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Stopping the SARS-CoV-2 surge in the USA-CDC recommendations 
and ground realities

Introduction

As of May 10, 2020, the United States of 
America (USA) has 1,367,079 cases of SARS-
CoV-2 and 80,773 deaths associated with the dise-
ase. New York alone has more than 333,000 cases 
and nearly 21,271 deaths. We are having about 
20,000 new cases every day and the deaths are 
exceeding 1000 a day. There is overwhelming evi-
dence that the most effective way of controlling 
the virus from spreading is restricting movement 
to prevent human to human exposure. As a result, 
economies were put on a lockdown worldwide. In 
the USA, lockdown began in California on March 
19th, 2020, with stay home orders, allowing only 
for essential jobs, errands, and some exercise 
outside. Other states followed soon. 

Opening the economy seems necessary. Loc-
kdown was at least partially successful, but as 
expected, the economy slowed and jobs were lost. 
The latest job report per the US labor department 
showed 26 million Americans have been laid off 

unemployment now stands at 14.7% meaning 
1 out of every 6 is jobless. This issue is the toll 
of the SARS-CoV-2 on the largest economy of the 
world. Most states now are looking toward the 
opening. Most of the “shelter in place” orders 
expire in May and some states like Georgia have 
already opened its businesses. 

Dangers involved with the reopening
Re-opening will pose challenges. The biggest 

risk we face is a surge in the immediate cases of 

new infections. The second wave of infection 
in the fall has also been predicted. Prediction 
models have increased the United States deaths 
to 130,000 by early August this year given the re-
opening and relaxation of social distancing guide-
lines. The surge can overburden the healthcare 
system. If we were to see a second wave similar 

stretch again and mortality will increase directly 
due to SARS COV-2 and related conditions such 
as heart attacks and stroke. In order to reduce 
mortality and health care utilization, it is impor-
tant to identify and secure the most vulnerable 
and protectable. The older and the frail are at 
particular risk of contracting the disease and 
losing their lives. 

Lessons learned until now about the most 
impacted group

As per the Center for Disease Control and 
Prevention’s (CDC) latest data set, among the dead 
from SARS-COV-2 in the USA, 80% were 65 years 
or older and that has not changed since March 
18th, 2020. As per CDC, on May 8th, 2020, the ho-
spitalization rate was highest in people 65 years or 
older in age at 162.2 per 100,000 as compared to 
that rate in people 50–64 years of age was 79.0 per 
100,000. The cumulative hospitalization rate was 
50.3 per 100,000 [1]. It is logical to conclude that 
the group facing maximum mortality will also 
need more intensive care support. The CDC also 
studied the number of people above 65 years of 
age requiring intensive care shown and found 
it to be 53% in that age group [2]. Patients older 
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than 65 years released from the hospital were 
also more likely to be readmitted or released 
to a nursing home or rehabilitation facility, as 
opposed to home. 

Living arrangements of people 
above 65 years of age

 Based on these facts, the demographics 
including living arrangements of people above 
65 years of age were studied. The number of 
people living in the USA above 65 years of age is 
49.2 million as per the last available census report 

Administration for Community living and Admi-
nistration of Aging in the USA, the majority of 
men and women over 65 years of age live in their 
own homes. About 1.2 million people lived in 
nursing homes in 2017 who were above 65 years 
of age and constituted 1% of their population. The 
percentage increases with age to 3% for people, 
between 75–84. However, about 9% people lived 
in nursing homes that were above 85 years of age 
[3]. About 1.3 million people have been estimated 
to be living and working in nursing homes in the 
USA. Other long-term facilities include assisted 
living and intermediate care facilities that have 
about 800,000 and 75,000 patients respectively. 
About 3 million people work on these facilities 
as health care personnel (HCP) and support staff 

-
ders like doctors, nurse practitioners, PAs, nur-
ses, their aids, and trainees, emergency medical 
technicians, pharmacists, therapists, phleboto-
mists, technicians, and staff employed under the 
Environmental Services Department. There are 
6 million people in this group as compared to 
the population of the USA, which is 328 million. 

Despite lower percentages of people living in 
nursing homes, and the fact that they represented 
only 11% of total cases of SARS-CoV-2 cases, 
maximum death rate has been seen in residents 
of these facilities. A staggering 27,700 people 
died in long-term facilities in the USA as per 
database by New York Times [5]. These deaths 
accounted for one third of the deaths related to 
SARS-CoV-2, making it the most intensively hurt 
group of all. There are about 7,700 such facilities 
having 150,000 cases of the virus so far. It has 
been clear that patients in long-term facilities 
are particularly at risk for acquiring and dying 
from the corona virus. Advanced age, underlying 
health conditions make these patients vulnerable. 
Because of the enclosed environment and com-
mon utilities, it is easier for the virus to spread 
there. There is constant exposure as well from 

transitions to other health care services like dialy-
sis units, wound care centers, physician appoint-
ments and hospitalizations. HCP’s getting in and 
out of these facilities and move from one room to 
the other contributing to the exposure. Given the 
burden of the disease, the healthcare workforce 
has been stretched thin and some of these HCPs 
visit multiple facilities. This issue leads to HCP 
being both the host (could be asymptomatic) and 
the vector for SARS-CoV-2. 

Benefits of controlling the virus in these 
facilities could be up to one-third reduction in 
mortality, reduced hospitalizations in the group, 
reduced re-hospitalization, saving resources, 
and beds in intensive care units for the younger 
population who will be more exposed now after 
the lockdown is relaxed. This strategy can be used 
to avoid overwhelming the health care system 
while providing for the patients below 65 years 
of age. The advantage is that restricting mobility 
is possible in these places as compared to the rest 
of the population. As the US is trying to open its 
economy, various organizations are helping to 
prevent the pandemic from worsening. The Cen-
ter for Medicare and Medicaid services in the USA 
(CMS) is working towards helping long-term faci-
lities reduce the impact of SARS-CoV-2. There is 
guidance available on topics like infection control 
and visitation policies and infection control in 
these facilities. CMS has issued directive on April 
19th, 2019 that requires cases of SARS-CoV-2, to 
be reported directly to the organization, detected 
in Nursing Homes. Other major steps being taken 
include many states coming forward in allocating 
testing resources for these facilities. Experts agree 
that testing for SARS-CoV-2 is the key to moving 
forward and returning to business as usual. 

-
cient because of asymptomatic carriers. A study 
published in New England Journal of Medicine 
conducted in a Nursing Home in Seattle, USA, 
found that 50 % of the residents tested positive 
for SARS-CoV-2 and did not have any symptoms 
[6]. Similarly, asymptomatic workers can easily 
walk in and start a new spread. There is a need 
to spot these carriers who are unaware of their 
own infection. 

The ground reality is that unfortunately, even 
now, most of these facilities do not have enough 
tests to stop the outbreak. So far, the major orga-
nizations like CDC and CMS have not mandated 
testing of all the residents and staff. The leading 
experts like Mark Parkinson, CEO of the American 
Health Care Association, said that there are not 
enough tests available and only a small percen-
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tage of staff and residents are being checked [7]. 
Two-third of these facilities do not have access 
to enough tests as per Chris Laxton who is the 
director for the Society of post acute and long 
term care Medicine. (AMDA). [8] These facilities 
are not getting the same priority as hospitals. 

Suggestions

We suggest special targeting of residents of 
long-term care facilities, and the HCPs involved 
in these facilities to stop the spread of SARS- 
-CoV-2. Extreme measures including the highest
testing numbers should be allocated to these fa-
cilities and rigorous infection control measures
should be undertaken so that the SARS-CoV-2 vi-
rus do not enter and infect the patients in these
facilities and if it does, the infection remains
limited to facility. HCPs are usually younger than
the residents of long-term facilities and are more
likely to serve as a vector to SARS-COV-2. Incre-
ased testing can lead to an early exclusion from
work to reduce the spread of SARS-CoV-2.Testing
includes both RT-PCR (reverse transcriptase PCR)
and the newer antibody testing. The long-term
facilities should be prioritized as opposed to the
younger population or urgent care facilities. Abo-
ut 150,000 tests are being done every day in the
USA and there is need for increased allocation
of resources toward towards the long-term care
facilities at state and federal level.

