0.951-1.186) 0.162 0.93 (0.731-1.06) 0.063
(per 5 % increase)
Systolic BP 1.018 (0.976-1.061) 0.408
(per T mm Hg)
Platelet 1.230 (0.920-1.870) 0.223
Symptom duration 0.933 (0.796-1.094) 0.394
CAD 6.440 (0.609-68.136) 0.122

Model 1 represents the multivariate logistic regression while Model 2 refers to the same analysis using bootstrapping method. Both models have been adjusted fora,
BMI, heart rate, hemoglobin, baseline creatinine, D-dimer, RVSM, RV dysfunction, diabetes, hypertension, smoking, LVEF, CAD, RBBB and other specific ECG results,
TR severity, initial fibrinolysis, beta blocker use, unprovoked PTE, and statin therapy. WBC — white blood cells; PAP — pulmonary alveolar proteinosis; RVD — RV
diameter; RV — right ventricular; CTA — CT angiography; CAD — computer aided diagnosis

by 2.53 folds. Table 3 have summarized the inte-
grated impacts of different risk factors of CTEPH
derived via two adjusted models. Figures 2 and 3
illustrates the relationship between major risk
factors and incidence of CTEPH .

Discussion

This prospective cohort study was conducted
to: a) establish the incidence of CTEPH in APE
patients who are diagnosed and followed in our
center; and b) find possible clinical, imaging or
laboratory predictors that can help in distinguish-
ing patients who are at high risk of developing
CTEPH in the post admission period.

Incidence of CTEPH was 8.6% among pa-
tients who participated in the present study. This
rate is surprisingly higher than that of outstanding
European and US registries [13-20] that reported
a weighted average of 4%. Nevertheless, it was
lower than values reported in Japanese patients
in a systematic literature review. CTEPH inci-
dence from a Chinese registry was 11% which is
also higher that what we discovered among our
patients [21-23]. The observed discrepancy in

results can be due to several factors, including
quality of patient care, timing of treatment initi-
ation, follow up protocols (routine vs per symp-
tom screening for CTEPH), and modalities used
to detect CTEPH and environmental and genetic
factors that are not measured or adjusted are all
variables which play their own roles.

To date diversity of proposed risk factors for
chronic thromboembolic pulmonary hypertension
has emerged as a substantial issue. A recent sys-
tematic review and meta-analysis have explored
multiple relevant factors extracted from eight
studies. History of recurrent PE or VTE, initial
dysfunction of right ventricle (RV) were the most
frequent ones followed by elevated PAP, right
ventricular diameter and the (RV/LV) ratio >
1. Unprovoked pulmonary embolism, older age,
and size heterogeneity of erythrocytes (RDW)
were also indicated in at least two studies. Other
uncommon correlates stated were as following
:large perfusion defects, higher BNP, having vari-
cose veins, intermediate-risk PE , CT obstruction
index over 30%, hypothyroidism, prolonged
symptom onset prior to index PE, diabetes mel-
litus, history of fibrinolysis or surgical embolec-
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Figure 2. Receiver operating curves showing the predictors of chronic
thromboembolic pulmonary hypertension diagnosed via lung scan.
AUC — area under the curve; PAP — pulmonary alveolar proteinosis;
RVD — RV diameter; RV — right ventricular

tomy [19]. In our study, there was no association
between Unprovoked PE, symptom duration, DM
or thrombolytic therapy with incidence of CTEPH.
However consistent with some of previous reports,
we have also revealed that RV diameter, baseline
PAP, and RV strain comprise a considerable part
of its risk factors [10, 24, 25]. A crucial principle
in this regard is the combination of tests applied
to diagnose CTEPH. Since it is not feasible to
conduct catheterization for all suspected individ-
uals, a constellation of perfusion-ventilation scan,
follow-up echocardiography, and CTA have been
considered in most studies. In our study, RHC was
performed in subjects with a positive lung scan.
Another caveat in researches in this line appears
when asymptomatic patients or those with mild
symptoms develop CTEPH [26]. Thus, relatively
silent CTEPH might be missed if only patients
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— 0, saturation — RVDinmm Reference Line — RVDinmm — NT-proBNP
= NT-proBNP --- PAPmmHg --- PAPmmHg Reference Line
Variables AUC = SE 95 % CI P-value Variables AUC = SE 95 % CI P-value
0, saturation 0.318 = 0.048  (0.223-0.413) 0.007 NT pro-BNP 0.602 = 0.065 (0.474-0.730) 0.215
NT pro-BNP 0.643 = 0.054  (0.537-0.750) 0.033 RVD [mm] 0.785 + 0.057 (0.604-0.847) 0.009
RVD [mm] 0.716 = 0.052  (0.595-0.797) 0.004 PAP [mm Hg] 0.811 = 0.066 (0.612-0.873) 0.003
PAP [mm Hg]  0.782 = 0.051 (0.653-0.851) 0.000

Figure 3. Receiver operating curves showing the predictors of chronic
thromboembolic pulmonary hypertension diagnosed via right heart
catheterisation

with persistent dyspnea of function class > 2 enter
the screening as we did. There is not an agreement
neither about common classifications for RV dys-
function, which we have focused on, nor regarding
the severity of PTE. In fact, beside influence of in-
ter-observer errors, potential measurement biases
and subjective findings in echocardiography, indi-
ces of RV dysfunction such as TAPSE, RVSM, RVD,
RV/LV ratio are not yet consistent. Furthermore,
interpretation of CT angiography and perfusion
scan requires an optimal expertise as well as stan-
dard criteria. Yongping Yu et al. with a prospective
cohort have declared that symptoms- to-treatment
over 1 month, intermediate to high risk embolism,
segmental and sub segmental involvement were
more likely to develop CTEPH [23]. Likewise, the
severity of PTE is composed of clinical PESI score,
hemodynamic status, biomarkers particularly
hs-CTNT, and RV dysfunction according to TTE or
CTA. Thus, a stringent comparison in terms of PTE
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: Relative risk
: (95% CI)
VKA PAP . 1.11(1.03, 3.19)
VKA RV strain in CTA ¢ 2.23(1.65, 4.23)
NOAC PAP --. 1.26(1.02, 4.11)
NOAC RV strain in CTA < 2.35(1.54,5.16)
No fibrinolysis PAP -'-.— 1.25(1.00, 2.09)
No fibrinolysis RV strain in CTA —‘ 2.00(1.67, 5.41)
Fibrinolytic PAP . 1.09(1.02, 3.15)
Fibrinolytic RV strain in CTA —‘ 2.56(1.06, 4.11)
Female PAP {1 1.74(1.03, 6.26)
Female RV strain in CTA ‘ 3.38(0.37, 5.43)
Male PAP = 1.22(0.95, 1.49)
Male RV strain in CTA > 1.64(1.08, 4.97)
Normotensive PAP '— 1.18(1.02, 1.36)
Normotensive RV strain in CTA ‘ 2.51(1.19, 5.21)
HTN PAP ] 1.38(1.03, 5.13)
HTN RV strain in CTA Y 2 3.86(1.01,6.04)
Non-smoker PAP i 1.67(1.03,3.12)
Non-smoker RV strain in CTA ‘ 2.0(1.10, 6.77)
Smoker PAP — 1.47(1.03, 4.12)
Smoker RV strain in CTA ‘ 2.00(1.10, 5.77)
Non diabetic PAP --. 1.30(1.04, 3.17)
Non diabetic RV strain in CTA ‘ 2.82(1.11, 6.91)
DM PAP —.— 1.15(0.89, 1.48)
DM RV strain in CTA < 1.18(0.99, 1.40)
No Statin use PAP | 2.95(0.80, 5.49)
No Statin use RV strain in CTA + 1.18(0.99, 1.40)
Statin use PAP | 1.67(1.02, 4.12)
Statin use RV in CTA > 2.03(1.33, 6.58)
0 1 2 4 5 6 1 8

Figure 4. Subgroup analysis of major risk factors of CTEPH including PAP and RV strain in CTA [missing reference to the table in text]

severity is not available. Although high-risk PTE
patients had not a greater likelihood of CTEPH
in the present study (despite Yongping Yu et al.),
this stratification was applied in our multivariate
analysis. Baseline proportion of patients who had
received thrombolytic agents representing a high-
risk category in their research was comparable to
our results (3.1 vs 5%). However, thrombolytics
might have also accelerated salvage of the clots

but the paradoxical theory describes distal em-
bolization of degraded particles. On the contrary,
we had no patient with IVC filter. Besides 4.5% of
our participants underwent treatment with Novel
oral anticoagulant (NOAC) medications mainly
rivaroxaban. The data regarding the use of NOAC
agents were not available for evaluation of our
findings against that of previous studies. A sub-
stantial difference between our study and previous
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ones pertains to duration of symptoms or symptom
onset to treatment interval. It was 5.5 days show-
ing that timely diagnosis was made for the major-
ity of patients and it was also identical for those
with and without CTEPH. In addition, only 4.48%
of our subjects were symptomatic for 3 weeks or
more while 90.6 % of cases were treated after
1 month in a recent study [23]. Since segmental
and sub segmental branches involvement might
serve as an independent predictor of pulmonary
hypertension, experts have suggested a link
between delayed treatment of PTE and CTEPH.
This concept is explained through propagation
or embolization of the thrombus particles into
distal pulmonary vasculature following deferred
anticoagulation. Therefore, the aggregated clots
become organized in an underlying structure,
which is fulfilled with inflammatory cytokines
as well as fibrosis triggering factors. Although,
all patients identified as CTEPH in this study had
sub segmental obstruction, calculated average of
symptom duration was the same as non-CTEPH
cases.

Although we failed to show the association of
oxygen saturation of individuals at presentation
with incidence of CTEPH in multivariate models,
a borderline statistical significance was achieved.
Indeed, there was a trend toward protective effect
of higher oxygen supply at the time of index PTE.
It was in agreement with few previous reports [6].
In addition, the receiver operating curve (ROC)
analysis have confirmed such an association. We
have also demonstrated that relative risk of CTEPH
incidence was modified via sex. In other words,
the association of RV strain and outcome was
significant in male subjects. By contrast, greater
risk of CTEPH in patients with higher baseline PAP
was only significant for female gender. In the same
way diabetes mellitus and statin regimen after PTE
diagnosis have influenced the association of PAP
and incidence of subsequent CTEPH. Thus, these
relationships were observed in diabetics as well
as those who did not used statins.

Study limitations

There were several limitations and challeng-
es in the present study. We had not collected the
data regarding inflammatory conditions such as
biomarkers like CRP, blood groups, history of
splenectomy, thyroid disorders, anti-phospholip-
id syndrome, Ventriculo-atrial shunts, infected
chronic intravenous lines or pacemakers and
objective evidence of malignancy. Furthermore,
target population did not subtend patients with

recurrent thromboembolism so the results could
be generalized only to survivors of first acute
PTE. The subgroup of patients for whom fibrino-
lytic treatment was applied at the time of index
PTE diagnosis constituted a small fraction of the
total number. However, this feature was similar
when compared between patients with and with
CTEPH. A wide variety of determinants has not
been indicated here since the exact pathophysi-
ology of this long-term complication are unclear,
yet. Adherence to anticoagulant therapy, which
was mainly based on subjective patient reports,
could not be verified neither in the present study
nor in prior reports.

Conclusions

Due to uncertainty and controversy sur-
rounding contemporary risk factors of CTEPH
along with insidious clinical course of this entity,
we still need aggregate body of evidence to iden-
tify its major determinants. Moreover, validation
of the predictors in prospective investigations as
well as targeting the appropriate subset of patients
who have survived pulmonary embolism suffer-
ing chronic symptoms beyond 3 months is of great
value. To best of our knowledge, this is the first
prospective study in Iran, which have focused on
a structured model of diagnosis, incidence and
risk factors of CTEPH.

In a brief look we recruited a stepwise algo-
rithm in prospective diagnosis and follow-up of
the patients: First step was screening echocardiog-
raphy (at baseline and follow up): N = 290. Sec-
ond step included V-Q scan plus pulmonary
CT angiography in all patients with PH (PAP >
40 mm Hg in echocardiography): N = 53. Third
step was RHC for positive results of step 2 which
comprised 25 patients.

Herein, we have demonstrated that a consid-
erable proportion of PTE survivors (8.6%) were
at increased hazard of developing CTEPH over
2 years. This estimate was expected according to
previously reported ranges of 0.1-9%. However, it
was greater than that observed in Europe but less
than the values reported in latest study in China.
However, the incidence rate was 6.55 % according
to diagnosis via systolic PAP > 25 in right heart
catheterization. Furthermore, we found that base-
line PAP, RV strain detected via CT angiography,
and RV diameter were independent measures
predicting CTEPH. Prevailing well-established
stepwise approach to execute screening for pul-
monary hypertension among PTE survives after
3 months appears to be effective.
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Role of ultrasonography in assessment of anatomic upper airway
changes in patients with obstructive sleep apnea

Abstract

Instroduction: Obstructive sleep apnea is a common disorder, characterized by recurrent narrowing and closure of the upper
airway accompanied by intermittent oxyhemoglobin desaturation and sympathetic activation. Ultrasound imaging of the airways
has advantages of being safe, quick, repeatable, portable and widely available. Airway ultrasound can visualize and assess the
mouth and tongue, oropharynx, hypopharynx, epiglottis, larynx, vocal cords, cricothyroid membrane, cricoid cartilage, trachea,
and cervical esophagus.

Material and methods: This study assessed the role of ultrasonography in detecting the level and degree of obstruction of
airway passages in patients with obstructive sleep apnea (0SA) and its relation to OSA severity. It included thirty-three patients
diagnosed as OSA, and ten healthy subjects as a control group. All participants were > 18 years and were subjected to full
medical history, Epworth sleepiness score (ESS), thorough clinical examination, complete overnight polysomnography and neck
ultrasonography.

Results: Ultrasonography findings showed a statistically significant increase in lateral parapharyngeal wall thickness (LPWT) (P
< 0.001) and a significant increase in distance between lingual arteries (DLA) (P < 0.01) among OSA patients. Moreover, there
was a significant statistical decrease in the retropalatal pharynx transverse diameter (RPD) (P < 0.05) in the OSA group compared
to those without OSA. LPWT and DLA are parameters that can be used to predict the severity of 0SA. Combination of LPWT and
RPD can achieve a 100% sensitivity and specificity.

Conclusions: Ultrasound is more objective and convenient than the questionnaire because it doesn't require overnight time
consumption. It is also more relevant than pulse oximetry for examining pharyngeal airspace. Also, this study demonstrated that
submental ultrasonography is sufficiently sensitive for differentiating OSA severity.

Key words: obstructive sleep apnea, neck ultrasonography, upper airway anatomy
Adv Respir Med. 2020; 88: 548-557

Introduction

Obstructive sleep apnea is a common disor-
der, characterized by recurrent narrowing and
closure of the upper airway accompanied by
intermittent oxyhemoglobin desaturation and
sympathetic activation. Diagnosis of OSA can be
indicated by symptomatology and the presence
of known risk factors such as increasing age,
obesity and large neck circumference, although
OSA can occur in individuals with none of these
risk factors [1]. A number of tools and methods

are available for the assessment of sleep health as
self-reported questionnaire instruments. Howev-
er, the gold standard for diagnosis of OSA is the
overnight polysomnography [2].

Due to convenience, inexpensiveness, no
radiation exposure and office-based procedure,
an increasing number of physicians uses ultra-
sonography (US) to examine the neck. Several
studies also demonstrate the role of US in de-
tecting anatomic risk factors for OSA, including
parapharyngeal pad and the tongue [3]. Airway
ultrasound can visualize and assess the mouth
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and tongue, oropharynx, hypopharynx, epiglot-
tis, larynx, vocal cords, cricothyroid membrane,
cricoid cartilage, trachea and cervical esoph-
agus. Neck ultrasound can measure coronal
mid-tongue base thickness (CTBT), sagittal mid-
tongue base thickness (STBT), retropalatal phar-
ynx transverse diameter (RPD), distance between
lingual arteries (DLA), lateral parapharyngeal
wall thickness (LPWT). It can detect both the
anatomic characteristics, the dynamic changes
of pharyngeal airspace and discriminate OSA
severity [4]. Different treatment options are now
available for effective management of OSA. Pos-
itive airway pressure (PAP) provides pneumatic
splinting of the upper airway and is effective in
reducing apnea-hypopnea index (AHI). PAP may
be delivered in continuous (CPAP), bi-level (Bi-
PAP), or auto-titrating (APAP) modes [5].

This study investigated the role of ultraso-
nography in detection of the level and degree of
obstruction of the airway passages in patients
with OSA and its relation to OSA severity.

Material and methods

This is an analytical case/control study that
was performed as a collaborative work between
the sleep unit and chest ultrasonography unit,
Chest Department, Faculty of Medicine, Cairo
University, during the period between January
2017 and October 2018. The study included
thirty-three patients diagnosed as OSA and ten
healthy subjects as a control group. All patients
met the following eligibility criteria: physician
confirmed diagnosis of OSA, age > 18 years, and
on a regular medication regimen for OSA. All per-
sons with tracheostomy, evident underlying cause
of any sleep disorders such as alcohol intake or
endocrinal disorders such as hypothyroidism
or acromegaly, patients with abnormalities in
the soft palate or upper airway and those with
underlying heart disease (e.g., organic valvular
heart diseases, dysrhythmias, cardiac tamponade
and pericardial effusion) were excluded from the
study. The study was ethically approved by the
institutional research ethics committee. Informed
consent was obtained from all participants. All
subjects underwent detailed clinical evaluation,
including history taking, clinical examination,
Epworth sleepiness score, Electrocardiogram,
echocardiography. Complete overnight poly-
somnography was performed over a whole night
(8-hour sleep). The study started at 10 PM. until
6 A.M. using SOMNOscreen™ plus Polysomnog-
raphy with digital IR-Videometry (Germany).

Data obtained included:

— Apnea: complete cessation of airflow breath-
ing at the nostrils and mouth for at least 10
seconds or longer.

— Hypopnea: decrease in rate and depth of
breathing by 50% for 10 seconds or longer.

— Apnea-hypopnea index (AHI): average num-
ber of apnea and hypopnea per hour of sleep.
Persons with AHI < 5 are not considered to
have OSA. In contrast, AHI > 5 and < 15, AHI
> 15 and < 30, and AHI > 30 are classified as
mild, moderate, and severe, respectively [6].

— Other measured variables are total sleep time,
sleep efficiency, sleep stage percentage, sleep
stage latency, arousals, respiratory distur-
bance index (RDI), snoring, body position,
oxyhemoglobin saturation, limb movements
and arrhythmias.

— The system records sleep stages by electro-
encephalography (EEG), electrooculography
(EOG) and electromyography (EMG). EEG
was used to monitor sleep stages and identify
sleep latency and arousal. EOG was applied to
monitor both horizontal and vertical eye move-
ments to document the onset of REM and slow
rolling movements accompanying the onset of
sleep. EMG records atonia during REM or lack
of atonia in REM-related parasomnia.

Neck ultrasonography was done using Hi-
tachi EUB-7000 in the ultrasound unit, Chest
Department, Kasr Al-Ainy Hospital. All cases
were examined by B-mode and Doppler scan with
curvilinear transducer (2-5 MHz). Ultrasound
examination was done on the day after overnight
polysomnography. All sonographic measurements
were made by the same well-trained operator in
ultrasonography who was blinded to the polysom-
nographic data. The study subjects laid supine on
the examination couch. The neck of the patient
was slightly extended with the infraorbital meatal
baseline (the line joining infraorbital margin and
the ear tragus) perpendicular to the scanning table.

Measurements obtained included:

— Retropalatal pharynx transverse diameter
(RPD): ultrasonography scanning from the
hyoid bone to the external auditory meatus
at the level of oral pharynx, then the probe
is tilted downward to locate the retropalatal
pharynx which is defined as air column at
the highest plane near the uvula. RPD is
determined by the outer margin of the air
column (RPD) (Figure 1A).

— Distance between lingual arteries (DLA): in
the same previous ultrasonography scanning
position, the lingual arteries were observed
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by power Doppler scan on both sides of the
lower lateral border of the tongue base. The
distance between lingual arteries (DLA) was
measured (Figure 1B).

Coronal mid-tongue base thickness (CTBT):
in the same previous coronal ultrasonogra-
phy scanning position, the mid-tongue base
thickness (CTBT) was measured (Figure 1C).
Sagittal mid-tongue base thickness (STBT):
from the previous coronal ultrasonography
scanning position the probe was rotated 90°
into the sagittal position, then the sagittal
mid-tongue base thickness (STBT) was mea-
sured (Figure 1D).

Figure 1. A. Retropalatal pharynx transverse diameter, geniohyoid
muscle (GH), mylohyoid muscle (MH), genoidglossus muscle (GG).
Retropalatal pharynx is represented by the hyperechogenic line (hollow
arrows). B. Distance between lingual arteries, geniohyoid muscle (GH),
mylohyoid muscle (MH), genoidglossus muscle (GG). Lingual arteries
(hollow arrows). C. Coronal mid-tongue base thickness, geniohyoid
muscle (GH), mylohyoid muscle (MH), genoidglossus muscle (GG).
D. Sagittal mid-tongue base thickness, geniohyoid muscle (GH), mylo-
hyoid muscle (MH), genoidglossus muscle (GG). E. Lateral parapharyn-
geal wall thickness, internal carotid artery (ICA). The hyper echogenic
line represents the air in the pharynx (hollow arrows)

Lateral parapharyngeal wall thickness (LPWT):
the oblique coronal plane of the parapharyn-
geal space was scanned with the transducer
longitudinally placed on the lateral side of
the neck, just underneath the lateral border
of the occipital bone. The long axis of the ip-
silateral internal carotid artery was identified
with color application. The lateral wall of the
pharynx appeared as an echogenic line on
real-time ultrasound, whereas the lumen of
the pharynx was completely obscured by gas
shadowing. Vibration artifacts occasionally
occurred when the subjects swallowed, which
also helped to confirm the location of the
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pharynx. The distance between the internal
carotid artery and the echogenic surface of the
pharynx represented the LPW thickness in an
oblique coronal plane. All the measurements
were recorded on frozen images when the lat-
eral wall of the pharynx moved farthest away
from the transducer (Figure 1E).

Statistical methods

Data were statistically described in terms of
mean * standard deviation ( = SD), range, fre-
quencies (number of cases) and/or percentages
when appropriate. Correlation coefficient was
used to find the strength of association between
numerical variables — that is, anthropometric
measurements, submental US measurements, and
PSG parameters. Receiver operating characteris-
tics (ROC) analysis was used to determine the
optimal cutoff values of the individual anatomical
US indices and individual anthropometric indi-
ces for predicting and screening for OSA using
computer-generated randomization of the OSA
patients with complete data, multivariate analysis
of the patient group. Pearson correlation (r) was
used to detect association between quantitative
variables. Accuracy was represented using the
terms sensitivity, specificity, +ve predictive val-
ue, —ve predictive value, and overall accuracy.
Multivariate logistic regression analysis models
were used to test for the preferential effect of
the independent variable(s) on the occurrence
of OSA. Probability (P-value) is considered sig-
nificant if < 0.05 level. All statistical calcula-
tions were performed manually as well as using
computer program SPSS (Statistical Package for
the Social Science; SPSS Inc., Chicago, IL, USA)
version 22 for Microsoft Windows.

Results

This study comprised two groups. The group
1 included OSA patients (n = 33): 15 males
(45.5%) and 18 females (54.5%), their age range
was 39-75 years with mean += SD of 57.76 =
7.84 years, their body mass index (BMI) ranged
from 28.10 to 66.10 kg/m* with mean + SD of
43.30 + 10.11 kg/m®*. They were subdivided ac-
cording to polysomnography results into mild OSA
(5 < AHI < 15) patients (9/33, 27.2%), Moderate
OSA (15 < AHI < 30) patients (12/33, 36.4%) and
Severe OSA (AHI > 30) patients (12/33, 36.4%).
The group 2 included 10 healthy individuals as
a control group that comprised 5 males (50%) and
5 females (50%), their age range was 35-58 years
with mean + SD of 48.00 * 7.85 years, their BMI

range was 25-45.80 kg/m* with mean * SD of
32.08 = 6.67 kg/m*. The most common sleep-relat-
ed symptoms among OSA patients were excessive
daytime sleepiness (EDS) 28/33 (84.8%), nocturia
27/33 (81.8%), snoring 26/33 (78.8%) and morn-
ing headache 25/33 (75.8%), and the difference
between the cases and controls was statistically
significant. There was a statistically significant
difference between OSA cases and the controls re-
garding mean age (57.76 * 7.84vs48.0 = 7.85;P <
0.01), BMI (mean = SD = 43.30 = 10.11 vs 32.08 =
6.67; P < 0.001), neck circumference (mean + SD
= 43.24 = 2.69 vs 38.20 = 1.23; P < 0.001) and
ESS (mean = SD = 16.15 = 3.12 vs 3.50 *= 2.84;
P < 0.001). No statistically significant difference
between the cases and controls regarding diabetes
mellitus and hypertension was found. But the
difference in incidence of ischemic heart disease
between OSA cases (19/33, 42.4%) and the controls
(1/10, 10%) was statistically significant (P < 0.05).
Polysomnography and neck ultrasonogra-
phy data of the studied groups was presented in
Table 1, and it revealed a statistically significant
difference between OSA cases and the controls
regarding A+H/h in supine position, respira-
tory-related leg movements (Resp-LMs) index,
minimal and average oxygen saturation (%),
SpO, Time < 90%, oxygen desaturation index,
apnea index, hypopnea index, AHI and arrhyth-
mia index. In regard to ultrasonography findings,
anatomical parameters showed a statistically sig-
nificant increase in LPWT (P < 0.001) and DLA
(P < 0.01) among OSA patients in comparison to
the controls. Moreover, there was a significant
decrease or shortening in the RPD (P < 0.05) in
OSA patients than among the controls. There was
a significant positive correlation between LPWT
and neck circumference [correlation coefficient (r)
=0.571,P < 0.001) and BMI (r = 0.328, P < 0.05)
and a significant positive correlation between
DLA and neck circumference (r = 0.384, P <
0.05). In addition, there was a significant negative
correlation between RPD in all the studied groups
and neck circumference (r = -0.407, P < 0.01).
The correlation between neck ultrasonogra-
phy findings and polysomnography parameters
among all studied groups showed that LPWT is
negatively correlated with baseline oxygen satu-
ration (r = -0.320, P < 0.05) and average oxygen
saturation (r = -0.483, P < 0.001), while it was
positively correlated with SpO, time < 90% (r =
0.445, P < 0.01), oxygen desaturation index (r =
0.545, P < 0.001), apnea index (r = 0.393, P <
0.01), hypopnea index (r = 0.550, P < 0.001), AHI
(r = 0.586, P < 0.001), A+H/h in supine position
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Table 1. Polysomnography and ultrasenography data of the studied groups

The studied groups P value
0SA patients (N = 33) Control (N = 10)

Polysomnography data
Total sleep time (TST) [min] (mean = SD) 292.85+90.42 345.70+59.07 > 0.05
Total sleep period (SPT) [min] mean = SD 339.21+78.00 377.50+39.51 > 0.05
Sleep efficiency (mean = SD) 85.63+20.20 84.7+94.45 > 0.05
Wake index (mean = SD) 4.92+5.36 7.08+8.55 > 0.05
Flow limitation index % total (mean + SD) 3.01+8.29 13.67+12.32 > 0.05
% of sleep in supine position (mean = SD) 75.95+28.86 81.48+22.70 >0.05
A-+H/h in supine position (mean = SD) 28.00+=21.98 1.49=1.54 < 0.001
Isolated LMs index (mean = SD) 16.15+16.74 16.35+13.18 > 0.05
Resp-LMs index (mean = SD) 29.94+39.80 0.40 £0.55 < 0.001
Minimal oxygen saturation [%] (mean = SD) 68.09+12.63 83.40 £10.12 < 0.001
Baseline oxygen saturation [%] (mean =+ SD) 90.58+5.88 92.90 +4.28 > 0.05
Average oxygen saturation [%] (mean = SD) 87.41+6.94 92.50 =4.74 < 0.05
Sp0, time < 90% [%] (mean = SD) 48.63+32.26 20.54 £32.41 < 0.01
Oxygen desaturation index (mean = SD) 44.51+26.33 5.25+5.96 < 0.001
Apnea index (mean = SD) 13.75+15.81 5.25+5.96 < 0.001
Hypopnea index (mean = SD) 17.66+13.90 1.39+1.30 < 0.001
AHI (/h) (mean = SD 32.05+22.79 1.63=1.64 < 0.001
Snore index (mean = SD) 158.51+172.41 128.24+151.15 > 0.05
Arrhythmia index (mean + SD) 66.12+129.02 0.41+0.49 < 0.001
Neck ultrasonography data
RPD [cm] (mean + SD) 1.61+0.82 2.32+0.28 <0.05
DLA [cm] (mean =+ SD) 2.63+0.47 2.07+0.48 < 0.01
CTBT [cm] (mean + SD) 6.56+0.67 6.72+0.77 > 0.05
STBT [cm] (mean = SD) 7.26=+0.73 7.11=0.70 > 0.05
LPWT [cm] mean = SD 4.59+1.01 3.41+0.71 < 0.001

CTBT — coronal mid-tongue base thickness; DLA — distance between lingual arteries; LPWT — lateral parapharyngeal wall thickness; N — number; Resp-LMs —
respiratory-related leg movements; RPD — retropalatal pharynx transverse diameter;SD — standard deviation; STBT — sagittal mid-tongue base thickness. P value

< 0.05 is significant

(r = 0.542, P < 0.001) and arrhythmia index (r
= 0.354, P < 0.05). DLA is negatively correlated
with minimal oxygen saturation (r = -0.501, P <
0.001) but positively correlated with SpO, time <
90% (r = 0.402, P < 0.01), oxygen desaturation
index (r = 0.368, P < 0.05), Apnea index (r =
0.317, P < 0.05) and AHI (r = 0.328, P < 0.05).
Also, there was a significant positive correlation
between Resp-LMs index and LPWT (r = 0.326, P
< 0.05), DLA (r = 0.353, P < 0.05) and a negative
correlation with RPD (r = -0.320, P < 0.05).
From receiver operating characteristic (ROC)
curve for prediction of OSA using neck ultraso-
nography parameters, a cutoff value of 3.47cm for
LPWT showed sensitivity of 100% and specific-

ity of 60%, and the area under the curve (AUC)
was 0.855, with high statistical significance (P
< 0.001), and it was the most predictive for the
presence of OSA, followed by DLA with a cutoff
value of 2.105 cm (AUC = 0.785, sensitivity:
90.9%, specificity: 60%, P < 0.01), then RPD with
a cutoff value of 1.65 cm as the least predictive
diagnostic parameter of OSA (AUC = 0.750,
sensitivity: 54.5%, specificity: 100%, P < 0.05)
(Figure 2). So, the combination of LPWT and RPD
results can achieve a 100% sensitivity and a 100%
specificity. Also, LPWT was found to be useful
in predicting OSA severity as there was a statis-
tically significant difference between its value
in mild and moderate OSA cases (mean + SD =
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Table 2. Collective comparison of P value between neck ultrasound parameters in the four study groups

Normal Normal vs Normal vs Mild 0SA vs Mild 0SA vs Moderate 0SA

vs mild 0SA moderate 0SA severe 0SA moderate 0SA severe 0SA vs severe 0SA
RPD 0.004 0.123 0.107 0.219 0.148 1.000
DLA 0.095 0.006 0.036 0.247 0.554 0.347
CTBT 0.968 0.674 0.974 0.917 0.972 0.630
STBT 0.497 0.314 0.628 0.651 1.000 0.977
LPWT 0.065 0.002 0.001 0.034 0.018 0.514

RPD — retropalatal pharynx transverse diameter; DLA — distance between lingual arteries; CTBT — coronal mid-tongue base thickness; STBT — sagittal mid-tongue
base thickness; LPWT — lateral parapharyngeal wall thickness. P value < 0.05 is significant

3.99 = 0.39vs 5.08 = 1.43; P < 0.05) and between
mild and severe OSA cases (mean + SD = 3.99 +
0.39 vs 4.55 * 0.50; P < 0.05). LPWT was also
significantly lower in the normal controls (mean
+ SD = 3.41 *= 0.71) than moderate and severe
OSA patients (P < 0.01 and 0.001 respectively).
Also, DLA was significantly lower in normal con-
trols (mean + SD = 2.07 = 0.48) than moderate
(mean = SD = 2.75 *= 0.50) and severe (mean =+
SD = 2.60 = 0.46) OSA cases (P < 0.01 and 0.05,
respectively). In addition, RPD was significantly
lower in mild OSA cases than normal controls
(mean = SD = 29.43 = 17.13 vs mean = SD =
34.61 = 14.11; P < 0.001). Collective comparison
of P value between neck ultrasound parameters in
the four study subgroups was shown in Table 2.

Discussion

Obstructive sleep apnea is considered the
most severe form of sleep-related breathing dis-
orders. It can result in cardiovascular diseases,
metabolic dysregulation, and neuro-cognitive
dysfunction. Early diagnosis and intervention
with continuous positive airway pressure (CPAP)
can effectively improve airway patency, daytime
wakefulness, blood pressure, metabolic abnor-
malities, and the quality of life [7]. Sub-mental
US can detect both the anatomic characteristics,
the dynamic changes of pharyngeal airspace and
discriminate OSA severity [4]. The study inves-
tigated the role of ultrasonography in detecting
anatomic upper airway changes in OSA patients
and was trying to assess the value of these ana-
tomical findings in prediction of OSA.

The mean age of the studied OSA patients
was significantly higher than the controls’. This
was consistent with Waterman et al. [8] who
found that age is one of the most significant risk
factors for OSA with mean + SD value of 67.87 =

5.92 years, as age is a well-known risk factor as-
sociated with changes in the upper airway tone,
pharyngeal fat distribution and the development
of comorbid diseases. La Grotte et al. [9], Chen
et al. [10], Jehan et al. [11] and Gray et al. [12]
have shown a correlation between the prevalence
of OSA syndrome and obesity (with BMI of 25—
29.9 kg/m?, 25-29 kg/m? 28-31 kg/m* and more
than 30 kg/m? respectively). In a longitudinal
analysis of a subset (n = 690) of the Wisconsin
cohort with a 4-year follow-up, Peppard et al.
[13] have shown that a 10% increase in weight is
associated with a 6-fold greater risk of developing
OSA among persons initially free of OSA. These
findings were in harmony with our results.

The neck circumference of the study patients
ranged from 38 to 49 cm with a mean + SD of
43.24 = 2.69 cm (17 = 1 inches). The current
study agreed with several studies done by Me-
deiros et al [14] and Simpson et al. [15] who found
that a large neck circumference was predictive of
OSA in the general population, and it is consid-
ered a significant marker for central obesity and
has been associated not only with OSA but also
with increased cardiovascular risk and insulin
levels in OSA patients. Neck circumference
cut-points predicting OSA risk are > 17 inches
(43.2 cm) and 16 inches (40.6 cm) for males and
females, respectively. This study agreed with
Christensen et al. [16], who evaluated the validity
of ESS in diagnosing SDB and found a signifi-
cant positive correlation between ESS and AHI.
They concluded that if ESS > 10, SDB should
be suspected. Sleep apnea increases the risk of
hypertension, cardiovascular disease, and cere-
brovascular disease [17]. In agreement with our
findings, Shah et al. [18] and Garcia-Rio et al. [19]
reported that mild-severe OSA is an independent
risk factor for MI and a risk of recurrent MI and
revascularization was lower in OSA patients who
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Figure 2. A. Receiver operating characteristics (ROC) curve for pre-
diction of obstructive sleep apnea (0SA) using neck ultrasound param-
eters. B. ROC curve for prediction of OSA using retropalatal pharynx
diameter. DLA — distance between lingual arteries; CTBT — coronal
mid-tongue base thickness; STBT — sagittal mid-tongue base thick-
ness; LPWT — lateral parapharyngeal wall thickness

tolerated CPAP. This study revealed a statistically
significant difference between OSA patients and
controls regarding EDS (P < 0.001), nocturia (P <
0.001), snoring (P < 0.01) and morning headache
(P < 0.05). This was consistent with Xie et al. [20]
who reported that EDS is a chief clinical conse-
quence among patients with SDB and is directly
related to the severity of sleep apnea.