Secondly, testing should follow prompt and 
-

matic SARS-CoV-2 carriage leads to increased 
transmission. Separating positive patients to 

Thirdly, a point prevalence survey is ne-
cessary for NH residents and HCP visiting the 
facility to successfully complete a test-based 
prevention strategy. National Guard teams are 
being deployed for the purpose but the need is 
to train the staff and provide necessary tests and 
personal protective equipment (PPE) so that all 
facilities can do their own testing. It is necessa-
ry that all residents of NH and other long-term 
facilities need to be tested frequently to curb the 
spread of SARS-CoV-2. Currently, available data 

COV-2 cases, there is an equal or greater number 
of asymptomatic SARS-CoV-2 carriers. Once PPS 
is carried out in these high incidence long-term 
facilities along with the HCP visiting them, neces-
sary appropriate cohorting of these patients can 

be performed. A separate unit or facility can be 
created to keep these residents to curb the spread. 
Also, it is important to identify the asymptomatic 
SARS-CoV-2 carriers, and separating them would 
also be needed to complete the task. Meanwhile, 
if facility-wide PPS cannot be achieved, then at 
least separate units of symptomatic patients sho-
uld undergo testing on a prioritized basis in these 
long-term facilities. There can be situations where 
resources may not allow facility-wide PPS and 
unit-wide PPS. At that point, prioritized testing 
of all symptomatic residents, residents admitted 
from high-risk hospitals, residents who leave the 
facilities frequently such as for the hemodialysis, 
wound care or rehabilitation reasons and resi-
dents coming in contact of symptomatic patients 
should be done. 

With these strategies, the high-risk group of 
people should be secured so that the Corona viral 
surge can be stopped while we are re opening the 
economy.
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A study on the effect of intraoperative continuous positive airway 
pressure (CPAP) on the postoperative pulmonary function 
in overweight patients undergoing lower limb, lower abdominal 
or vaginal surgeries under spinal anesthesia

Abstract
Introduction: Spinal anaesthesia, supine position and higher BMI are risk factors for pulmonary atelectasis. NIV, PEEP and CPAP 
are employed in ICU’s to treat atelectasis postoperatively. However, we wanted to investigate whether CPAP was protective 
against atelectasis when used intraoperatively, in high risk patients. 
Material and methods: This study was a randomized controlled trial. Overweight patients, who were to undergo surgeries under 
spinal anesthesia were included in the study. After informed consent, 126 patients underwent preoperative pulmonary function 
tests (PFT: FEV1, FVC, PEFR). Following the onset of spinal anaesthesia patients were randomised into group E (n = 63, received 
CPAP) and control group, group C ( n =63, received nil intervention). Postoperative PFT was done at 20 minutes, 1 hour, 2 hours 
and 3 hours after surgery. Patients were followed up till discharge for pulmonary complications. 
Results: We observed significant reduction in pulmonary function (FEV1, FVC and PEFR) postoperatively compared to base-
line. CPAP group had better pulmonary function when compared to control group, the difference being significant 20 minu-
tes after the surgery(p < 0.05). No postoperative pulmonary complication was reported among the 126 patients studied. 
Conclusion: Intraoperative use of CPAP in overweight patients undergoing surgeries under spinal anaesthesia could be beneficial 
in improving pulmonary function in the immediate post-operative period.

Key words: intraoperative CPAP, spinal anesthesia, overweight, pulmonary function
Adv Respir Med. 2020; 88: 176–183

Introduction

Postoperative pulmonary complication (PPC) 
is a recognised event. Incidence of postoperative 
atelectasis is 20–69% and that of postoperative 
pneumonia is 9 to 40% [1]. The duration of hospi-
tal admission, morbidity and mortality increase 
significantly in patients with respiratory dysfunc-
tion. Age ≥ 60 years, body mass index (BMI) ≥ 27, 
history of cancer, impaired cognitive function 
in the preoperative setting, upper abdominal, or 
both upper/lower abdominal incision site and 
positive smoking history within the past 8 weeks 

are the identified predictors [2] of development 
of postoperative pulmonary dysfunction.

Overweight and obese individuals have 
higher intraabdominal pressure which can lead 
to basal atelectasis [3, 4]. Increased chest wall 
stiffness causes higher respiratory elastance in pa-
tients with obesity [5]. Atelectasis which worsens 
during general anaesthesia and do not disappear 
after surgery is documented in obese patients. 

Supine position during surgery causes ce-
phalad movement [6] of the diaphragm and 
reduction in cross-sectional area of the thorax. 
Relative pooling of blood in the thorax during 
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supine position reduces the pulmonary volume. 
For a wide range of lower limb, abdominal, 

vaginal and inguinal surgeries, general as well as 
spinal anaesthesia are equally feasible. Atelecta-
sis during both general and spinal anaesthesia 
are well documented [7].

The application of positive end-expiratory 
pressure (PEEP) is effective against atelectasis 
in general anaesthesia [8]. In spontaneously 
breathing awake patients, PEEP can be provided 
using EzPAP® [9, 10]. Overweight patients in 
supine position under spinal anaesthesia are 
definitely a high-risk group of development of 
postoperative atelectasis. 

The aim of our study was to assess whether 
administering EzPAP® intraoperatively to over-
weight patients improved their pulmonary func-
tion postoperatively, compared to controls, after 
surgeries under spinal anaesthesia. 

Materials and methods

This study was an open-label randomised 
control trial undertaken in the Department of 
Anaesthesiology and Critical Care, Jawaharlal 
Institute of Postgraduate Medical Education and 
Research (JIPMER) between January 2015 and 
May 2016. A total of 126 American Society of 
Anaesthesiology (ASA) Class 1 and 2 patients in 
the age group of 18 to 60 years with BMI between 
25 to 30 undergoing elective lower limb, inguinal 
or vaginal procedures under spinal anaesthesia 
were included in the study after approval from the 
institute ethics committee, Clinical Trial Registry 
of India (CTRI), registration and written informed 
consent from participants. Patients who were 
claustrophobic, pregnant, having cardiorespira-
tory diseases causing poor effort tolerance were 
excluded from the study. Inability to comprehend 
the application of EzPAP® was also an exclusion 
criterion.

During preoperative assessment, the procedu-
re was explained and the use of a PFT machine was 
demonstrated to all participants. All the patients 
received standard premedication as per institute 
protocol which included famotidine 20 mg and 
diazepam 5 mg at night followed by 20 mg famoti-
dine, 5 mg diazepam and 10 mg metoclopramide 
in the morning unless otherwise specified.

In the operation theatre, in supine position, 
standard ASA monitors were attached. They 
included ECG, pulse oximetry and Non-Invasive 
Blood Pressure monitoring. Baseline pulmonary 
function test (PFT) was done using a handheld 
spirometer (190513 MIR Spirobank G). A nose 

clip was used during the spirometry, which was 
performed by the anaesthesiologist assigned to 
the case. Forced expiratory volume in the first 
second (FEV1), forced vital capacity (FVC) and 
PEFR were noted down. Each time spirometry 
was repeated three times in supine position and 
the best of the three results was taken as per the 
European Respiratory Society guidelines [11]. 

Spinal anaesthesia was administered with 
hyperbaric bupivacaine and block height was 
documented. After the onset of spinal anaesthe-
sia, the anaesthesia resident assigned to the ope-
rating table opened a sealed opaque envelope. 
The envelope contained a random number which 
was computer-generated by block randomisation. 
The block sizes were 4, 6 and 8, and the original 
generated list contained 130 numbers. The list 
was created and sealed with the help of an inde-
pendent anaesthesiologist, unrelated to the study.

PEEP was provided during the study by 
the anaesthesiologist assigned to the case using 
a device called EzPAP® (PORTEX® EzPAP® Po-
sitive Airway Pressure System, manufactured by 
Smiths Medical). It is an FDA approved device, 
for treatment and prevention of atelectasis and 
mobilisation of endobronchial secretions. The 
device consists of a mouthpiece, an air inlet, 
pressure port with a cap, gas inlet port with tu-
bing and a manometer. Once EzPAP® is connec-
ted to the oxygen flow meter from the wall port, 
the patient has to breathe in through the mouth 
piece. Oxygen flow is then adjusted to generate 
a PEEP of 10 cm H2O (9), which is measured by 
the manometer. Airflow to the convex parts of the 
PEEP valve causes it to attach and adhere due to 
coanda effect, generating PEEP. A nose clip is not 
a part of the device and was not used during the 
study. EzPAP® was administered throughout the 
duration of the surgery. Fixed CPAP of 10 cm H2O 
was used for better comparability, as per protocol.

Intraoperatively, the group E (n = 63) re-
ceived EzPAP® and the control group, group C 
(n = 63) received oxygen by face mask at a flow 
rate of 6 L/min. 

Throughout the surgery, at 5 minutes in-
tervals, noninvasive blood pressure, ECG and 
SpO2 were documented.

Postoperatively, PFT was repeated in supine 
position using the same spirometer, as before, 
at 20 minutes, 1 hour, 2 hours and 3 hours after 
the end of surgery. This was done after assessing 
the visual analogue scale (VAS) score for pain. 
PFT was measured only when VAS score was 
less than 2 to remove the confounding effect of 
pain on PFT. Rescue analgesics (paracetamol and 
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ketorolac) were used to ensure adequate analge-
sia whenever VAS score was > 2. Postoperative 
nausea and vomiting were documented. Patients 
were followed up clinically till discharge for po-
stoperative pulmonary complications. 

Postoperative pulmonary complication was 
defined as the development of pneumonia any time 
before discharge. Diagnosis was based on the presen-
ce of new onset of cough with expectoration, fever 
(temperature > 38.3°C), leucocytosis (total leucocyte 
count > 20,000/µL) or leucopenia (total leucocyte 
count < 4000/µL) and radiological infiltrates. 

Sample size calculation and statistical analy-
sis were done by using SPSS version 13.0 so-
ftware. Sample size calculation was based on 
a similar study [7] which documented reduction 
in FEV1, FVC and PEFR following spinal ana-
esthesia. Distribution of data was tested using 
one-sample Kolmogorov Smirnov test. Categorical 
data were expressed as frequency and percentages 
and were compared by using chi-square test or 
Fischer’s exact test. The data on age, anthropo-
metric parameters, level of pain and pulmonary 
function parameters were expressed as mean 
with standard deviation or median with range 
and were compared with the help of indepen-
dent student t test/Mann-Whitney U test/one-way 
analysis of variance or Kruskall-Wallis test based 

on the distribution of data and the number of 
groups. Spinal block height was expressed as 
median with interquartile range and analysed 
using the Mann-Whitney U test. The statistical 
significance of the longitudinal changes in FEV1, 
FVC and PEFR in each group was calculated by 
one-way repeated measures of ANOVA. The lon-
gitudinal changes over time between the groups 
were analysed using two-way repeated measures 
of ANOVA. Post hoc analysis of ANOVA results 
was performed using the Tukey Test in SPSS so-
ftware. Statistical analysis was carried out at 5% 
level of significance and 80% power, and p value 
< 0.05 was considered as significant. 

Results

A total of 150 patients were assessed for eli-
gibility. 4 individuals did not fit into inclusion 
criteria, 10 persons opted not to participate in 
the study and 10 patients had failed spinal ana-
esthesia. Finally, 126 subjects were included in 
the study. 63 patients were randomly allotted to 
the test group and control group. Consort Diagram 
is represented as Figure 1. Demographic charac-
teristics are represented in Table 1.

The duration of surgery was found to be 
significantly different (P < 0.01) between the 

Figure 1. Consort diagram
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Table 1. Distribution of age, sex, body mass index (BMI) and duration of surgery between the two groups

Parameter E group C group P value

Age (Years — mean ± SD) 39.7 ± 9.01 38.06 ± 9.1 0.29

Sex (male:female %) 39.7 ± 60.3 42.9 ± 57.1 0.717

Duration of surgery (hours — mean ± SD) 1.81 ± 0.76 1.46 ± 0.69 0.007

BMI (Kg/m² — mean ±  SD) 26.63 ± 1.11 26.34 ± 1.03 0.124

two groups with the EzPAP® group (group E) 
undergoing surgeries for a longer duration. End 
operative block height among the group E was 
comparable to the group C (P = 0.633). Mean 
end operative block height was T8 (T8–T10) in 
both the groups. 

22.2% of patients in each group required 
analgesia before doing PFT postoperatively. 
Either paracetamol (19/28–67.85%) or ketorolac 
(9/28–32.15%) was used as analgesic. None of the 
patients had postoperative nausea or vomiting.

FEV1, FVC and PEFR were found to be signi-
ficantly better among the group E compared to 
the group C, 20 minutes after surgery (p < 0.05). 
Baseline PFT parameters and those at 1 hour, 
2 hours and 3 hours after surgery were compa-
rable between the groups (Table 2, Figures 2–4).

None of the patients in either group had 
SpO2 values <95% at any point of time. SpO2 trend 
in either group during the first hour of surgery is 
represented in Figure 5. The distribution of the 
type of surgery is illustrated in Figure 6.

There is a significant fall in FEV1, FVC and 
PEFR after spinal anaesthesia and surgery, me-
asured at the end of 20 minutes, 1 hour, 2 hours 
and 3 hours postoperatively when compared to 
baseline in the E group as well as C group (Table 3, 
4). None of the patients developed postoperative 
pulmonary complications till discharge. 

Table 2. Comparison of FEV1, FVC, PEFR between the groups at different time points

FEV1* FVC* PEFR*

Time point Group E Group C P value Group E Group C P value Group E Group C P value

Baseline 3.3 ± 0.41 3.3 ± 0.4 0.8 3.97 ± 0.48 4.05 ± 0.52 0.39 500 ± 75.9 505 ± 85.1 0.71

20 minutes 3 ± 0.4 2.82 ± 0.4 0.01* 3.68 ± 0.46 3.5 ± 0.51 0.046* 468 ± 70 440 ± 78.2 0.035*

1 hour 3.1 ± 0.38 2.97 ± 
0.39

0.18 3.75 ± 0.48 3.67 ± 0.5 0.38 475 ± 71.2 458 ± 77 0.2

2 hours 3.1 ± 0.38 3.11 ± 0.4 0.8 3.82 ± 0.48 3.82 ± 0.5 0.98 485 ± 71.98 476 ± 80.4 0.51

3 hours 3.2 ± 0.38 3.21 ± 0.4 0.98 3.9 ± 0.5 3.9 ± 0.5 0.94 492 ± 72.55 488 ± 82.3 0.76
*All results in mean ± SD (L). FEV1 — forced expiratory volume in the first second; FVC — forced vital capacity; PEFR — peak expiratory flow rate

Discussion

Overweight patients have higher chances 
of atelectasis and postoperative complications 
compared to normal weight patients [12]. Spinal 
anaesthesia and supine position are also inde-
pendent risk factors for reduction in pulmonary 
function. Positive end expiratory pressure im-
proves pulmonary function by lung expansion 
in patients undergoing surgeries under general 
anaesthesia. Given the current data by World 
Health Organization (WHO), nearly 40% of the 
adult population in the world is overweight. We 
wanted to address the effects of spinal anaesthesia 
and potential results of PEEP on the pulmonary 
function of overweight patients [13] undergoing 
surgeries. 

We recruited 126 overweight patients (BMI 
25–30 kg/m²) who underwent lower limb, vaginal 
or inguinal surgeries under spinal anaesthesia. 
Meira et al. [14] and Sternberg et al. [7] have 
documented atelectasis in overweight patients 
undergoing surgeries under spinal anaesthesia. 
But the application of EzPAP® in overweight 
patients to prevent atelectasis is not well studied.

Both groups of patients were comparable in 
terms of distribution of age (group E vs group C: 
39.7 ± 9.01 years’ vs 38.06 ± 9.01 years; p > 0.05), 
sex (M:F  group E vs group C: 39.7 ± 60.3 vs 42.9 ± 
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Figure 2. Comparison of FEV1 (L) between group E and group C at different time points

Figure 3. Comparison of FVC between group E and group C at different time points

57.1; p > 0.05) and BMI (group E vs group C 
26.63 ± 1.11 vs 26.34 ± 1.03; p > 0.05). BMI in 
both groups were only marginally higher than 
that of normal as our study focused strictly on 
overweight patients. 