Regarding the comparison between OSA pa-
tients and controls in polysomnography and neck

ultrasonography data, our results were consistent
with Bidarian-Moniri et al. [21], who found al-
tered AHI depending on the position and were in
accordance with Yousef and Alkhiary [22] who
reported significantly higher oxygen desaturation
index and significantly lower minimal oxygen sat-
uration in OSA patients than controls. As expect-
ed, AHI demonstrated significantly higher values
in OSA patients than controls in this study (mean
+ SD = 32.05 + 22.79; vs mean = SD = 1.63 *
1.64; P < 0.001). Spicuzza et al. [23] mentioned
that snoring, male gender, middle age, menopause
in women, obesity and a variety of craniofacial
and oropharyngeal features such as a large neck
circumference, retro- or micrognazia, nasal ob-
struction, enlarged tonsils/adenoids, macroglossia
and low-lying soft palate are all important factors
in pathogenesis of OSA which could explain
a higher AHI among these groups. The prevalence
of arrhythmia in OSA patients was significantly
higher than in controls (arrythmia index: mean =+
SD =66.12 + 129.02 vs mean = SD = 0.41 + 0.49;
P < 0.001). Hypoxemia, reoxygenation, hypercap-
nia, negative intrathoracic pressure, arousal, sleep
deprivation and hypertension that are associated
with OSA affect electrical stability and increase
the risk of arrhythmias. Likewise, Almeneessier
et al. [24] found that arrhythmia in OSA patients
was higher than in controls (26.9% vs 11.5%; P <
0.001) with higher incidence of premature atrial
contraction, premature ventricular contraction
(PVC) and atrial fibrillation in OSA patients.
Regarding correlations between neck US
measurements and polysomnography parameters,
our results agreed with Shu et al. [4] and Liu et
al. [25] who found that enlargement of soft tissue
structures, particularly the LPW, is associated
with an increased likelihood of OSA. In addition,
enhancement of LPWT is the principal cause of
OSA among patients presenting to sleep disor-
ders centers. Again, Lan et al. [26] reported that
increased LPWT was the main cause of airway
collapse, and this was significantly associated
with higher oxygen desaturation index, higher
AHI, higher apnea index, lower minimal SaO,,
and higher SpO, time < 90%. This study revealed
a highly significant positive correlation between
LPWT and A+H/h in supine position, and this
was confirmed by Yalciner et al. [27] who found
that supine position makes the upper airway
collapsible by the tongue and mandible, which
is thought to be responsible for the worsening of
OSA compared with non-supine position. Also,
LPWT and DLA were significantly lower among
this study normal subgroup than in moderate and
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severe OSA subgroups, and this was in agreement
with Bilici et al. [7] who stated that submental
US can be used to precisely measure tongue and
lateral pharyngeal wall dimensions by integrating
the information. The LPWT and DLA correlate
with severity of OSA as well. Lahav et al. [28],
Yonatan et al. [29] and Li et al. [30] concluded
that, when DLA exceeded 30 mm, the risk for
OSA was significantly increased and reported
that, with cutoff point of 30 mm for DLA, the
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Figure 3. A study of the case with obstructive sleep apnea. A. Coro-
nal tongue base thickness (CTBT). B. Sagittal tongue base thickness
(STBT). C. Retropalatal pharynx diameter (RPD). D. Distance between
lingual arteries (DLA). E. Lateral parapharyngeal wall thickness (LPWT).
GG — genioglossus muscle; GH — geniohyoid muscle; MH — mylo-
hyoid muscle

sensitivity, specificity, and accuracy for screen-
ing and diagnosis of OSA were 71.3, 74.7, and
63.6%, respectively, which was very close to our
results. This study demonstrated that DLA is
negatively correlated with minimal oxygen satu-
ration and positively correlated with SpO, time
< 90%, oxygen desaturation index, AHI and ap-
nea index. This was in agreement with a study
done by Ahn et al. [31] who found that absolute
tongue volume showed stronger associations with
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lowest O, saturation during sleep than with the
severity of AHI. Retropalatal pharynx transverse
diameter was significantly lower in the mild OSA
group than in the normal group in the present
study. This finding was in agreement with Ali and
Muhammad [32] who found a highly significant
decrease in RPD in OSA patients compared to the
controls. In addition, they observed significant
progressive shortening and narrowing for RPD
with progression of OSA severity and AHI. Also,
Zhang et al. [33] reported that shorter retro-palatal
distance was associated with higher AHI.

In the present study, STBT and CTBT were
not significantly different between OSA patients
and the control groups. Similar to our findings,
Okubo et al. [34], lida-Kondo et al. [35], Shigeta
et al. [36] and Ahn et al. [31] found that tongue
volume was not significantly different between
OSA patients and the controls, and tongue vol-
ume did not correlate with BMI, AHI or RDI.
Also, this study showed a significant positive
correlation between Resp-LMs index and LPWT
(r = 0.326, P < 0.05), DLA (r = 0.353, P < 0.05)
and a negative correlation with RPD (r = -0.320,
P < 0.05). In addition, a significant positive cor-
relation was found between STBT and isolated
LMs index. This was explained by Manconi et al.
[37] who mentioned that respiratory-related leg
movements are provoked by respiratory-related
arousals and because of the periodic nature of
obstructive respiratory events, they “mimic” pe-
riodic leg movements. Thus, they are considered
unique from periodic leg movements that occur
as part of the phenotypic spectrum of restless
legs syndrome.

The main limitation of the present study
is that the cases and the control group are not
matched in respect to age, BMI or neck circumfer-
ence, which has definitely affected the ultrasound
parameters, so we tried to divide OSA patients
into grades and correlating these grades with
ultrasound measurements for more accurate com-
parisons. In conclusion, sleep-related breathing
disorders represent a spectrum of abnormalities
ranging from simple snoring to upper airway
resistance syndrome to sleep apnea. This study
tried to highlight the role of ultrasound in OSA as
a more objective tool than the questionnaire, more
convenient because it does not require overnight
time consumption and more relevant than pulse
oximetry for examining the pharyngeal airspace.
This is supported by the very good sensitivity
in the present study, which demonstrates that
submental US is sufficiently sensitive for differ-
entiating OSA severity.
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Study of inflammatory biomarkers in COPD
and asthma exacerhations

Abstract

Introduction: Exacerbations are critical events in the course of asthma and chronic obstructive pulmonary disease (COPD). These
events are potentially life-threatening, and the studies have shown that they have tremendous implications on long-term disease
control and the overall prognosis of the patients. The aim of this study was to examine adipokines, cytokines and C-reactive
protein (CRP) as potential biomarkers in asthma and COPD.

Material and methods: Prospective cohort study of COPD and asthma patients treated for acute exacerbations. Thirty-nine COPD
patients and 15 asthmatic patients were included in the study. Leptin, adiponectin, resistin, interleukin (1l)-6, 8, 18, tumor necrosis
factor-a (TNF-«), and CRP were measured at three time points: on admission, at resolution and at the stable phase. Pre- and
post-bronchodilation spirometry was additionally performed at resolution and at the stable phase.

Results: In COPD patients, leptin, leptin/adiponectin (L/A) ratio and resistin were elevated on admission compared to the stable
phase. In asthmatic patients, leptin levels were raised on admission compared to the stable phase, and adiponectin was elevated
at resolution compared to admission. In both diseases, CRP was significantly increased on admission compared to both resolution
and stable disease. Finally, TNF-c could distinguish between asthma and COPD stable phase.

Conclusions: Leptin and CRP levels may be useful biomarkers in monitoring COPD and asthma response to treatment during an
exacerbation episode. Hypoadiponectinemia was detected in asthma and COPD during all stages of the diseases. TNF-« could
distinguish between asthma and COPD stable phase.

Key words: COPD, asthma, biomarkers, adipokines, cytokines
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Introduction differ between asthma and COPD. Interestingly,

in many cases, airway inflammation overlaps

Both bronchial asthma and chronic obstruc-
tive pulmonary disease (COPD) are character-
ized by obstructive ventilator pathophysiology,
which in COPD is progressive, varies, however,
in bronchial asthma [1, 2]. Intense chronic airway
inflammation is a distinctive feature of both dis-
eases, attracting a great deal of research. It is well
established that inflammatory cells and their sub-
sequent production of cytokines and chemokines

between both diseases [2]. Moreover, the inflam-
matory cascades of the diseases change according
to disease severity and depending on whether the
patient is in stable condition or at exacerbation [1,
2]. Exacerbation is an important event in the course
of these diseases as it alters their inflammatory pro-
files and negatively affects the patient’s outcome.
The Global Initiative for Chronic Obstructive Lung
Disease (GOLD) and Global Initiative for Asthma
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(GINA) guidelines define exacerbations strictly on
a clinical base [1, 2]. As diagnosis of exacerbation
relies exclusively on the clinical presentation of
the patient, inflammatory biomarkers that will al-
low a more precise etiologic diagnosis are urgently
needed. In recent years, scientists have devoted
much effort to discovering biomarkers which can
diagnose these exacerbations at an early stage to
prevent their devastating consequences. However,
the results of these investigations are inconsistent
and occasionally contradictory, possibly due to the
precise time point in illness at which they were
measured.

Adipokines, including adiponectin, resistin
and leptin, are adipocyte-derived cytokines asso-
ciated with systemic inflammatory activities and
nutritional status [3]. These adipokines have been
reported to be higher in patients with COPD and
asthma [4-8]. Dysregulation of adipokines, hence,
could affect the course of patients with COPD
and asthma. C-reactive protein (CRP) levels, on
the other hand, have been shown to be associated
with higher mortality in patients with COPD [9].
Increased levels of pro-inflammatory cytokines,
such as TNF-¢ and I1-6 have been linked to a num-
ber of pulmonary inflammatory diseases, including
asthma and COPD, since they are central modula-
tors of inflammation and drive many pulmonary
pathologies and diseases; I1-8 is a chemokine that
induces the migration of neutrophils to the airway,
thus enhancing the diseases, while I1-18, a novel
pro-inflammatory cytokine, has been shown to be
involved in the pathogenesis of COPD by increas-
ing interferon (IFN)-y release [10].

Since no biomarker other than lung function
has been shown to be useful to date for the diag-
nosis of COPD and asthma, the aim of the present
study was to evaluate the levels of selected adi-
pokines and cytokines, and CRP at the resolution
of an exacerbation and 6weeks later at the stable
phase, as potential diagnostic biomarkers for
asthma and COPD exacerbations.

Materials and methods

Ethics

The study was approved by the Sotiria Hospi-
tal Research Ethics Committee, and all procedures
followed were in accordance with the ethical
standards of the responsible committee on human
experimentation (institutional and national) and
with the Helsinki Declaration of 1964, as revised
in 2013. Informed written consent was obtained
from all patients’ next-of-kin prior to any study
procedure.

Study subjects

We evaluated all bronchial asthma and COPD
patients admitted to our clinic for acute exacer-
bation. All patients were diagnosed, identified
as exacerbating and treated for COPD or asthma
according to the Global Initiative for Chronic
Obstructive Lung Disease (GOLD) and the Global
Initiative for Asthma (GINA) guidelines, respec-
tively [1, 2]. Exacerbations were either caused by
allergens, air pollution, gastrointestinal reflux or
infection. Exclusion criteria included no consent
to participate, significant comorbidities, includ-
ing tuberculosis or other lung disease apart from
COPD, congestive cardiac failure, ischemic heart
diseases, renal or liver impairment or failure, di-
abetes mellitus, malignancy at any site, collagen
vascular diseases, admission to the intensive care
unit (ICU), administration of oral corticosteroids,
and other respiratory tract infections, apart from
the infection that in some patients was the cause
of the exacerbation and subsequent hospitaliza-
tion, or exacerbation in the past 8 weeks prior
to admission. Finally, 39 COPD patients and
15 asthma patients who fulfilled all criteria were
included in the study.

Study design

This was a prospective study in which pa-
tients were evaluated at three time points: on
admission, at resolution and 6 weeks after res-
olution. On admission, a detailed medical his-
tory was recorded and an examination was per-
formed. Medical efforts were exhausted in order
to identify the cause of exacerbation, evaluate
comorbidities and obtain detailed records of
treatment regimens, including long-term oxy-
gen therapy (LTOT). Blood samples were drawn
for leptin, adiponectin, resistin, CRP, I1-6, 11-8,
I1-18 and TNF-a measurements prior to initi-
ation of treatment. At resolution and 6 weeks
following resolution, blood samples were drawn
for measurements of the above mentioned mole-
cules. Additionally, pre- and post-bronchodilation
spirometry was performed.

Definitions of clinical status
at the three time points

Exacerbation was defined as stated in the
GOLD [1] and GINA [2] guidelines for COPD and
bronchial asthma, respectively. Resolution of
exacerbation was defined as completion of treat-
ment with corticosteroids and antibiotics, return
of symptoms to baseline and no requirement of
increased doses of bronchodilation. The stable
phase was considered as no requirements for
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increase in treatment and no significant changes
in symptoms 6 weeks after resolution.

Pulmonary function tests

All tests were performed in the Pulmonary
Function Laboratory of the 4" Respiratory De-
partment of Medicine. A single investigator was
responsible for all tests done during the study.
Pre- and post-bronchodilation spirometry (Vicat-
est, Model VEP2, Mijnhardt, Rotterdam, Holland)
was performed to determine the forced expiratory
volume in one second (FEV,) %, the forced vital
capacity (FVC) and the FEV,/FVC ratio.

Blood collection

Three millilitres (3 mL) of venous blood were
collected within the first 24 hours post- admis-
sion, at resolution and 6 weeks after resolution.
Serum and plasma were obtained, dispensed in
0.5 mL aliquots and stored at -80°C until used.

Measurement of adipokines and cytokines

All factors were measured in either serum or
plasma samples by enzyme-linked immunosor-
bent assay (ELISA), according to the manufac-
turers’ instructions. The assays use two different
polyclonal antibodies against the molecules as
catching and tagging antibody. Human leptin, ad-
iponectin, resistin, I1-6 and I1-8 were measured by
ELISA assays purchased from R&D Systems (R&D
Systems Inc., Minneapolis, MN, USA), while I1-
18 and TNF-¢ assays were purchased from MBL
(MBL International, Woburn, MA, USA) and
eBioscience (ThermoFisher Scientific, Waltham,
MA, USA), respectively.

CRP measurement

CRP was measured in plasma using an im-
munoturbometric assay (Tina-quart C-reactive
protein, Roche Diagnostics GmbH, Mannheim,
Germany).

Statistical analysis

We estimated mean * standard deviation
(SD) for normally distributed variables and me-
dian with interquartile range (IQR) for variables
with skewed distribution. Normality of distri-
bution was checked with both the D’Agostino
and Pearson omnibus normality test and the
Shapiro-Wilk normality test. Two-group compar-
isons were performed using the paired t-test for
normally distributed data, or the non-parametric
Wilcoxon matched-pairs signed-rank test for
skewed data. Comparisons of biomarkers among
the three time points evaluated were performed

with Friedman’s test for repeated measures, with
appropriate post hoc multiple comparison tests
(Dunn’s), for skewed data. Correlations were
dicovered by Spearman’s correlation coefficient.
Statistical analysis was performed using Graph-
Pad Prism 6.01 for Windows (GraphPad Software,
San Diego, CA, USA).

Results

Characteristics of the study population

Three hundred and forty-five patients were
evaluated after being admitted to the hospital
with diagnosed exacerbation of COPD or asthma.
Two hundred and fifty-five patients were exclud-
ed due to comorbidities (80%) or no consent
to participate (20%). Ninety individuals were
initially included in the study, but 36 were ex-
cluded during follow-up (24 did not follow up,
5 were admitted to the ICU, and 7 were diagnosed
with comorbidities during that time). Finally,
54 subjects were included in the study (39 pa-
tients with COPD and 15 patients with asthma).
Figure 1 diagrammatically illustrates the study
enrolment process and Table 1 lists the baseline
demographic characteristics of the COPD and
asthma patients.

Levels of soluble adipokines

Human leptin, adiponectin and resistin
were quantified concurrently in all samples (n
= 39 COPD patients and n= 15 asthma patients)
using dedicated ELISA assays.

Table 2 and Figure 2 present the time-course
of CRP, resistin, leptin, adiponectin and their ratio
in COPD patients. As noted, in COPD patients, the
levels of leptin on admission remained elevated at
resolution, whereas they significantly decreased
at stable disease, i.e., six weeks after resolution
(p < 0.01; Figura 2A; Table 2). Similar results
were observed for resistin. Its levels tended to
decrease at resolution, without, however, reach-
ing statistical significance, whereas they signifi-
cantly decreased sixweeks after resolution (p <
0.001; Figure 2B; Table 2). On the other hand, no
significant differences in adiponectin levels were
observed at either time point (Figure 2C; Table
2). The L/A ratio was also elevated on admission
compared to the stable phase (p < 0.05; Figure 2D;
Table 2). A significant decrease was noted when
comparing CRP levels on admission to resolution
levels, and a further decrease was observed at sta-
ble disease (p < 0.0001; Figure 2E; Table 2). With
regards to the physiological parameter FEV,, it
increased significantly at stable disease (56.35 *
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345 patients evaluated

255 patients excluded due to:
» — comorbidities (204 patients)
— refusal to participate (51 patients)

A 4

90 patients were initially included

v

36 patients excluded during follow-up:

— 24 lost to follow-up

— 5 admitted to the ICU

— 7 diagnosed with comorbidities during the study

54 patients included in the study
(39 with COPD and 15 asthmatic)

Figure 1. Study enrolment flow chart. COPD — COPD — chronic obstructive pulmonary disease; ICU — intensive care unit

Table 1. Demographics characteristics of COPD and asth-
ma patients on admission

Characteristic COPD patients Asthma patients

N =39 N =15
Age 67 =8 52 =15
Sex (male/female) 31/8 6/9
Smokers/ 28/11 5/10
/ex-smokers
Pack years 64.47 = 34.79 10.20 = 11.74
Days 6.56 + 2.07 6.57 = 2.45
BMI 28.96 + 6.25 30.81 = 6.70
MRC breathless- 2.53 =0.93 1.06 = 0.77
ness scale
FEV, 0 2 100 48.81 = 16.20 85.40 = 14.78
FEV, 6w100 56.36 + 18.84 86.09 + 14.54

Data are shown for 39 COPD patients and 15 asthma patients. Data are ex-
pressed as mean = SD. Ratios of male/female subjects and smokers/ex-smok-
ers are given. Days from exacerbation to resolution are given. BMI — body mass
index; FEV, — forced expiratory volume in the first second; FEV1_0_2_100 —
FEV, measured at resolution; FEV1_6w100 — FEV, measured 6 weeks after
resolution; MRC — Medical Research Council

18%) compared to resolution stage (48.8 + 16.2%;
p < 0.001; Figure 2E), a finding that was expected.

Table 3 and Figure 3 present the time-course
of CRP, resistin, leptin, adiponectin and their
ratio in asthma patients. Leptin response in asth-
matic patients was similar to COPD patients; the
levels of leptin tended to decrease at resolution,
without, however, reaching statistical signif-

icance, whereas they significantly decreased
6 weeks after resolution (p < 0.05; Figure 3A;
Table 3). Resistin in asthmatic patients slightly
decreased at resolution and decreased further
at the stable phase, nearly reaching statistical
significance (p = 0.058; Figure 3B; Table 3).
Adiponectin showed a different trend in asth-
matic patients; adiponectin levels significantly
increased at resolution (p < 0.05; Figure 3C; Table
3), while its levels returned to admission levels
when measured 6 weeks after resolution (Figure
3C; Table 3). The L/A ratio tended to decrease
at the stable phase without, however, reaching
statistical significance (Figure 3D; Table 3). CRP,
however, exhibited a significant decrease; its
levels decreased significantly at resolution and
the decreased levels persisted in stable disease
(p < 0.01; Figure 3E, Table 3). Contrary to what
was expected, FEV, only slightly increased at
stable disease (86.09 = 14.54%) compared to
the resolution stage (81.55 * 14.62%; Figure 3F).

Levels of cytokines

Human I1-6, I1-8, 11-18 and TNF-a were quan-
tified concurrently in all samples (n= 39 COPD
patients and n = 15 for asthma patients) using
dedicated ELISA assays. All four cytokines were
maintained at the same levels from exacerbation
of the disease, to resolution and 6 weeks following
resolution, in both COPD and asthmatic patients
(Tables 2-3). In COPD patients, very high levels
of TNF-a were maintained, exhibiting a gradual
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Table 2. Levels of leptin, adiponectin, resistin and CRP in 39 COPD patients at three time points: admission, resolution and
6 weeks after resolution

Parameter Admission Resolution 6-weeks after resolution
Leptin (ng/mL) 34.06 (16.36-66.11) 34.07 (18.19-39.97) 25.53 (11.79-44.59)**
Resistin (ng/mL) 19.44 (15.20-30.85) 12.36 (7.25-24.70) 9.70 (4.05-16.90)***
Adiponectin (ug/mL) 0.79 (0.61-0.93) 0.74 (0.68-0.97) 0.74 (0.61-0.92)

L/A ratio 0.05 (0.02-0.08) 0.04 (0.02-0.07) 0.03 (0.02-0.06)*
CRP (mg/dL) 2.40(0.32-10.40) 0.33 (0.10-0.54)**** 0.23 (0.09-0.36)****
II-6 (pg/mL) 16.46 (13.60-20.11) 16.09 (13.55-18.50) 17.16 (15.73-18.68)
II-8 (pg/mL) 35.67 (16.29-69.09) 41.64 (16.67-66.36) 38.58 (16.17-66.18)
1I-18 (pg/mL) 350 (224-648) 344 (180-497) 418 (245-579)
TNF-a (pg/mL) 76.20 (36.60-253.40) 86.60 (47.10-175.50) 102.20 (63.60-157.70)

Thirty-nine COPD patients were included in the study. Leptin, adiponectin, resistin and CRP were measured in blood samples drawn at three time points: on admission,
at resolution and 6 weeks after resolution. *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001 compared to value on admission. Results are given as median
with interquartile ranges. No significant differences were observed in any of the parameters studied between resolution and 6-weeks. CRP — C-reactive protein;
Il — interleukin; L/A ratio — leptin/adiponectin ratio. For differences between more than two groups, the non-parametric Friedman test one-way repeated measures
analysis of variance was used for skewed data
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Figure 2. Levels of leptin (A), resistin (B), adiponectin (C), L/A ratio (D), CRP (E) and FEV, percentage (F) at the 3 stages of COPD. Thirty-nine COPD
patients were included in the study. Leptin, adiponectin, resistin and CRP were measured in blood samples drawn at three time points: on admission,
at resolution and 6 weeks after resolution. Pre- and post-bronchodilation spirometry was additionally performed at resolution and 6 weeks from
resolution. Two-group comparisons were performed using the paired t-test, and for differences between more than two groups, the non-parametric
Friedman test, one-way repeated measures analysis of variance was used for skewed data. Line in the box, median value; box edges, 25" to 75"
centiles; whiskers, range of values. *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001 compared to value on admission. CRP — C-reactive
protein; FEV, — forced expiratory volume in one second; L/A ratio — leptin/adiponectin ratio
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Table 3. Levels of leptin, adiponectin, resistin and CRP in 15 asthmatic patients at three time points: admission, resolu-
tion and 6 weeks after resolution

Parameter Admission Resolution 6-weeks after resolution
Leptin (ng/mL) 50.41 (38.80-79.34) 44.00 (14.90-75.48) 34.06 (18.61-66.96)
Resistin (ng/mL) 16.99 (12.32-33.03) 13.23 (5.62-23.25) 7.95 (4.25-15.71)
Adiponectin (ug/mL) 0.79 (0.66-0.86) 0.83 (0.67-1.00)* 0.80 (0.67-0.86)

L/A ratio 0.08 (0.05-0.12) 0.05 (0.02-0.09) 0.04 (0.02-0.09)
CRP (mg/dl) 1.63 (0.72-4.46) 0.17 (0.07-0.20)*** 0.36 (0.13-0.54)**
I-6 (pg/mL) 16.90 (15.13-20.90) 17.18 (14.53-18.51) 18.72 (14.98-22.45)
[I-8 (pg/mL) 22.00(10.75-78.73) 30.67 (23.09-68.91) 48.04 (13.04-71.82)
[-18 (pg/mL) 238 (144-547) 221 (184-486) 293 (236-537)
TNF—« (pg/mL) 55.80 (45.20-109.50) 48.20 (42.70-93.80) 62.80 (43.70-104.30)

Fifteen asthmatic patients were included in the study. Leptin, adiponectin, resistin and CRP were measured in blood samples drawn at three time points: on admission,
at resolution and 6 weeks after resolution. For differences between more than two groups, the non—parametric Friedman test one-way repeated measures analysis
of variance was used for skewed data. *p < 0.05, **p < 0.01, ***p < 0.001 compared to the value on admission. Results are given as median with interquartile
ranges. No significant differences were observed in any of the parameters studied between resolution and 6-weeks. CRP — C—reactive protein; Il — interleukin; L/A
ratio — leptin/adiponectin ratio
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Figure 3. Levels of leptin (A), resistin (B), adiponectin (C), L/A ratio (D), CRP (E) and FEV, percentage (F) at the three stages of asthma. Fifteen
asthmatic patients were included in the study. Leptin, adiponectin, resistin and CRP were measured in blood samples drawn at three time points:
on admission, at resolution and 6 weeks after resolution. Pre- and post-bronchodilation spirometry was additionally performed at resolution and
6 weeks from resolution. Two-group comparisons were performed using the paired t-test, and for differences between more than 2 groups, the
non-parametric Friedman test, one-way repeated measures analysis of variance was used for skewed data. Line in the box, median value; box edg-
es, 25" to 75" centiles; whiskers, range of values. *p < 0.05, ** p < 0.01, ***p < 0.001 compared to the value on admission. CRP — C-reactive
protein; FEV, — forced expiratory volume in one second; L/A ratio — leptin/adiponectin ratio
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incline from exacerbation to the stable phase,
albeit not statistically significantly.

At the stable phase of COPD, TNF-« levels
were much higher than in the stable phase of
asthma (p = 0.03), providing a possible biomarker
to distinguish between the two diseases (Figure 4).

Correlations

As expected, leptin positively correlated with
BMI in all three phases of COPD and asthma.
Moreover, in asthma and COPD exacerbations,
female patients had higher serum leptin levels
compared to male subjects (p = 0.007 and 0.03,
respectively). In COPD exacerbations, I1-18 tend-
ed to correlate with sex; male patients had higher
I1-18 levels (p = 0.08). No differences in the
adipokine and cytokine profiles were observed
between smokers and non-smokers.

Discussion

In the present study, we aimed to investigate
leptin, adiponectin, resistin, I1-6, 8, 18, TNF-«,
and CRP as potential diagnostic biomarkers for
COPD and asthma exacerbations. According to
our data, CRP and leptin levels were increased
on admission for exacerbation episodes and
reduced at the stable phase, demonstrating that
they could represent possible biomarkers for
exacerbation of both COPD and asthma. On the
other hand, resistin and the L/A ratio might also
be useful in identifying exacerbations in COPD
patients. Finally, adiponectin is reduced on ad-
mission and increased at resolution in asthma
patients. TNF-a might be a useful biomarker in
distinguishing between the two diseases at the
stable phase, since COPD patients exhibit much
higher levels compared to asthmatic patients.

Leptin and resistin are hormones produced
by the adipose tissue; both are strongly associated
with obesity, diabetes, atherosclerosis, coronary
heart disease, and inflammatory diseases [11]. On
the contrary, adiponectin has an anti-atherogenic
cardioprotective and anti-inflammatory function,
despite being produced by the adipose tissue [12].
While the primary role of CRP is anti-inflammatory
[13], it has a pro-inflammatory action as well [14].
Many cofactors can affect the response of these
hormones to inflammation. For instance, leptin
can be promoted by glucocorticoids, insulin and
glucose levels; on the other hand, fasting, catechol-
amines and other various inflammatory cytokines
inhibit leptin secretion [11]. All of these promoting
and inhibiting factors might be potential confound-
ers in patients with asthma and COPD.

Our study showed that leptin exhibited higher
levels during COPD and asthma exacerbations. It
decreased in both diseases at resolution, without,
however, reaching statistical significance, where-
as its levels significantly decreased at the stable
phase. Two studies have demonstrated similar
results [15, 16]; these studies showed significantly
elevated leptin levels during acute exacerbations
compared to controls. With regards to asthmatic
patients, one study reported significantly higher
leptin levels in asthmatic patients [17]. Chan et
al. [4] compared the levels of adiponectin in three
different groups (COPD patients, smokers without
COPD and non-smokers) and found that the levels
of adiponectin in the COPD arm were higher com-
pared to the other groups. Another group reported
statistically significant higher levels of adiponectin
in the exacerbated COPD patients compared to
the stable group [5]. As far as resistin levels are
concerned, our study found higher levels than
the normal range [18] during exacerbation in both
asthma and COPD. Resistin returned to normal
levels during resolution and 6 weeks after resolu-
tion in COPD patients; in asthma patients, despite
its reduction at the time of resolution, it returned
to normal levels 6 weeks later without clinically
obvious exacerbation. Similar studies comparing
resistin levels in COPD at clinical stability and
during exacerbation do not exist. However, a study
on resistin levels in patients with COPD compared
to controls showed that resistin levels were 2-fold
higher in the COPD arm [19]. A contradicting study
showed that resistin levels were significantly lower
in COPD patients compared to healthy subjects
[20]. Furthermore, it has been reported that resistin
production is highly increased in obese patients
with intermittent and severe persistent asthma
[21]. These studies, however, did not examine
resistin response to asthma exacerbations. The
results of our study demonstrate that resistin might
be able to identify exacerbation in COPD patients
and to monitor response to treatment in our cohort
of COPD patients.

As expected, CRP levels in our study signifi-
cantly decreased from admission to resolution
in asthma and COPD patients. The high CRP
levels seen in some patients at exacerbation are
possible due to the cause of the exacerbation in
these patients (infection). Measurement of CRP
levels is proven to have diagnostic and prognos-
tic value in COPD [9, 22]. A few clinical studies
examining CRP in asthmatic patients have been
performed. None of them have compared CRP
levels between stable disease and exacerbation
in asthmatic patients.
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Data from the studies of cytokines in COPD
and asthma have been more difficult to interpret.
The problems arise from small sample sizes to
insufficient replications and limited clinical
phenotyping. Associations between cytokines
and outcome measures have been found, but
their clinical relevance is not conclusive. In our
group of patients, we found no difference in I1-6,
8, 18 and TNF-« from exacerbation, to resolution
and the stable phase.

The study of cytokines has also been used
as a potential tool to distinguish between the
two patient groups. High serum I1-8 levels have
been shown to discriminate COPD from asthma
patients [23], while I1-8, but not TNF-«, has
been demonstrated to be significantly higher in
the COPD group than in the asthmatic group,
concluding that these cytokines may be involved
in the inflammation in COPD [24]. In the pres-
ent study, we were able to demonstrate that in
stable disease, TNF-a was much higher in COPD
compared to asthmatic patients, supporting the
notion that TNF-« constitutes a central modulator
of inflammation in COPD.

In our study, COPD patients were older than
the asthmatics. More than 2/3 of the COPD pa-
tients were male, while asthmatic males constitut-
ed just above 1/3 of all asthmatic patients. COPD
patients had lower FEV1 and were more dyspnoic
than asthmatic individuals. In the asthmatic
group, middle-aged obese female subjects were
the majority; this observation can be explained by
the fact that older obese women with late-onset
nonatopic asthma (cluster 3) [25] were identified
as a uniquely difficult to control asthma pheno-
type; likewise, our study recruited patients who
were admitted to the hospital through the emer-
gency department due to their poorly controlled
asthma.

The main limitation of our study was not
adjusting the results for possible confounders that
might affect the levels of the biomarkers studied.
Such possible confounders include the use of
statins, intentional weight reduction, diabetes
mellitus and diurnal variation of leptin. We also
did not categorize our patients according to the
cause of exacerbation, which was either an infec-
tion, allergens, air pollution or gastrointestinal
reflux. We were, however, able to demonstrate
elevated levels of CRP and two adipokines during
exacerbation in COPD and asthma, and increased
levels of TNF-¢ in stable COPD. Future studies are
needed in order to assess the role of adipokines
and cytokines in exacerbation episodes in COPD
and asthmatic patients.
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Figure 4. Levels of TNF-« in COPD and asthma at stable disease.
Thirty-nine COPD and 15 asthmatic patients were included in the
study. TNF-« levels were measured at the stable phase (6 weeks
after resolution). Two-group comparisons were performed using the
Mann-Whitney test for skewed data. Line in the box, median value;
box edges, 25" to 75" centiles; whiskers, range of values. *p < 0.05.
COPD — chronic obstructive pulmonary disease

Conclusions

Unfortunately, at the moment, an ideal bio-
marker doesn’t exist and the overlap between the
biomarkers is a reality. Our results indicate that
adipokine levels might be good follow-up bio-
markers in COPD and asthma. More specifically,
leptin levels might be useful to follow COPD and
asthma response to treatment during an exacer-
bation episode, whereas, resistin levels might be
able to detect COPD exacerbations. CRP, on the
other hand, is a good biomarker to identify and
follow asthma and COPD exacerbations. Finally,
TNF-a could distinguish between asthma and
COPD stable phase. It should be noted that in
our cohort of patients, hypoadiponectinemia was
detected in asthma and COPD during all stages
of the diseases. Whether or not hypoadiponectin-
emia contributes to the underlying inflammatory
pathogenesis of asthma and COPD is a question
to be answered by future research.
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High incidence of masked hypertension in patients
with obstructive sleep apnoea despite normal automated
office blood pressure measurement results

Abstract

Introduction: Obstructive sleep apnoea (0SA) is a well-known risk factor for masked hypertension (MH) and masked uncontrolled
hypertension (MUCH). Automated ambulatory office blood pressure measurement (AOBP) might better correlate with the results
of ambulatory blood pressure measurements (ABPM) compared to routine office blood pressure measurement (0BPM). The aim
of this study was to compare the diagnostic rate of MH/MUCH when using 0BPM and AOBP in combination with ABPM.
Material and methods: 65 OSA patients, of which 58 were males, (AHI > 5, mean 44.4; range 5-103) of average age 48.8 =
10.7 years were involved in this study. Following MH/MUCH criteria were used; Criteria I: 0BPM < 140/90 mm Hg and daytime
ABPM > 135/85 mm Hg; Criteria Il: AOBP < 140/90 mm Hg and daytime ABPM > 135/85 mm Hg; Criteria Ill: AOBP < 135/85
mm Hg and daytime ABPM > 135/85 mm Hg.

Results: MH/MUCH criteria | was met in 16 patients (24.6%) with criteria Il being met in 37 patients (56.9%), and criteria lll in
33 (51.0%), p < 0.0001. Both systolic and diastolic 0BPM were significantly higher than AOBP; Systolic (mm Hg): 135.3 + 12.3
vs 122.1 = 10.1 (p < 0.0001); Diastolic (mm Hg): 87.4 = 8.9 vs 77.1 = 9.3 (p < 0.0001). AOBP was significantly lower than
daytime ABPM; Systolic (mm Hg): 122.1 = 10.1 vs 138.9 = 10.5 (p < 0.0001); Diastolic (mm Hg): 77.1 = 9.3 vs 81.6 + 8.1
(p < 0.0001). Non-dipping phenomenon was present in 38 patients (58.4%). Nocturnal hypertension was present in 55 patients
(84.6%).

Conclusions: In patients with OSA there is a much higher prevalence of MH/MUCH despite normal AOBP, therefore it is necessary
to perform a 24-hour ABPM even if 0BPM and AOBP are normal.

Key words: masked hypertension, masked uncontrolled hypertension, automated office blood pressure measurement, obstructive
sleep apnoea
Adv Respir Med. 2020; 88: 567-573

Introduction

Arterial hypertension remains a major cause of
cardiovascular morbidity and mortality. Over the
last few decades, with the introduction of ambu-
latory blood pressure measurement (ABPM), new
types of hypertension were established: sustained

normotension, sustained hypertension, white coat
hypertension, masked hypertension (MH) and
masked uncontrolled hypertension (MUCH) [1].
MH can be found in approximately 15% of patients
with a normal office blood pressure (OBPM). The
prevalence of MH is higher in young males, and
with respect to lifestyle is higher with smoking,
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alcohol consumption, those with higher levels of
physical activity, anxiety and an increased job
stress [2]. The prevalence with respect to comor-
bidities increases in those with diabetes, obesity,
chronic kidney disease, family history of hyper-
tension and high-normal OBPM [3].

MH and MUCH impair the prognosis and
present an important risk factor for cardiovascular
disorders. According to meta-analysis Thakkar et
al. [4] patients with MH/MUCH were 2.09 times
more likely to suffer adverse cardiovascular
and/or cerebrovascular events compared to pa-
tients with sustained normotension.

Obstructive sleep apnoea (OSA) is a well-
known risk factor for cardiovascular disease. In pa-
tients with OSA, cardiovascular diseases have an
increased incidence and are associated with worse
functional outcomes and increased mortality [5].

OSA is considered to be an important risk
factor of arterial hypertension [6], with the preva-
lence of MH/MUCH estimated to be 30-60% [7, 8].

Automated office blood pressure measure-
ment (AOBP) is now widely available in high
income countries and, according to some authors,
should replace routine OBPM [9]. Presently, the
relationship between blood pressure readings
obtained with conventional OBPM and AOBP
remains unclear, but available evidence suggests
that conventional OBPM readings may be at least
5-15 mm Hg higher than systolic blood pressure
levels obtained by AOBP [10].