The test group had a significantly longer du-
ration of surgery (1.81 ± 0.76 hours) compared 
to the control group (1.46 ± 0.69 hours; p < .05). 
A possible explanation is that setting up EzPAP® 
and ensuring the patient compliance and com-
fort during the procedure might have caused the 

delay. However, end operative block height in 
the test group as well as the control group was 
T8 (T8–T10) with a p value of 0.63, which indi-
cates that irrespective of the duration of surgery, 
end operative block heights were comparable. 

All patients were pain-free throughout the 
surgery and did not require intraoperative anal-
gesics. Patients belonging to both groups were 
haemodynamically stable throughout the surgery.

All PFT measurements including baseline 
measurement were done in supine position to en-
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Figure 5. Variation of SpO2 with time in group E and group C during surgery

sure uniformity. Both groups had significant fall 
in PFT, i.e. FEV1, FVC and PEFR when compared 
to baseline at 20 minutes, 1 hour, 2 hours and 
3 hours after the surgery. This is in accordance 
with previous studies which have documented 
reduction in pulmonary function after spinal 
anaesthesia [7, 11, 14].

FEV1 , FVC and PEFR declined in both groups 
over time, though the difference was significant 
only at 20 minutes. However, PFT values declined 
less in the group E, which could be attributed to 
better lung expansion in in this group. Another stu-
dy in cardiology ICU setting [15] has demonstrated 

similar findings in a group of postoperative cardiac 
surgery patients receiving CPAP, though they were 
receiving CPAP for a significantly longer duration.

A limitation we felt during the study was 
the lack of PaO2 measurements for comparison. 
However, this aspect was considered and decided 
against during the planning stage as we felt it was 
unethical to take arterial prick samples from awa-
ke ASA1 and 2 patients when it did not directly 
benefit them in terms of management. Further-
more, FRC couldn’t be assessed as it was unsafe 
to mobilise immediate postoperative patient to 
PFT lab for getting the FRC done. The patients 
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Figure 6. The distribution of the type of surgery

Table 3. Comparison of FEV1, FVC, PEFR at different time points when compared to baseline in group E

Baseline Time points FEV1 — mean with SD (L) P value

FEV1*
3.28 ± 0.412

20 minutes 3 ± 0.4 < 0.001*

1 hour 3.06 ± 0.38 < 0.001*

2 hours 3.13 ± 0.38 < 0.001*

3 hours 3.21 ± 0.38 0.01*

FVC*
3.97 ± 0.48

20 minutes 3.68 ± 0.46 < 0.001*

1 hour 3.75 ± 0.48 < 0.001*

2 hours 3.82 ± 0.48 < 0.001*

3 hours 3.9 ± 0.5 0.021*

PEFR*
500.16 ± 75.85

20 minutes 467.92 ± 70 < 0.001*

1 hour 474.94 ± 71.2 < 0.001*

2 hours 484.52 ± 71.98 < 0.001*

3 hours 492.16 ± 72.55 0.01*
*All results in mean ± SD (L). FEV1 — forced expiratory volume in the first second; FVC — forced vital capacity; PEFR — peak expiratory flow rate

were not evaluated by lung ultrasound for ate-
lectasis due to lack of availability of a dedicated 
ultrasound machine for the study. Similarly, they 
were not assessed for obstructive sleep apnoea by 
polysomnography due to practical difficulties of 
high caseload in the sleep lab and unavailability 
of the same for 126 patients. As we included only 
overweight patients belonging to ASA 1 and 2 in 
the study, the results might not be generalisable 
to morbidly obese or elderly patients with mul-
tiple comorbidities. Postoperative pulmonary 
complications might not have developed in our 

study population probably because our study was 
limited to overweight patients without significant 
comorbidities. 

Conclusions

Intraoperative use of EzPAP® in overweight 
patients undergoing surgeries under spinal ana-
esthesia may improve pulmonary function in the 
immediate postoperative period. However, further 
studies are needed to evaluate the impact it has 
on arterial PaO2 as well as FRC. Furthermore, 
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Table 4. Comparison of FEV1, FVC and PEFR at different time points when compared to baseline in group C

Baseline (L) Time points FVC — mean with SD (L) P value

FEV1*
3.3 ± 0.44

20 minutes 2.82 ± 0.4 < 0.001*

1 hour 2.97 ± 0.39 < 0.001*

2 hours 3.11 ± 0.4 < 0.001*

3 hours 3.21 ± 0.4 0.01*

FVC*
4.05 ± 0.52

20 minutes 3.5 ± 0.51 < 0.001*

1 hour 3.67 ± 0.5 < 0.001*

2 hours 3.82 ± 0.5 < 0.001*

3 hours 3.9 ± 0.5 < 0.001*

PEFR*
505.4 ± 85.14

20 minutes 439.67 ± 78.17 < 0.001*

1 hour 457.86 ± 77 < 0.001*

2 hours 475.48 ± 80.4 < 0.001*

3 hours 487.97 ± 82.27 < 0.001*
*All results in mean ± SD (L). FEV1 — forced expiratory volume in the first second; FVC — forced vital capacity; PEFR — peak expiratory flow rate

combined intraoperative and postoperative use 
of EzPAP® in the same subset of patients might 
sustain the improvement in lung function and 
needs to be evaluated. 
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Abstract
Introduction: 
rapid diagnosis of Mycobacterium tuberculosis and detection of rifampicin resistance.
Aim: To evaluate the role of GX in pulmonary and extrapulmonary tuberculosis (TB) cases.
Material and methods: A prospective study was conducted in the pulmonary medicine department of a tertiary care hospital 
after the Ethics Comittee permission. Data of 257 presumptive TB patients was retrieved for GX, acid fast bacilli smear and cul-

were calculated and compared with culture and DST results.
Results: Our study included 132 pulmonary and 125 extrapulmonary cases. On the basis of clinicoradiological and microbiological 

Conclusions: GX results are superior to smear microscopy and comparable to culture with shorter turnaround time.We recom-
mend using it in routine TB diagnosis as this will expedite the management of patients with presumptive TB.

Key words: GeneXpert, presumptive TB cases, AFB culture
Adv Respir Med. 2020; 88: 184–188

Introduction

Tuberculosis remains a major health problem 
accounting for millions of new cases and deaths 
every year worldwide. Therefore, rapid detec-
tion of Mycobacterium tuberculosis (MTB) and 
rifampicin resistance in presumptive TB cases is 
essential for the early diagnosis and treatment, 
thereby reducing the risk of transmission of 
the disease, mortality rates and emergence of 
drug-resistant TB. AFB culture is considered as 

TB but the turnaround time is 2–8 weeks, and 
it requires trained personnel and expensive lab 

equipment [1]. Smear microscopy for acid fast 
bacilli (AFB) is one of the rapid and inexpensive 
tests available, but it has poor sensitivity and 
poor predictive value in the diagnosis of both 
pulmonary and extrapulmonary tuberculosis [2, 

for early treatment, improves patient outcomes, 
and more effective public health intervention 

The GeneXpert MTB/RIF (rifampicin) assay is 
a novel, integrated, cartridge-based, nucleic acid 

of MTB and quick detection of rifampicin resis-
tance in both pulmonary and extrapulmonary 
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samples [4–6]. GeneXpert (GX) test has been 
developed and launched by a foundation for 

GeneXpert for the use in TB endemic countries 

for global diagnosis of tuberculosis [7].
The test isolates Mycobacterium genome from 

-
cleic acid) using polymerised chain reaction. 
GeneXpert test identifies relevant 81bp (base 

-
cent probes called molecular beacons. GeneXpert 
assay detects MTB by polymerise chain reaction 

of rifampicin resistance by subsequent probing of 
this region for mutations that are associated with 
rifampicin resistance [8, 9]. Turnaround time of 

-

result, whereas Ultra test needs 16 bacilli per ml 

for MTB complex; i.e., it can differentiate MTB 
from other mycobacteria. For each specimen, the 
test is carried out in a closed system (cartridge), 
so there is a reduced risk of cross-contamination 
and human error.

Several studies have showed successful use 
of GeneXpert test on pulmonary and extrapulmo-

negative results of GeneXpert have also been re-
ported recently, hence we decided to study and 
analyse its diagnostic accuracy in pulmonary and 
extrapulmonary TB.

Material and methods

We conducted a prospective study over a pe-
-

monary medicine department of a tertiary care 

(pulmonary and extrapulmonary) was retrieved 
for GeneXpert, AFB culture and drug susceptibil-

these patients were also noted. Extrapulmonary 
cases included in our study were lymph node TB 
cases, TB pleural effusion cases, TB spine cases, 
other bone TB cases and TB meningitis cases. Pre-
sumptive TB pleural effusion cases were subject-
ed to closed needle pleural biopsy and pleural 

biopsy samples were analysed for GeneXpert and 
AFB smear and culture tests. All cases involved in 
the study had clinical and radiological signs con-

the help of clinicoradiological correlation and 
microbiological tests positivity. Patients having no 
or incomplete data were excluded from the study. 

and positive predictive value of GeneXpert in 
diagnosis and determination of rifampicin resis-
tance in pulmonary and extrapulmonary TB cases 
were calculated by comparing it with culture and 

Statistics

-
tive value and negative predictive value of Gen-
eXpert were calculated according to the following 
formula.

Sensitivity: (true positive / true positive + 

when actually disease is present. Specificity: 
(true negative / true negative + false positive) 

disease is absent.
Positive predictive value (PPV): (true positive/ 

the probability that disease is present when the 
test is positive.

 

the probability that disease is absent when the 
test is negative.

By applying the above mentioned formulas to 

detection of rifampicin resistance in pulmonary 
and extrapulmonary TB cases were calculated.

Results

-

clinicoradiological and microbiological correla-
-

node TB cases, 31 were TB pleural effusion cas-
es, 11 were TB spine cases, 9 were other bone 

-
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picin-sensitive and 31 were rifampicin-resistant 

66 rifampicin-sensitive and 37 rifampicin-resis-
tant cases.

-
tive value, negative predictive value of GeneX-
pert in diagnosis of pulmonary TB and detection 
of rifampicin resistance in pulmonary TB was 

positive predictive value, negative predictive 
value of GeneXpert in diagnosis of extrapulmo-
nary TB and detection of rifampicin resistance in 

value, negative predictive value of GeneXpert in 
diagnosis and detection of rifampicin resistance 

negative predictive value of GeneXpert in diag-
nosis and detection of rifampicin resistance in 

negative predictive value of GeneXpert in diag-
nosis and detection of rifampicin resistance in 

respectively. When compared to previous studies, 
sensitivity of GeneXpert in pleural effusion cases 
was higher in our study as pleural biopsy samples 
obtained through closed needle pleural biopsy 
were also subjected to analysis. Low sensitivity 

due to very low numbers of bacilli as in the ma-

results from hypersensitivity reaction to tuber-
culous antigen rather than direct invasion of the 

positive predictive value, negative predictive 
value of GeneXpert in diagnosis and detection 
of rifampicin resistance in other bone TB cases 

-
ty, positive predictive value, negative predictive 
value of GeneXpert in diagnosis and detection 

GeneXpert test was diagnostic in 13 AFB 
culture-negative extrapulmonary TB cases and 

-

and 21 extrapulmonary cases. GeneXpert test 

2 were pulmonary and 3 were extrapulmonary 
cases. The sensitivity of AFB smear was lower 
than GeneXpert sensitivity in both pulmonary 
and extrapulmonary TB.

-

Discussion

TB is a curable disease if detected early and 
treated effectively, thus it is highly important 

tests. Early diagnosis and appropriate treatment 
of TB can help in improving cure rates, reducing 

smear microscopy carries high risk of false neg-
ative results due to low sensitivity and it doesn’t 
help to discriminate between drug susceptible 
and drug-resistant strains of MTB [2, 3]. These are 
owing to poor sample quality coupled with a need 
for technical expertise. Meanwhile, culture being 
the gold standard test for detecting MTB, requires 
several weeks to yield results, and largely depends 
on well-equipped laboratory facilities and skilled 

provide more timely and accurate diagnosis of 
TB, thereby contributing to early initiation of TB 
treatment. GeneXpert test is an integrated fully 

detects MTB and rifampicin resistance within 

TB cases when compared to extrapulmonary cas-
es. In addition, GeneXpert test is likely to improve 
the diagnostic accuracy of TB at places where 

In our study, the performance of GeneXpert 
test was analysed with pulmonary and extrapul-

positive predictive value, negative predictive 
value of GeneXpert in diagnosis and detection 
of rifampicin resistance in pulmonary TB cases 

negative predictive value of GeneXpert in diag-
nosis and detection of rifampicin resistance cases 
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of the GeneXpert test have reported sensitivities 

cases of smear-positive, culture-positive pulmo-
-

In the study conducted by Boehme et al,. 
-

culture-positive cases [13]. The sensitivity and 

with data of previous studies. For smear-negative 
pulmonary specimens, the sensitivity of the test 

et al
with previous studies [14]. For extrapulmonary 

-
monary smear-negative samples, sensitivity and 

resistance in pulmonary and extrapulmonary sam-

with respect to culture as reference standard.

quite challenging when compared to pulmonary 
-

isms that can be recovered in the extrapulmo-
nary samples. In our study, we found that the 
GeneXpert test was more sensitive in detecting 
spine and bone TB cases than pleural effusion 
and lymph node TB cases. The detection rate 
of MTB among smear-negative non-respiratory 
specimens by the GeneXpert test varies between 

studies by Armand et al et al., Tortoli 
et al. and Boehme et al., GeneXpert sensitivity 
in lymph node samples using AFB culture as 

comparable with previous studies.
et al. 

-

Penz et al. suggested sensitivity amongst pleural 
-

-

As per study done by Penz et al., sensitivity and 

previous studies.

bone TB were consistent with previously reported 
data.

In routine practice, the GeneXpert test is fast-
er when compared to culture [4-6]. The GeneXpert 
test was positive for 163 of 194 culture-positive 
and 19 of 64 culture-negative samples from tuber-
culosis cases. In our study, the sensitivity of the 
GeneXpert test was found to be higher as that of 
culture in pulmonary cases, whereas lower than 
AFB culture in extrapulmonary samples. There 

-
pert for pulmonary and extrapulmonary cases, 
respectively. For AFB culture test, there were 

extrapulmonary samples, respectively. GeneXpert 
test was positive for all except for one smear-pos-
itive specimen, but the smear was positive only 
for 88 of 181 the GeneXpert test M.TB detected 
specimens. The sensitivity of microscopy was 

extrapulmonary specimens. Therefore, the sen-
sitivity of the GeneXpert test which was as rapid 
as smear was much higher than that of smear.

Smear-negative TB cases pose a challenge for 
the TB control programmes as they are associated 
with delayed or failure of diagnosis, unnecessary 
initiation of empirical tuberculous therapy and 
high risk of transmission. Therefore, the use of 
GeneXpert test, especially in countries with high 
TB prevalance like India, will help in rapid di-
agnosis and better treatment outcomes of smear- 
negative TB cases.

In our study, GeneXpert test was false posi-
tive in two pulmonary cases and 3 extrapulmo-
nary cases. False positivity of GeneXpert test 
results has been reported previously and occurs 
because of the presence of dead MTB in the test 
samples, particularly among previously treated 
patients. There are highly likely chances for such 
patients to receive avoidable anti-TB therapy. 

previous treatment with anti-TB drugs is essential 
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to prevent unnecessary treatment of such false 
positive cases.