There is also very limited evidence on the
prognostic value of AOBP, i.e. whether they guar-
antee at least the same ability to predict outcomes
as conventional OBPM [11].

In the general population, AOBP is similar
to the awake ABPM, with both AOBP and awake
ABPM being around 15/8 mm Hg lower than rou-
tine OBPM taken in clinical practice [9]. Possible
advantages of AOBP over OBPM are recognized
by several guidelines like the European Society
of Hypertension and the European Society of
Cardiology [3], U.S. Preventive Services Task
Force [12] and the 2017 United States American
College of Cardiology/American Heart Association
Recommendations [13]. Accordingly, the Canadi-
an Hypertension Education Program guidelines
in 2016 recommended AOBP as the preferred
method of in-office blood pressure measurement
[14]. In general population-based studies, AOBP
correlates better with daytime ABPM than routine
OBPM [15-17].

However, contrary to this, in a recently pub-
lished study conducted with a high cardiovas-
cular risk cohort, there was a large discrepancy

found between systolic AOBP and systolic day-
time ABPM [18]. Moreover, higher cardiovascular
risk was independently associated with a larger
discrepancy between AOBP and ABPM. In OSA
patients similar risk factors are present like in
the previously stated study population and in
the available literature, there is no data regarding
AOBP in patients with OSA. There is an appar-
ent need to establish the possible difference in
MH/MUCH diagnostic rate when using routine
office blood pressure measurement and AOBP.

The aim of this study was to compare the
efficiency of combined use of AOBP with ABPM
compared to OBPM with ABPM in the diagnostic
rate of MH/MUCH in OSA patients.

Material and methods

Sixty five patients were involved in this
study, of which, 58 were male and the average age
of the group was 48.8 = 10.7 years. All patients
were initially referred to the sleep laboratory
because of suspected OSA. Patients were random-
ly selected and the whole group represents the
standard population diagnosed and subsequently
treated with obstructive sleep apnoea. First, an-
thropometric data of the patients were obtained,
and patients completed an Epworth Sleepiness
Scale (ESS) questionnaire.

Pre-existing arterial hypertension was pres-
ent in 55.4% of the patients.

During hospitalization, the sleep study was
performed in a sleep laboratory using a Porti
8 device (F+G, Germany). The results of the sleep
study were manually re-scored using the Inter-
national classification of sleep disorders (ICD-3),
3" diagnostic and coding manual [19]. Parame-
ters measured were blood oxygen saturation and
heart rate (pulse oximetry); flow of exhaled air to
detect apnoea/hypopnea; thoracic and abdominal
movements, and patients position during sleep.

Patients with an apnoea-hypopnea index
(AHI) > 5 were then enrolled in this study. OBPM:
blood pressure was measured in the following
way. The patients were seated comfortably in
a quiet environment for 5 minutes prior to tak-
ing blood pressure measurements. The blood
pressure was measured using validated manual
sphygmomanometer three times at 5-minute
intervals by experienced staff involved with the
study, an average of the last two measurements
was used in the later analysis. AOBP: blood pres-
sure was measured using SunTech CT40-SunTech
Medical, USA. Standard protocol was used,
patient was seated for 5 minutes in quite room
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Figure 1. The sequence of blood pressure measurements. ABPM
— ambulatory blood pressure measurement; AOBP — automated
office blood pressure measurement; 0BPM — office blood pressure
measurement

and subsequently 5 measurements at 2-minute
intervals were performed. The average of these
5 measurements was taken to be the result used.

24-hour ABPM: BTL ABPM device, Czech
Republic was used. Measurements were per-
formed at the following intervals: 15 minutes
during daytime and 30 minutes during night.
70% of valid measurements were needed to fulfil
reproducibility criteria.

The sequence of different blood pressure
measurements is presented in Figure 1.

The primary aim of this study was to com-
pare the difference of prevalence of MH/MUCH
when using OBPM or AOBP. Three criteria of
MH/MUCH were used:

— MH/MUCH criteria I: OBPM < 140/90 mm

Hg and daytime ABPM > 135/85 mm Hg;
— MH/MUCH criteria II: AOBP < 140/90 mm

Hg and ABPM > 135/85 mm Hg;

— MH/MUCH criteria III: AOBP < 135/85 mm

Hg and ABPM > 135/85 mm Hg.

Nocturnal hypertension was defined as blood
pressure > 120/70 mm Hg during the night.
Ethical approval: All procedures performed in
studies that involved human participants were
in accordance with the ethical standards of the
institutional and/or national research committee,
and with the 1964 Helsinki declaration and its
later amendments or comparable ethical stan-
dards. The study was approved by local Ethics
Committee. Informed consent: Informed consent
was obtained from all individual participants
included in the study.

Statistical analysis

SPSS software version 15.0 (SPSS Inc., Chi-
cago, USA) was used for the statistical analy-
sis. The normality of distribution was checked
by the Shapiro-Wilk test with P < 0.05 being
considered statistically significant. This study is
registered in ClinicalTrials.gov as NCT03869125.

Table 1. Basic clinical parameters and Epworth sleepi-
ness scale. SD — standard deviation

Parameter Mean = SD  Median (min-max)
Age [years] 48.8 = 10.7 48.0 (26.0-69.0)
Height [cm] 176.6 = 7.8 176.0 (158.0-194.0)
Weight [cm] 107.2 = 18.8  103.0 (64.0-153.0)
Neck circumference [cm]  43.0 = 4.0 43.0 (36.0-64.0)
Waist circumference [cm] 114.6 = 12.1  115.0 (77.0-150.0)
Hip circumference [cm] 112.7+95 112.0(92.0-139.0)
Epworth sleepiness scale 9.1 +46 8.0 (0.0-21.0)

Table 2. List of comorbidities

Comorbidity Arterial Atrial Ischemic Diabetes
hypertension fibrillation  heart mellitus
disease
N [%] 36 (55.4) 3 (4.6) 2(3.1) 10(15.4)
Results

Basic clinical parameters and ESS are pre-
sented in Table 1. Comorbidities are listed in
Table 2, note that 55.4% of patients had a known
history of arterial hypertension - pharmacologi-
cally treated. Sleep study parameters are present-
ed in Table 3. Results of OBPM, AOBP and ABPM
are presented in Table 4.

Most of the patients involved in the study had
severe OSA (86.2%), with 4.6% having moderate
OSA and 9.2% with mild.

The mean difference between OBPM and
AOBP was -13.2 = 10.4 mm Hg for systolic and
-10.3 = 8.6 mm Hg for diastolic blood pressure.

Both systolic and diastolic OBPM were sig-
nificantly higher than AOBP; systolic (mm Hg):
135.3 + 12.3 vs 122.1 = 10.1 (p < 0.0001); di-
astolic (mm Hg): 87.4 + 8.9 vs 77.1 = 9.3, (p <
0.0001) (Figure 2).

AOBP was significantly lower than daytime
ABPM,; systolic (mm Hg): 122.1 + 10.1 vs 138.9 +
10.5 (p < 0.0001); diastolic (mm Hg): 77.1 = 9.3 vs
81.6 = 8.1 (p < 0.0001) (Figure 3).

The mean difference between daytime ABPM
and AOBP was -16.75 = 8.0 mmHg for systolic and
-4.54 = 7.6 mm Hg for diastolic blood pressure.

There was no statistically significant correla-
tion between OBPM/AOBP difference, and noc-
turnal hypertension (p = 0.820), and nocturnal
non-dipping phenomenon (p = 0.0823).

www.journals.viamedica.pl 569



Advances in Respiratory Medicine 2020, vol. 88, no. 6, pages 567-573

Table 3. Result of sleep breathing study. SD — standard

deviation
Parameter Mean = SD Median
(min-max)
Apnoea hypopnoea index 44.4 = 28.4 45.0(5.0-103.0)
Oxygen desaturation index 50.5 + 28.1 46.0(3.3-114.0)
Time Sp0, < 90% 174 215 1.5(0.0-77.0)
Average oxygen saturation [%] 91.3 £5.9 93.0(53.0-96.0)

Table 4. Results of blood pressure measurements; ABPM
— ambulatory blood pressure measurement;
AOBP — automated office blood pressure mea-
surement; 0BPM — office blood pressure mea-
surement; SD — standard deviation

Parameter (mm Hg)  Mean = SD Median (min-max)
0BPM

Systolic 135.3 =+ 12.4 133.3(106.7-173.3)
Diastolic 87.4 = 8.9 86.7 (66.7-118.3)
AOBP

Systolic 122.1 = 10.1 122.0 (99.0-147.0)
Diastolic 771 =93 717.0 (55.0-98.0)
ABPM

24 hr systolic 135.2 + 10.6 135.0 (111.0-167.0)
24 hr diastolic 78.8 = 8.1 79.0 (55.0-103.0)
Daytime systolic 138.9 = 10.5 138.0 (115.0-165.0)
Daytime diastolic 81.6 = 8.1 83.0 (60.0-104.0)
Nocturnal systolic 129.1 = 12.8 128.0 (103.0-169.0)
Nocturnal diastolic 73.8 £ 9.0 73.0 (48.0-101.0)

MH/MUCH criteria I was met by 16 pa-
tients (24.6%), MH/MUCH criteria II was met in
37 patients (56.9%) and MH/MUCH criteria III
in 33 (51.0%). The difference was statistically
significant (p < 0.0001; McNemar test) (Figure 4).

Discussion

This is the first study of the use of AOBP in
the context of MH/MUCH diagnosis in patients
with OSA. The aim of this study was to compare
the diagnostic rate of MH/MUCH when using
OBPM and AOBP in combination with ABPM.

The main finding of this study was a large
discrepancy between daytime systolic ABPM and
systolic AOBP (-16.75 = 8.0 mm Hg). This was
much higher than in previous reports by Myers
(-1.8 mm Hg) [20] and Godwin (1.8 mm Hg) [21].

Results were much closer to those published by
Seo et al. (-7.3 mm Hg) [18]. The difference in
diastolic blood pressure was in concordance with
the previous studies stated (-4.54 mm Hg). An
explanation for this could be possible different
characteristics of arterial hypertension in OSA
patients, especially higher overall sympathetic
activity. However, more robust studies are needed
to confirm this discrepancy, and to shed more light
onto possible pathophysiology. In comparison with
the Seo et al study, ischemic heart disease was di-
agnosed in only 3.1% of patients, but the estimated
overall cardiovascular risk will be possibly higher
in comparison with the general population.

The diagnostic rate of MH/MUCH criteria
Iand IT (24.6% and 56.9% respectively) in patients
with OSA was in concordance with previously
published studies [7, 8].

When we used AOBP threshold < 135/85 mm
Hg (criteria III), which is recommended according
to several studies [22], we have found similar
prevalence of MH/MUCH (51.0%). Also, when
we consider nocturnal hypertension (84.6%) the
diagnostic rate of MH/MUCH would be much
higher than previously reported. According to
current guidelines, any out of office value of
blood pressure should be used, on the other side
these guidelines are not primarily focused on
OSA patients where nocturnal hypertension is
highly prevalent.

The important finding of this study is the
much higher diagnostic rate of MH/MUCH when
AOBP is used, which could increase the risk of
general cardiovascular disease. Some studies
reported that patients with MH/MUCH have
a similar risk to patients with sustained hyper-
tension [23, 24]. For example, in previous studies
a significant association between MH/MUCH and
left ventricular hypertrophy, increased carotid
intima-media thickness, albuminuria, aortic
stiffness and early hypertensive retinal changes
were shown [25-27].

Also, the prevalence of nocturnal hyperten-
sion was high in this sample (84.6%) and the
non-dipping phenomenon was present in 38 pa-
tients (58.4%). These two entities are common in
OSA patients as was previously found in different
studies [8].

Elevated nocturnal blood pressure adds to
the poor outcome of OSA patients [28]. Findings
from the MAPEC (Monitorizacion Ambulatoria
para Prediccion de Eventos Cardiovasculares)
study suggest that normalizing of nocturnal blood
pressure significantly reduces cardiovascular
disease risk [29].
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Figure 2. The difference between office and automated blood pressure monitoring (Student “s t-test). AOBP — automated office blood pressure
measurement; 0BPM — office blood pressure measurement

160 —

BP (mmHg)

140
120
100
80
60
40
20
0

Difference between AOBP and daytime ABPM

p < 0.0001

Systolic BP
[ AoBP [ Daytime ABPM

p < 0.0001

1B

Diastolic BP

Figure 3. The difference between automated office blood pressure monitoring and daytime ambulatory blood pressure monitoring (Student s t-test);

ABPM — ambulatory blood pressure measurement; AOBP — automated office blood pressure measurement; BP — blood pressure
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Diagnostic rate of masked/masked uncontrolled hypertension
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Figure 4. Diagnostic rate of masked/masked uncontrolled hyperten-
sion according to different criteria (McNemar test). Non-dipping phe-
nomenon was present in 38 patients (58.4%). Nocturnal hypertension
was present in 55 patients (84.6%). ABPM — ambulatory blood
pressure measurement; AOBP — automated office blood pressure
measurement; 0BPM — office blood pressure measurement

This study has several limitations. The first,
being the relatively small study sample size. The
second is the limited sleep study performed;
namely, the use of overnight respiratory polyg-
raphy instead of polysomnography, therefore
without the use of an electroencephalography it is
unclear whether patients were asleep throughout
the whole duration of the sleep study which could
contribute to a possible bias in the overestimation
or underestimation of OSA severity in some pa-
tients. On the other hand, this method is widely
used, and is considered a suitable diagnostic
method for OSA, and the possible correlations
with OSA severity are not the objective of this
study. However, only a small part of the study
group had mild OSA (9.2%). Finally, the addi-
tional stress the patient has during the study in
the sleep laboratory could contribute to a skew
in the results.

Conclusion

In OSA patients there is a much higher prev-
alence of MH/MUCH despite normal AOBP, there-
fore it is necessary to perform a 24-hour ABPM
even if OBPM and AOBP are normal.
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Abstract

Introduction: To address the problem of incentive spirometry (IS) noncompliance, a use-tracking IS reminder device (SpiroTimer™)
was developed. In a recent randomized clinical trial, the SpiroTimer™ improved IS use compliance, length of stay, and mortality.
For successful, safe, and effective implementation of a new medical device, human factors and usability must be evaluated. This
study aims to evaluate the SpiroTimer™ s human factors as they pertain to intended users, use environments, and uses.
Material and methods: Immediately following the completion of the randomized clinical trial of the SpiroTimer™, before the
providers were informed of the results of the study, a human factors and usability survey was distributed in-person to all nurses
involved in the trial. Variations in nurse user perspectives were evaluated.

Results: A total of 52 nurses (100% response rate) completed the survey. In general, most nurses felt IS use compliance is poor
(65%; 34/52, p = 0.0265) and should be improved (94%; 49/52, p < 0.001). Nurses agreed the SpiroTimer™ ameliorated patient
IS use compliance (82%; 41/50, p < 0.001), IS effectiveness (74 %; 37/50, p < 0.001), and patient engagement in their own care
(88%; 44/ 50, p < 0.001). Nurses reported the SpiroTimer™ helped remind them to work with their patients on IS (70%; 35/50, p
= 0.0047) while reducing the number of times they had to remind their patients to use their IS (70%; 35/50, p = 0.0047). They
felt that they would use the SpiroTimer™ with all their patients (82%; 41/50, p < 0.001) and that they would recommend the
SpiroTimer™ to a colleague (74%; 37/50, p < 0.001). Ultimately, most nurses believed the SpiroTimer™ should become part of
routine patient care (78%; 39/50, p < 0.001).

Discussion: For a new medical technology to a medical device to be effectively implemented, human factors and usability must
be demonstrated. Nurses believe the clinically effective SpiroTimer™ helps both patients and nurses and should become part of
routine care.

Key words: incentive spirometry, human factors, innovation, SpiroTimer, respiratory
Adv Respir Med. 2020; 88: 574-579

Introduction

Incentive spirometry (IS) is commonly pre-
scribed to reduce respiratory complications [1-3].
IS (Figure 1) works by expanding alveoli through
maximal inspiration to prevent atelectasis. Poor
patient compliance is known to hinder the effec-
tiveness of IS [3-5].

To address the problem of IS noncompliance,
a use-tracking IS reminder device (SpiroTimer™)
was developed and clinically tested in a recent large
randomized clinical trial [6]. The SpiroTimer™
utilizes a bell to remind the patient to use the

IS, a sensor to detect a use, and a timestamp
recorder to track IS use. In the recent random-
ized controlled trial published in JAMA Surgery
[6], patients undergoing coronary artery bypass
grafting surgery were randomized to receive the
SpiroTimer™ with the reminder bell turned off
or on. Those with the bell turned on were found
to have improved IS compliance, reduced mean
atelectasis severity scores, lowered patient length
of stay at the hospital, and reduced six-month
mortality [6]. In other words, the SpiroTimer™
demonstrated significant cost- and life-saving
benefits.
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For successful, safe, and effective imple-
mentation of a new medical device, such as the
SpiroTimer™, human factors and usability must
be evaluated. As described by the FDA, human
factors “focuse on the interactions between
people and devices” [7], including how people
perceive, interpret, and manipulate the device.
Nurses play a major role in IS implementation
[5]. This study aims to evaluate the SpiroTimer™’s
human factors as they pertain to intended users,
use environments, and uses.

Mouthpiece

Indicator e
ol Marker /

Flexible
tubing

Figure 1. Incentive spirometer

Material and methods

The data collection for the SpiroTimer™ ran-
domized clinical trial was completed in December
2017. Immediately following the trial, in January
2018, a survey regarding SpiroTimer™ human
factors and usability was distributed in-person
to the nurses involved in the trial. The nurses
and the investigator handing out the surveys
were blinded to the results of the study. Survey
questions utilized a six-point Likert scale format.
Statistical analysis was done using Chi-squared
tests for comparative statistics with Bonferroni
correction for a significant p value < 0.008.

Results

There were 52 unique respondents (100%
response rate). Most nurses felt that IS compli-
ance is poor (65%; 34/52, p = 0.0265) and that
IS compliance should be improved (94%; 49/52,
p < 0.001) (Table 1).

Most nurses felt the SpiroTimer™ improved
IS use compliance (82%; 41/50, P < 0.001). The
nurses also felt that the SpiroTimer™ improved
IS effectiveness (74%; 37/50, p < 0.001), as
well as patient engagement in their own care
(88%; 44/ 50, p < 0.001). Most healthcare pro-
fessionals felt that the SpiroTimer™ improved
pulmonary/respiratory function (74%; 37/50, p
< 0.001) and helped to reduce post-operative
pulmonary complications (68%; 34/50, p =
0.0109) (Table 2).

Table 1. Nurse's perspectives on IS compliance

Agreement Answer options (score) Aggregated % (n)/52 P
In general, patient IS Agree Strongly agree (2) 3.85% 65.38% (34) 0.0265
use compliancs Agree (10) 19.23%
is poor
Somewhat agree (22) 42.31%
Disagree Somewhat disagree (9) 17.31% 34.62% (18)
Disagree (9) 17.31%
Strongly disagree (0) 0%
Agreement Answer options (score) Aggregated % (n)/52 p
In general, patient IS Agree Strongly agree (6) 11.54% 94.23% (49) < 0.001
use compliance should Agree (27) 51.92%
be improved
Somewhat agree (16) 30.77%
Disagree Somewhat disagree (2) 3.85% 5.77% (3)
Disagree (1) 1.92%
Strongly disagree (0) 0%

IS — incentive spirometry
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Table 2. Impact of SpiroTimer™

Agreement Answer options (score) Aggregated % (n)/50 p
Overall, the reminder improved Agree Strongly agree (3) 6% 82% (41) < 0.001
patient IS use compliance Agree (17) 349
Somewhat agree (21) 42%
Disagree Somewhat disagree (8) 16% 18% (9)
Disagree (1) 2%
Strongly disagree (0) 0%
Overall, the reminder improved Agree Strongly agree (2) 4% 74% (37) < 0.001
IS effectiveness Agree (13) 26%
Somewhat agree (22) 44%
Disagree Somewhat disagree (12) 24% 26% (13)
Disagree (1) 2%
Strongly disagree (0) 0%
The reminder improved patient Agree Strongly agree (2) 4% 88% (44) < 0.001
engagement in their own care Agree (16) 399,
Somewhat agree (26) 52%
Disagree Somewhat disagree (4) 8% 12% (6)
Disagree (2) 4%
Strongly disagree (0) 0%
The reminder helped improve Agree Strongly agree (1) 2% 74% (37) < 0.001
pulmonary/respiratory function Agree (16) 399,
Somewhat agree (20) 40%
Disagree Somewhat disagree (11) 22% 26% (13)
Disagree (2) 4%
Strongly disagree (0) 0%
The reminder helped reduce Agree Strongly agree (0) 0% 68% (34) 0.011
P T pae 1
pneumonia). Somewhat agree (23) 46%
Disagree Somewhat disagree (10) 20% 32% (16)
Disagree (6) 12%
Strongly disagree (0) 0%
The reminder helped patients Agree Strongly agree (0) 0% 56% (28) 0.3961
to correctly use their IS. Agree (9) 18%
Somewhat agree (19) 38%
Disagree Somewhat disagree (13) 26% 44% (22)
Disagree (8) 16%
Strongly disagree (1) 2%
Most nurses agreed that the SpiroTimer™ Most nurses found the SpiroTimer™ to be helpful
reduced the amount of times they had to remind (72%; 36/50, p = 0.0018) (Table 3).
patients to use their IS (70%; 35/50, p = 0.0047), Nurses reported the SpiroTimer™ directly
and that the SpiroTimer™ helped the nurses work addresses patients who forget to use there IS
with their patients on IS (70%; 35/50, p = 0.0047). (96.08%; 49/51, p < 0.001), who do not use it fre-
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Table 3. Impact of SpiroTimer™ implementation

Agreement Answer options (score) Aggregated % (n)/50 P
Overall, the rem_inder reduced Agree Strongly agree (3) 6% 70% (35) 0.0046
:ZSn?nudmpt;iEe(:t: rtr:)ej sleh’f]hdeitr0 IS Agree (18) 36%
Somewhat agree (14) 28%
Disagree Somewhat disagree (7) 14% 30% (15)
Disagree (7) 14%
Strongly disagree (1) 2%
The reminder helped remind me Agree Strongly agree (6) 12% 70% (35) 0.0046
to work with the patient on IS Agree (8) 16%
Somewhat agree (21) 42%
Disagree Somewhat disagree (7) 14% 30% (15)
Disagree (8) 16%
Strongly disagree (0) 0%
Overall, | found the reminder Agree Strongly agree (1) 2% 72% (36) 0.0018
to be helpful Agree (13) 26%
Somewhat agree (22) 44%
Disagree Somewhat disagree (7) 14% 28% (14)
Disagree (6) 12%
Strongly disagree (1) 2%
Overall, the rem_inder reduced Agree Strongly agree (0) 0% 52% (34) 0.7772
IthsTJZ:’:ZL(liTJtcgf[itr;rgnir reminding Agree (8) 16%
patients to use their IS Somewhat agree (18) 36%
Disagree Somewhat disagree (18) 36% 48% (16)
Disagree (6) 12%
Strongly disagree (0) 0%

IS — incentive spirometry

quently enough (84.31%; 43/ 51, p < 0.001), and
who do not know when to use their IS (80.39%;
41/51, p < 0.001) (Table 4).

Nurses announced that the SpiroTimer™
should become part of routine patient care (78%;
39/50, p < 0.001). They felt that they would use
the SpiroTimer™ with all their patients (82%;
41/50, p < 0.001) and that they would recommend
the SpiroTimer™ to a colleague (74%; 37/50, p <
0.001) (Table 5).

Discussion

Through a survey of nurse users, this inves-
tigation evaluated human factors and usabili-
ty of SpiroTimer™, a novel, clinically proven,
use-tracking IS reminder. Overall, the nurses re-
ported the SpiroTimer™ improved IS compliance
and effectiveness; patient engagement in their own
care; and nurses’ attention to incentive spirometry

while reducing the nurses’ reminding efforts. Ul-
timately, the nurses would use the SpiroTimer™
with all their patients, recommend it to colleagues,
and believe it should become a standard of care.

Human factors and usability engineering are
paramount for successful implementation and
adoption of a new medical device. Formative
evaluations are critical in order to reduce factors
that hinder device adoption [8,9]. Factors such as
workload, alarm fatigue, and difficulty need to be
addressed in the engineering of medical devices to
avoid contribution to postoperative complications
[10]. Alarming fatigue and workload increase due
to too many clinically irrelevant alerts, and this
can be thwarted by proper signal quality con-
siderations and education of the healthcare pro-
viders [11]. These are just two examples of how
usability engineering can impact device adoption.
The SpiroTimer™ trial run has laid a threshold
for formative evaluations of the device, and its
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Table 4. SpiroTimer™ usability and human factors

The reminder directly addresses (mark all that apply): % Yes (n)/51 % No (n)/51 P
Patients forgetting to use their ISs 96.08% (49) 3.92% (2) < 0.001
Patients not knowing when to use their ISs 80.39% (41) 19.61% (10) < 0.001
Patients not understanding how to use their ISs 15.69% (8) 84.31% (43) < 0.001
Patients not using their ISs frequently enough 84.31% (43) 15.69% (8) < 0.001
Patients not using their ISs effectively 21.57% (11) 78.43% (40) < 0.001
Patients not using their ISs long enough 27.45% (14) 72.55% (37) 0.0012
Providers not having enough time to work with patients on IS use 39.22% (20) 60.78% (31) 0.1234
IS — incentive spirometry
Table 5. Nurse user’s conclusions on SpiroTimer™
Agreement Answer options (score) Aggregated % (n)/50 P
The reminder should become Agree Strongly agree (0) 0% 78% (39) < 0.001
part of routine patient care Agree (18) 36%
Somewhat agree (21) 42%
Disagree Somewhat disagree (5) 10% 22% (11)
Disagree (4) 8%
Strongly disagree (2) 4%
| would use the reminder Agree Strongly agree (1) 2% 82% (41) < 0.001
with my patients Agree (19) 38°%
Somewhat agree (21) 42%
Disagree Somewhat disagree (7) 14% 18% (9)
Disagree (2) 4%
Strongly disagree (0) 0%
| would recommend Agree Strongly agree (1) 2% 74% (37) < 0.001
the reminder to a colleague Agree (16) 32%
Somewhat agree (20) 40%
Disagree Somewhat disagree (8) 16% 26% (13)
Disagree (2) 4%
Strongly disagree (3) 6%

alarm capability. Building the next generation
of SpiroTimer™ will incorporate all factors that
would otherwise bar the adoption of the device.

The nurses around the country in this in-
vestigation shared similar views on IS, IS non-
compliance as a problem, need for compliance
improvement, and reasons for poor compliance
[5]. This study’s sample may reflect the views of
a larger user population.

On the other hand, this study has its lim-
itations. As a survey study, this investigation is
subject to the weaknesses of surveys. However,
it was able to achieve a 100% response rate and

therefore, can reflect the whole population of
nurses who have clinically interacted with the
SpiroTimer™ to date. Although surveys represent
subjective data, the nature of human factors and
usability is based on human-perceived interface.
Future SpiroTimer™ human factor investigations
may evaluate different groups of users (e.g. re-
spiratory therapists, nursing aides, patients, and
patient families) in various clinical settings.

Based on human factors feedback from in-
tended users in an intended environment, the
SpiroTimer™ has the potential to be usable and
effective.
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Basics of mechanical ventilation for non-aneasthetists.

Part 2: Clinical aspects

Abstract

Invasive and non-invasive mechanical ventilation (MV) continues to be the most significant life support method. It is, however,
coupled with many risks. Historically, concepts of MV did focus on improving the arterial blood gas results rather than preventing
harmful side-effects of positive pressure ventilation. Since then, multiple studies exploring this matter emerged and led to the
protective MV concept. The golden mean between assuring the best oxygenation and limiting the ventilator-induced lung injury
(VILI) is still a matter of debate. These considerations are especially impactful while treating patients with adult respiratory dis-
tress syndrome (ARDS), where the limitation of MV's negative effect is specifically important. This paper explores the protective

ventilation concept and clinical implications of the latter.

Key words: mechanical ventilation, acute respiratory distress syndrome, non-invasive ventilation, protective ventilation,

ventilator-induced lung injury

Introduction

Mechanical ventilation must be carried out
exceptionally cautiously and take into account:
indications and contraindications for its imple-
mentation, the clinical condition of the patient,
the technical capabilities of the ward, and the
skills of the staff. It is important to adjust therapy
to the patient, not vice versa — the way of ven-
tilation changes over time, taking into account,
in particular, the current results of arterial blood
tests which reflect the progression or regression
of the disease. It is advisable to perform imaging
and diagnostic-therapeutic bronchofibersocopy
tests, especially in patients with known atel-
ectasis. Even the safest mechanical ventilation
poses a risk, the consequences of which affect
the patient. Lung damage is an almost inevitable
complication of respiratotherapy.

Ventilator-induced lung injury

Ventilator-induced lung injury (VILI) is a form
of ventilator-associated lung injury (VALI), which

Adv Respir Med. 2020; 88: 580-589

is a broader concept and refers to all forms of lung
damage in ventilated patients. Ventilator-induced
lung injury means that the connection between
ventilation and damage has been proven. The
use of too high pressures in the respiratory tract
leads to damage in the lung tissue, so-called
barotrauma, which from today’s perspective, may
seem like a historical issue. In the past, when
the concept of safe ventilation was not present,
the formation of subcutaneous emphysema,
pneumothorax, pneumomediastinum, or air em-
bolism was not uncommon [1]. The presence of
such complications indicates the macroscopic
disintegration of the lungs. It must be noted,
however, that the direct cause of such damage is
not the pressure in the respiratory tract, but the
pressure applied to the lungs themselves, where
the most important role is played by the so-called
transpulmonary pressure (the difference between
the pressure in the alveoli and the pressure in
the pleural cavity). Dreyfuss et al. in the 1980s
conducted an experiment in which rats were
ventilated with high pressure, with one group
of animals wearing stripes to prevent lung and
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thoracic expansion during ventilation — the other
did not. In both groups, very high pressures were
achieved in the respiratory tract, but there was no
lung damage in the group of rats with clenched
belts, while individuals without belts experienced
damage [2]. This experiment, thanks to the arti-
ficial reduction in the compliance of the chest,
achieved low values of transpulmonary pressure
(due to increased pressure in the pleural cavity),
which prevented barotrauma (and VILI). The
reason why rats without a stiffened chest showed
more considerable lung damage was therefore
caused not by the pressure itself, but the higher
respiratory volume obtained — hence the new
term emerged — volutrauma. Considerations on
VILI can be further extended with an analysis of
the formula for transpulmonary pressure:

P, [cmH,0] = K x V./FRC.

Where “P,” means transpulmonary pressure,
“K” — specific pulmonary elastance, “V;” — re-
spiratory volume, and “FRC” is the functional
residual capacity of the lungs. The equation
above directly combines the respiratory volume
with transpulmonary pressure, meaning that the
concept of pressure and volume damage is closely
related. An equally important component of the
design is also FRC which is reduced, e.g., acute
respiratory distress syndrome [3], increasing
P.. The use of low respiratory volumes reduc-
es transpulmonary pressure, and therefore the
risk of VILI [4]. Pumping the air into the lungs
by producing positive pressure also carries the
risk of cyclic opening and closing of the alve-
oli. Slutsky et al. in 1997 discovered that such
repeated recruitment and derecruitment of the
alveoli also harm the tissue by promoting inflam-
mation — this experiment created the concept of
atelectrauma [5]. Taking Mead’s physical consid-
erations into account and the fact that in partially
collapsed lungs (e.g. ARDS), the applied pressure
can induce extremely different transpulmonary
pressure values —in one place the pressure P, may
be 30 cmH,O and in another even 140 cmH,O (!),
which becomes a pressure critically damaging
to the lung tissue [6]. As mentioned above, lung
damage can be done not only mechanically, but
also by induction and promotion of inflamma-
tion in the biochemical sense — biotrauma [7].
Mechanical ventilation forces deforming the al-
veoli also affect immune cells. There is increased
secretion of pro-inflammatory cytokines, fibrosis
processes and radical stress. It has been docu-
mented that after two-hour ventilation with high

volumes of rat lungs, TNF-«, IL-1-8, IL-6, IL-10,
MIP-2, and IFN-y concentrations increased signifi-
cantly [8]. Such a cytokine storm can enter the
systemic circulation and worsen the course of the
underlying lung disease, leading to catastrophic
complications [9].

In recent years, attempts have been made
to unify the problem of lung damage by creating
a formula for the so-called mechanical power
(MP), the value of which could reflect the degree
of harmfulness of the parameters of the ventilator
on the lung tissue. Such formula was proposed
by L. Gattinoni et al. [10]:

MP [J/min] = 0.0098 X RR{AV* (E + RR x R)
1 (1+L:E)

2 60 x L AV *x PEEP

Where RR — breaths/min, AV — respiratory
volume, E — respiratory elastance, R — respi-
ratory resistance, PEEP — positive end-expira-
tory pressure, I.E — inhalation time-to-exhaust
ratio. The clinician should strive to minimise
the power of mechanical ventilation even at the
expense of lower saturation [permissive hypox-
emia — SaO,between 85-95% and carbon dioxide
retention (permissive hypercapnia — pCO, 65—
85 mmHg)] [11]. It has been proven that a power
greater than 12 J/min carries a higher risk of
complications [12]. It must be remembered that
low MP may not be acceptable in patients with
severe ARDS, whose ventilation parameters must
be chosen in a way to guarantee the minimum,
necessary for survival oxygenation. It is therefore
suggested that in mild ARDS, the power should be
lower than 17 J/min, moderate ARDS < 22 J/min,
and in severe < 27 J/min [13].

Parameters of safe mechanical ventilation

The concept of safe mechanical ventilation
(LPV) applies to all patient groups, both those
with healthy and diseased lungs, that is, both
in the operating block and in the ICU. In both
groups, complications are observed after the use
of such parameters: postoperative respiratory
complications in anaesthesiology and a reduction
in ventilation time and faster ARDS resolution
in intensive care. A protective, cost-effective
ventilation strategy in the operating room is not
associated with any additional intraoperative risk
in the operated persons [15].

Breathing volume (V;, tidal volume) is de-
signed to guarantee an adequate amount of air
entering the lungs, and thus delivering oxygen
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and removing carbon dioxide. The higher the
respiratory volume, the easier these assumptions
are achieved. Unfortunately, excessive respira-
tory volume leads to lung damage. A number
of studies were conducted comparing lower V;
values of 6-8 mL/kg of ideal body weight (IBW)
with higher values of 9-15 mL/kg IBW. In those
patients who were treated with small volumes,
a decrease in mortality (by 30-40%), fewer com-
plications and fewer cases of VILI were observed
[15]. According to current guidelines, it is there-
fore recommended to reduce V; to < 6-7 mL/kg
IBW [16], as it leads to relatively small inflation
of lung tissue. Breathing volume is the most
essential element of the formula for the power
of mechanical ventilation. Hence, any efforts
to reduce MP should begin with an attempt to
optimise this parameter [10].

Plateau pressure is the pressure achieved in
the respiratory tract after stopping the inhalation
flow and before exhalation — the so-called inha-
lation pause. It depends on the compliance of the
respiratory system and in some way, determines
the degree of lung distension. If the patient is
ventilated with a safe volume of 6 mL/kg, the
values of this pressure should also be monitored
so that they do not exceed 30 cmH,O [11]. The
high value of this parameter is an independent
risk factor for death in ventilated patients [17].

Driving pressure (DP) is the difference be-
tween plateau pressure and end-expiratory pres-
sure obtained in the airways. It reflects the
dynamic changes to which the lung is subjected.
Currently, this parameter is considered the most
reliable VILI predictor, both in patients with
ARDS and in those with healthy lungs undergoing
general anaesthesia [18]. It is recommended to
reduce the DP to a value below 14 cmH,0O [18].
However, it must be remembered that the driv-
ing pressure is not an independent variable. To
achieve safe values for this parameter, one needs
to modify the plateau pressure (depending on the
respiratory volume and pulmonary elastance)
and the positive end-expiratory pressure (PEEP)
value. However, it must not be the case that, in
order to reduce the DP, uncontrolled increases in
PEEP values are allowed. It is conceivable that
the paradoxically safe value of DP = 12 ¢cmH,0
can be dangerous if the set PEEP is too high or
too low [19].

When a healthy person ends expiration, the
respiratory system naturally (thanks to the re-
sistance of the upper respiratory tract) produces
some positive pressure so that the alveoli do not

collapse [20]. That is why it is so important to
produce PEEP during mechanical ventilation.
Optimal PEEP can effectively counter lung depri-
vation, cyclic recruitment and derecruitment of
the alveoli (atelectrauma, VILI) and improve gas
exchange and the ventilation-perfusion ratio [21].
Insufficient PEEP leads to a deterioration in re-
spiratory work and VILI development. An equally
important problem is also the higher value of this
parameter: large PEEP, acting on the alveoli, can
lead to excessive lung stretching (so-called static
strain increase), which elevates inflammation of
the tissue and therefore promotes VILI [22]. Ex-
cessive PEEP also presses down large pulmonary
vessels, impairing venous return, i.e. reducing the
cardiac output [23], and also slightly damages the
outflow of lymph. It has been documented that
PEEP > 15 cmH,O is associated with excessive
lung stretching and haemodynamic impairment
[24]. From the point of view of mechanical power
(MP), higher PEEP also means the more required
energy needed to be delivered to the patient’s
lungs, and therefore can contribute to the for-
mation of VILI [10]. The randomised PROVHILO
study examined patients undergoing abdominal
surgery, ventilated or PEEP = 2 cmH,O or PEEP =
12 cmH,0. No adverse effects of higher PEEP val-
ues were observed, while the lower pressure PEEP
group had a detrimental effect of cyclic opening
and closing of follicles [25]. Various strategies for
ventilation of patients without ARDS ventilated in
the intensive care unit were also assessed, where
the strategy — low V(< 8 mL/H,0) + low PEEP
(< 10 cmH,0) was associated with a shorter stay
at the ICU, and the strategy — low V; + high
PEEP (> 10 cmH,0) — was linked with improved

Table 1. The most common causes and classification
of acute respiratory distress syndrome (ARDS)
[14, self-modification]

The most common causes of ARDS

- Sepsis

- Severe pneumonia

* Injuries

« Aspiration of harmful substances (e.g. stomach content)

« Other — massive blood transfusions, acute pancreatitis, etc.

Mild ARDS Moderate ARDS Severe ARDS
Horowitz index (Pa0,/Fi0,), at PEEP > 5 cmH,0
300-201 101-200 <100

Fi0, — oxygen concentration in the respiratory mixture (in decimal numbers);
p0, — partial pressure of oxygen in the arterial blood (mm Hg)
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Table 2. ARDSnet mechanical ventilation strategy [30]

Fi0, 0.3 0.4 04 0,5
PEEP 5 5 8 8
Fi0, 0.8 0.9 09 0,9
PEEP 14 14 16 18

0.5 0,6 0.7 0.7 0,7
10 10 10 12 14
1,0

18-24

Fi0, — oxygen concentration in the respiratory mixture (in decimal numbers); PEEP — positive end-expiratory pressure

oxygenation of the patient’s blood [26]. It seems
that subjects with healthy lungs can start venti-
lation with PEEP = 5 cmH,O, as this mimics the
natural PEEP and protects against the harmful
effects of its absence [27]. The problem arises in
treatment of ARDS (Table 1) where there is a mas-
sive lung deterioration and PEEP values must be
high enough to expand the collapsed lungs and,
thus ensure normal oxygenation. The ART study
looked at patients with ARDS ventilated with an
open lung ventilation strategy using the so-called
“open lung ventilation” Recruitment manoeuvres
(one-time lifting of PEEP pressures to a value of
45 cmH,0) and PEEP titration, following the prin-
ciple of obtaining maximum static compliance
(Cstat = V/Pplat). The control group in this study
was a group of patients treated with ARDSnet (Ta-
ble 2) using low PEEP and low V;values. Not only
did the study experience three sudden cardiac
arrests due to recruitment manoeuvres, a higher
mortality rate in the study group (in patients with
moderate ARDS) was observed [28]. This calls
into question the concept of ARDS treatment of
“lung opening” [29] and begins a discussion on
a new look, involving minimal deformation of
the lungs with low or moderate PEEP values (up
to 15 cmH,0) [23].

The respiratory rate (RR) should ensure the
correct elimination of carbon dioxide from the
body, so this variable should be adjusted to the
results of carbon dioxide pressure (pCO,) in blood
gas. PCO, pressure is considered to be normal
between 35-45 mm Hg (normocapnia) [31]. The
breathing rate of 8-12/min is generally sufficient
in patients without lung damage, mainly in the
operating room [32]. Ventilation of patients with
ARDS following LPV principles, due to low V;
values, often requires an increase in RR. Thus,
in patients with ARDS, the ventilation rate can
be up to 35/min [30]. It should be remembered
that the RR parameter is also present in the
formula for the power of ventilation and its rise
contributes to the growth of the MP, therefore,
increases the risk of VILIL: the animal model study

showed that ventilation, even with very harmful
volumes, depending on the breath frequency, can
significantly model the risk of death [33]. In order
to reduce VILI in ARDS patients, limiting RR to
~30 breaths/min may result in the so-called per-
missive hypercapnia [11], with the development
of respiratory acidosis.

The oxygen concentration in the breath-
ing mixture during mechanical ventilation can
range from 21% to 100% (0.21-1.0). It should be
remembered, however, that due to the harmful
effects of aerobic radicals and resorption atel-
ectasis, it is recommended not to increase the
oxygen fraction (FiO,) above 0.6 [34]. There are
studies documenting that hyperoxia increases
mortality in intensive care units [35]. For this
reason, a conservative oxygen therapy strategy is
recommended to maintain oxygen pressure in the
blood (pO,) within 70-100 mm Hg and saturation
(SpO,) at 94-98% [36]. For ARDS patients, stricter
values can be used: 55-80 mm Hg and 88-95%,
respectively [30].

Non-invasive ventilation (NIV)

In recent years, the importance of non-in-
vasive ventilation has been growing, both in
hospital wards and in home therapy [37]. There
are reports that this method may be the first-line
treatment in different types of acute respiratory
failure (ARF) [38]. One ought to remember that
the rules of invasive ventilation in the ICU cannot
be directly transmitted to non-invasive ventila-
tion (NIV). Non-invasive ventilation differs from
invasive ventilation primarily by the lack of the
need to put on an artificial respiratory tract (in-
tubation tube), and instead uses special masks
(nasal, oronasal, full face or ventilation helmets),
closely adjacent to the patient’s face. In terms of
a mere method, NIV is also based on ventilation
with positive pressures, but it is necessary to
remember that the patient himself must initiate
a breath. Calculation of tidal volume during NIV
differs as well. It is important to note that due
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Sudden drop in Sp0;

v

Is the ventilation system disconnected?

Yes iNo

v
Is the intubation tube in the correct position

Connect the disconnected elements

Yes No
4 v
Excessive pressure in the respiratory system? Lift the intubation tube
to the correct position
Yes No (male: 21-24 cm,
v v female: 19-22 cm)
. . or reintubate the patient
High respiratory system pressure protocol Emergency ABG, circulatory system assesment,
(Figure 2) + bronchotracheal toilet diagnostic imaging (USG, CT, chest radiograph)

Figure 1. Protocol for a sudden drop in Sp0, management. ABG — arterial blood gas; CT — computed tomography; Sp0O, — peripheral capillary

oxygen saturation; USG — ultrasonography

Too high pressure in the respiratory system

A

Flexed elements of respiratory system?

Yes iNo

v

Is the patient coughing?

Verify and correct

No Yes
v

Horowitz index < 1507

Is the intubation tube at the correct depth? (male: 21-24 cm, female: 19—-22 cm)

Yes No Yes No
v
Is there an excessive amount of secretion Verify Increase Adjust ventilation
in the performed tracheobronchial toilet? and correct sedation mode to the patient

No

Yes
v

\ 4

Suspicion of a bronchospasm:

Continue tracheobronchial toilet
are a bronchodilatory drugs effective?

and consider therapeutic
bronchofiberoscopy
Yes No

Continue ventilation Emergency USG/chest radiograph/CT

Figure 2. High respiratory system pressure protocol. CT — computed tomography; Horowitz index — the ratio of partial pressure arterial oxygen

(Pa0,and fraction of inspired oxygen); USG — ultrasonography

www.journals.viamedica.pl

584



Zbigniew Putowski et al., Mechanical ventilation for non-anaesthetists. Part 2

Hyperoxemia (target Sp02 94-98% and p0, 75-100 mm Hg)

4

I:E ratio?

A v

2 1:1:5
1:2

A A

Hypercapnia Ventilate the patient
accordingly
Yes No to the ARDSnet
v y protocol

Change I:E ratio Decrease fi0;

to1:1:50r1:2

Figure 3. Protocol for hyperoxemia management. Fi0, — oxygen con-
centration in the respiratory mixture; |:E ratio — inspiratory:expiratory
ratio; p0, — partial pressure of oxygen in the arterial blood (mm Hg);
Sp0,_peripheral capillary oxygen saturation

Hypoxemia (target Sp02 94-98% and p02 75-100 mm Hg)

A 4

Ventilate the patient accordingly to the ARDSnet protocol

4

Is the hypoxemia still present?

Yes No
v v

Change l:E ratio to 1:1 or 2:1, Goal achieved

prone position for 12-16 h a day

Figure 4. Protocol for hypoxemia management. |:E ratio — inspira-
tory:expiratory ratio; p0, — partial pressure of oxygen in the arterial
blood (mm Hg); Sp0,_ peripheral capillary oxygen saturation

to possible gas leakage via imperfect mask ad-
hesion, inspiratory volume is often higher than
the expiratory volume. The biggest advantage of
NIV seems to be minimising the risk of ventila-
tor-associated pneumonia [39], although the risk
of VILI cannot be eliminated entirely. NIV does
not require sedation and can be used periodically

(one-, two-hour sessions, ventilation during
sleep). As well as invasive ventilation, NIV meets
the basic assumptions of respiratory support as it
reduces respiratory work (WOB), facilitates the
procurement of O,, CO, removal and expands
collapsed regions of the lung.

Current indications for starting NIV for ARF
are clearly described in the European Respiratory
Society and American Thoracic Society clinical
practice guidelines published in 2017 [40]. The
major indication is the exacerbation of chronic ob-
structive pulmonary disease (COPD). Support for
the patient with non-invasive ventilation reduces
dyspnoea, tachypnoea, improves V; decreases
pCO, and faster normalises pH [41]. Non-invasive
ventilation in COPD reduces mortality and the
need for intubation [42]. Another indication for
NIV is cardiogenic pulmonary oedema, as it not
only improves blood oxygenation but also reduces
the afterload of the left ventricle by optimising
transmural pressure. It reduces the need for ox-
ygen in the heart muscle, which translates into
an improvement in prognosis [43].

Furthermore, an interesting indication for
NIV is an ARF in patients undergoing immuno-
suppression. It has been proven that in individ-
uals during immunosuppressive treatment (e.g.
after organ transplantations) who developed
acute respiratory failure, the use of NIV led to
intubation avoidance, shortest treatment time
and reduced mortality [44]. Another indication
for NIV is weaning from mechanical ventila-
tion, as it helps to avoid reintubation, shortens
the length of stay in the ICU and reduces the
incidence of pneumonia [45]. Finally, ARF as
a postoperative complication or ARF as a result
of lung injury are other essential indications for
NIV [40]. In addition to the above-mentioned
main indications, there are still many additional
ones, namely neuromuscular diseases, chest in-
juries, kyphoscoliosis, obstructive sleep apnoea,
obesity hypoventilation syndrome) [46—48]. NIV
is absolutely contraindicated in patients with-
out effective respiratory drive, with impaired
consciousness, in those with unstable haemo-
dynamics and in people at risk of aspiration of
food content [49].

Selection of a proper interface that fits prop-
erly is of paramount importance for the success
of NIV [50]. A significant risk of NIV failure is
the mismatch of masks and helmets, which must
stick tightly to the patient’s face. An oversight in
this matter can lead to a critical escape of gases
from the system and result in a decline of breath
support. It should also be remembered that a mask
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Hypocapnia in arterial blood gas analysis
(target pCO2 35-45 mm Hg)

v
Check the Vit
v v Y
> 8 mL/kg IBW 6-8 mL/kg IBW 4-6 ml/kg IBW
v \ 4 A
Change Vit Change Vit Reduce respiratory

to 4-6 mL/kg IBW | |ratio by 2-6 breaths

to 4-8 mL/kg IBW

Figure 5. Protocol for hypocapnia management. IBW — ideal body
weight; pCO, — partial pressure of carbon dioxide in the arterial blood
(mm Hg); Vt — tidal volume

that is too tight or using NIV for too long can
lead to serious facial skin damage. In the acute
setting, oronasal or full face masks are prefer-
able to nasal masks because dyspneic patients
are mouth breathers, predisposing to greater air
leakage during nasal mask ventilation [50]. In
nonhypercapnic patients, helmet application may
be preferred [50].

Basic protocols for the most common
disruptions in respiratotherapy

Finally, a simple pack of protocols for most
frequent problems occurring during invasive
mechanical ventilation should be learned by
all practitioners providing MV (Figure 1-6). For
NIV, a modified algorithm should be applied
(Figure 7).

Conclusions

Respiratotherapy includes the integration of
many components, the most important of which

Hypercapnia in arterial blood gaz analysis
(target pCO2 35-45 mm Hg)

A

Check the Vit
A 4
Vt = 4-8 mL/kg IBW < 4 ml/kg IBW
A 4

Increase the RR Too high pressure
for 2-6 in the respiratory system
(>30 cm H20 plateau
pressure or > 40 cm
peak pressure)?

Yes No
A v
High respiratory Increase Vt
pressure protocol to 4-8 mL/kg
(Figure 2) IBW

Figure 6. Protocol for hypercapnia management. IBW — ideal body
weight; pCO, — partial pressure of carbon dioxide in the arterial blood
(mm Hg); RR — respiratory rate; Vt — tidal volume

remains the patient. Be aware of the limitations
and dangers of positive pressure, which, despite
being at odds with the physiological way of
breathing, is now the most common method of
respiratory support in respiratory failure. Venti-
lation should be adapted to the patient accord-
ing to personalised therapy. Basic knowledge of
mechanical ventilation is essential for doctors
specialising in other fields than anaesthesiology
and intensive therapy, especially to those before
the planned internship at the ICU.
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Is the patient conscious and cooperating?

Yes No
v v

Is the NIV mask/helmet available? Choose invasive ventilation

Yes No
v

Carefully and precisely adjust the NIV mask/ Choose invasive ventilation

/helmet to the patient's face and start ventilation

with the following settings:

* |PAP/EPAP: 10/5 cmH20

* Target expiratory volume: 5-7 mL/kg IBW

* Increase IPAP to meet the target expiratory
volume (max. IPAP 25 cmH20)

A 4 A 4

Control arterial blood gas after 1 hour of ventilation Worsening of mental status (altered consciousness)?

Yes

A A 4

Persisting hypoxemia Choose invasive ventilation

— increase IPAP and EPAP by 2 cmH20

Persisting hypercapnia
— increase IPAP by 2 cmH,0

A

Control arterial blood gas after
1 hour of ventilation

* Decrease of pCO2>8 mmHg

* Improvement of oxygenation
e pHincrease by >0.06

Yes No
A

Continue NIV Choose invasive ventilation

Figure 7. Protocol for management of acute respiratory failure using non-invasive ventilation. EPAP — expiratory positive airway pressure; IBW
— ideal body weight; IPAP — inspiratory positive airway pressure; NIV — non-invasive ventilation; pCO, — partial pressure of carbon dioxide
(mm Hg); Vt — tidal volume
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The coincidence of diahetes mellitus and asthma, their probable
causal relationships and therapeutic opportunities

Abstract

Both the epidemiological data and the everyday medical practice demonstrate the coincidence of various types of diabetes
mellitus (DM) in patients with asthma. Specific correlations between the risk of DM in pregnancy, asthma and the consequenc-
es of these diseases to the mother and her baby are also explored. The discussion concerning, on the one hand, the impact of
asthma-related inflammatory condition on the metabolism of carbohydrates, and, on the other, the presence of chronic hypergly-
cemia and inflammatory markers observed in patients with asthma, is still ongoing. In the case of asthma and type 1 diabetes
mellitus (T1DM), a correlation with the dysfunction of the immune system and the genetic background has been suggested, and
in the case of type 2 (T2DM), the vital role of obesity and insulin resistance (IR) to promote excessive proinflammatory immune
response. The data indicate that both asthma and DM affect mutually their clinical presentations, including the prognostic values
and therapeutic possibilities. The ongoing controversy concerning the effective and safe anti-asthma and hypoglycemizing ther-
apy does not allow for a definitive therapeutic consensus in this group of patients, despite the suggested role of metformin and
hyperglycemizing effects of glucocorticoids. Therefore, the objective of the presented paper is a review of the knowledge in the

field of DM and asthma coincidence, their probable causal relationships and therapeutic opportunities.

Key words: diabetes, asthma, epidemiology, immunopathology, treatment

Introduction

In daily medical practice, either pneumologi-
cal or diabetological, we are dealing with patients
with diabetes mellitus (DM) coexistent with
asthma. Due to the pathological and therapeutic
heterogeneity of the types of DM, as well as the
asthma medications used by the patients, the
relationship between these diseases is significant
from both theoretical and practical point of view.
From the theoretical point of view, the possible
etiological mechanisms of the coexistence of
both diseases and the factors influencing their
mutual course should be sought. Obtaining such
information, from the practical point of view, may
allow for the development of diagnostic schemes

Adv Respir Med. 2020; 88: 590-598

in the direction of DM in patients with asthma,
determination of the mutual clinical picture, and
selection of the appropriate therapeutic regimens
in the case of coexistence of these diseases.
Despite the availability of studies assessing
the etiopathological relationship between DM
and asthma, there is still an ongoing discussion
concerning the impact of inflammatory markers
associated with asthma on the metabolism of
carbohydrates. On the other hand, the available
data suggest a significant effect of the carbohy-
drate metabolism on the presence of inflammation
in the patients’ organism. These concerns stem
from the lack of a sufficient number of studies
exploring the relationship between asthma and
the development of DM. Currently, practical
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guidance on the indications to perform diagnos-
tics for DM in asthma patients and the standards
of hypoglycemizing and asthma therapy in this
group of patients is also missing.

Therefore, the objective of this work is to sum
up the knowledge in the field of coexistence of DM
and asthma, their probable causal relationship,
as well as taking advantage of the opportunities
for providing a safe hypoglycemizing and asth-
ma therapy. The presented analysis will seek to
harmonize the standards of diagnostic and ther-
apeutic management for the coexistence of these
diseases, or their risk factors.

Epidemiology

DM and its complications represent currently
an important health problem. In 2017, 424.9 mil-
lion adult patients aged 20-79 years were esti-
mated to have DM, and the data suggest that by
2045 this number will increase to 628.6 million.
It should be noted that type 2 (T2DM) is the most
common type of this disease in adults, occur-
ring in approx. 87-91% of diabetic patients. The
remaining group consists of patients with type
1 diabetes mellitus (T1DM) (7-12%) and 1-3%
of those diagnosed with gestational diabetes
(GDM), or secondary diabetes resulting from gene
mutation, other chronic diseases (especially of
the pancreas), or the used medications. These
proportions are reversed in children and adoles-
cents, with the predominance of T1DM and the
number of patients reaching currently over one
million. It is noteworthy that in this age group,
due to the epidemics of obesity, the incidence of
T2DM is continually increasing [1]. Notably, DM
occurs slightly more frequently in adult men than
in women. In 2014, the incidence of this disease
amounted to 9.0% and 7.9%, respectively and, ac-
cording to the predictions, these rates will increase
to 12.8% (men) and 10.4% (women) in 2025 [2].

The data indicate a slightly lower incidence
of asthma than that of DM. In 2012, the disease
was diagnosed in approx. 334 million subjects
all over the world, and there have been signifi-
cant differences between the assessed countries
(Austria 21.0% vs China 0.2%) [3]. In contrast
to DM, the number of asthma cases is believed
to remain stable, with its rapid growth in the
developing countries, and a reduction in the in-
cidence in the developed countries. It should be
noted that male children more often suffer from
asthma (approx. 20% higher incidence), whereas
cigarette smoking and obesity are among the main
risk factors for developing the disease [4].

An increasing number of papers reports
the coexistence of various types of DM and
asthma. A meta-analysis of 11 clinical studies
carried out on a group of more than 550 thou-
sand patients aged 57.23 + 11.65 years with and
without asthma showed that patients who have
been diagnosed with the disease suffer from DM
more frequently [odds ratio (OR) 1.25, 95% CI
1.08-1.44, p < 0.00001] [5]. An analysis of 12-year
follow-up in The Women’s Health Study, conduct-
ed in a group of 38.570 women aged > 45 years
with asthma/asthmatic symptoms (8.7%), or with
overlap syndrome [asthma accompanying COPD
(chronic obstructive pulmonary disease)] (3.2%)
without DM showed 2472 new T2DM cases. In the
age- and randomized treatment-adjusted model,
the presence of asthma and/or COPD was asso-
ciated with a 1.75-fold increased risk of T2DM
as compared with healthy subjects. Moreover,
patients with preexisting asthma alone also had
a higher risk of T2DM than those in the same con-
trol group [the multivariate-adjusted relative risk
(RR) 1.37, 95% CI 1.20-1.57]. It should be noted
that the risk was independent of the presence of
the standard diabetogenic factors, including the
lack of adequate physical activity, cigarette smok-
ing, the use of hormone replacement therapy,
consuming excessive quantities of alcohol, the
family history of DM and hypertension, familial
hypercholesterolemia and an improper diet [6].
A study by Finnish researchers showed that pre-
vious diagnosis of asthma increased the risk of
subsequent T1DM by 41% (95% CI 1.28-1.54),
whereas previous diagnosis of T1DM decreased
the risk of subsequent asthma by 18% (95% CI
0.69-0.98). It should be emphasized that these
findings were independent of the relevant risk
factors, such as age at diagnosis, birth decade,
sex, the presence of maternal asthma/DM and
birth-related factors [7]. A similar observation
was made by Chinese scientists in a group of
adults, where besides hypertension, myocardial
infarction and ischemic stroke, DM was featured
as one of the major diseases coexisting with asth-
ma. In addition, statistical analysis demonstrated
a significant relationship between the lifestyle
affecting carbohydrate metabolism [body mass
index (BMI), smoking, alcohol consumption, ed-
ucational level, watching television and playing
computer games] and the risk of the development
of asthma [8].

An observational study based on the use of
the Austro-German DPV database indicated that
3.49% of patients below 20 years of age with T1IDM
also had asthma, or received asthma-specific
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drugs. It is worth noting that patients with T1DM
and asthma were more often males, were older,
and had longer DM duration [9]. In turn, a study
assessing the presence of post-steroid complica-
tions in patients with severe asthma, including
subjects from two large databases — the Optimum
Patient Care Research Database (OPCRD) and the
British Thoracic Society (BTS) Difficult Asthma
Registry demonstrated that T2DM occurred in
more patients with severe than with mild/mod-
erate form of asthma (10% vs 7%, OR 1.46, 95%
CI1.11-1.91, p < 0.01) [10].

Immunopathology

Asthma is a heterogeneous disease associated
with the presence of chronic inflammatory condi-
tion, leading to remodeling of the airways. A ma-
jor role in the etiopathogenesis of asthma, in ad-
dition to the presence of a polymorphism of many
genes responsible for the proper functioning of
epithelial barriers, innate and acquired immune
responses (including genes for interleukin 33
(IL-33), IL1RL1/IL18R1, HLA-DQ, mothers against
decapentaplegic homolog 3 (SMAD3), IL2RB9,
zona pellucida binding protein 2 (ZPBP2), GSDMB
and ORMDL3), is played by dendritic cells and
Th2 cells, producing, inter alia, IL-4, IL-5 and
IL-13, and a variety of other cytokines. They all
play an important role in the maturation and
survival of eosinophils, their recruitment to the
pulmonary mucosa, the isotype switching of
B-cells and the synthesis of immunoglobulin E
(IgE), which activates the mast cells when bound
to the appropriate receptors [4, 11].

The etiopathogenesis of the various types
of diabetes is somewhat less complex, but also
includes the interaction between different genetic
and environmental factors resulting in a gradual
loss of pancreatic p cell mass and/or their proper
functioning. In the case of T1DM, the variants of
genes in one large locus— human leukocyte anti-
gen (HLA) are associated with a 50-60% increase
in the genetic risk for DM, by affecting the binding
of HLA protein with antigen peptides and antigen
presentation to T cells. It should be mentioned
that these are not the only genes involved in the
development of this disease. It has been suggested
that there are about ca. 50 such genes, and they
all contribute, inter alia, to the modulation of the
regulation of immunity. In addition, the suggested
association between the environmental factors,
such as infections (mainly viral), nutrients (glu-
ten) and the autoimmune process and the risk of
the development of T1DM should be emphasized.

Notably, in this situation, the presence of autoan-
tibodies reflects the basic immune response of T
and B cells to the B cell antigens [12].

Obesity and insulin resistance (IR) are the two
main causal factors of T2DM. In the recent years,
a close correlation between the presence of excess
fat and the functioning of the immune system has
been found. This system has been demonstrated
to have a significant impact on, inter alia, differ-
entiation of adipocytes and prevention of ectopic
deposition of lipids. The dysfunctional adipose
cells (due to caloric overload) were found to be
characterized by multiple anomalies (including
excessive production of leptin and reduced pro-
duction of adiponectin, hypoxia and excessive
deposition of the cellular matrix — collagen and
elastin). These changes entail a variety of conse-
quences, including initiation and/or promotion
of the immune response in the form of persistent
excessive number of immune cells producing
proinflammatory cytokines [13]. On the other
hand, a study by Carpio et al. did not observe
the presence of breathlessness sensation during
exercise to be dependent on the peak respiratory
rate, peak respiratory CO2 equivalent, as well as
the proinflammatory cytokines, such as IL-6 and
IL-1B in sera [14]. Some authors divide obese
patients with asthma into two phenotypes: early
atopic Th2-high type asthma with more severe
bronchial hyperreactivity and higher concentra-
tion of IgE, where asthma is complicated by the
presence of obesity and late, non-atopic Th2-low
asthma, occurring mainly in women whose devel-
opment of asthma is the consequence of obesity
and is associated with lower incidence of atopy,
bronchial hyperreactivity, airway obstruction and
the number of exacerbations [15].

The link between obesity, intestinal microbi-
ota and diseases related to the immune system,
including asthma, is becoming increasingly
popular. This mechanism also seems to be not
understood completely, but there are indications
that besides the involvement of IgA and calpro-
tectin produced by the mucous membranes, the
exposure to lipopolysaccharides (LSP), produc-
tion of short-chain fatty acids (SCFA), bile acids
and intestinal microflora products are involved
in this process as well [16]. In a study by Cani
et al., the animal model demonstrated that mice
fed with high-fat carbohydrate-free diet (72% fat,
28% protein and < 1% carbohydrates) had higher
concentrations of LPS. Such a diet was observed
to change drastically not only the intestinal flo-
ra by a significant reduction in the number of
Gram-positive and Gram-negative bacteria (Lacto-
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bacillus spp., Bifidobacterium spp., and Bacteroi-
des-Prevotella spp.), associated with an increase
in the permeability of the intestines caused by
decreased expression of epithelial tight junction
proteins such as ZO-1 and Occludin (an integral
plasma-membrane protein located at the tight
junctions), but also the concentrations of mRNA
PAI-1, IL-1, tumor necrosis factor-a. (TNF-a) and
F4/80 in the visceral (mesenteric) adipose tissue.
The above correlation was abolished completely
by institution of 4-week antibiotic treatment
leading to substantial reduction of inflammatory
markers in the group fed with the high-fat diet.
Moreover, the used high-fat diet was proven to
be associated with an increase in blood glucose,
which was reduced by the use of antibiotic
therapy. Similar observations apply to the car-
bohydrate diet inducing insulin secretion, the IR
indicator, weight gain, total energy consumption
and the weight of visceral and subcutaneous
adipose tissue [17].

On observation of the patients already diag-
nosed with T2DM, the presence of irregularities
in the immune system function, associated with
the onset and persistence of a chronic inflam-
matory condition responsible for disturbances
of inflammation transduction, is also notable.
For example, in a study conducted by Danona
et al., it was demonstrated that the expression
of inflammatory markers such as IL-4, matrix
metallopeptidase 9 (MMP-9), LIGHT (tumor ne-
crosis factor superfamily member 14, TNFSF14),
chemokine receptor type 2 (CCR-2) and plasma
concentrations of nitric oxide metabolites (NOM)
was significantly higher in obese patients, includ-
ing those with T2DM as compared with healthy,
nonobese subjects. It was also found that, except
for the concentrations of NOM, these values cor-
relate with The Homeostatis Model Assessment
— Insulin Resistance (HOMA-IR) and BMI [18].
In turn, the study by Sindhu et al. proved that
patients suffering from asthma and T2DM have
a higher concentration of monocyte chemoat-
tractant protein-1 (MCP-1) compared to those
with and without one of the above diseases, and
the concentration of that marker correlated with
other exponents of inflammation and respiratory
tract remodeling, such as IFN-a2, IL1RA, IL-10,
Fractalkine/CX3CL-1 and vascular endothelial
growth factor (VEGF). Slightly different correla-
tions of that marker were found in the compared
groups of patients with T2DM and asthma (in
that group correlation with IL-3, IL-6, IL-9, MIP-
1a/CCL-3, MIP-1p/CCL-4, GROa/CXCL-1 i BMI)
and those with asthma without T2DM (correlation

with IL-1f, IL1RA, MDC/CCL-22, IP-10/CXCL-10,
GM-CSF, FGF-2, PDGF-AA, PDGF-BB and glycated
hemoglobin — HbA1c) [19].

In the case of patients with T1DM and asth-
ma, the etiopathogenetic link seems to be stronger
than in the type of carbohydrate metabolism dis-
orders described above, but there are still contro-
versies. For example, the study by Vaseghi et al.
showed a significantly lower expression of T-bet
and IFN-y genes in T1DM patient group compared
with subjects without DM (p < 0.05). There was,
however, no significant relationship between
the expression of GATA-3 and the presence of
DM, while a significant increase in IL-4 mRNAs
in peripheral blood mononuclear cells (PBMCs)
and plasma concentrations of this cytokine (p <
0.001) was reported in the group of patients with
T1DM (p < 0.05), as well as decreased concentra-
tion of another inflammatory marker — IFN-y (p
< 0.001) [20]. In the study by Peters et al., it was
found, however, that notwithstanding the severity
of asthma (severe and non-severe), the increased
level of IL.-6 correlates with the value of BMI (p <
0.0001) and the presence of DM (p = 0.04) [21].

Clinical picture

Clinical data suggest, however, that DM is
one of the least common chronic diseases con-
comitant in patients with asthma, including
controlled/uncontrolled cases. It has been also
found that DM is slightly more frequent in asthma
patients with correctly controlled disease than in
those with poor asthma control (12.5% vs 11.1%),
as well as in obese ones (18.6 vs 13.9, respective-
ly) [22]. It is notable that the presence of obesity
in patients with asthma is associated with more
severe symptoms, destabilization and loss of
control of the disease, as well as deterioration of
the quality of life, a different response to the med-
ication to control the disease, the development of
steroid resistance and the absence of eosinophilic
inflammation [23]. It has also been shown that the
diagnosis of IR is associated, like in the case of
obesity, with a significantly increased presence of
wheezing incidents (OR 1.87, 95% CI 1.38-2.54)
and asthma-like symptoms (OR 1.61, 95% CI
1.23-2.10). This correlation has also been proven
to be stronger in the case of IR than of obesity and
independent of the gender of the patient [24]. It
is also worth mentioning that obesity can cause
shortness of breath on exertion by reducing the
functional residual capacity of the respiratory
reserve volume. Obesity in adults, particularly
in women, may be associated with treatment-
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-resistant asthma with less eosinophilic and more
neutrophilic sputum profile [25].

In daily clinical practice, the existence of an
association between the presence of DM and the
risk of pneumococcal diseases, including com-
munity-acquired pneumonia (CAP) and invasive
pneumococcal disease (IPD), in adult patients,
especially those aged < 40 years without comor-
bidities, is also worth keeping in mind. It has been
shown that this risk increases with the duration
of DM and inadequate glycemic control [26].

In the GEIRD (Gene Environment Interactions
in Respiratory Diseases) study conducted on
patients aged 45-64 and 65-84 years, including
individuals with T2DM, no significant differences
as to the incidence of asthma were observed in
the analyzed groups of patients with and without
DM. It was noticed, however, that people with DM
reported slightly more frequently dyspnea limiting
the walking pace (modified MRC grade 2 dyspnea)
in the respective age groups (7.9% vs 23%, p <
0.001 and 13.7% vs 30.9%, p < 0.001). Compared
to the general population, patients with DM aged
45-64 years complained more frequently of chron-
ic cough/presence of phlegm (p = 0.017) [27].

With respect to patients with T1DM, taking
into account the previously cited review of the
DPV database, it has been suggested that in-
dividuals with this type of DM suffering from
asthma, compared to subjects without asthma,
are at a similar age at DM diagnosis with similar
prevalence of overweight and obesity, diabetic
ketoacidosis, as well as similar values of blood
pressure and lipid profile. It has also been shown
that patients with T1DM and asthma more often
use continous subcutaneus insulin infusion, more
often have hypoglycemic coma, with almost the
same average value of HbA1lc (8.28 = 1.8% vs
8.3 £ 1.7%, p = 0.77). It seems to be associated
with higher doses of insulin that they have to use
(0.88 0.3 vs 0.84 0.3 U/kg, p < 0.01) and specific
anti-asthma drugs (62% — asthmatics, including
28% — requiring inhaled glucocorticoids — IGCs,
24% — sympathomimetics, 6% — leukotriene
receptor antagonists and 4% — other nonspecific
medications). It should also be noted that the
subjects using sympathomimetics, compared to
patients using IGCs and leukotriene modifiers,
had a higher HbA1c (8.42 = 1.83% vs 8.18 =
1.55% and 8.42 = 1.55% vs 7.97 * 1.14%). Di-
abetic ketoacidosis occurred more frequently
in subjects using sympathomimetics than IGCs
(8.5 vs 4.8 per 100 patient-years, p = 0.0117) [28].

When discussing the clinical problems asso-
ciated with the presence of asthma with DM, the

impact of these diseases on basic lung function
tests should also be mentioned. In their study,
Klein et al. demonstrated that patients with DM
had lower mean forced expiratory volume in
1 second (FEV,), lower forced vital capacity (FVC)
and higher dyspnea scores than those without
DM regardless of the presence of chronic lung
disease (LD) such as asthma, chronic bronchitis
or emphysema [FEV, 3.00 (95% CI 2.96-3.04)
vs 3.10 (3.09- 3.11) L, p < 0.01, for participants
without LD and 2.86 (2.79-2.93) vs 2.95 (2.92-
2.99) L, p < 0.05, for participants with LD, FVC
3.62 (3.59-3.66) vs 3.81 (3.79-3.83) L, p < 0.001,
for participants without LD and 3.56 (3.48-3.63)
vs 3.74 (3.70-3.77) L, p < 0.001, for partici-
pants with LD; dyspnea score 0.60 (0.49-0.71) vs
0.41 (0.34-0.49), p < 0.001, for participants with-
out LD and 1.25 (0.94-1.55) vs 0.77 (0.54-1.00), p
< 0.001, for participants with LD]. There was no
significant effect of coexistence of these diseases
on CRP activity. It has been shown, however, that
the aforementioned indicators of lung damage
correlate in patients with T2DM with the value of
albumin-to-creatinine ratio (ACR), and the value
of FVC was inversely proportional to the HbA1lc
percentage in patients without LD (a reduction of
FVC values of 16 + 7 L per 1% increase in HbA1c).
It should be mentioned that this observation ap-
plies to the Spanish/Latino cohort and suggests
that alveolar-capillary microangiopathy-related
mechanisms play a role in this association [29].
The above study provides the confirmation of the
earlier observations concerning the differences in
the FVC, FEV, and diffusing capacity for carbon
monoxide (T, o) values in spirometry in patients
with and without DM, in whom significant differ-
ences in the tested aerobic capacity parameters
were found. However, this study indicates the
presence of a controversy as to the ethnic dif-
ferences, pointing out the Spanish/Latino race
rather than the Caucasians or Afroamericans as
more susceptible to pulmonary diabetic compli-
cations [30].

Referring to the complications and comor-
bidities, the results of the recently published
Swedish study demonstrating that cessation of
cigarette smoking in patients with asthma con-
tributes to a reduction of high level of cardiovas-
cular risk factors, including DM (OR 3.87, 95%
CI 1.04-14.4, p = 0.04) [31].

Treatment

The everyday clinical practice as well as the
research data indicate the presence of a contro-
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versy concerning the “carbohydrate” safety of
anti-asthma medications and the selection of
hypoglycemizing drugs in patients with asthma
and DM.

The debate on the diabetic safety of anti-asth-
ma medications concerns mainly GCs. A litera-
ture review conducted by American scientists
points to 4-fold higher risk of developing DM in
patients who chronically use this group of drugs
[32]. Sullivan et al., based on the MarketScan®
data set, found that the use of oral glukocortico-
steroids (OGCs) four times per year or more was
associated with a significant risk for the develop-
ment of T2DM (OR 1.28, 95% CI 1.13-1.449, p
< 0.01). Such a risk was, however, not reported
among the patients using this group of drugs less
often — 1-3 times per year (OR 1.056, 95% CI
1.015-1.098) [33].