-

compared to the results of previous researches 
-

GeneXpert is useful for rapid detection of 

especially in a high prevelance country like India. 
The results are superior to smear microscopy and 
comparable to culture with shorter turnaround 
time. We recommend using it in routine TB di-
agnosis as this will help in early diagnosis and 
the management of patients with presumptive 
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Effectiveness of osimertinib in patients with lung adenocarcinoma 
in clinical practice — the Expanded Drug Access Program in Poland

Abstract
Introduction: Osimertinib is a third-generation, irreversible epidermal growth factor receptor (EGFR) tyrosine kinase inhibitor 

EGFR-mutant non-small-cell lung cancer (NSCLC) in prospective clinical trials. 
This retrospective analysis evaluated the outcomes of 32 pretreated patients with EGFR T790M mutation 

who received osimertinib in clinical practice at seven centers in Poland within the Expanded Drug Access Program. Osimertinib 
was used in the second line in 59% of patients and in later lines in 41%. 
Results: Objective response was attained in 16 patients (50%), and 12 subjects (38%) had stable disease. Median progression
-free survival was 11.3 months in the overall population, 12.6 months in patients with EGFR exon 19 mutation and 7.5 months in
patients with EGFR exon 21 mutation (p = 0.045). Median overall survival (OS) was 18.3 months. Overall, 58.4% and 45.6% of
patients remained in follow-up after 12 and 24 months, respectively. Median OS appeared longer for patients without cerebral me-
tastases than for those with cerebral metastases (27.4 vs 9.4 months, respectively; p = 0.078), and for patients with the Eastern 
Cooperative Oncology Group performance status (ECOG PS) 0–1 than those with ECOG PS 2 (27.4 vs 11.8 months, respectively;

and progressive disease was 27.4, 12.7 and 4.5 months, respectively (p < 0.001). Age, comorbidities, line of treatment with
osimertinib, and type of activating EGFR mutation did not impact on OS. Adverse events of any grade or grade 3/4 were reported 
in 38% and 9% of patients, respectively. One person discontinued due to interstitial pneumonia.
Conclusion: EGFR T790M-mutant NSCLC.

Key words: non-small-cell lung cancer, epidermal growth factor receptor tyrosine kinase inhibitor, T790M mutation, osimertinib, 
clinical practice

Adv Respir Med. 2020; 88: 189–196

Introduction

Advanced non-small-cell lung cancer 
(NSCLC) remains a disease of poor prognosis. The 
effectiveness of chemotherapy is limited: overall 
response rates (ORRs) do not exceed 25–30%, 

and median overall survival (OS) is 10–12 mon-
ths [1]. Patients whose tumors harbor activating 
mutations in the epidermal growth factor receptor 
(EGFR) gene — most of whom have adenocarcino-
ma — comprise a clinically important subgroup. 
The prevalence of EGFR mutation varies accor-



Advances in Respiratory Medicine 2020, vol. 88, no. 3, pages 189–196

190 www.journals.viamedica.pl

ding to ethnicity and is estimated at 30–45% in 
Asian patients and 10–20% in Caucasian patients 
[1]. The prognosis of this molecularly selected 

with the introduction of EGFR tyrosine kinase 
inhibitor (TKI) drugs. In first-line treatment, 

of approximately 60% and a median progres-
sion-free survival (PFS) of around 10–12 months 
[2–4], while dacomitinib and osimertinib yield 
a median PFS of approximately 18 months [5, 6]. 

Until recently, the treatment of choice for 
disease progression during EGFR TKI therapy was 
chemotherapy with platinum-based drugs. Howe-

responsible for resistance to anti-EGFR treatment 
has allowed the development of novel drugs tar-
geting resistant tumors. Currently, osimertinib is 
the only agent approved for use in this setting.

Osimertinib is a third-generation, irrever-

in patients whose tumors harbor the T790M re-
sistance mutation, of whom 60% showed primary 
TKI sensitivity [7, 8]. Furthermore, osimertinib is 

treatment of subjects with activating EGFR muta-
tion-positive tumors [6]. 

This paper reports the outcomes of osimerti-
nib treatment in patients with advanced NSCLC 

EGFR T790M mutation after di-
sease progression during EGFR TKI therapy. Tre-
atment was carried out as a part of the Expanded 
Drug Access Program prior to reimbursement of 
the osimertinib in Poland.

Eligibility criteria
The study included 32 patients who quali-

the Expanded Drug Access Program at seven 
cancer centers in Poland between July 2016 and 
March 2018. Eligible patients had a diagnosis of 
advanced NSCLC at stage IV or stage IIIB (with 

EGFR 
T790M mutation, measurable lesions, age > 
18 years, Eastern Cooperative Oncology Gro-
up performance status (ECOG PS) 0–2, normal 
laboratory indicators of renal, hepatic and he-
matopoietic function, and absence of clinically 
active secondary central nervous system (CNS) 
lesions. Patients with a history of interstitial 
lung disease, radiation pneumonitis requiring 

glucocorticosteroid use, electrocardiogram abnor-
malities or risk factors for QT prolongation were 
not eligible for treatment.

Osimertinib was administered at a daily 
dose of 80 mg until progressive disease (PD) was 

a patient’s consent was withdrawn. Response 
assessment was based on computed tomography 
(CT) performed approximately every 8 weeks.

Before starting the treatment, patients signed 
an informed consent form for osimertinib therapy. 

Study objectives and outcomes
-

cy and safety of osimertinib in patients diagnosed 
with advanced NSCLC and T790M mutation after 
failure of previous systemic treatment. Treatment 
outcomes were retrospectively evaluated using 
available medical documentation. Radiological 
images were not reassessed for the purposes of 
this study.

Response was assessed according to Respon-
se Evaluation Criteria in Solid Tumors v. 1.1. In 
addition, PFS was evaluated as the duration from 
osimertinib initiation until documented radiolo-
gical/clinical disease progression or death. OS 

of osimertinib until death. The study also asses-
sed the prognostic value of selected clinical and 
molecular factors: age; gender; ECOG PS; smo-
king status; previous cancer treatment; presence 
of cerebral metastases; type of EGFR activating 
mutation; and response to previous treatment. 
The safety of the drug was analyzed by evalu-

according to the Common Terminology Criteria 
for Adverse Events v. 4.0.

Statistical methods
PFS and OS were analyzed using Ka-

plan-Meier estimators. Results are presented as 
median survival and 12- and 24-month survival 
rates. The log-rank test was used to compare PFS 

analyzed clinical and molecular variables. A si-
alpha) of 0.05 was applied in all 

calculations. Analyses were conducted using the 
R statistical program v. 3.5.1 (2018; R Foundation 
for Statistical Computing, Vienna, Austria).

Results

Patient population
A total of 32 patients were included in the 

study. At the time of the analysis, 15 subjects 
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remained in follow-up, of whom 7 persons conti-
nued to receive osimertinib. The median duration 
of follow-up since the initiation of the treatment 
was 40.9 months.

Table 1 summarizes key patient characteri-
stics at the start of osimertinib therapy. Overall, 
15 patients (47%) had never smoked, while 
12 subjects (38%) were past smokers and 2 in-
dividuals (6%) were current smokers. A total of 
17 patients (53%) had documented comorbidities, 
the most common of which was hypertension 
(11 patients; 34%). All patients subjects had a dia-
gnosis of lung adenocarcinoma. Twenty patients 
(63%) had stage IV disease at diagnosis, while the 
remaining patients (n = 12; 38%) were diagno-
sed at stages I–IIIB and had previously received 
treatment with radical intent prior to diagnosis 
of advanced disease. Between initial diagnosis 
and eligibility for the osimertinib treatment, 
8 patients (25%) had secondary changes within 
the CNS for which they had received palliative 

brain irradiation.

Previous treatment
All study subjects had received systemic tre-

atment prior to the initiation of osimertinib. Most 
patients (59%) had received one line of prior sys-

10%; dacomitinib, 3%). The most common types 
of activating mutation in the EGFR gene were exon 
19 deletions (71%). Among 30 patients with docu-
mented response assessments during prior EGFR 
TKI therapy, 25 individuals (83%) had achieved 
response to treatment. After EGFR TKI treat-
ment, 13 patients (40%) received chemotherapy, 
which mostly consisted of platinum-containing 

presence of the T790M mutation in most cases 
(27 patients; 84%).

Effectiveness
Response. Response to the treatment was 

evaluated in all 32 study subjects (Table 2). Ob-
jective response was documented in 16 patients 
(50%), while 12 patients (38%) attained stable 
disease (SD). A total of 28 patients (88%) there-

progressive disease (PD) was reported as the best 
response to treatment. Among the 8 patients with 
CNS lesions, 1 individual (13%) achieved com-
plete regression of lesions, 4 patients had partial 
response (PR; 50%) and 3 patients had SD (38%) 
within the CNS. 