A retrospective study conducted by British
researchers using a UK-based Clinical Practice
Research Datalink (CPRD) on over 60 thousand
patients with severe asthma (stage 4 or 5, ac-
cording to GINA) also confirmed that the use
of OGCS involved a risk of developing DM in
this group of patients [1.04 events per 1000 per-
son-(28 day)-periods], and this increase occurred
also with small doses (> 0-2.5 mg/day (HR 1.20,
95% CI1.11-1.30) and correlated with an increase
in the administered OGCs dose (for > 2.5 mg/day
— HR 1.77, 95% CI 1.44-2.01) [34]. Analyzing
other drugs used in the treatment of asthma, it
should be noted that there are no detailed data to
evaluate the effect of cholinolytics on carbohy-
drate metabolism. In the case of patients requiring
therapy with anti-IgE antibodies, there have been
reports suggesting a negative effect of omalizumab
on metabolic control of DM, and a positive one
of mepolizumab [35].

The choice of drugs in patients with asthma is
mainly dependent on the type of DM. In the case
of T1DM, the drug of choice is insulin adminis-
tered in different therapeutic schedules. A study
on a small group of 24 patients with more severe
asthma exacerbations, requiring the use of OGCs
and possibly insulin therapy in the infusion pump
or subcutaneously, showed that, regardless of the
route of insulin administration, hyperglycemia is
associated with the prolongation of the necessary
time of hospitalization (8.2 = 2.4 and 10.2 =
5.2 vs 5.8 = 1.9 in the group not requiring insulin)
[36]. Ahmadizar et al., during their 5-year fol-
low-up study, found a significantly higher rate of
the use of asthma medications in patients after the
diagnosis of T1DM (23.2% vs 18.3% in the control
group). However, they did not observe a statisti-

cally significant difference between patients with
and without DM in the application of the specific
anti-asthma medications, except for short-acting
muscarinic antagonists, more often used in the
T1DM patient group (5.5% vs 0.62% of the control
group). It is noteworthy that the frequency of use
of anti-asthma medications decreased over time,
and the peak of the phenomenon was observed
in the first year after the onset of DM. It is also
worth mentioning that asthma exacerbations
reached a peak after the first year, both in the
case of T1DM (7.8 per 1000 population per year)
and the reference group (6.8 per 1000 population
per year) [37].

In the group of patients with T2DM, the sit-
uation seems to be more complicated, because
the availability of hypoglycemizing drugs is
increasing. According to the diabetological rec-
ommendations, the drug of choice is metformin
(MET), which each patient without contraindica-
tions and tolerant to this medicine should receive
[38]. A study by Li et al. in 1332 asthma and DM
patients (including 33.3% of the patients on MET)
demonstrated that the use of MET reduces the risk
of hospitalization for asthma (OR = 0.21, 95% CI
0.07-0.63) and the risk of asthma exacerbations
(OR = 0.39, 95% CI 0.19-0.79), but not emergen-
cy room visits (OR = 0.62, 95% CI 0.26-1.44). It
was found that the subjects treated with MET
use more often short-acting 2-agonists (30.2% vs
24.1%, p < 0.05) and methylxanthine (42.8% vs
32.8%, p < 0.01). It should be noted that patients
who used MET less frequently required insulin
(6.1% vs 13.5%, p < 0.01) and hospitalization
for asthma (0.9% vs 3.3%, p < 0.01) than those
not treated with MET [39]. It has been suggested
that the mechanism underlying these properties
of MET beneficial to protect the lungs is LPS-
evoked TLR4 activation and the protective effect
can be related to the activation of AMPK [40]. In
contrast to insulin therapy, it was concluded that
the use of MET by patients with DM reduces the
risk of the development of asthma (for insulin OR
2.23,95% CI 1.52-3.58, for MET OR 0.75; 95% CI
0.60-0.95, respectively) [41].

In the case of patients with T2DM and coro-
nary heart disease coexisting with asthma, the use
of pioglitazone in this group was demonstrated to
improve the clinical course of DM and its proper
control, reduce inflammation and ameliorate the
epithelial function [42]. A study carried out with
the use of pioglitazone in the group of 23 patients
did not confirm the difference in the amount of
exhaled nitric oxide, asthma control and lung
function during the 12-week administration of
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the drug (the median airway reactivity, measured
by PC20 methacholine was 1.99 (IQR 3.08) and
1.60 (5.91) mg/mL in the placebo and pioglita-
zone group at the baseline, and 2.37 (15.22) and
5.08 (7.42) mg/mL after 12 weeks, p = 0.38) [43].
In turn, a 12-week study conducted on a group
of 68 patients with mild asthma (with 55 patients
ultimately assessed) showed that the use of this
drug in the dose of 30 mg for 4 weeks, and then
45 mg for 8 weeks, does not significantly affect the
FEV, value (0.014 L, 95% CI 0.15-0.12, p = 0.84),
as well as the assessed secondary endpoints such
as mean peak expiratory flow (PEF), scores on the
Juniper Asthma Control Questionnaire (ACQ) and
Asthma Quality of Life Questionnaire (AQLQ),
fractional exhaled nitric oxide (FeNO), bronchial
hyperresponsiveness (PD20), induced sputum
counts, and sputum supernatant interferon gam-
ma-inducible protein-10 (IP-10), VEGE monocyte
chemotactic protein-1 (MCP-1), and eosinophil
cationic protein (ECP) levels [44].

A retrospective, observational cohort study
conducted on the basis of American commercial
databases, covering the years 2006-2014 and pa-
tients with T2DM and asthma, demonstrated that
the use of the DPP4 inhibitors, such as alogliptin,
linagliptin, saxagliptin, sitagliptin or mixed
products containing these agents for a year did
not affect significantly the risk-domain asthma
control (RDAC), defined as no asthma hospital-
izations, no lower respiratory tract infections,
and no OGCs prescriptions (OR 1.05, 95% CI
0.964-1.147), total control AS (OR 1.04, 95% CI
0.956-1.135), stability of the therapy (OR 1.04,
95% CI 0.949-1.115) and the number of severe
exacerbations (mean = 0.32 vs 0.34 exacerbations
per subject-year, respectively; p = 0.064) [45].

A study by Toki Si et al. carried out on an
animal model showed that liraglutide used for
two days before exposure to Alternaria alterna-
ta — an airborne allergen responsible for severe
exacerbations of asthma — reduces the number
of lung epithelial cells expressing IL-33 and the
level of IL-33 expression by individual cells as
well as the level of IL 33 in BAL fluid. It should
be noted that IL-33 is one of the most consis-
tently associated gene candidates for asthma
identified by GWAS. Studies in animal and
human cells have confirmed the importance of
IL-33 in inducing type-2 cytokine production
from both group 2 innate lymphoid cells (ILC2)
and Th2 cells. There was, however, no signifi-
cant correlation between the use of liraglutide
and reduction of lactate dehydrogenase (LDH)
activity in BAL fluid, extract-induced CysLT and

PGD, levels. Further, a GLP-1R agonist signifi-
cantly decreased the number of ILC2 expressing
IL-5 and IL-13, the lung protein expression of
type-2 cytokines and chemokines, the number of
perivascular eosinophils, the mucus production,
and the airway responsiveness compared with
vehicle treatment. GLP-1R agonist treatment in-
stituted one day after the first Alternaria extract
challenge also significantly decreased eosinophil-
ia and type-2 cytokine and chemokine expression
in the airway after 4 days following Alternaria
extract challenge [46].

Pregnancy

The coincidence of asthma and GDM is still
being discussed. In a study by Iranian scientists,
a higher prevalence of GDM was found in a group
of patients with asthma (adjusted OR 2.64, 95% CI
1.45-4.78). Such a correlation was not observed in
the case of DM diagnosed prior to pregnancy (4%
vs 2.6%) [47]. The data coming from the Finnish
Medical Birth Register (MBR) (over 1 million
children followed up within 7 years after birth)
indicate the predictive value of the presence of
DM in the mother for the later application of
anti-asthma medications in children born be-
tween 32-33 weeks of gestation (HR 1.62, 95%
CI 1.02-2.58) and/or between 34-36 weeks (HR
0.78, 95% CI 0.63-1.11) [47].

Data from the Quebec Asthma and Pregnancy
Database (QAPD) based on a cohort of pregnant
patients with asthma indicate that the use of in-
haled GCs (IGCs) is not associated with the risk
of GDM, regardless of whether the patients use
LABA additionally. There was also no significant-
ly greater risk in the case of average IGCS doses
without LABA compared to low IGCs doses used
with LABA, and this risk was comparable in the
groups of patients who used high IGCs doses
without LABA or average IGCs doses with LABA
[48]. A meta-analysis carried out in 14 European
countries with the participation of 85,509 chil-
dren born, assessing the presence of wheezing
of various severity (at least one, or recurrent
episodes in the offspring within 12-24 months
after birth) showed no relationship between this
clinical symptom and the presence of GDM. It
should be emphasized that in the case of recur-
rent wheezing, aRR of 1.25 was obtained (95% CI
0.86-1.79) [49]. On the other hand, data from the
Swedish Hospital Discharge Register evidence an
increased risk of developing asthma in children
over 2 years of age whose mothers had GDM (OR
1.20, 95% CI 1.02-1.42) [50].
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Discussion

Epidemiological studies indicate a signif-
icant relationship between the different types
of diabetes and bronchial asthma. Regardless
of the pathomechanism leading to chronic hy-
perglycemia, it has been found to be associated
with the activation of the inflammatory response
that is closely correlated with the presence of
asthma and its severity. Due to that correlation,
each patient diagnosed with asthma should also
be diagnosed for diabetes. Currently, there are
no hypoglycemizing therapeutic standards for
patients with concurrent asthma and DM, due to
the controversy concerning the cause and effect
relationship between the anti-asthma medications
and hyperglycemia. In this case, metformin is still
the drug of choice, but high hopes are associated
with the novel hypoglycemizing drugs, such as
DPP4 inhibitors.
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Nintedanib — efficacy, safety and practical aspects of treatment
for patients with idiopathic pulmonary fibrosis

Abstract

Idiopathic pulmonary fibrosis (IPF) is a rare disease with progressive course and a very unfavourable prognosis. Antifibrotic drugs
are a chance to reduce the rate of disease progression and extend the life of IPF patients. One of these drugs is nintedanib, an oral
tyrosine kinase inhibitor. In the following article, the reader will find a summary of current knowledge on the efficacy and safety
of nintedanib treatment of IPF patients. This study uses data from pivotal studies and experience from everyday clinical practice
indicating a wide range of possible applications of the drug in IPF patients.

Key words: idiopathic pulmonary fibrosis; antifibrotic treatments; nintedanib; effectiveness; safety; clinical practice

Introduction

Idiopathic pulmonary fibrosis (IPF) is one of
interstitial lung diseases (ILDs), which are rare
illnesses. However, in clinical practice, IPF is
probably the second most common ILD and the
most frequent idiopathic interstitial pneumonia
(ITP) with a chronic, fibrosing course. It is esti-
mated that the annual incidence of IPF in Poland
is approximately 1600-1800 cases, and the prev-
alence is about 5000-6000 [1].

The disease is progressive and causes an
increasing degradation of lung function and,
despite varying (and unpredictable) dynamics,
ultimately and inevitably leads to death [2-4].
The median survival rate, estimated at 3—5 years
in the natural course of the disease, is shorter
than in many malignancies [5, 6]. The progress of
studies on understanding the pathogenesis of IPF
and the results of numerous clinical trials, which
have shown a positive effect on decelerating the
progress of the disease with the use of two anti-
fibrotic drugs, pirfenidone and nintedanib, raise
hope for improvement in prognosis.

This paper will focus on the practical aspects
of treatment of IPF with nintedanib.

Adv Respir Med. 2020; 88: 599-607

Nintedanib has been approved and registered
by the US FDA (United States Food and Drug
Administration) in October 2014, and by the
EMA (European Medicines Agency) in January
2015 based on the results of Phase II (TOMOR-
ROW) and Phase III (INPULSIS-1 and INPULSIS-2)
clinical studies [7, 8]. Randomised clinical trials,
which demonstrated both the efficacy and safety
of nintedanib in the therapy of IPF patients, were
essential for the approval of the drug; however,
the experience gathered in the following years,
observations from everyday (“real-life”) practice,
are no less important and valuable.

Drug availability and eligibility criteria for
treatment vary from country to country. In Poland,
nintedanib has been available under the National
Health Fund (NFZ, Narodowy Fundusz Zdrowia)
reimbursement programme since March 2018.

The efficacy of IPF treatment with nintedanib

Nintedanib is an oral tyrosine kinase inhibitor
with a multipoint mechanism of action, includ-
ing the inhibitory effect on vascular endothelial
growth factor receptors (VEGFR 1-3), plateletde-
rived growth factor receptors (PDGFR « and f),
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and fibroblast growth factor receptors (FGFR 1-3)
involved in the pathogenesis of IPF [7].

The results of clinical trials (TOMMOROW,
INPULSIS-1, INPULSIS-2), conducted for the
approval of the drug, confirmed that treatment
with nintedanib significantly reduces the annual
decrease in forced vital capacity (FVC), which was
the main endpoint of these studies, indicating
the efficacy in decelerating the progress of the
disease.

Efficacy of nintedanib in relation
to the stage of the disease

Post hoc analyses of databases collected
in nintedanib registration studies have shown
a beneficial effect of treatment in patients at
different stages of the disease. It was demon-
strated that, due to the progressive nature of the
disease, in patients with IPF who do not have
significant functional impairment (FVC > 90%
of predicted value) and in patients without signs
of honeycombing on highresolution computed
tomography (HRCT) who had not undergone lung
biopsy, a decline in lung function comparable to
that in patients with more advanced disease may
be observed [9]. This decline was significant-
ly smaller in patients treated with nintedanib
when compared to the placebo group [9, 10].
The situation is analogous for patients with more
advanced disease, where the efficacy of treatment
with nintedanib was comparable in patients with
the baseline lung diffusion for carbon monoxide
(D1e) € 40% pred. compared to patients with
D... > 40% pred. [11], as well as for patients with
FVC <£70% pred. vs those with FVC > 70% pred.
[12]. Further observation in the postmarketing
study INPULSIS-ON allowed to demonstrate
the benefits of treatment with nintedanib also
in patients with more advanced IPF at the onset
of treatment, with FVC < 50% pred. [13]. More
data indicating comparable efficacy of nintedanib
treatment in subjects with less and more impaired
lung function (D,,., < 35% pred.) were provided
by the INSTAGE study [14]. Although this was
an additional observation not included in the
project objectives, it is an important finding and
a reason for further targeted research to extend
the indications for nintedanib regardless of the
initial FVC or D, values, also in patients with
more advanced lung fibrosis [15].

Reduction of acute IPF exacerbations
Acute exacerbation of idiopathic pulmonary

fibrosis (AE-IPF) is a condition defined as a rapid

respiratory deterioration (occurring within one

month), which cannot be explained by causative
factors other than IPF (such as infection, pulmo-
nary embolism, pneumothorax, or exacerbation of
heart failure) and is accompanied by the appear-
ance of new interstitial lesions with ground glass
opacity in CT scans [16, 17]. The incidence of AE-
-IPF varied between the studies. Over a one-year
follow-up, it ranged between 6 and 16%, but over
a 3-year period, it affected from 20 to over 50% of
IPF patients [18-20]. AE-IPF significantly worsens
the prognosis as the mortality rate reaches 50%,
regardless of the therapy applied [18].

Treatment with nintedanib seems to play
a role not only in preventing the progress of
lung function decline but also in risk reduction
of AE-IPF. The INPULSIS-2 study found a sig-
nificant extension of the time to the first acute
exacerbation of the disease observed by the in-
vestigators during treatment with nintedanib [8].
The analysis of combined data from three clinical
trials (TOMORROW, INPULSIS-1 and 2) showed
a lower incidence of AE-IPF among patients treat-
ed with nintedanib compared to those receiving
placebo (4.6 vs 8.7%) [21]. Further observation of
patients with IPF treated with nintedanib in the
INPULSIS-ON study confirmed the reduction of
the risk of AE-IPF [13].

There are also reports indicating a beneficial
effect of nintedanib on the natural course of AE-
-IPF [22]. This outcome, very attractive from the
practical point of view, requires evaluation in
randomised, prospective studies.

Efficacy of nintedanib
in longterm treatment

The results of the already mentioned open-
-label study INPULSIS-ON suggest that the im-
pact of nintedanib on slowing down the progress
of IPF may last for over 5 years. This longterm
continuation of nintedanib treatment was asso-
ciated with a favourable safety and tolerability
profile, as no new side effects that could limit the
treatment were identified [13].

Effect of treatment with nintedanib
on survival

Undoubtedly, the most important and an-
ticipated therapeutic effect of any treatment is
improvement in survival. In IPF, such a fully
reliable assessment of this endpoint has not been
possible so far and most likely, due to method-
ological limitations, will not be possible at all.
The post hoc analysis of nintedanib registration
studies showed a 30% (but without statistical
significance) reduction in all cause mortality and
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respiratory mortality compared to placebo [21].
Simultaneously, a significant, 43% reduction in
mortality during nintedanib treatment has been
demonstrated [21]. Also, the analyses of available
observational studies and data from IPF patient
registries show a significantly better prognosis
among patients treated with antifibrotic agents
compared to those who did not receive such
treatment [23].

The results of an analysis of pooled data
from 6 clinical trials, based on which a math-
ematical model was developed, are also opti-
mistic; the average improvement in survival in
patients treated with nintedanib compared to
the placebo group is estimated at nearly 8 years
(11.6 vs 3.7), and median survival is improved
by 5.2 years (8.5 vs 3.3) [24]. No less promising
are the results of a retrospective analysis of the
population of 2745 patients with IPF included
in the international register EMPIRE (which also
includes Polish patients), presented at the con-
gress of the European Respiratory Society (ERS)
in 2019 and confirming a significant increase in
overall and progression-free survival in patients
treated with antifibrotic drugs as compared to
untreated patients [25]. In the analysed group,
the prognosis was more favourable for patients
treated with nintedanib and those who changed
one antifibrotic drug to the other. Nevertheless, in
view of the limitations of this analysis, no defini-
tive, generalised conclusions may be drawn [25].

Safety of IPF treatment with nintedanib

The most common side effects
in pre- and post-marketing studies
and recommendations for their
management

Therapy with nintedanib, like any other
drug, may be associated with side effects, which
occurred in the majority of patients in the registra-
tion studies [7, 8]. Gastrointestinal adverse events
were the most frequently reported, including
diarrhoea that occurred in over 60% of patients
[13]. In the registration studies, symptomatic
management (medication, but also appropriate
diet, hydration, probiotics, drug intake with
a meal) allowed to control the symptoms in the
majority (80%) of the subjects without the need to
reduce the dose or discontinue treatment, which
was also confirmed by later observations from ev-
eryday clinical practice [26-29]. In justified cases,
there may be a need to reduce the dose or even
temporarily discontinue the treatment; however,
as shown by analyses from clinical studies, this

does not adversely affect the effectiveness of anti-
fibrotic treatment with nintedanib [13]. Persistent
diarrhoea was the reason for discontinuation of
further treatment in only less than 5% of the cases
in the registration studies, and up to 11% in later
observations from daily clinical practice [8, 13,
27-31]. Other, less common gastrointestinal side
effects, including nausea, vomiting, loss of appe-
tite, weight loss, hepatotoxicity, occurred much
less frequently and occasionally caused clinically
significant toxicity that precluded continuation
of the treatment.

Due to the mechanism of action of nintedan-
ib, the summary of product characteristics (SPC)
states that the therapy may involve an increased
risk of bleeding. In the INPULSIS studies, the per-
centage of patients with bleeding-related adverse
events was slightly higher in the nintedanib arm
(10.3%) than in the placebo arm (7.8%). However,
these were usually minor nose bleeds or increased
bruising with small injuries. The incidence of
serious bleeding was very low and comparable to
that observed in the group receiving placebo [26].
Post-marketing studies confirmed low bleeding
rates (overall < 5%, serious < 1%) [13, 32].

Although longterm studies and real-life ob-
servations show a similar (and sometimes even
better) safety profile compared to registration
studies, the percentage of patients who discontin-
ued treatment due to side effects varied from 11%
to 28%, and in the nearly 5-year observation, it
was as high as 40%, which could depend, among
other things, on the experience of a given centre
with the management of side effects [13, 27, 29,
31, 33, 34].

An important link was also demonstrated
between early termination of treatment with
nintedanib and low body mass index (BMI) [35].
Therefore, choosing the target well tolerated dose
of nintedanib, particularly in patients with low
body weight, may require the calculation of body
surface area, as shown by the Japanese experi-
ence, where such management had reduced the
incidence of hepatotoxicity and increased the per-
centage of patients who continued treatment [36].

Safety of treatment
and cardiovascular diseases

Cardiovascular diseases are among the most
common diseases in the general population, so
it is not surprising that they are also present in
patients with IPF. Subjects after recent cardio-
vascular incidents (such as stroke or myocardial
infarction) were excluded from the registration
studies, yet as many as 90%, regardless of whether
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or not they received antifibrotic therapy, were
at high risk of cardiovascular diseases [37]. It is
noteworthy that the incidence of major adverse
cardiovascular events (MACE) was comparable
in patients treated with nintedanib and those
receiving placebo, irrespective of the presence
of elevated cardiovascular risk at baseline [37].

Although the INPULSIS studies showed
a slightly higher percentage of patients with myo-
cardial infarction in the nintedanib group than in
the placebo group (2.7% vs 1.2%, respectively),
other manifestations of ischaemic heart disease
were less frequent (1.7% vs 3.1%, respectively)
[26].

Several years of observation from the INPUL-
SIS-ON study and from daily clinical practice
have not revealed any new cardiovascular risks,
and the use of nintedanib has not increased the
incidence of acute coronary events in the treat-
ed population [13, 28, 29, 34]. In studies with
nintedanib, both in IPF and oncological patients
(who received a higher dose, 2 X 200 mg), there
was no clinically significant prolongation of QT
interval either [38].

The collective experience and available data
allowed to formulate expert recommendations,
indicating the possibility of safe use of nintedan-
ib also in patients with cardiovascular diseases,
including stable ischaemic heart disease, hyper-
tension, or even some arrhythmias and valvular
heart disease (not requiring full anticoagulation
treatment with oral vitamin K antagonists), pro-
vided that the patient is carefully assessed and
monitored with caution [39].

Safety of treatment in patients
on anticoagulation therapy

Due to the mechanism of action of nin-
tedanib, which includes inhibition of the VEGF
receptor, nintedanib may potentially increase the
risk of bleeding; therefore, patients with known
increased risk of bleeding (including those receiv-
ing full anticoagulant or dual antiplatelet therapy)
were a priori not included in the registration
studies [40]. This led to the recommendation that
individuals with a known risk of bleeding should
only be treated with nintedanib, if the expected
benefits outweigh the potential risks. Taking into
account the prognosis in patients with IPF result-
ing from the natural course of the disease, without
antifibrotic treatment, such a recommendation is
very questionable and difficult to evaluate in an
unequivocal and objective, standardised manner.
This is especially true since in everyday practice,
with passing time, the increasing experience from

real-life observations in populations treated with
nintedanib, more than 10% of the patients turn
out to receive concomitant anticoagulation thera-
py, in individual cases with dual antiplatelet ther-
apy [41-43], and bleeding events are very rare.
For example, in an observational study involving
64 patients treated with nintedanib in Germany,
nearly half of the subjects received concomitant
anticoagulant therapy, and nearly 5% were treated
with both acetylsalicylic acid (ASA) and an anti-
coagulant. During the observation, which lasted
11 months on average, only 1 case of bleeding was
reported [34]. The choice of the anticoagulant is
not without significance. Classic oral anticoagu-
lants, i.e. vitamin K antagonists (VKA), are not
the optimal choice for patients with IPE as there
are data indicating an increased risk of mortality
associated with such treatment [44, 45]. This was
even the reason to discontinue a clinical study on
the use of warfarin in the treatment of patients
with IPF [46]. Novel oral anticoagulants (NOACs),
including dabigatran, which has a relatively short
half-life and an antidote is available in case of
side effects, seem to have the best safety profile.
Moreover, additional beneficial consequences for
patients with IPF cannot be excluded, which may
be associated with the effects on the reduction of
procollagen and collagen and the inhibition of
fibroblast proliferation, as indicated by the pre-
liminary results of in vitro and in vivo laboratory
tests [47—-49]. On the other hand, however, the in-
creased risk of bleeding during NOAC treatment,
including gastrointestinal bleeding, should not
be underestimated; this is particularly import-
ant with simultaneous nintedanib use. Further
research is needed to assess this risk.

Safety of treatment and planned surgery
Theoretically, due to its mechanism of action,
nintedanib may increase the risk of bleeding and
impaired healing of wounds. However, there
is insufficient evidence to support such con-
cerns. Observations from daily practice regarding
patients treated with nintedanib who required
urgent surgical treatment do not indicate any
delay in wound healing. Retrospective experience
from centres performing lung transplantation in
IPF patients indicate that antifibrotic treatment
(also with nintedanib), continued until the time
of surgery, was not associated with an increased
number of perioperative complications, bleeding,
wound healing delay or vascular anastomoses
[60-53]. According to the position of the inter-
national group of experts, emergency surgery
or minor elective surgery does not require the
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discontinuation of nintedanib treatment earlier
than on the day preceding the surgery [39]. In
the case of major elective surgeries (particularly
abdominal surgery), the treatment should be dis-
continued 2-3 days prior to the procedure. The
therapy should be resumed with oral feeding. In
case of IPF patients waiting for lung transplanta-
tion, in addition to the potential risk of the above
mentioned perioperative complications that
may potentially be associated with nintedanib
treatment, a higher risk of AE-IPF resulting from
discontinuation of such treatment should also be
considered. The authors agree with the position
presented by Bendstrup et al. that in patients
awaiting transplantation, antifibrotic treatment
with nintedanib should be continued in order
to maintain the best possible lung function and
prevent AE-IPF [39]. There is no evidence-based
data indicating the benefit of switching from
nintedanib to pirfenidone prior to surgical pro-
cedures in order to reduce the risk of bleeding
complications; in particular, such an approach is
not recommended in patients with good tolerance
and good response to treatment with nintedanib.
Moreover, such a switch may result in a deteri-
oration of antifibrotic treatment efficacy or even
its intolerance.

Nintedanib in the population of IPF
patients with lung cancer

In addition to age, gender and smoking, IPF
itself is one of the risk factors for lung cancer,
and the risk increases with the duration of the
disease [54]. For this reason, the management of
patients with IPF should include the, so called,
oncological vigilance which means monitoring of
the dynamics of focal lesions in the lungs. The
incidence of lung cancer in IPF patients is sig-
nificantly higher than in the general population,
it is estimated at 2.7 to 48%, 13.5% on average
with a nine-fold higher incidence in men than in
women [54, 55]. Cancer is more often located in
areas with fibrosis, i.e. it occupies the peripheral
fields, especially in the inferior lobes. Unlike in
the general population, squamous cell carcinoma
is more common than adenocarcinoma [56, 57].
Lung cancer significantly worsens the prognosis
of patients with IPF, with a 7-fold increased risk
of death [58]. Nevertheless, the main, dominating
cause of death of patients with IPF is the progres-
sion of lung fibrosis itself [58]. In addition to its
antifibrotic activity, nintedanib has been used
as a tyrosine kinase inhibitor in the treatment
of lung adenocarcinoma, improving the time to
progression as well as the survival of patients [59,

60]. There have been reports suggesting that treat-
ment with nintedanib may be beneficial not only
in slowing down fibrosis in patients with IPF, but
also in inhibiting the development of cancer in
these patients, although these findings need to be
confirmed [61, 62]. There are still no standardised
recommendations for diagnostic and therapeutic
management in patients with concomitant IPF
and lung cancer. This group of patients has been
excluded from clinical trials, and many drugs
currently used in chemo- and immuno-therapy
are contraindicated in interstitial lung diseases,
including IPF. It is believed that any form of on-
cological treatment (both surgical and chemo- or
radio-therapy) increases the risk of AE-IPF [63—
66]. The possibility of using chemotherapy in pa-
tients with IPF with coexisting lung cancer is par-
ticularly limited due to the increased risk of wors-
ening of interstitial lesions (leading to AE-IPF)
as well as due to lower performance status as-
sociated with IPF or other comorbidities. The
current provisions of the NFZ drug program do
not limit the possibility of nintedanib treatment
in IPF patients with coexisting lung cancer, or
continuation of therapy in case of appearance of
a focal lesion of undetermined character in the
lung. There have been single reports indicating
the effectiveness of monotherapy with nintedanib
in inhibiting the growth of nonsmall cell lung
cancer in IPF patients [61, 62]. However, further
research is needed in this area. According to
current knowledge, lung cancer in a patient with
IPF need not be a contraindication for nintedan-
ib treatment, and the attending pulmonologist,
preferably in consultation with an oncologist
and/or oncologic surgeon, should evaluate the
benefits of such management after considering
the prognosis.

General rules on qualification for treatment
and monitoring

The choice of antifibrotic therapy should take
into account the presence of contraindications,
comorbidities, the drugs used, but also the pa-
tient’s preferences. In case of nintedanib, allergy
to peanuts and soya should be excluded in the
first place. The drug should not be used in persons
with moderate to severe liver impairment either
(Child Pugh B and C).

For IPF treatment, the recommended ther-
apeutic dose of nintedanib is 300 mg per day
(150 mg every 12 hours). In case of undesirable
effects, symptomatic treatment and, if necessary,
reduction of the drug dose to 200 mg per day
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(2 x 100 mg) or temporary discontinuation of

therapy is recommended.

The general rules of conduct before starting
treatment should include the assessment of the
following:

— cardiovascular risk,

— blood pressure,

— ECG (with QT interval measurement before
and during treatment).

The drug should be used in accordance with
the SPC.

To receive treatment in the NFZ drug pro-
gram, the patient must meet all eligibility criteria
in the absence of exclusion criteria.

As mentioned earlier, clinical situations
such as stable ischaemic heart disease, atrial
fibrillation, or controlled hypertension are not
contraindications for the treatment, but they re-
quire special attention and close monitoring [39].
In patients with cardiac arrhythmias, if possible,
the treatment should be modified to avoid con-
comitant use of any QT-prolonging drugs. Such
schedule not be possible, a control ECG is rec-
ommended within a week from the onset of
nintedanib treatment. In case of gastrointestinal
adverse events, dyselectrolytemia, which may fur-
ther intensify cardiac and conduction disorders,
should be managed with no delay.

Situations in which it is absolutely necessary
to discontinue (or not to start treatment with) the
drug include as follows:

— exacerbation of ischaemic heart disease,

— full anticoagulation and dual antiplatelet
treatment?*,

— stent implantation™**,

— QT interval > 470 ms (if the patient is re-
ceiving antiarrhythmic therapy, the treatment
should be verified, and possibly modified,
e.g. if the antiarrhythmic drug prolongs the
QT interval; followup ECG is necessary),

— major elective surgery (2-3 days in advance).
*Data on the concomitant use of nintedanib

and anticoagulants and antiplatelet agents are
limited. According to the current state of knowl-
edge and based on the available data, it seems
that patients receiving antifibrotic therapy with
nintedanib should not be treated with VKA or
dual antiplatelet therapy. Treatment with other
anticoagulants, such as NOACs, low molecular
weight heparin, or single antiplatelet therapy,
does not exclude simultaneous therapy with
nintedanib. Each case should be assessed on an
individual basis, and the patient should be in-
formed about the potential risks and the need for
increased supervision during treatment.

**In case of unstable coronary artery disease
or myocardial infarction requiring implantation of
a vascular stent, a riskbenefit analysis taking into
account the coronary event itself, the increased
risk of bleeding and the risks associated with
termination of antifibrotic treatment is indicat-
ed. It is advisable to apply stents which require
only short term treatment with two antiplatelet
agents. In practice, it is recommended to tempo-
rarily discontinue nintedanib or, if antifibrotic
treatment has not yet been initiated, to start with
pirfenidone as treatment of choice (provided that
there are no contraindications for this drug).

Summary

IPF is a chronic, progressive disease with
very unfavourable prognosis. Antifibrotic treat-
ment is an opportunity for IPF patients to improve
this situation.

Nintedanib is one of the drugs with proven
therapeutic efficacy in this group of patients,
which is manifested by a reduction in the lung
function decline rate as well as a reduction in the
risk of AE-IPE.

The experience in the treatment of IPF patients
with nintedanib gained so far from postmarketing
studies and real-life observations has confirmed
the effectiveness and safety of the therapy also in
patients with coexisting diseases, which excluded
such subjects from the registration studies.

Due to the frequent co-occurrence of car-
diovascular diseases and IPF, it is not uncom-
mon in clinical practice to treat patients who
require concomitant anticoagulant therapy or
have an increased risk of cardiovascular adverse
events. These are persons who require special
attention in both qualification and monitoring
the tolerability of nintedanib treatment, which
does not mean that they should be disqualified
a priori from such treatment due to their medical
history. When making therapeutic decisions, it
is very important to have a holistic view of the
case, taking into account comorbidities as well as
concomitant medications. If necessary, a special-
ist consultation should be held to determine the
optimal management for the patient.

Longterm observations allow to confirm the
persistence of the effectiveness of nintedanib
treatment, as well as the safety of such treatment
also in case of longterm therapy, what is a very
important aspect in view of the chronic nature
of the disease. Very promising are the data indi-
cating that nintedanib improves the survival in
patients with IPF.
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With the precautions discussed above, nin-
tedanib treatment appears to be safe in most pa-
tients with IPFE. It cannot be excluded that there
are additional benefits of treatment with this drug
(e.g. in lung cancer prevention), which require
further research.

The most common reason for termination
of treatment in both registration and subsequent
studies is the progression of IPF itself (up to 35%
in a 3-year follow-up), so it is all the more import-
ant to start treatment early, what has the potential
to slow down the progression of the disease and
to improve prognosis [13, 29].
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Pott disease: when lumbar pain is not innocent

Abstract

Tuberculosis is a mycobacterial infection that can affect the lungs as well as other organs. The involvement of the spine, although
rare, can have major consequences if not diagnosed and treated in a timely and effective manner, such as residual deformities
and neurological deficits. On occasion, the atypical presentation of tuberculous spondylitis may cause a delay in treatment and
therefore lead to less favorable outcomes. In this article, we present a rare case of progressed tuberculous infection involving the
respiratory and musculoskeletal system in a 36-year-old patient whose main complaints were non-specific and mild, and started
only two weeks before his diagnosis, despite the advanced disease.

Key words: Pott disease, tuberculous spondylitis, extrathoracic tuberculosis, lumbar pain, tuberculosis

Introduction

Tuberculosis is a common disease world-
wide, although the vast majority of cases are
reported in developing countries [1]. Tubercu-
lous spondylitis, also known as Pott disease, is
rare, as only 1% of all tuberculosis cases has
involvement of the spinal column [2]. However,
tuberculous spondylitis is considered to be the
most dangerous type of skeletal tuberculosis, as
it can lead to deformity of the spine and cause
neurological deficits or pulmonary insufficiency.
Although tuberculous spondylitis is one of the
oldest demonstrated diseases of humankind [3],
it can easily be overlooked as the symptoms are
often non-specific and insidious.

Case report

A 36-year-old South Asian male with a body
mass index of 25.3 kg/m?, presented with a per-
sistent low-grade fever, weight loss, mild lumbar
pain and cough over a period of approximately
2 weeks. He was a non-smoker, without known
pathological medical condition. On clinical ex-
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amination, the patient had normal blood pressure
(120/65 mm Hg), a temperature of 37.4°C, mild
tachycardia (102 beats/min), normal respiratory
rate (14 breaths/min) and normal oxygen satu-
ration. The lung sounds were normal on chest
auscultation. The clinical examination of the
central nervous system, abdomen, cardiovascu-
lar system, and lymph nodes was also without
pathological findings.

Routine laboratory examinations results
were insignificant. The white blood cell count
was normal (8560 cells/mL, 67% of neutrophils,
22.3% of lymphocytes). His C-reactive protein
was 2.2 mg/L. The urinalysis and urine culture for
common pathogens were also normal. However,
the chest radiograph on presentation showed
diffuse alveolar infiltrates bilaterally, with an
area of more dense consolidation and a possible
cavitation in the right upper lung zone, as well
as a small to medium size pleural effusion of the
left lung (Figure 1A).

In order to clarify the exact nature of the ra-
diological findings, a chest computed tomography
(CT) was considered appropriate. It detected areas
of consolidation in both lungs, multiple centri-

Address for correspondence: Evgenia | Kalamara, 10" Pulmonology Clinic “Sotiria” Regional Chest Disease Hospital, Athens, Greece; e-mail: gina.kal88@gmail.com

DOI: 10.5603/ARM.a2020.0154
Received: 02.04.2020
Copyright © 2020 PTChP

ISSN 2451-4934

608 www.journals.viamedica.pl



Evgenia | Kalamara et al., Pott disease: when lumbar pain is not innocent

Figure 1. A. Chest radiograph on presentation: posteroanterior view; B. lumbar region computed tomography (CT); C. CT-guided abscess drainage

Table 1. Differential diagnosis of cavitary lung disease

Infectious diseases

Neoplastic diseases

Autoimmune and interstitial iiseases

Pulmonary abscess

Septic emboli

Mycobacterium tuberculosis infection
Non-tuberculous mycobacterial infection (NTMB)
Aspergillosis

Pneumocystis jirovecii infection

Malignancies
Langerhans cell histiocytosis (LCH)
Lymphangioleiomyomatosis (LAM)

Granulomatosis with polyangiitis
Rheumatic nodules
Sarcoidosis

Lymphocytic interstitial pneumonia (LIP)

lobular nodules with a tree-in-bud pattern, a large
cavitation of 5.7 cm in diameter in the right upper
lobe, a left-sided pleural effusion and enlarged
mediastinal and axillar lymph nodes bilaterally.

The spectrum of differential diagnosis in-
cluded other conditions that can cause cavitary
lesions of the lung (Table 1) [4].

At the same time, a lumbar region CT was
performed, given the patient’s persistent lumbar
pain (Figure 1B). It revealed multiple fractures
in the lumbar 1 and 2 vertebrae and a stenosis of
the intervertebral disc space with a destruction
of the disc. No signs of spinal cord pressure were
noted. A large cold psoas abscess was also present
(6.3 X 4.2 X 8.5 cm).

Further laboratory evaluation was ordered.
Sputum cultures for common pathogens were
non-diagnostic. The tuberculin skin test (TST)
was positive (15 mm). Sputum samples were
collected for a full laboratory investigation for tu-
berculosis (TB), including acid-fast bacilli (AFB)
smear, nucleic acid amplification testing and AFB
cultures. Furthermore, the pleural effusion was
investigated by thoracentesis. The fluid was an
exudate with a clear predominance of lympho-

cytes (100%), and an adenosine deaminase (ADA)
value of 59 U/mL, however, the pleural fluid sam-
ple did not provide bacteriological confirmation
of tuberculosis. The sputum testing resulted in
the confirmation of mycobacterium tuberculosis
complex infection, with susceptibility to rifam-
picin (R) and isoniazid (H). The psoas abscess
was drained under CT guidance (Figure C) and
samples were sent for cytology, cultures for com-
mon pathogens, and AFB cultures. The results
were also in favor of the TB infection. Testing for
human immunodeficiency virus (HIV) infection
was negative.

Complementary imaging of the lumbar region
with MRI was performed so that more details
could be obtained about the exact extent of the
musculoskeletal involvement. In addition to the
mentioned CT findings, a paravertebral abscess
was discovered, in proximity to Lumbar 1 and
2 vertebrae.

The patient suffered from drug-suscepti-
ble TB that involved both the respiratory and
musculoskeletal system. He had been receiving
initially isoniazid, rifampicin, ethambutol (E),
pyrazinamide (Z) for 2 months, and then contin-
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Table 2. Notifications of tuberculosis cases (all forms and extrapulmonary, new and relapse cases) globally and for World

Health Organization regions 2018 [8]

Total notified

New and relapse

Extrapulmonary new and relapse [%]

Africa 1402 743
The Americas 248 135
Eastern Mediterranean 537 761
Europe 260 331
South-East Asia 3362783
Western Pacific 1441 363
Global 7253116

1372748 15%
233 549 15%
526 379 24%
218 090 16%

3183255 17%

1416729 8%

6 950 750 15%

ued treatment with HR. The total duration of the
chemotherapy was 18 months. No surgical treat-
ment was required, however, a lumbar support
brace was used. The patient showed a slow but
steady recovery over a period of several months
after treatment.

Discussion

With regard to the extrathoracic TB, it is es-
timated that 15% of all TB cases globally concern
extrapulmonary forms [8]. HIV infection plays
a key role in the increase of the extrathoracic
incidence (Table 2) [1, 5].

Tuberculous spondylitis can present with
non-specific symptoms such as malaise, weight
loss and night sweats. The spine can be painful
on movement, or during sleep. Cold abscesses are
also frequently present.

The goals of treatment include the eradi-
cation of the mycobacteria, the stabilization of
the spine, the prevention and/or correction of
deformities and neurological deficits. Chemo-
therapy remains the mainstay of management.
Early recognition of the disease and beginning of
appropriate treatment is crucial for the prevention
of residual deformities.

There are several approaches to the an-
ti-tubercular treatment. The use of non-steroi-
dal anti-inflammatory drugs is very limited,
although in selected cases with early disease,
they may prevent lesions caused by synovial
inflammation. Most protocols include 2 months
of HREZ followed by a continuation phase, and
the duration of treatment is variable between 6,
9, 12, and 18 months [1, 7]. The 2016 Index-TB
guidelines on extrapulmonary tuberculosis in
India of the World Health Organization Country
Office for India recommend 2 months of HREZ
and a continuation phase of 10 months that can

be extended up to 18 months of treatment in total
[9]. On the other hand, the United Kingdom NICE
tuberculosis guidelines of 2016 suggest that pa-
tients with spinal TB should be treated with a six-
month regimen, unless there is direct spinal cord
impairment, in which case the regimen should
be prolonged to 12 months. In these patients,
surgical debridement has not been shown to offer
a clinical benefit over medical treatment, unless
there is a poor response to medical treatment with
persistence of infection, instability of the spine
or evidence of spinal cord compression [10]. Due
to the noteworthy differences in the duration of
the treatment protocols, clinical judgement and
expert opinion are irreplaceable for the manage-
ment of these patients.

Concerning the cases where chemotherapy
alone is not sufficient, as for patients with cold
abscesses, paraplegia, or spinal deformity, vari-
ous surgical procedures are used as an adjunct to
the anti-tuberculous medical regimens. Abscess
drainage may be performed in selected patients,
although it is not recommended for routine prac-
tice as abscesses usually resolve with chemother-
apy alone. Focal debridement is also rarely indi-
cated, because it does not improve the outcome.
Concerning tuberculous scoliosis, if surgical
treatment is considered, posterior or anterior sta-
bilization after anterior corrective radical surgery
is preferable. Corrective and stabilizing spinal
surgery is the method of choice for active progres-
sive and nonrigid kyphosis, although surgery is
not recommended in early disease, in which case
conservative treatment alone is sufficient.

Paraplegia is another major concern, and its
main causes are the compression of the spinal
cord by an abscess or granulation tissue and bony
canal stenosis of the deformed spine. Outcomes
depend on several factors, including the patient’s
performance status and the severity of deformity
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(for example kyphosis of over 60°C has a very poor
prognosis). Decompression surgery is indicated in
acute-onset rapidly progressive paralysis, as well
as in the case of peridural fibrosis with chronic
compression within the narrow canal. Neurolog-
ical recovery seems to be poorer in adults than
in children [1].

Conclusions

Tuberculous spondylitis is an uncommon
but potentially lethal manifestation of extratho-
racic tuberculosis. A thorough clinical evalua-
tion is required, as the disease can present with
non-specific symptoms. The treatment should
aim at the eradication of mycobacteria, as well as
the prevention and correction of residual spinal
deformities and neurological deficits. Chemo-
therapy of variable duration up to 18 months is
currently the cornerstone of management, how-
ever, surgical interventions may be indicated in
selected patients.
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Cystic fibrosis or not? Familial occurrence
of a rare mutation in the CFTR gene

Abstract

Cystic fibrosis is a monogenic disease caused by a mutation in the CFTR gene. The classic presentation of the disease includes
chronic bronchopulmonary symptoms. However, abnormalities in this gene may also be manifested by other phenotypes,
so-called CFTR-related disorders. This is a group of entities including disseminated bronchiectasis, congenital bilateral absence of
vas deferens, and chronic pancreatitis. In this article, we present a family with a rare F1052V mutation and a polymorphic variant
of IVS-5T+11TG. No classical form of the disease was observed in any of the persons affected by the above changes. Results of
special investigations are also not typical, which hinders unequivocal diagnosis.

Key words: cystic fibrosis, genes, mutation

Introduction

Cystic fibrosis (CF) is the most common
monogenic disease with autosomal recessive
inheritance in the Caucasian population. Cystic
fibrosis occurs with a frequency of about 1:4000-
5000, asymptomatic carriers represent 2-5% of
the white people’s population. It is caused by
amutation in the CFTR gene encoding a cAMP-de-
pendent chloride channel. Over 2000 mutations
in this gene have been described so far [1, 2].
The CFTR protein is a regulator of ion and water
transport in epithelia. Disruption of this function
leads to increased viscosity and density of mucus,
and consequently, to impairment of organ func-
tion. The most frequent clinical form of cystic
fibrosis is a chronic bronchopulmonary disease.
Exocrine pancreas failure and male infertility
also commonly occur [3]. The CFTR gene is also
associated with other phenotypes that do not meet
the cystic fibrosis diagnostic criteria. These are
so-called CFTR-related disorders, which include,
among others, disseminated bronchiectasis, con-

Adv Respir Med. 2020; 88: 612-614

genital bilateral absence of vas deferens (CBAVD),
or chronic pancreatitis [1, 4]. In this paper, we
present the case of a family with a rare mutation
in the CFTR gene. The aim of the study is to draw
attention to diagnostic difficulties that a clinician
may meet in such a situation.

Case report

We report a case of a 10-year-old boy who had
an abnormal level of immunoreactive trypsinogen
on screening, presenting early childhood symptoms
that suggested cystic fibrosis, primarily frequent
respiratory infections. However, the chloride level
in sweat was normal. Extended genetic diagnos-
tics revealed mutations in the CFTR gene in the
proband’s family. The following genotypes were
found: F1052V/IVS8-5T+11TG in the proband,
IVS8-5T+11TG/- in the proband’s mother and
stepbrother, and F1052V/F1052V at the proband’s
father. The family tree is presented in Figure 1.

Due to the respiratory tract infections, peri-
odically found atopic skin changes, increased IgE
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Figure 1. The family tree. The presence of the F1052V mutation is marked in gray and the presence of the variant IVS8-5T+11TG in the hatched box

level and eosinophils in the peripheral blood, the
boy was suspected of bronchial asthma. A feature
that has also drawn attention in the physical ex-
amination was obesity. In addition, the patient re-
mains under the care of a cardiological outpatient
clinic due to the tricuspid valve incompetence,
pulmonary valve incompetence, and suspicion
of hypertension.

A 34-year-old father of the proband has pre-
sented symptoms suggesting bronchial asthma,
he has suffered from recurrent sinusitis, he has
undergone nasal polyp resection, but he has never
been diagnosed with cystic fibrosis. There was
a case of infant death due to lung disease in the
patient’s father’s family (II:7 in Figure 1). The
father’s sister has been detected as a carrier of the
F1052V mutation (II:11 in Figure 1).

No clinical symptoms suggesting chronic
respiratory disease were observed in the mother
or stepbrother of the proband. Genetic testing of
the mother’s parents did not reveal a mutation
in the CFTR gene, therefore, the IVS8-5T+11TG
variant has de novo nature.

Discussion

The p.F1052V change is a rare mutation
found in cystic fibrosis. It was first described
by Mercier et al. in 1993 [5]. The substitution of
phenylalanine to valine in the second transmem-
brane span of the CFTR protein is likely to affect
the hydrophobic structure of this domain. Cases
of patients with heterozygous mutation F1052V
who had normal chloride levels in sweat were
described in the medical literature [6, 7]. Our
observation corresponds with the above reports,
despite the presence of the discussed mutation
in one allele, the proband has normal results of
a sweat chloride test.

The proband’s father has a homozygous
p-F1052V mutation. This substitution may have
varying clinical consequences [8]. According to
the Consensus Guidelines from the Cystic Fibro-
sis Foundation, the presence of undefined CFTR
genotype or a known mutation of varying clinical
consequences indicates the need for CFTR phys-
iologic testing, such as nasal potential difference
(NPD). However, the basis of the diagnostic pro-
cess is the clinical presentation of CF (signs and
symptoms) [9]. The proband’s father presented
symptoms from the respiratory tract, but they
did not include the classic CF picture. Further
diagnostics would be recommended — the chlo-
ride level in sweat, NPD and functional tests of
the respiratory system. However, the boy’s father
denies the possibility of the disease and does not
want to undergo examinations.

The presence of a rare F1052V homozygous
mutation is striking. This may be due to the ran-
dom occurrence of the same de novo mutation in
parents. Another situation is uniparental disomy
(UDP), which occurs very rarely, but is possible.
In the next stage, the consanguinity of the parents
should be considered. No information was obtained
about the common ancestor of the parents of the
proband’s father, but it is known that they came
from two neighboring localities. Therefore, the
hypothesis of consanguinity seems most likely in
this case. Only 1 patient with homozygous F1052V
mutation has been registered in the cftr2.org
database so far [8].

The presence of the IVS8-5T variant in intron
8 in combination with the increased number of
TG repeats leads to the elimination of exon 9 and
the decrease in the production of mRNA for the
CFTR protein [10, 11]. This is not associated with
the classic presentation of cystic fibrosis, but it
can lead to CFTR-related disorder. The IVS8-
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-5T+11TG variant occurring in the proband’s
family has been reported in patients with congen-
ital bilateral absence of vas deferens [12]. Due to
the heterozygosity of this variant in the proband
and his stepbrother, it seems right to observe
boys for infertility. According to the European
diagnostic recommendations for CFTR-related
disorders in a patient with male infertility with
CBAVD, the presence of one CF-specific mutation
and the IVS8-5T variant is sufficient to diagnose
CFTR-related disorder [13]. If the proband devel-
ops infertility in the future, it will probably be
possible to make a final diagnosis.

In the presented case, the familial occurrence
of a rare mutation and a polymorphic variant in
the CFTR gene, an equivocal clinical picture, as
well as normal chloride levels in sweat make the
diagnosing difficult. In contrast, the proband
himself, despite the presence of respiratory
symptoms, has only one mutated CFTR gene
allele. In the second one, there is a polymorphic
variant that is associated with CFTR-related
disorders. The patient remains under the care of
a pulmonological outpatient clinic to control for
clinical signs of cystic fibrosis. Due to the above
features, the final diagnosis can probably be made
after the exclusion or confirmation of male infer-
tility associated with congenital bilateral absence
of vas deferens. We believe that it is important
to control regularly patients with known CFTR
genotype, even if they do not present classic
clinical symptoms because CF can vary over
time. Also, we would like to point out the need
to consider the possibility of CF in a not screened
adult patient.
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Asymptomatic patient with “lumpy and bumpy” airways.

A case of pulmonary MALToma

Abstract

Primary pulmonary lymphoma is a rare disease. The most frequent primary pulmonary lymphoma (PPL) is an extranodal marginal
zone B-cell lymphoma of MALT. Approximately half of the patients are asymptomatic at diagnosis. In this article, we report
a case of a 62-year-old male with benign prostatic hyperplasia (BPH) that was referred to us for a preoperative assessment. He
had no respiratory complaints but, on evaluation, was detected to have a pulmonary MALToma. Our case highlights the fact that
pulmonary MALTomas can present as lumpy and bumpy airways and also aims to showcase the importance of tissue diagnosis.

Key words: lymphoma, MALToma, cobble stone trachea

Introduction

While gastric maltoma is a relatively well
known entity, pulmonary MALToma is rare. It
may not cause any symptoms and may be de-
tected inadvertently when the patient is being
evaluated for some other disease. Radiological
findings are also non-specific [1]. We report a case
of a 62-year-old male referred to us for preopera-
tive assessment for benign prostatic hyperplasia
(BPH), who, upon evaluation, was detected to
have pulmonary MALToma. Radiologically, he
had nodular lesions with peribronchovascular
predominance. Fiberoptic bronchoscopy revealed
multiple diffuse nodules along the wall of tra-
chea, the right and left main bronchus, and in the
deeper airways. Endobronchial and transbron-
chial biopsy confirmed the diagnosis. Our case is
interesting because pulmonary MALTomas very
rarely manifest as lumpy and bumpy airways or
contain multiple, tiny nodules seen on fiberoptic
bronchoscopy.

Adv Respir Med. 2020; 88: 615-619

Case report

A 62-year-old male was referred to a chest
clinic for preoperative assessment in preparation
for surgery for BPH. He denied any history of fe-
ver, cough, shortness of breath, haemoptysis, or
chest pain. The patient had been diagnosed with
diabetes mellitus for 10 years which was well
controlled on oral hypoglycemic drugs. He never
smoked or consumed alcohol. On examination,
digital clubbing was present. There was no pallor,
icterus, cyanosis, edema, or lymphadenopathy.
His vitals were as follows: BP was 120/70 mm Hg;
pulse rate — 86/min; respiratory rate — 18/min;
temp. — 98.6°F; and SpO, on room air — 95%.
On auscultation of the chest, end inspiratory
crepitations were present in bilateral infra-scap-
ular areas. His hemoglobin was 15 gm/dL, total
leucocyte count was 7800/cmm, and his liver
and renal function tests were within normal
limits. A chest radiograph revealed bilateral
multiple small nodular opacities in the mid and
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lower lung zones. High resolution computed to-
mography (HRCT) of the thorax showed multiple
nodular lesions of varying size predominantly in
the bilateral lower lobes with peribronchovascu-
lar predominance. Narrowing of the right main
bronchus with nodular bronchial wall thickening
was also seen (Figure 1, 2).

Flexible fiberoptic bronchoscopy showed
multiple diffuse nodules along the wall of the
trachea, right and left main bronchus, and in
the deeper airways (Figure 3). Bronchial and
trans-bronchial lung biopsies were taken and
sent for histopathological examination. As sar-
coidosis was in the differential diagnosis, se-
rum calcium, 24-hour urinary calcium, and
angiotensin converting enzyme levels were sent

r- =

A y

Figure 1. Radiograph of chest posteroanterior view

for evaluation. Serum calcium was 9.5 mg/dL,
24-hour urinary calcium was 150 mg, and the
ACE level was 50 U/L. An endobronchial biopsy
revealed tissue lined by bronchial mucosa (pseu-
dostratified columnar epithelium). Submucosal
tissue showed infiltration with small to medium
sized atypical lymphoid cells, centrocyte-like
cells, lymphoepithelial lesions and Dutcher bod-
ies. Transbronchial lung biopsy showed similar
atypical lymphoid cells infiltrating into the lung
parenchyma. IHC was positive for CD20, CD3,
CD43, CD138, and Bcl2. Lymphoepithelial lesions
were CK-positive. CD5 and CD10 were negative.
No light chain restriction was present (Figures
4-6). Based on histopathological examination
and immunophenotypical features, a diagnosis
of extra nodal marginal zone B cell lymphoma of
mucosa associated lymphoid tissue (Pulmonary
MALToma) was made and the patient was started
on the R-CHOP regimen. He had received 3 cycles
of chemotherapy up until the time of the writing
of this article. After 3 cycles of R-CHOP, chest
x-ray and HRCT of the chest showed a significant
resolution of nodular lesions.

Discussion

Primary pulmonary lymphoma is a rare enti-
ty. It is defined as a lymphoma involving one or
both lungs without any extrapulmonary or bone
marrow involvement at the time of diagnosis or
in the subsequent 3 months after diagnosis [2].
The most frequent primary pulmonary lymphoma
(PPL) is extranodal marginal zone B-cell lympho-
ma of MALT [3]. MALT lymphomas account for
less than 0.5% of all primary lung cancers. MALT
lymphomas are low grade B-cell neoplasms [4].
They most commonly involve the gastric mucosa.

Figure 2. High resolution computed tomography of chest
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Figure 4. Endobronchial biopsy showing submucosal bronchial tissue
with small to medium sized lymphoid cells, centrocyte-like cells (black
arrow), lymphoepithelial lesions, and Dutcher bodies (arrowhead)

However, non-gastric site involvement may be
seen in the large and small bowels, breasts, head
and neck, lungs, dura matter, ocular adnexa,
skin, parotid glands, prostate, and ovaries. They
are believed to arise because of chronic antigen-
ic stimulation associated with smoking, local
chronic inflammatory disease, or autoimmune
diseases. An association of gastric MALToma with
Helicobacter pylori, ocular adnexal MALToma
with Chlamydia psittaci, cutaneous MALToma
with Borrelia burgdorferi, and hepatic MALToma
with Hepatitis C virus has been proven. However,
no such association of any infective agent with
pulmonary MALToma is known [5].

It is most commonly seen in elderly patients
with a slight male preponderance. It tends to
remain localized to the lungs for long periods of
time, follows an indolent course, and is associ-
ated with a good prognosis. Most of the patients

are asymptomatic at diagnosis. Symptoms, when
present, can be non-specific [1]. Radiological
findings are also non-specific. The most common
radiologic manifestation consists of a solitary
nodule or a focal area of consolidation [6]. In our
case, flexible fiberoptic bronchoscopy showed
multiple diffuse nodules along the wall of the
trachea, right and left main bronchus, and in the
deeper airways. A nodular or lumpy appearance
of the trachea and bronchi give the appearance
of cobblestones. A cobblestone appearance of the
trachea has been classically described in tracheo-
bronchopathia osteoplastica (TPO) [7]. However,
it can also be seen in sarcoidosis [8], relapsing
polychondritis (RP) [9], amyloidosis [10], granu-
lomatosis with polyangitis [11], and lymphoma
[12]. In TPO and RP, nodules do not involve the
posterior wall of the trachea [13]. Nodular lesions
involving the trachea and bronchi are exceedingly
rare in pulmonary MALToma [14-17].

Diagnostic yield of bronchial & transbronchi-
al biopsy is higher when visible endobronchial
lesions are targeted. A diagnosis of MALT type
NHL is based on histological examination of sur-
gical samples or bronchial/transbronchial biopsy
material. Immunohistochemical analysis shows
a B-cell phenotype (CD19, CD20), persistence of
dendritic cells (CD21, CD35), and the presence
of small reactive T lymphocytes (CD3) in alveolar
wall infiltrate and around peribronchial nodules
[18, 19].

Treatment depends upon the extent of the
disease. Optimal management remains unclear. It
has been suggested that since it has an indolent
course, observation is preferable. However, this
approach should be used with caution and only
in highly selective patients, especially those in
whom diagnostic biopsy was excisional. Surgical
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Figure 6. A. CD20 positive B cells; B. CD3 reactive T cells; C. CD43 positive B cells; D. Bcl2 positive B cells

resection is the treatment of choice for localized
resectable pulmonary MALTomas. For unresect-
able disease, involved site radiation therapy
(ISRT) or chemo-immunotherapy can be used [20].

Conclusion

The clinical and radiological presentation of
our case closely mimicked sarcoidosis. However,

biopsy confirmed the diagnosis of pulmonary
MALToma. It is a rare disease. Non-specific
symptoms and non-specific radiological findings
make it difficult to diagnose. It can present with
multiple nodular protrusions involving the tra-
chea and bronchi. Histopathology confirms the
diagnosis. This case highlights the importance of
tissue diagnosis, especially when the radiology is
suggestive of some other diseases.
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SARS-CoV-2 lung disease in a patient with pulmonary

sarcoidosis — case report

Abstract

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is the recently identified cause of the current pandemic. In
patients with chronic respiratory lung diseases, SARS-CoV-2 may result in significant morbidity and increased mortality. We
present a case of a 69-year-old male with stage Il pulmonary sarcoidosis who had been under observation for 30 months without
immunosuppressive treatment. He then developed severe SARS-CoV-2 disease with typical radiological and laboratory findings.
Therapy with oxygen, antibiotics, low-molecular-weight heparin in a prophylactic dose, and dexamethasone resulted in marked
clinical improvement. We will discuss the rationale for corticosteroid use in both SARS-CoV-2 disease and in SARS-CoV-2 disease

that is complicating comorbid sarcoidosis.
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Introduction

Severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) is the recently identified
cause of the current pandemic. The virus infects
type Il pneumocytes and endothelial cells via an-
giotensin converting enzyme (ACE) receptors [1,
2]. SARS-CoV-2 related lung disease has resulted
in significant morbidity and mortality worldwide
[3]. The risk factors for severe SARS-CoV-2 dis-
ease include increasing age and comorbidities,
with chronic respiratory diseases being among
them [1, 4].

Sarcoidosis is a multi-organ granulomatous
disease of unknown aetiology [4]. Respiratory
system involvement is observed in 90% of pa-
tients and presents as isolated symmetrical hilar
lymphadenopathy (stage I), perilymphatic and
perivascular nodular infiltrates (stage III), or both

Adv Respir Med. 2020; 88: 620-625

(stage II) [5]. In 6% of patients with diagnosed
stage IT and III of sarcoidosis, lung fibrosis devel-
ops (stage IV) [6]. The clinical course of sarcoid-
osis is difficult to predict in many patients. This
is especially true for those who present with
stage I seeing as the disease often resolves spon-
taneously. Thus, treatment should be proposed
only to those who present with clear indications
such as cardiac sarcoidosis, ocular sarcoidosis,
neurosarcoidosis, hypercalcemia, or significant
lung involvement with diminished respiratory
reserve and decreased exertional capacity [5].

At present, it is not known whether sarcoid-
osis patients are more prone to SARS-CoV-2 infec-
tion and whether immunosuppressive treatment
is a risk factor for severe SARS-CoV-2 disease.
Therefore, coronavirus infection in sarcoidosis
patients is always a diagnostic and therapeutic
challenge.
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Table 1. Spirometry, plethysmography, and TLCO results at diagnesis and 30 months post-diagnosis in a 69-year-old male

with stage Il pulmonary sarcoidosis

Date of plethysmography TLC [L] VCmax [L] Tiff FEV, [L] Tico
(%) SR (%) SR (%) SR (%) SR mmoL/min/kPA
(%) SR
January 2018 7.18 4.15 0.71 2.82 6.68
(102) 0.29 (98)-0.16 (92)-0.8 (88)-0.8 (73)-1.77
September 2020 6.1 3.56 0.6 2.14 6,37
(87)-1.26 (85)-0.97 (80)-2.07 (67)-1.96 (70)-1.89

FEV,— forced expiratory volume in one second; T,c, — lung transfer factor for carbon monoxide; TLC — total lung capacity; VCmax — maximal vital capacity

We describe a case of a male with pulmo-
nary sarcoidosis who had a stable course of the
disease that did not require treatment during
30 months of observation. This patient present-
ed with sudden disease exacerbation caused by
SARS-CoV-2 infection.

Case report

A 69-year-old male diagnosed with pulmo-
nary sarcoidosis (stage II) was admitted on Octo-
ber 22" 2020 to the November 2™, 2020 due to
increasing dyspnoea on exertion, non-productive
cough, sweating, and marked asthenia of one
week duration. He denied experiencing any fe-
vers. This patient’s sarcoidosis was previously
confirmed by the result of bronchial biopsy in
June 2018. The patient was also previously di-
agnosed with osteoplastic tracheobronchopathy.

For the previous 30 months, he had been
observed by pulmonary specialists and did not
require any treatment. His last check-up preceding
the present episode was in September 2020 and, at
the time, his status was stable. During the six-min-
ute walking test (6MWT), he covered 510 meters
with no dyspnoea and no desaturation (initial and
sixth minute SaO, was 97% and 96%, respective-
ly). Spirometry and plethysmography revealed
moderate bronchial obstruction [FEV,/FVC (forced
expiratory volume in one second / forced vital ca-
pacity) 0.61, FEV,% pred. 67%, mild lung transfer
factor for carbon monoxide (T,,) decrease to 70%
pred.). Lung volumes remained within normal
limits [total lung capacity (TLC) — 87% pred.,
maximal vital capacity (VCmax) — 85% pred.].
The results of plethysmography were comparable
to those obtained at diagnosis. However, spirom-
etry revealed moderate bronchial obstruction
which was not seen at diagnosis (Table 1).

A chest X-ray performed in September
2020 revealed bilateral, nodular, and patchy pa-
renchymal infiltrates predominantly in the perihi-

lar and middle lung zones, as well as symmetrical
hilar lymphadenopathy (Figure 1A).

Chest computed tomography (CT) performed
in June 2020 revealed the presence of ill-defined
perivascular nodules localized in the middle and
lower parts of the lungs with perihilar areas of
consolidation (Figures 2A, B) and bilateral hilar
lymphadenopathy (Figures 3A, B).

On admission to the hospital, the patient
remained in poor condition with profound dys-
pnoea on exertion. His vitals were as follows: body
temperature — 36°C, heart rate — 103 beats/min,
respiratory rate — 20 breaths/min, arterial blood
pressure — 137/86, and arterial oxygen satura-
tion — 89-91% while breathing room air. On
auscultation, diffuse fine crackles and wheezes
were noted over both lung fields.

Laboratory analysis revealed a D-dimer con-
centration of 1600 ng/mL (N — 500 ng/mL), C-re-
active protein (CRP) — 49 mg/dL (N — 5 mg/dL),
aspartate aminotransferase (AST) — 61 U/L
(N — 40 U/L), lactate dehydrogenase (LDH)
— 600 U/L (N — 480 U/L), white blood cells
(WBC) — 7.81 x 10°/L, neutrophils 6.18 x 10°/L,
lymphocytes 0.8 x 10°/L, red blood cells (RBC)
— 4,76 X 10%/L, Hgb — 14,3 g/dL, and platelets
(PLT) — 382 X 10°L. The results of arterialised
capillary blood gas analysis were as follows:
PaO, — 58 mm Hg, PaCO, — 29 mm Hg, and pH
— 7,46. The Legionella antigen in urine was neg-
ative. A nasopharyngeal swab for SARS-CoV-2 by
RT-PCR was negative.

A chest X-ray revealed the presence of new,
bilateral consolidations in the middle and lower
lung zones (Figure 1B).

Chest CT angiography ruled out pulmonary
embolism but revealed the presence of diffuse
ground-glass opacities localized mainly in the
middle and lower parts of the lungs. These
changes were superimposed on previously seen
interstitial lung disease and lymphadenopathy
(Figures 2C, D and Figures 3C, D). The radio-
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Figure 1A. Posterior-anterior chest radiography before SARS-CoV-2 infection. Bilateral, predominantly perihilar and middle zones nodular and patchy
parenchymal infiltrates. Symmetrical hilar lymphadenopathy. B. Posterior-anterior chest radiography during SARS-CoV-2 infection. New, bilateral
ground-glass consolidations in the middle and lower zones of lungs

logical appearance was suggestive of SARS-
CoV-2 infection.

Repeated SARS-CoV-2 RT-PCR (on the third
day of hospitalisation) was positive.

The patient was treated with oxygen at
1,5 L/min administered by nasal cannula, low mo-
lecular weight heparin (LMWH) in a prophylactic
dose (enoxaparin 40 mg/day SC), ceftriaxone 2 g/day
IV, levofloxacin 2 X 500 mg/day PO, and dexa-
methasone 6 mg/day IV. The symptoms gradually
diminished. After 10 days of treatment, the patient
was released home. The patient’s last blood gas
analysis performed without oxygen therapy was:
PaO, — 70 mm Hg, PaCO, — 36 mm Hg, pH — 7.45,
and SaO, — 95%. The patient was instructed to
continue taking levofloxacin (up to 14 days) and
to gradually decrease the dose of dexamethasone.

Discussion

Acute exacerbations of pulmonary sarcoid-
osis may be caused by infective as well as non-in-
fective factors [7]. Baughman and Lower docu-
mented 2-3 acute exacerbations per year in 17%
of patients with fibrotic sarcoidosis [8]. As the
majority of them had been treated with immu-
nosuppressive therapy, most exacerbations were
of an infective origin [8].

In the presented patient, the aetiology of his
exacerbation was less clear as he did not receive
immunosuppressive treatment and was stable
during the previous two years of observation. Fur-
thermore, he complained of increasing dyspnoea,
non-productive cough, and asthenia, but with no

increase in body temperature. Nevertheless, in
the era of the SARS-CoV-2 pandemic, the cause
of the exacerbation was most likely to be of an
infective origin.

Chest X-ray revealed new infiltrates and chest
CT images confirmed the presence of new ground-
glass opacities suggestive of SARS-CoV-2 infec-
tion.

Recent publications have documented the
radiological appearance of SARS-CoV-2 related
pulmonary disease [9]. Most often, multiple foci
of ground-glass opacities, with or without consoli-
dations, are seen on chest CT images [9-11]. They
are distributed in either a peripheral subpleural
location or both peripherally and centrally, with
a predisposition to the lower lobes [9-11]. In
addition, small and widened vessels are often
found within the opacities. Other radiological
findings such as crazy-paving patterns, interlob-
ular septal thickening, or air-bronchograms, are
less frequent [9-11].

The other type of SARS-CoV-2 related lung
pathology is thromboembolic disease which, in
most cases, is caused by in situ vascular thrombo-
sis [2]. Piazza et al. diagnosed venous thromboem-
bolic disease (VTE) despite thromboprophylaxis
use in 35% of SARS-CoV-2 patients treated in the
ICU [12]. Therefore, CT pulmonary angiogram
should be regarded as the procedure of choice
in SARS-CoV-2 lung disease because it enables
the visualization of both pulmonary vessels and
lung parenchyma.

In the presented patient, pulmonary CT angi-
ography ruled out pulmonary embolism. Howev-
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Figure 2. A, B. Axial computed tomography (CT) scans before SARS-CoV-2 infection, lung window. CT images show ill-defined nodules with char-
acteristic perilymphatic distribution. C, D. Axial CT scans during SARS-CoV-2 infection, lung window. Comparing to the previous examination, CT
images show the presence of diffuse ground-glass opacities

er, it revealed the presence of diffuse ground-glass
opacities localized mainly in the middle and
lower parts of the lungs. These changes were su-
perimposed on the patient’s previously described
interstitial lung disease and lymphadenopathy
that arose during the course of sarcoidosis.

It is important to differentiate SARS-
CoV-2 lung CT findings from other infectious
diseases. Bacterial pneumonia produces focal
segmental or lobar pulmonary opacities without
lower lung predominance, as is seen in the case
of SARS-CoV-2 [10, 11].

Viral infections caused by the influenza virus,
CMYV, and other coronaviruses may show the same
radiological features as SARS-CoV-2. Therefore,

CT findings alone are not sufficient for a defini-
tive diagnosis of SARS-CoV-2. It is necessary to
combine CT scans with epidemiological history,
clinical symptoms, and laboratory tests’ results.

Increased CRP, D-dimer, and LDH combined
with a normal WBC count and a decreased num-
ber of lymphocytes were suggestive of SAR-
CoV-2 infection in the presented patient. The
confirmation of SARS-CoV-2 disease was obtained
by the second RT-PCR test performed on the third
day of hospitalization.

The patient received therapy according to
current recommendations of the Polish Associ-
ation of Epidemiologists and Infectious Disease
Specialists [13]. Such therapy should be com-
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Figure 3. A, B. Coronal reformatted CT images before SARS-CoV-2 infection, lung window. lll defined nodules and perihilar areas of consolidation.
Bilateral hilar lymphadenopathy. C, D. Coronal reformatted CT scans during SARS-CoV-2 infection, lung window. Diffuse ground -glass opacities
mainly in the middle and lower parts of lungs, superimposed on previously seen interstitial lung disease

posed of oxygen via nasal cannula or ventilation
mask, depending on the degree of hypoxemia.
In addition, corticosteroids (dexamethasone),
antibiotics, and LMWH in a prophylactic or
therapeutic dose are recommended [13]. Taccone
et al. documented that a high-dose regimen of
thromboprophylaxis therapy may decrease the
occurrence of venous thromboembolic disease in
critically ill SARS-CoV-2 patients [14]. We used
LMWH in a prophylactic dose due to previous
exclusion of pulmonary embolism and prompt
clinical improvement.

The use of corticosteroids (CS) in SARS-
CoV-2 lung disease is the most controversial issue
in terms of pharmacological therapy. According to
Polish guidelines, CS are recommended in stan-
dard doses (prednisone 0.5-1 mg/kg body mass

per day) in patients with respiratory insufficiency
in whom SaO, drops below 90% [13]. The first-
line CS is dexamethasone, used in an average
dose of 8 mg/day. A recent study by Monreal et
al. showed that larger doses of CS (> 250 mg of
methylprednisolone/day) were associated with
higher mortality compared to standard doses (up
to 1.5 mg/kg/day). It is important to note that the
increase in mortality due to higher doses of CS
was observed only in elderly patients [15].

According to Polish recommendations, high-
er doses of CS may be considered in patients who
present with a cytokine storm. The preferred
treatment in the event of a cytokine storm is an
anti-IL 6 drug named tocilizumab [13].