There was no effect of selected clinical/mole-
cular factors (age, smoking status, ECOG PS, and 
type of activating EGFR mutation) on the ORR to 
osimertinib treatment.

Of the 25 patients who discontinued osimer-
tinib, PD data were available in 23 cases. The 
most frequent sites of PD were the lungs (50%) 

Patients (n = 32)

Median age (range), years 64 (37–82)

Gender, n (%)
Male
Female

13 (41)
19 (59)

ECOG PS, n (%)
0
1
2

3 (9)
19 (59)
10 (31)

Type of EGFR activating mutation, n (%)
Del 19
L858R
Other 

22 (69)
8 (25)
1 (3)

Never 
Past smoker 
Current smoker
Missing

15 (47)
12 (38)
2 (6)
3 (9)

Location of metastatic lesions, n (%)
Lungs
CNS
Liver
Bone
Adrenal glands 

17 (53)
8 (25)
6 (19)
8 (25)
2 (6)

Number of prior treatment lines, n (%)
1
2
3
4

19 (59)
5 (16)
5 (16)
2 (6)

CNS — central nervous system; Del 19 — exon 19 deletion; ECOG PS — 
Eastern Cooperative Oncology Group performance status; EGFR — epidermal 
growth factor receptor

Patients, n (%)

Overall response (n = 32)
PR
SD
PD

16 (50)
12 (38)
4 (13)

Response of CNS lesions (n = 8)

CR
PR
SD

1 (13)
4 (50)
3 (38)

CR — complete response; PD — progressive disease; PR — partial response; 
SD — stable disease
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and liver (15%). Progression within the CNS was 
observed in 2 patients (including 1 individual 
with symptomatic brain metastases who had 
previously received radiotherapy to the brain). 
After PD, 6 patients (24%) received another line 
of systemic treatment, while 13 subjects (44%) 
received only best supportive care or palliative 
irradiation. Data on post-progression therapy 
were unavailable for the remaining 6 patients.

Progression-free survival. At the time of the 
analysis, 15 patients (47%) were still alive and 
7 patients (22%) were still receiving osimertinib. 
Median PFS was 11.3 months. The proportions of 
patients who remained alive and without signs 
of PD were 49.2% at 12 months and 17.0% at 
24 months.

Age, comorbidities, osimertinib treatment 
line, and type of prior EGFR TKI therapy had no 
impact on PFS. However, a correlation between 
PFS and the type of activating EGFR mutation was 
shown: median PFS was 12.6 months in patients 
with exon 19 deletions, compared with 7.5 months 
in those with exon 21 point mutations (p = 0.045; 
Figure 1). The prognostic value of the type of ac-
tivating mutation was also shown in terms of PFS 
rates at 12 months (exon 19 deletions, 54%; exon 
21 point mutations, 17%) and 24 months (exon 
19 deletions, 14%; exon 21 point mutations, 0%). 

-
cond-generation EGFR TKI treatment also de-
monstrated prognostic value (Figure 2). In pa-
tients with objective response to prior treatment, 

median PFS during osimertinib treatment was 
12.6 months. Two patients with PD as the best 
response to previous EGFR TKI therapy did not 

after the start of therapy (p < 0.001).
Overall survival. Median OS was 18.3 mon-

ths. The percentage of patients who remained 
in follow-up after 12 and 24 months of therapy 
was 58.4% and 45.6%, respectively. Age, comor-
bidities, osimertinib treatment line, and type of 
activating EGFR mutation had no effect on OS. 
However, response to osimertinib demonstrated 
prognostic value: median OS was 27.4 months in 
the subjects with PR, 12.7 months in patients with 
SD, and 4.5 months in patients with PD as the 
best response to treatment (p < 0.001; Figure 3). 

-

prognostic impact on OS following the osimer-
tinib treatment. Median OS was 18.3 months in 
patients with objective response to prior treat-
ment (n = 25), whereas the 2 individuals with 
PD during previous anti-EGFR treatment had OS 
times of 2.5 and 4.0 months (p < 0.001; Figure 4).

The impact of ECOG PS at the time of qu-

also analyzed. Patients with very good and good 
performance score (ECOG PS 0–1) had longer me-
dian OS (27.4 months) than those with moderate 
performance score (ECOG PS 2; 11.8 months). 
However, the observed difference was not stati-

Figure 1. PFS curves according to type of activating EGFR mutation. 
Del 19 — exon 19 deletion; EGFR — epidermal growth factor receptor; 
Point 21 — exon 21 point mutation; PFS — progression-free survival

Figure 2. PFS curves according to response to prior TKI therapy. CR — 
complete response; PD — progressive disease; PFS — progression-free 
survival; PR — partial response; SD — stable disease; ND — no data
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The presence of cerebral metastases also 
impacted on the course of the disease. Patients 
without secondary brain lesions lived longer 
than those with documented brain lesions, with 
median OS of 27.4 and 9.4 months, respectively 
(p = 0.078; Figure 6).

Due to the small size of the patient popula-
tion, no multifactorial analysis was performed. 

Univariate analyses assessing the prognostic va-
lue of selected clinical and molecular factors in 
terms of OS are summarized in Table 3. Survival 
parameters for the overall group are presented 
in Table 4. 

Safety
Adverse events were reported at any grade 

for 12 patients (38%) and at grade 3/4 for 3 pa-
tients (9%; Table 5). In total, 6 study subjects 
(18%) had skin lesions and 3 patients (9%) had 
diarrhea. Other adverse events each occurred in 

Figure 3. OS curves according to response to osimertinib. OS — 
overall survival; PD — progressive disease; PR — partial response; 
SD — stable disease

Figure 4.
generation EGFR TKIs. CR — complete response; EGFR — epidermal 
growth factor receptor; OS — overall survival; PD — progressive 
disease; PR — partial response; SD — stable disease; TKI — tyrosine 
kinase inhibitor

Figure 5. OS curves according to ECOG PS. ECOG PS — Eastern Co-
operative Oncology Group performance status; OS — overall survival

Figure 6. Overall survival (OS) curves according to the presence of 
secondary lesions in the CNS
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P-value

ECOG PS: 0–1 vs 2 27.4 vs 11.8 0.189

Age: < 60 years vs  60 years 27.4 vs 12.7 0.686

CNS metastases: present vs absent 27.4 vs 9.4 0.078

Bone metastases: present vs absent 27.4 vs 11.9 0.089

Liver metastases: present vs absent 12.1 vs 9.4 0.160

Response to osimertinib: CR/PR vs PD 27.4 vs 4.5 < 0.001

vs PD 18.3 vs 3.2 < 0.001

Type of EGFR mutation: Del 19 vs L858R 18.3 vs 12.1 0.379

Line of osimertinib treatment: second vs third or later 27.4 vs 9.9 0.088

CR — complete response; ECOG PS — Eastern Cooperative Oncology Group performance status; EGFR — epidermal growth factor receptor; OS — overall survival; 
PD — progressive disease; PR — partial response; TKI — tyrosine kinase inhibitor

PFS 11.3 49.2 17.0

OS 18.3 58.4 45.6

OS — overall survival; PFS — progression-free survival

Table 5. Adverse reactions to osimertinib (n = 32)

Patients, n (%)

Any grade Grade 3/4

All adverse events 12 (38) 3 (9)

Skin lesions 6 (19) –

Diarrhea 3 (9) 2 (6)

Interstitial pneumonia 1(3) 1 (3)

Elevated activity of liver enzymes 1 (3) –

1 individual [interstitial pneumonia, elevated 
activity of liver enzymes, and “other” (no further 

included interstitial pneumonia (1 patient) and 
diarrhea (2 patients). In 4 subjects (13%), adverse 
events led to treatment interruption. The patient 
with interstitial pneumonia associated with osi-
mertinib permanently discontinued treatment. 
There were no treatment-related deaths.