A recently published meta-analysis docu-
mented that CS improve life expectancy in severe
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SARS-CoV-2 disease but may be harmful for
patients who present with mild symptoms [16].

In sarcoidosis complicated by SARS-CoV-2 in-
fection, clinical improvement and viral relapse
has been documented after CS treatment [17].
At present, in sarcoidosis patients, the expert
guidelines state that CS should be reduced to the
minimal effective dose during the coronavirus
pandemic to minimize the risk of infection [18].
Nevertheless, in those patients who are already
infected with SARS-CoV-2, CS are not harmful
and may even be beneficial [3, 17].

In our patient, prompt clinical improvement
was observed with no need for further oxygen
therapy. He was discharged home and advised to
slowly reduce his corticosteroid dose under the
supervision of the outpatient clinic.

Sarcoidosis patients infected with SARS-
CoV-2 may have a more severe clinical course of
viral disease compared to the general population.
Jeny et al. documented that among hospitalized
patients with sarcoidosis and SARS-CoV-2 dis-
ease, 36% required intensive care support. This
is in stark contrast to the 5-10% of the general
population that required the same type of support
[3]. It is suggested that sarcoidosis patients who
present with moderate to severe impairment in
pulmonary function have an increased mortality
rate due to SARS-CoV-2 infection [1, 4].

Thus, high awareness among pulmonary
specialists is needed to consider timely hospi-
talisation and treatment of sarcoidosis patients
infected with SARS-CoV-2, especially those who
present with lung function impairment and/or
multiple comorbidities.
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Incidental pulmonary nodules are commonly encountered in computed tomography (CT) imaging. The
Fleischner Society Guidelines [1] estimate the risk of malignancy and give follow-up recommendations based
on several factors such as size, attenuation, morphology, location, and time-dependent changes. Regardless,
histologic examination is often required to achieve a correct diagnosis.

A 75-year-old Caucasian woman who was a non-smoker was referred to the Thoracic Surgery Depart-
ment of our hospital for a slow-growing pulmonary nodule. Medical history and physical examination were
unremarkable, and routine laboratory tests were normal. In 2018, she underwent a contrast-enhanced chest
CT revealing a sub-centimetric nodule of the right lower lobe. One year later, a follow-up CT demonstrated
an increase in volume (169 mm®versus 86 mm®) (Figure 1), while a PET scan was negative. The differential
diagnosis was between a benign lesion (hamartoma) or a low-grade neoplasm (tumorlet/carcinoid). Following
the patient’s choice and after multidisciplinary discussion, she underwent a video-assisted thoracoscopic
(VATS) wedge resection. Since the nodule was not easily visible, a digital localization was performed which
prevented conversion to thoracotomy. The postoperative course was characterized by hyperkalemia which
was successfully treated by intravenous fluid administration. After discharge, the follow-up was uneventful
and the patient is currently well.

The histologic examination revealed a nodular, well-defined proliferation originating from the wall of
a peribronchiolar arteriole and protruding into the vascular lumen. The lesion was composed of bland-looking
(absent cellular atypia, mitoses, and necrosis) cells, positive for smooth muscle actin and desmin in immuno-
histochemistry. A final diagnosis of vascular leiomyoma was established (Figure 2).

Muscular lesions of the lung encompass a limited number of entities including intimal/pulmonary artery
sarcoma, leiomyosarcoma, benign metastasizing leiomyoma, leiomyomatous hamartoma, and naive nodular
smooth-muscle hyperplasia.

Pulmonary leiomyomas are extremely rare and significantly more frequent in females. Since they are often
associated with a history of hysterectomy and/or uterine nodules, the great majority have been subsequently
reconsidered as benign metastasizing leiomyomas [2]. However, the medical history of our patient did not
include previous uterine nodules and imaging studies failed to reveal alterations of the gynecological tract.
Therefore, such a diagnosis was excluded.

A case of pulmonary vascular leiomyoma was previously reported by Terada [3]. However, we believe that
a diagnosis of nodular smooth-muscle hyperplasia would have been more appropriate in those circumstances
since relevant images revealed a striking bronchiolocentric irregular growth of smooth muscle cells in close
proximity to a regular arteriole [3]. The current case is unique in that the smooth muscle cell proliferation
was limited to the arteriolar wall. Moreover, CT showed that the nodule was located along a small arteriole,
which is in keeping with the histological features. The absence of similar observations in the literature led us
to make an “arbitrary” diagnosis of vascular leiomyoma. Even if the pathogenesis remains unexplained, we
chose this term to underline that it was a benign process originating from the smooth muscle component of
the vascular wall. Overall, the description of this case might lead to a consideration of widening the spectrum
of solitary nodules of the lung to include those likely arising from vascular structures of secondary lobules.
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Figure 1. Chest computed tomography scan showing an unusu-  Figure 2. Histology confirmed a well-defined nodular growth of the smo-
al, rounded solid nodule involving a bronchiolar artery of the  oth-muscle cell component (circle) of the arteriolar wall (arrowhead) in
lateral segment of the right lower lobe a bronchiolar bundle (arrow)
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A 62 years old patient, who was diagnosed with high-grade T1 (T1HG) bladder cancer, after transurethral
resection (TURB) (February 2018) and re-TURB (March 2018), with a history of diabetes mellitus type 2, hy-
pertension, dyslipidemia, coronary artery disease and three percutaneous coronary interventions was admitted
to the Urology Department. On admission he presented features of acute liver failure and right ventricular
heart failure, accompanied by high fever, general malaise and elevated inflammatory response markers, which
occurred after the first intravesical Bacillus Calmette-Guérin (BCG) instillation. The immunotherapy was
started two weeks before hospitalization. Computed tomography (CT) revealed hepato- and splenomegaly,
a small amount of fluid in the peritoneal cavity and slightly thickened wall of the bladder (7 mm).

The patient was relocated to the Pulmonology Department in serious general condition, presenting
features of respiratory failure, decompensated heart failure and hectic fever up to 39°C. On physical exam-
ination bibasal crackles, hepatomegaly and peripheral oedema were found. Moreover, elevated values of
C-reactive protein (109.2 mg/L), procalcitonine (0.87 ng/mL), alanine aminotransferase (104 U/L), aspartate
aminotransferase (124 U/L), alkaline phosphatase (823 U/L) and gamma-glutamyl transpeptidase (1130 U/L)
were detected. A bronchoalveolar lavage (BAL) was performed twice to take samples for cytologic, bacterio-
logical and mycological tests as well as Bactec and ProbeTecET genetic probes. Moreover, bronchofiberoscopy
with endobronchial ultrasound-guided transbronchial needle aspiration (EBUS-TBNA) of subcarinal lymph
nodes did not point towards a proliferative disease. In addition, blood and urine culture, diagnostic tests for
infectious diseases particularly for HIV, were carried out. The BAL findings were positive for Mycobacterium
tuberculosis complex in genetic testing. Other microbiological tests were negative. A chest CT scan pointed
to multiple lung changes which composed a picture of miliary pulmonary tuberculosis with concomitant
oedematous lesions (Figure 1A).

The patient was treated with passive oxygen therapy, broad-spectrum antibiotics (meropenem, levofloxa-
cin and vancomycin), itraconazole and systemic corticosteroids. The first intensive phase of anti-tuberculosis
treatment targeting Mycobacterium bovis was started with isoniazid (INH), rifampicin (RMP) and ethambutol
(EMB). As a result, a significant improvement of general condition was observed with resolution of fever and
normalization of laboratory results. The corticosteroid treatment has been continued in decreasing doses for
3 months, whereas anti-tuberculosis regimens for 6 months (INH, RMP, EMB treatment for 2 months followed
by continuation phase of INH and RMP for 4 months). In a control chest CT near complete remission of pul-
monary changes was stated (Figure 1B).

Currently, BCG immunotherapy is considered as the gold standard treatment for non-muscle invasive
bladder cancer at high risk of progression or recurrence [1]. Progression-free survival at three years observation
is 86.8% and results are better in comparison to local chemotherapy [2, 3]. Nevertheless, the BCG immunother-
apy could be associated with the wide spectrum of adverse effects like dysuria, pyrexia, hematuria or fatigue
in 69.5-91% of cases [4]. The pulmonary involvement is observed only in 0.3-0.7% of treated patients [4].
Our literature search yielded 35 similar case reports published so far. Moreover, among them only 1 occurred
after the first dose of BCG instillation as in our report [5].
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Figure 1A. The chest computed tomography (CT) is indicative of lung micronodular lesions (0.5-1 mm) accompanied by oedematous changes.
Small pleural effusion in the both pleural cavities can be seen. Bilaterally, particularly in the dorsal segments of the lungs, alveolar consolidation
and signs of septal thickening are present. B. In comparison to the previous chest CT, after 2 months of treatment, there has been complete
resolution of fluid in the pleural cavities. Also noticeable is a nearly complete resolution of lung micronodules with only few up to 0.5 mm in
diameter still present
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The “masks for the ventilator” in the COVID-19 era

To the Editor

With the COVID-19 pandemic underway,
health-care workers (HCW) are the most valuable
yet highly vulnerable resource for any community
[1]. Despite adequate provision of personal pro-
tective equipment, it is important that all other
measures are taken to prevent transmission of
the virus to healthcare workers. The intensive
care setting presents a specific challenge; while
dealing with severe cases requiring ventilator
support and performing procedures that generate
aerosols, the HCW are frequently exposed to an
environment with high likelihood of viral con-
tamination for prolonged periods of time.

The use of filters in the ventilator circuit
has been suggested as a means of minimizing
the chances of transmission of virus [2]. These
breathing system filters are usually of two types;
the electrostatic and pleated. The terms “electro-
static” and “pleated” are not ideal, as both types
rely to some extent on electrostatic charge to
hold particles within the filter material and both
types of material could be pleated. The main
difference between the two types is the density
of the fibres. For electrostatic filter material, the
density of fibres is comparatively low and the
electrostatic charge on the fibres is high. For
pleated filters, the density of the fibres is high:
this causes an increase in the resistance to gas
flow; pleating the material increases the surface
area and thus reduces resistance. This type of
filter is also termed “hydrophobic” (as the surface
of the filter material repels water) or “mechanical
filter” [3]. In general, pleated hydrophobic filters
reduce gas-borne transmission of bacteria and
viruses more effectively than electrostatic filters

[4]. Devices that contain both a filter and a heat
and moisture exchanger (HME) are termed heat
and moisture exchanging filters (HMEFs).

The breathing system filters can be placed
in several possible positions in the respiratory
circuit: at the gas intake, at the patient end and at
the expiratory circuit (Figure 1). When the filter is
placed at air inlet (position 1) or the inspiratory
limb (position 2); it filters the compresses ambient
air and prevents bacterial and particulate contam-
ination of the air being delivered to the patient
[5]. It is unclear how much this contributes to
the prevention of hospital-acquired infection. Its
use may be considered when the ambient air is
contaminated. Another possible site of placement
would be at the patient end (position 3). When
used here, it is often a HMEF rather than a simple
filter; and keeps the breathing system dry.

When placed at the expiratory side (posi-
tion 4 and 5), it filters the expired gas thereby
preventing the contamination of the ventilator
and the ambient atmosphere and protecting
healthcare workers and other patients. This is
a specific need when ventilating patients with
COVID-19 pneumonia. The exhaled air from the
patient may also contain the clouds of nebulised
medications. Using expiratory filters decreases
risk of second hand exposure to aerosol released
to the atmosphere during mechanical ventilation
[6]. The expiratory filter also protects the expira-
tory sensors of the ventilator from moisture and
degradation when placed proximal to the sensors
(position 4).

The expired air from ventilated patients may
be loaded with pathogens. It has been seen that
patients exhaled up to 2520 particle per breath,
of which 80% were in the 0.3-1.0 um range. The
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Figure 1. Possible sites where the filter may be placed in the breathing circuit

main determinant of particle numbers is the posi-
tive end-expiratory pressure (PEEP) — the higher
the PEEP, the more exhaled particles are generated
[7]. The breathing system filters are believed to
protect the intensivist and their co-workers from
exhaled pathogens. In a bench study to assess the
utility of such filters, a monodispersed aerosol of
human influenza A (H1N1) virus in an air stream
model was used and the virus particles quanti-
fied; it was seen that viral filtration efficiency of
these filters was >99.9995% indicating that their
use in the breathing systems of intubated and
mechanically ventilated patients can reduce the
risk of spreading the virus to the breathing system
and the ambient air [8]. In a study to evaluate the
transmission risk of bacteria and also viruses via
breathing circuits after extended use of 7 days,
it was seen that endoluminal contamination of
breathing circuits with bacteria did not increase
and no viruses were detected in the breathing
circuits using filters [9] suggesting that prolonged
use of such filters may be possible.

However, another study showed that viable
microorganisms may pass through anaesthetic
breathing system filters when they are wet [10].
The assumption that breathing systems remain
free of microbes when a filter is used might not
be always appropriate. Hence, clinicians should
never let their guard down and always continue
to use PPE even when using breathing system
filters. Also, clinicians should be aware that con-
densation can occur over these filters and viscous
sputum and nebulised drugs can block these
filters. Such blocked filters in the breathing sys-
tems may increase the resistance to gas flow and
hence the work of breathing [11]. The blockage of

these filters from liquids may further increase the
resistance and prevent adequate ventilation [12].

An expert consensus has advised for the use
of a dual limb ventilator with filters placed at
the ventilator outlets [13]. They also recommend
that when using NIV, use a heat-moisture ex-
changer (HME) instead of heated humidification.
If using a single limb ventilator the HME should
be placed between exhalation port and mask; its
best to avoid using mask with exhalation port
on the mask [13]. Similar considerations are
warranted for the use of such breathing system
filters while delivering anaesthesia to the patient
especially patients suspected of COVID-19 [14,
15]. All efforts have to be made to ensure a safe
working environment to prevent COVID-19 from
becoming an occupational hazard, especially for
the intensivists.
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When attacked by a new enemy, do not forget the old ones.
A tale of 2 diseases: tuberculosis and COVID-19

Dear Editor

COVID-19 (COrona VIrus Diagnosed in 2019)
is the most important health crisis of the present
generation. Tuberculosis (TB) was overtaken by
COVID-19 on April 1%, 2020 as the leading cause
of death per day by an infectious disease. India
is home to more than a quarter of the world’s TB
population and is presently ranked fourth in the
number of cases of COVID-19 after the United
States, Brazil, and Russia. The regions with the
largest tuberculosis burden are also the areas most
affected by the COVID-19 pandemic [1].

COVID-19 and TB have both overloaded the
health system and both need a quick reliable
diagnosis and a robust treatment plan due to
the fact that both have a high fatality rate. Ad-
ditionally, they have social stigmas attached to
them upon diagnosis or suspicion of diagnosis
and need increased public awareness to mitigate
this. Transmission for both of these diseases is
via droplets. One COVID-19 infected patient
can infect 2.5 people in 5 days (i.e. RO = 5), but
diligent isolation can decrease this rate to as
low as 1.05. Meanwhile, one TB infected patient
can infect 10-15 people per year [1]. A delay in
diagnosis of both can prove to be disastrous. Un-
treated, TB is a slow progressive disease which
is unlike COVID-19. However, a delay in diag-
nosis and/or treatment non-compliance adds to
the morbidity and mortality of these which is
further complicated by the development of drug

resistance. An important difference between the
two is that, unlike tuberculosis, COVID-19 has
gained much needed attention, has strong health
surveillance systems which monitor and track the
epidemic alongside national policies that were
implemented in order to contain the epidemic.
Both these diseases have the ability to affect
each other’s pathogenesis as both are implicated
in severely disturbing the hosts innate immune
response. Co-infection with COVID-19 and tu-
berculosis has also been reported recently [2].
SARS-COV-2 infection can happen simultane-
ously, precede, or follow a tuberculosis diagnosis
[3]. Tuberculosis has also been implicated to
increase the vulnerability to this new corona-
virus infection as well as its severity [4]. As the
clinical manifestations are similar, the current
care of patients with TB has been severely affected
amidst the current pandemic. Strong adminis-
trative commitment with good political support
was needed immediately and it was taken up by
Indian government to curtail the pandemic to
some extent. Measures taken included interstate
coordination, awareness via social media, social
isolation, tracking down suspected cases, a coun-
trywide lockdown, and timely mobilization of
essential goods. Unfortunately, these measures
have severely hampered the ongoing tuberculosis
care which was already suffering. The most sig-
nificant issues include diagnosis and management
of new cases, continuance of treatment of already
diagnosed (particularly drug-resistant cases) due
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to the nation-wide lockdown, lack of timely phy-
sician access, transportation of drugs, nutritional
and mental health support, and clinical care for
comorbidities like HIV and cancer. These can lead
to not only a worsening of the active tuberculosis
burden, but also activation of latent tuberculo-
sis cases. Transmission of tuberculosis among
household members is also affected due to less
exposure to tuberculosis preventative treatment
because of limited health care access.

Apart from diagnosis and treatment, another
important development regarding tuberculosis
that occurred as result of this pandemic is acute
mass migration, especially migrant labourer, due
to the nationwide lockdown and subsequent
loss of jobs. Migrants carry with them infections
and pathogens which is presently proving to
be a new challenge in the containment of the
COVID-19 virus, and will result in the same
challenge in the future for tuberculosis [5]. The
migration phenomenon coupled with worsening
socio-economic standards make them vulnera-
ble for tuberculosis infection in the future [6].
A newly issued statement by the WHO regarding
the anticipation of a secondary tuberculosis emer-
gency in the near future may not be wrong and
they stress the importance of making sure that
TB services continue uninterrupted during the
COVID-19 pandemic [7]. It should be remembered
that diluted attention to existing TB management
services due to the diversion of resources towards
this new pandemic can result in an increase in
drug-resistant cases and the eventual crumbling
of the health care system.

Fighting tuberculosis amidst the
COVID-19 pandemic needs interventions at mul-
tiple levels. Socio-economic support in the form
of monetary funds and food parcels, especially for
those without jobs, will help as poverty is known
to drive tuberculosis rates globally. Infection
control measures which are being propagated for
COVID-19 can provide a much needed boost for
preventing tuberculosis spread as well and can
result in hindering practices like spitting, tobacco
chewing, etc. Digital technology used to improve
infection control measures and offer psychological
support may also help. The surveillance and test-
ing of high risk patients, especially members of the
same household, has also improved by quantifying
risk using simple tools for risk stratification [8].
Non-governmental organizations (NGO) offering
more access to laboratory and health care workers
with proper protection may help. Integration of
COVID-19 and tuberculosis services is paramount
now. Tuberculosis survivors and those having

active tuberculosis should be prioritized for
COVID-19 testing as they are especially vulnerable
for the SARS-CoV-2 infection due to chronic lung
damage and decreased cell-mediated immunity.
The risk of progression from latent tuberculosis
infection to active disease may increase due to
COVID-19. Hence, COVID-19 testing should be
used as an opportunity to detect tuberculosis
latent infections in certain defined vulnerable
groups. Further, having a low threshold for com-
puted tomography (CT) chest and tubercle bacilli
testing for COVID-19 patients may help in diag-
nosing subclinical chronic active tuberculosis
patients [9]. An integrated testing system for
both diseases with further decentralisation of
tuberculosis testing along with drug sensitivity
might be a pertinent solution. Continuing the
already strengthened BCG vaccination program
in the country will help as it has been shown that
COVID-19 related mortality is strongly associated
with BCG vaccination national programs [10].

Conclusion

Tubeculosis has long been a cause for sig-
nificant morbidity and mortality in some coun-
tries. Emerging new diseases, such as COVID-19,
should not let loosen our grip on it. Infection
control measures and cough etiquettes propagated
amidst this pandemic can prove to be a turning
point in controlling the spread of TB. An inte-
grated health care approach is in utmost need in
order to tackle the menace of tuberculosis during
this COVID-19 acute pandemic.
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Fogging of goggles in PPE during COVID-19 pandemic.
A practical problem with multiple possible solutions

To the Editor

The COVID-19 pandemic poses an unequiv-
ocal occupational risk to the health care commu-
nity [1]. This risk is even higher in intensive care
settings [2]. Meticulous, efficient and stringent
use of personal protective equipment (PPE) can-
not be overemphasized in such times. However,
there are many practical problems faced while us-
ing PPE; fogging of goggles being a common one.

A recent article, by Pandey and colleagues,
noted that using Sterillium™, an alcohol-based
sanitizer, prevents fogging [3]. However, there
are certain easier and safer methods to prevent
fogging. An extensive search was performed on
PubMed using search items: (“Anti-fog” OR “anti-
fog” OR “fog” OR “mist” OR “spray” OR “fogging”)
AND (“goggle” OR “glasses”), (“condensation”
AND (“goggle” OR “glasses”), [“prevent” AND
“fog” AND (“goggle” OR “glasses”)], [“adhesive”
AND (“prevent” AND “fog”) OR (“antifog” OR “an-
ti-fog”)], [(“soap” OR “gel” OR “spray” AND (“fog”

OR “antifog” OR anti-fog”)]. The search returned
9 results that were relevant to the context of this
review. We present the methods to prevent fogging
of goggles, their mechanism along with benefits
and potential harms in Table 1.

Thus, there are various methods to tackle the
problem of fogging of goggles in the COVID-19 pan-
demic era, the most important being tight-fitting
mask, which is necessary to prevent the occupa-
tional risk of COVID-19. In view of unclear benefit,
potential toxicity, cost and restricted availability in
limited resource conditions, the use of sterillium
for antifogging should not be encouraged currently.
The fear of COVID-19 sparks novel safety measures
which can lead to more harm than the possible
good they can do. The safety and efficacy studies
recording all outcomes — benefits, toxicity and the
method of use must be the path ahead.
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Table 1. Methods to prevent fogging of eye goggles, with their mechanism, advantages and caveats

Antifogging measure Mechanism

Advantages Caveats

Reversing the mask-tie Better seal around the nasal ridge

around the ear [4]

A correct size and properly
fit mask will, by itself, prevent
the exhaled air from escaping

around the nasal ridge

Tightly “sealed”
face mask

Application of adhesive
strip on the nasal ridge
-mask junction [5]

Blocks air leakage superiorly
around the nasal ridge, preventing
entry of air into goggles

Simple and effective method

It is easily the most important
and practical measure, and
should be applied in addition
to any other method

Adhesive strips are readily
available in all hospitals

Air may leak along the lateral
margins of the mask (near the ears).
Undue pressure on the skin of the ears

Can lead to face marks, but they
are temporary and cannot justify
compromising with safety

Skin damage can be caused,
if hypoallergenic adhesive is not used

-
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Table 1 cont. Methods to prevent fogging of eye goggles, with their mechanism, advantages and caveats

Antifogging measure

Mechanism

Advantages

Caveats

Antifogging spray/gels

Soapy water/shampoo
application [6, 7]

Application of hydrogel
patches on the upper
surface of N95 [8]

Filtered eye mask
(airtight) [9]

Alcohol-based sanitizer

These provide a coating on
the goggles that reduce surface
tension and prevent fogging

Applying soapy water or shampoo,
followed by drying with a cotton
cloth, has shown to leave a thin

surfactant film which reduces
surface tension. The reduced
surface tension causes water
molecules to spread out into
a continuous and thin layer, which
leads to less scattering of light
and hence prevents fogging

Tighter fit of the respirators

preventing air leak through

the superior margin, around
the nasal ridge

Airtight, protects against COVID-19
infection as well as against fogging

A single letter from a tertiary
care centre at Delhi, India

Used widely by scuba divers,
and on motor vehicle wind-
shields in cold weather

Age-old practice, cheap, ava-
ilable at even primary health
care level

Easy to apply
and comfortable to use

Novel approach

Claimed to decrease fogging
and maintain cleanliness

Expensive alternative in a resource
constrained country

May cause a slightly distorted vision
if goggles are not properly wiped

Better used as an adjunct to other
antifogging measures

Not easily available,
and may be costly

In smaller centers with limited
resources, using Sterillium for

eye goggles may not justify
the cost-benefit ratio. Besides,
limited availability is an issue.
Most importantly, sterillium
is an alcohol-based solution [10],
which can cause a burning sensation
in the eyes and further worsening
of vision, probably by the droplets
of sterillium that spread over
the surface of the goggles [11, 12].
Upon exposure of the eye to them,
alcohol and alcohol-based products
carry the risk of conjunctivitis, keratitis,
and corneal scarring [11-13]
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Should emergency medical service staff use respirators
with filtered valves during the COVID-19 pandemic?

To the Editor

Performing medical procedures with the use
of personal protective equipment may reduce the
efficiency of medical procedures performed. This
can be exemplified currently with the use of respi-
ratory protection devices such as N95 or surgical
masks [1-3]. Healthcare workers (HCWs) using
N95 respirators or medical masks may experience
discomfort associated with wearing a mask when

performing medical procedures. This is particu-
larly true for those procedures associated with
increased physical activity causing increased
respiratory effort. As shown by Macintyre et al.
[4], the rates of infection in the medical mask
group were double those in the N95 group. Other
authors also point to the advantage of N95 respi-
rators compared with medical masks in reducing
the risk of viral infection (OR = 1.05; 95%CI: 0.88,
1.24; Figure 1) [4-7]. However, both N95 and med-

Study Name . POP OR LCL UCL WGHT
Loeb 2009 J l | 422 096 061 151 153%
Macintyre 2011 | o 1441 051 024 111 67%
Macintyre 2013 } ] : 1669 082 046 147  9.7%
Radonovich 2019 } E . } 5180 1.15  0.94 141  68.3%
Overall: P = 0.60, I = 39% ‘ 8712 105 088 124  100%
0.2 0.5 0.75 15 2
N95 10 Medical masks

Figure 1. Forest plot of laboratory-confirmed respiratory viruses in N95 respirators vs medical masks. The center of each square represents the
relative risk for individual trials and the corresponding horizontal line stands for a 95% confidence interval. The diamonds represent pooled results
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Table 1. Mask using complications (based on [4])

Complication type N95 respirators Medical masks OR (95%Cl)
Headaches 1.3% 3.9% 3.80(2.00, 7.21)
Skin rush 5.0% 4.6% 1.08 (0.56, 2.08)
Difficulty breathing 19.4% 12.5% 1.69(1.13, 2.53)
Allergies 7.1% 9.3% 0.75 (0.46, 1.24)
Pressure on nose 52.2% 11.0% 8.81(5.90, 13.16)
Other 8.3% 0.7% 12.54 (3.04, 51.70)

Cl — confidence interval; OR — odds ratio

ical masks have disadvantages. Le et al. showed
that N95 and surgical facemasks could induce
different temperatures and humidity in the mi-
croclimates of facemasks which have profound
influences on heart rate and thermal stress and
can cause a subjective perception of discomfort
[3]. MacIntyre et al. described complications re-
ported by HCWs using masks (Table 1) [4].

As shown by Hayashi et al., when comparing
masks both with and without an exhaust valve
(EV), masks with an EV are more effective in re-
ducing the temperature and humidity inside the
mask and speed up dry and wet heat loss through
the nose [8]. However, it is important to remember
that respirators with an EV do not offer others pro-
tection against infection with COVID-19. The goal
of the valve on these masks is to allow the user to
breathe out more comfortably. The concept is that,
on an outward breath, the valve opens to allow the
exhalated air to escape and prevent the buildup of
heat and bacteria on the inside of the mask.

In conclusion, medical personnel should use
respirators with an EV when performing proce-
dures related to increased physical activity (i.e.,
cardiopulmonary resuscitation) in order to reduce
the adverse effects of using protective masks or
N95 respirators. However, it should be noted that
we should not recommend this type of personal
protective equipment for routine wear by the pub-
lic because of the risk of spreading the infection
by people asymptomatic with COVID-19 who are
not aware that they are infected.
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Spirometry during the SARS-CoV-2 pandemic. Guidelines
and practical advice from the expert panel of the Respiratory
Pathophysiology Assembly of the Polish Respiratory Society

This guidance provides advice to healthcare workers on the use of spirometry during the SARS-CoV-2 outbreak. It has been devel-
oped based on currently available information and recommendations from relevant health care institutions. These recommendations
are not based on scientific evidence (EBM, evidence based medicine), prospective studies, or research projects. This practical
advice set will be kept under review and updated over time as new data becomes available.

Introduction

The first cases of COVID-19 disease caused by
the severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) were described at the end of 2019 in
Wuhan, Hubei Province, China. The rapid spread
of the infection resulted in the World Health Orga-
nization announcing that the COVID-19 outbreak
was a global pandemic on March 11", 2020. The
first case of SARS-CoV-2 infection in Poland was
reported on March 4", 2020 [1]. According to data
from the Johns Hopkins Institute [2] dated Sep-
tember 1%, COVID-19 disease caused by the new
SARS-CoV-2 coronavirus has been confirmed in
over 25,5 million people worldwide, and the num-
ber of deaths has exceeded 850,000. In Poland, data
from the Ministry of Health from early September
indicates that there were over 67,000 infected
individuals with the number of deaths exceeding
2000 [3]. At that time, 300-450 new cases were
reported per day in Poland with most patients
coming from groups of people working or living
in close proximity (e.g., in workplaces and nursing
homes). The daily morbidity rate during August

2020 increased to a range between 550-800 de-
pending on which region of the country was being
analyzed.

Current evidence suggests that the main
routes of transmission of the SARS-CoV-2 virus
are via inhalation, direct contact with contami-
nated surfaces, and transmission via the mucous
membranes of the mouth, nose, and eyes. Aero-
sols containing the virus may spread up to 2 me-
ters from an infected individual. As a result, this
has culminated in many countries introducing
social distancing in public spaces. However,
studies have shown that the aerosol transmission
distance of SARS-CoV-2 might be up to 4 or even
8 meters [4]. There are also reports suggesting
that the virus can be transmitted through the air
without being aerosolized [5, 6]. SARS-CoV-2 vi-
ral particles have been shown to survive for at
least 3 hours when aerosolized and can maintain
viability for up to 72 hours on a hard surface, al-
beit with a significantly reduced titer. The virus
has been found to be more stable on plastic or
stainless steel surfaces rather than on surfaces
made of copper or cardboard [7].
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The SARS-CoV-2 virus has mainly been isolat-
ed from nasal and pharyngeal secretions and spu-
tum. Viral material was also found in tears, stool,
and blood of infected people, although the clinical
significance of this is yet to be determined [8-10].
The maximum incubation period is assumed to
be up to 14 days, and the median time to onset of
symptoms is estimated to be at 5.1 days (95% CI
4.5-5.8 days). In approximately 2.5% of patients,
symptoms appeared within 2.2 days following in-
fection. In 97.5% of patients, they appeared within
11.5 days (range 2 to 14 days) [11]. It is important
to emphasize that although symptomatic individu-
als pose the highest risk of transmission, it is also
possible for an infected yet asymptomatic person
to transmit the virus. The exact incidence of as-
ymptomatic infections is not known. Most studies
estimate the prevalence of asymptomatic trans-
mission to range from 20% [12] to 40-45% [13],
but some studies report a prevalence rate over 80%
[14]. Such large discrepancies can be attributed to
the lack of long-term observational data and the
difficulty in differentiating between asymptomatic
individuals and those who are pre-symptomatic
patients in whom the infection was diagnosed be-
fore the appearance of COVID-19 symptoms. One
study showed that 13% of cases could be caused
by the spread of the disease in patients who were
pre-symptomatic [15].

The clinical course of SARS-CoV-2 infec-
tion is diverse. In about 80% of patients, the
illness is mild. In 14% of patients, the course
is severe with dyspnea, hypoxemia, and >50%
of lung parenchyma affected. In 5% of patients,
the illness is critical with respiratory failure,
shock, or multi-organ failure [16]. Mortality due
to COVID-19 varies in different regions. Chinese
authors estimate the overall mortality rate to be
2.3% with a significantly higher mortality rate (up
to 14.8%) in those over the age of 80 [16]. In Italy,
the overall mortality rate from COVID-19 was
7.2% during the pandemic’s initial period [17].
In patients who became critically ill, the mortal-
ity rate was 61% in China [18], 50% in the USA
[19], and 26% in one of the intensive care units
in Lombardy, Italy [20].

The period of infectivity for individuals with
SARS-CoV-2 infection has not yet been deter-
mined. It is important to note that the presence
of viral genetic material in airway secretions is
not synonymous with infectivity. The duration
of viral RNA shedding varies greatly; however, it
seems to be linked to illness severity. One study
showed a higher probability of elimination of the
virus within the first week following infection

in asymptomatic patients when compared with
patients reporting COVID-19 symptoms [21]. In
another study, the median time of clearance of
the virus in patients with mild COVID-19 disease
who did not require hospitalization in the ICU
was estimated to be at 24 days (interquartile range
18-31 days). However, one study observed that
the viral shedding duration was up to 42 days
[22]. According to the Centers for Disease Control
and Prevention (CDC), viral load in the upper
respiratory tract begins to significantly decrease
after the onset of symptoms [23]. Therefore, the
probability of isolating an infectious form of the
virus from the airway secretions of patients with
mild to moderate COVID-19 disease 10 days after
the onset of symptoms is very low. In severe to
critical COVID-19 patients, the probability of de-
tecting an infectious form of the virus decreases
to < 5% 15.2 days after initial infection [24]. It
is also possible to detect viral genetic material
in the airway secretions of those who have had
COVID-19 disease for up to 3 months after the ini-
tial infection occurred, albeit in much lower titers
than during the illness. Isolation of an infectious
form of the virus from these patients is usually
not possible and, as a result, their infectivity is
thought to be negligible [23].

The most common COVID-19 disease symp-
toms are cough, shortness of breath, and a fever
above 38°C. Other symptoms that may sug-
gest infection include myalgia, headache, diz-
ziness, changes in sense of taste and/or smell,
and gastrointestinal disturbances. Diagnosis of
SARS-CoV-2 infection requires confirmation by
a positive reverse transcriptase polymerase chain
reaction (RT-PCR) test result.

Performing spirometry during
the SARS-CoV-2 pandemic

The SARS-CoV-2 coronavirus is becoming
increasingly widespread in society and poses
a potential threat to staff and patients attend-
ing respiratory function laboratories. The inci-
dence and infectivity of the virus, the Minister
of Health’s recommendations, the Chief Sanitary
Inspector, and local infection control teams are of
value in providing guidelines for taking adequate
preventive measures.

Maintaining patients and healthcare pro-
fessionals’ safety is a priority. Therefore, extra
precautions are required when performing respi-
ratory function tests. All the necessary actions
may lead to extended testing time, reorganiza-
tion of diagnostic routines, a reduced number of
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tests performed, and an increased consumption
of disposable materials and personal protective
equipment (PPE).

Generation of aerosols

Although there is no official position on this,
respiratory function testing is considered an aero-
sol-generating procedure (AGP) [25]. An AGP is
defined as any medical procedure which causes
the generation of airborne particles (aerosols).
Aerosols containing viral particles may remain
suspended in the air for a while or travel for var-
ious distances and cause infection via inhalation
or contact with mucous membranes. Therefore,
AGPs harbor a risk of airborne transmission of in-
fections that would typically only be transmitted
by droplets [26].

Aerosol particle transmission
Airborne transmission of infectious diseases

is possible by two routes:

1. Droplet transmission: expelled particles (di-
ameter > 5 um) that settle quickly and can
only travel short distances (within 1 meter)
from the source.

2. Aerosol transmission: expelled particles
(diameter < 5 um) which can travel much
further.

In 2007, the World Health Organization
(WHO) recommended the use of a 5 um threshold
to differentiate aerosol transmission (particle di-
ameter <5 um) from droplet transmission (particle
diameter > 5 um) [27].

The WHO, CDC, and National Health Service
(NHS) have agreed that the type of personal pro-
tective equipment required should be based on
what transmission risks the person is exposed to.
These include direct contact, fomites, aerosols,
and/or droplets. According to the recommen-
dations of the Agency for Health Technology
Assessment and Tariff System (AOTMiT), “Protec-
tion against droplet spread also protects against
contact transmission. Protection against airborne
transmission protects against infection via drop-
lets and/or the contact route” [28].

Performing functional testing of the respi-
ratory system often involves forced respiratory
maneuvers and generating an airflow of up to
14 L/s (840 L/min). During these maneuvers,
similar to when coughing or sneezing, macro and
micro-aerosols are produced containing secre-
tions from the patient’s respiratory tract. These
secretions may contain bacteria and viruses,
including SARS-CoV-2 particles. Aerosols and
droplets produced during spirometry become

suspended in the air and eventually settle on sur-
faces in the room such as equipment, furniture,
and the floor. Therefore, there is a risk of infection
from aerosolized particles and direct contact with
contaminated surfaces for both patients and staff.

Various guidelines regarding pulmonary
function testing specific to the COVID-19 pan-
demic have been published. These include guide-
lines from the 9.1 group (Respiratory function
technologists | Scientists) of the European Respi-
ratory Society (ERS) [29], the American Thoracic
Society (ATS) [30, 31], and the Association for Re-
spiratory Technology & Physiology (ARTP) [32-34].

Indications and contraindications

for spirometry during

the SARS-CoV-2 pandemic

— During the SARS-CoV-2 pandemic, spirom-
etry and other lung function tests should be
performed only if they are deemed necessary
to diagnose and manage respiratory diseases.
Tests should be carried out with additional
safety measures in place in order to minimize
the risk of infection transmission. Also, they
should only occur in laboratories that can
facilitate adequate distancing, isolation, room
disinfection, etc.

— Lung function tests are likely to be necessary
for the following indications [31]:

* To diagnose and support management
in patients who urgently need treatment
initiation (e.g., COPD, IPF).

* To evaluate patients who are candidates
for surgical treatment due to lung cancer.

* To assess patients undergoing surgery that
require urgent assessment of lung func-
tion due to respiratory risk factors (e.g.,
respiratory disease, previous impairment
in lung function, chest deformity, and/or
severe obesity).

* To study patients qualified for pharma-
cological treatment programs who are
attending drug trials in which the assess-
ment of respiratory function is crucial for
therapeutic decisions.

* Patients qualified for lung transplantation.

* Urgent diagnostic procedures.

— Lung function tests should not be performed
in patients with diagnosed or suspected
SARS-CoV-2 infection or with symptoms
suggestive of COVID-19 [29].

— ERS guidelines state that lung function
testing should not be performed on patients
diagnosed with SARS-CoV-2 infection for a
minimum of 30 days post-infection [29].
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— The ATS recommends that lung function tests
can be performed after COVID-19 infection
if the patient meets one of the following cri-
teria:

e No fever (without the use of fever-reduc-
ing medications), resolution of respiratory
symptoms, and two negative RT-PCR swab
test results (taken >24 hours apart).

* No fever for at least 3 days (without the
use of fever-reducing medications), a
significantly decreased severity of respi-
ratory symptoms, and >10 days since the
onset of symptoms.

* Asymptomatic with at least 2 negative RT-
PCR tests obtained in the last 24 hours.
Alternatively, >10 days since the previous
positive RT-PCR test [31].

— In patients who are vulnerable to severe
consequences from SARS-CoV-2 infection,
lung function tests should be carried out in a
room with negative pressure ventilation and
without air conditioning, if possible [29].

— All routine respiratory function tests should
be postponed until the end of the SARS-
CoV-2 pandemic (this might be defined as a
low viral prevalence and availability of reli-
able tests to exclude SARS-CoV-2 infection).

— Lung function tests should be limited to spi-
rometry (preferably only performed during
slow breathing [32] with a measurement
of forced expiratory volume in one sec-
ond [FEV,] carried out in place of a forced
expiration maneuver [flow-volume loop]),
measurements of lung capacity and volume
(if necessary) using body plethysmography,
and diffusing capacity for carbon monoxide
using the single-breath method.

— Procedures with significant aerosol genera-
tion potential (e.g., bronchial hyperrespon-
siveness testing, exercise testing [nb., the
shuttle walk test and 6-minute walk test are
recognized as procedures with decreased po-
tential to generate aerosols], and reversibility
testing) should not be performed [29].

Organizational arrangements

As the SARS-CoV-2 infection can be trans-
mitted by droplet transmission and by contact
with contaminated surfaces and contaminated
air [6, 33, 35, 36], significant adjustments are
necessary in both the technique of testing and
in the organization of laboratories that perform
respiratory function tests. The Association for
Respiratory Technology and Physiology (ARTP)
[32] recommendations include:

— Every patient attending for lung function
testing should be treated as a potentially
infectious person.

— All referrals should be verified by an experi-
enced physician. Where possible, the results
of previously performed lung function tests
should be taken into account and analyzed.
An assessment should be made as to whether
further testing will contribute to the current
clinical picture.

— Tests that generate high aerosol levels should
be substituted by alternative, less aero-
sol-generating procedures where clinically
possible.

— SARS-CoV-2 RT-PCR test results should be
documented in the patient’s notes. Inpa-
tients referred for respiratory function testing
should have undergone testing on admission.

— Outpatients referred for respiratory function
testing should undergo a health check ques-
tionnaire before performing any tests (p. 6).
The ERS Group 9.1 suggests that screening
for COVID-19 symptoms may be carried out
by phone prior to laboratory attendance.

Guidelines for waiting rooms

All waiting rooms should have either passive
ventilation (through open windows) or mechani-
cal ventilation. Air recirculation systems and air
conditioners should be avoided.

Non-essential items (e.g., brochures, posters,
pillows, covers, curtains, decorations, drink dis-
pensers, etc.) should be removed. Surfaces, in-
cluding chairs, should be made of non-porous and
easy to clean material. An alcohol-based hand gel
or handwashing facilities with disposable paper
towels should be available for patient use. The use
of soap bars and reusable textile towels should be
avoided. An information poster on hand hygiene
and handwashing techniques should be displayed
in a visible place.

The 9.1 ERS group [29] recommends keeping
a minimum distance of 2 meters between pa-
tients. Patients are also recommended to attend
alone and at an appointed date and time. If the
patient requires a chaperone, it should be only one
person who should also adhere to distancing and
handwashing recommendations. Protective masks
or visors should be worn when in the waiting
room. It is advisable to create two separate waiting
rooms for outpatients and hospitalized patients.

Laboratory organization
The time interval between successive pa-
tients should be long enough to allow for adequate
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Table 1. Agents with activity against SARS-CoV-2 [38]

Product Concentration Exposure time Decrease in infectivity (log,,)
Ethanol 78% 30s >5.0
2-propanol (isopropyl alcohol)
100% 30s >33
75% 30s >4.0
70% 30s >33
2-propanol and 1-propanol (propyl alcohol) 45% and 30% 30s >4.3
Formaldehyde 1% 2 min >3
Glutaraldehyde
2.5% 5 min >4
0.5% 2 min >4
lodopovidone 0.47% 1 min 3.8
0.23% 1 min >4

Benzalkonium chloride

No date on efficacy are available — the product is not recommended

Chlorhexidine digluconate

Ineffective

ventilation of the room after each patient (at least

15 minutes), changing personal protective equip-

ment by staff, and disinfection and recalibration

of diagnostic equipment. This time interval is
likely to last between 30-60 minutes.

Staff performing tests must use recommend-
ed PPE for aerosol-generating procedures fol-
lowing the national guidelines adopted from the
AOTMIT which require [28]:

— A FFP3 or FFP2 half-face mask.

— Goggles or eye/face shield.

— A long-sleeved barrier apron (single-use or
disinfectable and sterilizable).

— Disposable gloves, which should be discard-
ed after each test and after cleaning of the
laboratory.

— Hand hygiene, which should be performed
before and after putting on and taking off PPE.

— If appropriate PPE is not available, testing
should not be undertaken.

It is recommended that one examination is
performed in one room at a time to reduce the
risk of cross-contamination and infection of sub-
sequent patients and staff. Where possible, pro-
tective screens should be used between patients
and staff to minimize the risk of direct contact
with aerosols [32]. The technician and the patient
should avoid facing each other during breathing
maneuvers to reduce the risk of the patients’ ex-
haled air being directly inhaled by the technician.

Ventilation of rooms is crucial in order to
reduce aerosolized viral particles. Ventilation
involving just one air change has been found to

reduce the concentration of pollutants in the air
(including SARS-CoV-2 particles) by 63%. After
five air changes, less than 1% of air pollutants
remain. Therefore, a ventilation system capable
of performing 10-12 air changes per hour (ACH)
would result in less than 1% of the initial air pol-
lutants remaining after 30 minutes [33]. A room
used for aerosol-generating procedures should
have a ventilation system capable of at least
6 ACH. A room that does not meet this require-
ment, or if there are other significant concerns,
should be left empty for at least three hours before
cleaning [32].

Natural ventilation (e.g., open windows and
doors) has been shown to be an effective way to
reduce the concentration of viral particles in the
air. In one study, natural ventilation increased
the ACH value by up to 69%. The addition of an
extractor fan in the window further increases the
efficiency of a ventilation system [37]. Wherever
possible, consider performing tests in alternate
rooms and using an interval between testing for
ventilation and disinfection [32].

Agents active against SARS-CoV-2 should be
used when disinfecting rooms and equipment.
A summary of common cleaning agents is pre-
sented in Table 1.

Conducting measurements

Single-use bacterial viral filters (BVF) have
previously been recommended for use when per-
forming routine spirometry, especially in patients
with colonization of the airways with a known
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pathogen or in patients who have a comorbid

disease (e.g., tuberculosis or cystic fibrosis) to

avoid cross-infection [39-41]. However, this was
not a common practice.

In the advent of the COVID-19 pandemic,
BVFs are now recommended for all functional
respiratory testing [29, 33]. The filters should
provide adequate filtration for flow rates of up to
600 to 700 L/min. Filtration efficiency depends
on the filter fibers’ density, the filter layer’s depth,
and the flow rate. Several factors must be consid-
ered when selecting filters:

— Bacterial removal efficiency (BRE) — the
efficiency in trapping and removing bacterial
and viral particles. Filters with an efficiency
level of > 99.9% are recommended.

— Airflow resistance — the ATS recommends
that the total airflow resistance at 14 L/s [42]
must be < 1.5 cm H,0O per L per second,
measured with the BVF in situ. The spirom-
eter must be re-calibrated to account for the
additional resistance with the BVF included
and placed between the calibration syringe
and the device [39].

— Dead space volume — the volume of dead
space created by the filter should be as small
as possible to minimize rebreathing, which is
especially important in patients with small
lung volumes (young children or patients
with severe respiratory impairment). Cur-
rently available BVFs for functional testing
have a dead space capacity of 50-75 mL.

— Single-use BVFs — they should be utilized.
After testing, the filter should be disposed
of according to local infection control pro-
cedures. The filter should not be retained
for use with other patients or subsequent
examinations with the same patient. For BVFs
with reusable housing, the housing must be
disinfected between patients according to
local infection control procedures.

— Type of BVF — it is recommended to use a type
of filter that fits multiple devices in a given lab-
oratory. BVFs, which also act as a mouthpiece,
can make it easier to clean the flow transducer,
reduce the dead space created by a filter, and
are of a lower cost. If a filter with a mouthpiece
is used, there is no need to use an additional
disposable mouthpiece [29].

Consistent use of a new BVF for each pa-
tient and routine cleaning of the device and
surrounding environment with a disinfectant
that has at least a 72% alcohol concentration are
recommended to reduce the risk of equipment
contamination and cross-infection.

When using equipment with disposable flow
heads, compatible filters should also be used if the
head has a physical connection with the pressure
sensor(s). Additional filters are not required in
devices where there is no connection between
exhaled air and the rest of the apparatus (e.g.,
ultrasonic sensors). Compatible filters must be
used to avoid affecting test results.

In order to reduce the number of unnecessary
tests, improve efficiency, and shorten test time,
each examination must be clearly explained to
the patient. Technicians should not remove their
mask to demonstrate breathing maneuvers to the
patient, and the patient must breathe through the
filter at all times.

Specific patient groups

Lung function testing in children

Overall, performing tests on children re-
quires more significant staff input and more
attempts than with adult patients. It is also more
challenging to maintain distancing and sanitary
regimes when working with children. During the
COVID-19 pandemic, only essential examinations
should be performed in children [43]. Indications
for lung function testing in children include
testing those with chronic diseases (e.g., cystic
fibrosis, primary ciliary dyskinesia, uncontrolled
asthma), during the qualification process for lung
transplants or hematopoietic cell transplants, and
in situations when the pathogenesis of a disease
is unclear or requires special assessment.

In the context of COVID-19, the recommenda-
tions for testing children are consistent with the
recommendations for adults. However, it should
be noted that children, especially in younger age
groups, are usually accompanied by an adult. Re-
strictions regarding distancing and hand hygiene
must also be adhered to by the accompanying
adult. Where possible, children should enter the
examination room alone while the accompanying
person remains outside. However, if a guardian
must accompany the child, movement within the
room and direct contact with equipment should
be minimized.

Spirometry in the elderly

Older people with underlying diseases, in-
cluding cardiovascular and chronic lung diseases,
are known to be particularly susceptible to severe
and critical effects of SARS-CoV-2 infection [18,
44]. Therefore, avoiding SARS-CoV-2 infection
in this patient population is a priority, and visits
to healthcare facilities should be avoided un-
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less necessary with both routine and follow-up
spirometry postponed until the post-pandemic
period. Clinical circumstances and indications for
spirometry should be discussed with the referring
physician in terms of risk-benefit for the patient,
and essential testing should be performed with
all precautions mentioned above in place.

Spirometry in lung cancer patients

Patients with a malignancy who become in-
fected with SARS-CoV-2 have a higher mortality
rate than the general population, and lung cancer
patients are particularly susceptible to severe
SARS-CoV-2 disease. Additional risk factors
such as old age, smoking, other cardiac and pul-
monary conditions (e.g., COPD), and concurrent
cancer therapy further increase this risk [45].
Among all cancer patients infected with SARS-
CoV-2, those with lung cancer make up the largest
group (21-25% of all patients) [46, 47].

One of the essential indications for respira-
tory function testing is evaluating lung cancer
patients eligible for surgery. In these cases, the
results of previously performed tests may be used
to qualify for surgical treatment if the patients’
clinical condition remains stable. However, if
these are not available or the patient’s clinical
condition has deteriorated, spirometry should be
performed with all the appropriate precautions.

Telemedicine

Emerging technological advancements such
as telemedicine are being utilized more often due
to the SARS-CoV-2 pandemic. Telemedicine can
be used for consultations, remote monitoring of
vital signs (e.g., ECG, blood pressure, and oxygen
saturation), and monitoring of test results to re-
duce the risk of infection associated with phys-
ically being in a hospital. Telemedicine may be
useful in the monitoring and follow-up of patients
with long-term respiratory conditions (e.g., cystic
fibrosis and severe asthma). However, it should
not be used as a diagnostic tool instead of lung
function testing [48].

Hospital procedure

Consistent rules or standard operating pro-
cedures (SOPs) that are easy for staff to follow
are essential for the organization and delivery
of lung function testing with minimal SARS-
CoV-2 infection risk. An example of an SOP is
shown in Appendix 1. The document has been
prepared by members of the Clinical Department

of Pulmonology and Allergology team at the Uni-
versity Hospital in Cracow (which was designated
a dedicated COVID-19 center). The SOP includes
a description of the procedure, information re-
garding the organization of tests, staff protection,
infection control, and instructions on safely
performing lung function testing (Appendix 1).
The hospital procedure goes with the health as-
sessment questionnaire (Appendix 2).

Conflict od interest

None declared.

References:

1. Miniterstwo Zdrowia. Pierwszy przypadek koronawirusa w
Polsce. 2020. Available from: www.gov.pl/web/zdrowie/pier-
wszy-przypadek-koronawirusa-w-polsce. [Last accessed at:
30.11.2020].

2. Johns Hopkins University. Coronavirus resource center. 2020.
Available from: https://coronavirus.jhu.edu/map.html. [Last
accessed at: 27.07.2020].

3. Ministerstwo Zdrowia. Koronawirus: aktualne informacje
i zalecenia. 2020. Access Date: 27.07.2020. Available from:
www.gov.pl/web/koronawirus/wykaz-zarazen-koronawi-
rusem-sars-cov-2. [Last accessed at: 27.07.2020].

4. Bahl P, Doolan C, de Silva C, et al. Airborne or droplet precau-
tions for health workers treating COVID-197? ] Infect Dis. 2020
[Epub ahead of print], doi: 10.1093/infdis/jiaa189, indexed in
Pubmed: 32301491.

5. Santarpia J, Rivera D, Herrera V, et al. Transmission potential
of SARS-CoV-2 in viral shedding observed at the university of
nebraska medical center. , doi: 10.1101/2020.03.23.20039446.

6. Stadnytskyi V, Bax CE, Bax A, et al. The airborne lifetime of
small speech droplets and their potential importance in SARS-
CoV-2 transmission. Proc Natl Acad Sci U S A. 2020; 117(22):
11875-11877, doi: 10.1073/pnas.2006874117, indexed in
Pubmed: 32404416.

7. van Doremalen N, Bushmaker T, Morris DH, et al. Aerosol and
surface stability of sars-cov-2 as compared with sars-cov-1.
N Engl ] Med. 2020; 382(16): 1564-1567, doi: 10.1056/NE-
Mc2004973, indexed in Pubmed: 32182409.

8. Chen W, Lan Y, Yuan X, et al. Detectable 2019-nCoV vi-
ral RNA in blood is a strong indicator for the further clini-
cal severity. Emerg Microbes Infect. 2020; 9(1): 469-473, doi:
10.1080/22221751.2020.1732837, indexed in Pubmed: 32102625.

9. Wang W, Xu Y, Gao R, et al. Detection of SARS-CoV-2 in different
types of clinical specimens. JAMA. 2020; 323(18): 1843-1844,
doi: 10.1001/jama.2020.3786, indexed in Pubmed: 32159775.

10. Colavita E Lapa D, Carletti E et al. SARS-CoV-2 isolation from
ocular secretions of a patient with COVID-19 in italy with pro-
longed viral RNA detection. Ann Intern Med. 2020; 173(3): 242—
243, doi: 10.7326/M20-1176, indexed in Pubmed: 32302380.

11. Lauer SA, Grantz KH, Bi Q, et al. The incubation period of corona-
virus disease 2019 (COVID-19) from publicly reported confirmed
cases: estimation and application. Ann Intern Med. 2020; 172(9):
577-582, doi: 10.7326/M20-0504, indexed in Pubmed: 32150748.

12. Long QX, Tang X]J, Shi QL, et al. Clinical and immunological
assessment of asymptomatic SARS-CoV-2 infections. Nat Med.
2020; 26(8): 1200-1204, doi: 10.1038/s41591-020-0965-6, in-
dexed in Pubmed: 32555424.

13. Oran DP, Topol EJ. Prevalence of asymptomatic SARS-CoV-2 in-
fection: a narrative review. Ann Intern Med. 2020; 173(5): 362—
367, doi: 10.7326/M20-3012, indexed in Pubmed: 32491919.

14. Sutton D, Fuchs K, D’Alton M, et al. Universal screening for
SARS-CoV-2 in women admitted for delivery. N Engl ] Med.
2020; 382(22): 2163-2164, doi: 10.1056/NE]Mc2009316, in-
dexed in Pubmed: 32283004.

15. Zhanwei D, Xiaoke X, Ye W, et al. Serial interval of COVID-19
among publicly reported confirmed cases. Emerg Infect Dis.
2020; 26(6): 1341,

646 www.journals.viamedica.pl


http://dx.doi.org/10.1093/infdis/jiaa189
https://www.ncbi.nlm.nih.gov/pubmed/32301491
http://dx.doi.org/10.1101/2020.03.23.20039446
http://dx.doi.org/10.1073/pnas.2006874117
https://www.ncbi.nlm.nih.gov/pubmed/32404416
http://dx.doi.org/10.1056/NEJMc2004973
http://dx.doi.org/10.1056/NEJMc2004973
https://www.ncbi.nlm.nih.gov/pubmed/32182409
http://dx.doi.org/10.1080/22221751.2020.1732837
https://www.ncbi.nlm.nih.gov/pubmed/32102625
http://dx.doi.org/10.1001/jama.2020.3786
https://www.ncbi.nlm.nih.gov/pubmed/32159775
http://dx.doi.org/10.7326/M20-1176
https://www.ncbi.nlm.nih.gov/pubmed/32302380
http://dx.doi.org/10.7326/M20-0504
https://www.ncbi.nlm.nih.gov/pubmed/32150748
http://dx.doi.org/10.1038/s41591-020-0965-6
https://www.ncbi.nlm.nih.gov/pubmed/32555424
http://dx.doi.org/10.7326/M20-3012
https://www.ncbi.nlm.nih.gov/pubmed/32491919
http://dx.doi.org/10.1056/NEJMc2009316
https://www.ncbi.nlm.nih.gov/pubmed/32283004

Monika Franczuk et al., Spirometry during the SARS-CoV-2 pandemic

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Wu Z, McGoogan JM. Characteristics of and important lessons
from the coronavirus disease 2019 (COVID-19) outbreak in
China: summary of a report of 72 314 cases from the chi-
nese center for disease control and prevention. JAMA. 2020;
323(13): 1239-1242, doi: 10.1001/jama.2020.2648, indexed in
Pubmed: 32091533.

Onder G, Rezza G, Brusaferro S. Case-Fatality rate and
characteristics of patients dying in relation to COVID-19
in italy. JAMA. 2020; 323(18): 1775-1776, doi: 10.1001/
jama.2020.4683, indexed in Pubmed: 32203977.

Yang X, Yu Y, Xu J, et al. Clinical course and outcomes of
critically ill patients with SARS-CoV-2 pneumonia in Wuhan,
China: a single-centered, retrospective, observational study.
Lancet Respir Med. 2020; 8(5): 475-481, doi: 10.1016/S2213-
2600(20)30079-5, indexed in Pubmed: 32105632.

Bhatraju PK, Ghassemieh BJ, Nichols M, et al. COVID-19
in critically ill patients in the Seattle region — case series.
N Engl ] Med. 2020; 382(21): 2012-2022, doi: 10.1056/NE]J-
Mo0a2004500, indexed in Pubmed: 32227758.

Grasselli G, Zangrillo A, Zanella A, et al. Baseline character-
istics and outcomes of 1591 patients infected with sars-cov-2
admitted to icus of the lombardy region, italy. JAMA. 2020;
323(16): 1574-1581, doi: 10.1001/jama.2020.5394, indexed in
Pubmed: 32250385.

Chau NV, Thanh Lam Vo, Thanh Dung N, et al. The natural
history and transmission potential of asymptomatic SARS-
CoV-2 infection. Clin Infect Dis. 2020 [Epub ahead of print],
doi: 10.1093/cid/ciaa711, indexed in Pubmed: 32497212.

Xiao AiT, Tong YiX, Zhang S. Profile of RT-PCR for SARS-
CoV-2: a preliminary study from 56 COVID-19 patients. Clin
Infect Dis. 2020; 71(16): 2249-2251, doi: 10.1093/cid/ciaa460,
indexed in Pubmed: 32306036.

Centers for Disease Control and Prevention. Symptom-based
strategy to discontinue isolation for persons with COVID-19:
decision memo. 2020. Available from: www.cdc.gov/corona-
virus/2019-ncov/community/strategy-discontinue-isolation.
html. [Last accessed: 15.08.2020].

Kampen Jv, Vijver Dv, Fraaij P, et al. Shedding of infec-
tious virus in hospitalized patients with coronavirus dis-
ease-2019 (COVID-19): duration and key determinants. , doi:
10.1101/2020.06.08.20125310.

Pasnick S, Carlos WG, Dela Cruz CS, et al. SARS-CoV-2 trans-
mission and the risk of aerosol generating procedures. Am J
Respir Crit Care Med. 2020 [Epub ahead of print], doi: 10.1164/
rccm.2020C11, indexed in Pubmed: 32603230.

WHO. Infection prevention and control of epidemic and pan-
demic prone acute respiratory infections in health care. WHO
Guidelines 2014.

Gralton J, Tovey E, McLaws ML, et al. The role of particle
size in aerosolised pathogen transmission: a review. ] Infect.
2011; 62(1): 1-13, doi: 10.1016/j.jinf.2010.11.010, indexed in
Pubmed: 21094184.

Nizankowski R, Mysliwiec M, Szymanski P. Zaleceniaw
COVID-19. Polskie zalecenia diagnostyczno-terapeutyczne
oraz organizacyjne w zakresie opieki nad osobami zakazonymi
lub narazonymi na zakazenie SARS-CoV-2. Agencja Oceny
Technologii Medycznych i Taryfikacji 2020.

European Respiratory Society. Recommendation from ERS
Group 9.1 (Respiratory function technologists /Scientists)
lung function testing during COVID-19 pandemic and be-
yond. 2020. Available from: www.ersnet.org/covid-19-guide-
lines-and-recommendations-directory. [Last accessed: Access
Date: 15.08.2020].

American Thoracic Society. Pulmonary function laboratories:
advice regarding COVID-19. 2020. Available from: www.tho-
racic.org/professionals/clinical-resources/disease-related-re-
sources/pulmonary-function-laboratories.php. [Last accessed
at: 20.06.2020].

Wilson KC, Kaminsky DA, Michaud G, et al. Restoring pulmo-
nary and sleep services as the COVID-19 pandemic lessens.
From an association of pulmonary, critical care, and sleep
division directors and American Thoracic Society-coordinat-
ed task force. Ann Am Thorac Soc. 2020; 17(11): 1343-1351,

www.journals.viamedica.pl

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

doi: 10.1513/AnnalsATS.202005-514ST, indexed in Pubmed:
32663071.

ARTP Covid Group. Respiratory function testing during en-
demic COVID-19. Version 1.5 - May 26th 2020. 2020. Available
from:www.artp.org.uk/News/artp-guidance-respiratory-func-
tion-testing-and-sleep-services-during-endemic-covid-19.
[Last accessed at: 20.06.2020].

ARTP Covid Group. Covid19 infection control issues for lung
function. 2020. Available from: www.artp.org.uk/COVID19.
[Last accessed at: 20.06.2020].

ARTP Covid Group. Suggested lung function testing for pa-
tients after COVID-19, pneumonia or ARDS. 2020. Avail-
able from: www.artp.org.uk/write/MediaUploads/Standards/
COVID19/Proposed_Lung Function_Testing for COVID19
Vers2.0.pdf. [Last accessed at: 20.06.2020].

National Academies of Sciences Engineering Medicine. Rapid
expert consultation on the possibility of bioaerosol spread of
SARS-CoV-2 for the COVID-19 pandemic (April 1st, 2020). The
National Academies Press Washington, DC, 2020.

Liu Y, Ning Z, Chen Yu, et al. Aerodynamic characteristics and
RNA concentration of SARS-CoV-2 aerosol in Wuhan hospitals
during COVID-19 outbreak. , doi: 10.1101/2020.03.08.982637.
Qian H, Li Y, Seto WH, et al. Natural ventilation for reducing
airborne infection in hospitals. Build Environ. 2010; 45(3):
559-565, doi: 10.1016/j.buildenv.2009.07.011, indexed in
Pubmed: 32288008.

Kampf G, Todt D, Pfaender S, et al. Persistence of coronavirus-
es on inanimate surfaces and their inactivation with biocidal
agents. ] Hosp Infect. 2020; 104(3): 246-251, doi: 10.1016/].
jhin.2020.01.022, indexed in Pubmed: 32035997.

Tomalak W, Antczak A, Boros P, et al. Zalecenia Polskiego
Towarzystwa Ftyzjopneumonologicznego dotyczace wykony-
wania badan spirometrycznych. Pneumonol Alergol Pol. 2004;
72:7-32.

Miller MR, Crapo R, Hankinson J, et al. General considerations
for lung function testing. Eur Respir J. 2005; 26(1): 153-161,
doi: 10.1183/09031936.05.00034505, indexed in Pubmed:
15994402.

Graham BL, Steenbruggen I, Miller MR, et al. Standardization
of spirometry 2019 update. An official American Thoracic
Society and European Respiratory Society technical state-
ment. Am J Respir Crit Care Med. 2019; 200(8): e70-€88, doi:
10.1164/rccm.201908-1590ST, indexed in Pubmed: 31613151.
Miller MR, Hankinson J, Brusasco V, et al. Standardisa-
tion of spirometry. Eur Respir J. 2005; 26(2): 319-338, doi:
10.1183/09031936.05.00034805, indexed in Pubmed: 16055882.
Bignamini E, Cazzato S, Cutrera R, et al. Italian pediatric
respiratory society recommendations on pediatric pulmonary
function testing during COVID-19 pandemic. Ital ] Pediatr.
2020; 46(1): 68, doi: 10.1186/s13052-020-00829-0, indexed in
Pubmed: 32448282.

Zhou E, Yu T, Du R, et al. Clinical course and risk factors for
mortality of adult inpatients with COVID-19 in Wuhan, Chi-
na: a retrospective cohort study. Lancet. 2020; 395(10229):
1054-1062, doi: 10.1016/S0140-6736(20)30566-3, indexed in
Pubmed: 32171076.

Garassino M, Whisenant J, Huang LC, et al. COVID-19 in
patients with thoracic malignancies (TERAVOLT): first re-
sults of an international, registry-based, cohort study. The
Lancet Oncology. 2020; 21(7): 914-922, doi: 10.1016/s1470-
2045(20)30314-4.

Dai M, Liu D, Liu M, et al. Patients with cancer appear more
vulnerable to SARS-CoV-2: a multicenter study during the
COVID-19 outbreak. Cancer Discov. 2020; 10(6): 783-791, doi:
10.1158/2159-8290.CD-20-0422, indexed in Pubmed: 32345594.
Zhang L, Zhu F, Xie L, et al. Clinical characteristics of
COVID-19-infected cancer patients: a retrospective case study
in three hospitals within Wuhan, China. Ann Oncol. 2020;
31(7): 894-901, doi: 10.1016/j.annonc.2020.03.296, indexed
in Pubmed: 32224151.

Hare N., Bansal P,, Bajowala S.S. et al. COVID-19: unmasking
telemedicine. J Allergy Clin Immunol Pract; 8(8): 2461-2473.
e2463.

647


http://dx.doi.org/10.1001/jama.2020.2648
https://www.ncbi.nlm.nih.gov/pubmed/32091533
http://dx.doi.org/10.1001/jama.2020.4683
http://dx.doi.org/10.1001/jama.2020.4683
https://www.ncbi.nlm.nih.gov/pubmed/32203977
http://dx.doi.org/10.1016/S2213-2600(20)30079-5
http://dx.doi.org/10.1016/S2213-2600(20)30079-5
https://www.ncbi.nlm.nih.gov/pubmed/32105632
http://dx.doi.org/10.1056/NEJMoa2004500
http://dx.doi.org/10.1056/NEJMoa2004500
https://www.ncbi.nlm.nih.gov/pubmed/32227758
http://dx.doi.org/10.1001/jama.2020.5394
https://www.ncbi.nlm.nih.gov/pubmed/32250385
http://dx.doi.org/10.1093/cid/ciaa711
https://www.ncbi.nlm.nih.gov/pubmed/32497212
http://dx.doi.org/10.1093/cid/ciaa460
https://www.ncbi.nlm.nih.gov/pubmed/32306036
http://dx.doi.org/10.1101/2020.06.08.20125310
http://dx.doi.org/10.1164/rccm.2020C11
http://dx.doi.org/10.1164/rccm.2020C11
https://www.ncbi.nlm.nih.gov/pubmed/32603230
http://dx.doi.org/10.1016/j.jinf.2010.11.010
https://www.ncbi.nlm.nih.gov/pubmed/21094184
http://dx.doi.org/10.1513/AnnalsATS.202005-514ST
https://www.ncbi.nlm.nih.gov/pubmed/32663071
http://dx.doi.org/10.1101/2020.03.08.982637
http://dx.doi.org/10.1016/j.buildenv.2009.07.011
https://www.ncbi.nlm.nih.gov/pubmed/32288008
http://dx.doi.org/10.1016/j.jhin.2020.01.022
http://dx.doi.org/10.1016/j.jhin.2020.01.022
https://www.ncbi.nlm.nih.gov/pubmed/32035997
http://dx.doi.org/10.1183/09031936.05.00034505
https://www.ncbi.nlm.nih.gov/pubmed/15994402
http://dx.doi.org/10.1164/rccm.201908-1590ST
https://www.ncbi.nlm.nih.gov/pubmed/31613151
http://dx.doi.org/10.1183/09031936.05.00034805
https://www.ncbi.nlm.nih.gov/pubmed/16055882
http://dx.doi.org/10.1186/s13052-020-00829-0
https://www.ncbi.nlm.nih.gov/pubmed/32448282
http://dx.doi.org/10.1016/S0140-6736(20)30566-3
https://www.ncbi.nlm.nih.gov/pubmed/32171076
http://dx.doi.org/10.1016/s1470-2045(20)30314-4
http://dx.doi.org/10.1016/s1470-2045(20)30314-4
http://dx.doi.org/10.1158/2159-8290.CD-20-0422
https://www.ncbi.nlm.nih.gov/pubmed/32345594
http://dx.doi.org/10.1016/j.annonc.2020.03.296
https://www.ncbi.nlm.nih.gov/pubmed/32224151

Advances in Respiratory Medicine 2020, vol. 88, no. 6, pages 640-650

Appendix 1. A standard operating procedure (SOP) [29, 49]

Rules for lung function testing during the state of epidemic emergency due to SARS-CoV-2 virus

1.

4.1.

4.2

Aim and scope

The aim of the procedure is to determine the procedure and method of performing lung function tests in the Pulmonary Function Lab
...................................................................... during the state of epidemic emergency due

to SARS-CoV-2 virus.

It is obligatory for medical personnel. .. ... ... to adhere to this procedure

Definitions and terminology

COVID-19 — an acute respiratory infection caused by SARS-CoV-2 virus.

Lung function tests — used to identify the severity of pulmonary impairment and, inter alia, diffusion of gases in the alveoli.
Responsibilities and powers

The procedure applies to medical personnel as per their respective responsibilities.

Qualification of the patient and completion of the questionnaire — a ward/clinic physician who refers to lung function testing.
Performing pulmonary function tests — nursing staff of the Pulmonary FunctionLab ............. .. ... ... oot

Description of the procedure

Pulmonary function testing is an aerosol-generating procedure. During the test, secretions from the patient’s airways often spread
between people interacting in close proximity as a result of the forced exhalation maneuver and coughing that may accompany it.
This procedure carries the risk of spreading the infection to other people. It poses a serious risk to the health and safety of staff
performing the tests as well as other patients.

is essential to further patient management.

2. Under no circumstances should pulmonary function tests be performed in patients with suspected or confirmed COVID-19.
In patients with COVID-19, such tests may be performed after two consecutive negative swab test results and 30 days after
the infection.

3. Patients must present a referral form and the “Patient Health Assessment Questionnaire” completed by the referring physician
(Appendix 2).

Organization of work

1. Prior to referral, the referring physician should assess current health state of the patient, according to the patient’s health
assessment questionnaire (Appendix 2).

2. In the waiting room, patients should wear face masks and sit at least 2 m away from each other.

3. After each test, a break (30—60 min) should be provided, intended for:
— cleaning / decontamination of equipment and the environment,
— ventilation of the room (15 min),
— removing and putting on personal protective equipment by the staff,
— recalibration of the device.

Staff protection
1. Itis mandatory for the staff to wear personal protective equipment in the test room. It is forbidden to wear it outside of the room.

2. A separate room should be designated for staff’s changing into personal protective equipment and the second one for performing
the tests.

3. Plexiglas screens should be placed between the patient and the personnel while performing the tests.
4. Use:

— FFP3 or FFP2 half-face masks,

— goggles or eye/face shields,

— long sleeve protective apron (additional plastic apron, which should be discarded after each patient encounter in units
of particular risk)

— disposable gloves to be discarded after each patient encounter and after cleaning the room'’s surfaces.
5. Hand hygiene (washing and disinfection) is mandatory before and after removal of gloves.
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4.3. Performing pulmonary function tests

1. Lung function tests should be limited to spirometry and diffusing capacity of lung for carbon monoxide (DLCO) testing.
2. Body plethysmography should be used only when necessary due to the risk of contamination of the plethysmograph.

3. Cardiopulmonary exercise testing, bronchial challenge tests and nebulization therapy should not be performed due to aerosol
generation.

4. Disposable mouthpieces with high-quality filters should be used, other consumables e.g. nose clips should also be used only once.
If used more than once, they should be thoroughly cleaned according to local infection control guidelines.

4.4. Cleaning and infection control

1. Strictly follow the guidelines for disinfection of equipment, according to local infection control guidelines, ventilate the rooms
and use ultraviolet (UV) light sanitizing systems such as germicidal lamps as often as recommended by local authorities.

2. Specific local guidelines for infection control must be followed.

5. Annexes
Patient health assessment (Appendix 2).
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Appendix 2. Health assessment questionnaire

Pati Nt MAMIE . . ... . e e
COMtaC UMDY . ... ot e e e
Full name of the referring doCtor . . ... ... . e

Contact MUMD T . . ..

Date and time Temperature Oxygen saturation RT-PCR SARS-CoV-2 (date)
Positive (+) Negative (+)
History YES NO

Previous contact with a person with confirmed SARS-CoV-2 infection

Clinical features of respiratory infection in the past 14 days

Contact with a medical professional in the past 14 days

Symptoms that occurred 14 days before the examination YES NO

Cough

Dyspnea

Body temperature > 38°C

Muscle or bone pain

Sore throat

Headache or dizziness

Nausea or vomiting

Diarrhea or loss of appetite

Change in the sense of taste or smell

Conjunctivitis

Other symptoms (skin lesions, cyanosis of fingers or toes)

Actions are taken (select one option)

YES NO

SARS-CoV-2 infection suspected;
Conduct a swab test and isolate while awaiting the result

SARS-CoV-2 infection not suspected;
Swab test not required

Name and surname of the interviewer
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