Discussion

This report describes treatment outcomes 
with osimertinib in 32 patients diagnosed with 
advanced lung adenocarcinoma and documented 

activating T790M EGFR mutation after failure of 

Treatment was carried out in routine clinical 
practice in the general patient population and 
not as part of a clinical trial. At the time of the 
analysis, 15 patients (47%) were still alive and 
7 patients (22%) were still receiving osimertinib.

study subjects and PR in 50% of patients. The 
ORR is slightly lower than in the AURA2 study 
and other reports [6–8], which could be explained 
by less precise assessment of CT results in clinical 
practice compared with clinical trials — ORR 
was evaluated basing on medical documentation 
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the clinical trials. The very high proportion of 

-
tinib in patients with T790M-positive NSCLC. 
No correlation was found between treatment re-
sponse and the clinical factors analyzed. In case 
of the patients with documented PD as the best 
response to osimertinib, the presence of other 
concomitant mechanisms of resistance to TKI 
EGFR treatment, apart from the T790M mutation, 
should be considered [9].

In the analyzed group, a relationship was 
demonstrated between the type of activating 
mutation in the EGFR gene found initially and 
the duration of response to osimertinib. More 
favorable outcomes were observed in patients 
with exon 19 deletions than in those with exon 
21 point mutations (median PFS, 12.6 vs 7.5 mon-
ths, respectively). Recently published, updated 
results from patients treated with osimertinib 
in two phase II studies also showed the type 
of activating EGFR mutation to be a prognostic 
factor [10]. In that analysis, patients with exon 

-
viduals with exon 21 mutation in terms of ORR 
(70% vs 57%), median PFS (11.1 vs 9.5 months) 
and median OS (29.1 vs 21.4 months) [10]. The 
current study also provided some evidence that 
the type of activating mutation impacted on OS, 
although the difference was not statistically si-

group of osimertinib-treated patients in clinical 

subjects with exon 19 deletions than in patients 
with exon 21 mutations (23.1 vs 15.3 months; p 
= 0.03) [11].

We observed a relationship between respon-
se to osimertinib and OS in the present study. 
Similar conclusions have been presented from an 
analysis of 27 patients treated in clinical practice 
[12]. The median OS of patients who achieved 
objective response to treatment was 24.2 months 
vs 13.5 months in the group of patients with SD 
or PD.

In the current study, 10 patients (31%) had 
-

mertinib treatment. The collecting of data on the 

patients is particularly important, because only 
individuals with ECOG PS 0 or 1 are usually 

performance status seems to be a negative progno-
stic factor in patients receiving EGFR TKIs. In our 
dataset, median OS appeared longer in patients 
with ECOG PS 0–1 than in those with ECOG PS 

2 (27.4 vs 11.8 months, respectively), although 

Data from the GIOTAG observational study, which 
evaluated sequential treatment with afatinib 
and osimertinib in 204 patients, also indicate 
that worse performance status is associated with 
poorer outcomes [13]. Median duration of the 
sequential treatment strategy was 31.3 months 
in patients with ECOG 0–1 and 22.2 months in 
patients with ECOG  2 (p < 0.001) [13]. Recen-
tly, results of osimertinib treatment in a group 
of 30 patients with moderate performance status 
(ECOG 2–3) have been published, in which 53% 
of patients attained objective responses to treat-
ment and median PFS was 8.2 months [14]. The 
majority of the subjects (63%) had an improve-
ment in their general condition and the rates of 
adverse reactions and treatment-related deaths 
were in line with expectations based on other 
reports in the literature. In a separate analysis of 

of 12 patients (out of 51 in total) with a moderate 
performance status (ECOG 2–3), the prognostic 

-
luated, but the authors emphasized that almost 

from treatment [15].
-

cal problem in EGFR mutation-positive NSCLC 
that are estimated to affect approximately 20% 
of patients at diagnosis and almost 60% at some 
point during the course of their disease [16]. The 
treatment of choice is whole-brain radiotherapy 
(WBRT) or, if possible, local treatment using ste-
reotactic radiotherapy or surgery. Due to its high 
CNS penetration, osimertinib could be a relevant 
treatment option in this setting [17]. Supporting 
clinical data are provided by the FLAURA study 

of patients with CNS lesions at baseline. In that 
subgroup, osimertinib was associated with an 
ORR in the CNS of 66% (compared with 43% 

reduced the risk of progression of CNS lesions 
(median CNS PFS not reached with osimertinib 
vs
In that study, brain imaging was not mandatory 
for all patients and was performed only in those 
with clinical suspicion of secondary CNS le-

lesions had previous radiotherapy to the CNS; 
the remaining subjects were qualified for the 
osimertinib treatment.

In the Expanded Access Drug Program, pa-
tients with CNS lesions are required to receive 
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local treatment and demonstrate complete con-
trol of symptoms to be eligible for osimertinib 
and other EGFR TKIs. In the current study, CNS 

8 patients, all of whom had prior local treatment 
-

sequent osimertinib therapy. However, it should 
be emphasized that CNS imaging was not manda-
tory and the data presented may not be complete.

Summary

safety of osimertinib in patients with NSCLC after 

by patients with the T790M mutation in both the 
second and subsequent lines of treatment, as well 
as in the subjects with secondary CNS lesions 
and moderate performance status. The type of 
activating mutation present at initial diagnosis 
showed prognostic value for PFS, while response 
to osimertinib treatment and response to prior TKI 
therapy both had an effect on OS.
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Severe and fatal measles-associated pneumonia during 
an outbreak in Italy: data from the heart of the epidemic

Abstract
Introduction: Measles is a contagious disease that re-emerged among young adults as a consequence of suboptimal vaccination 
coverage. Since in the pre-vaccination era measles affected mainly children, little is known about measles-associated respiratory 

developed respiratory complications during a recent measles outbreak. 
Material and methods: In this retrospective chart review-based study we analyzed data from patients admitted for measles 
from January to June 2018 to a large tertiary care hospital, in one of the main cities in the south of Italy. This city has been the 
country’s heart of the epidemic with a high morbidity and mortality rate. 
Results: Among 177 patients (mean age 26 ± 9 years), only 2 were vaccinated. Thirty patients (16.9%) had signs of pneumonia 
on chest radiography. Computed tomography scan showed the following abnormalities: centrilobular nodules (63%), ground-glass 
attenuation (63%), air-space consolidation (36%), pleural effusion (16%) and pneumothorax (10%). Five patients developed severe 
lung injury and hypoxemia requiring admission to Intensive Care Unit. Two young unvaccinated women with no past medical 
history died from acute respiratory failure. The death was sudden and unpredictable. 
Conclusions: Measles-associated pneumonia in unvaccinated young adults can cause severe respiratory impairment and death. 

Key words: measles, viral pneumonia, acute hypoxemia
Adv Respir Med. 2020; 88: 197–203

Introduction

Measles is a highly contagious systemic 
disease resulting from infection with measles 
virus. This virus is a member of the genus Mor-
billivirus (Paramyxoviridae family), most often 
transmitted between humans by respiratory 
droplets over a short distance [1]. The virus 
causes a systemic illness beginning with fever, 
cough, coryza, Koplik’s spots and conjunctivitis 
followed by a typical generalized rash. Compli-
cations of measles can affect most organ sys-
tems. These include pneumonia, encephalitis, 
chronic neurological conditions, ear infection 
with permanent hearing loss and blindness [2]. 
Since the implementation of vaccination strat-

egies, measles morbidity and mortality have 
decreased worldwide [3]. In 2010, the World 
Health Assembly declared that measles can and 
should be eradicated, mainly through vaccina-
tion strategies [4]. Subsequently, the vaccination 
coverage increased, however, in 2015, the global 

for eradication (90–95%). Since 2016 measles 
outbreaks have been reported in the European 
area with a consequent re-emerging of life-threat-
ening complications [5, 6]. In 2017, Italy has been 
included in the list of European countries with 
ongoing endemic transmission [7]. Studies have 
shown that the resurgence of measles in Western 
countries is due to a suboptimal vaccine coverage 
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[8, 9]. This is true particularly in Italy, where the 
goal of vaccine coverage for measles eradication 

in 2010 and 2015 has not been met [7, 10]. In 
addition, the emergence of anti-vaccination 
movements, particularly active in this country, 
has further decreased the coverage [5, 7]. As mea-
sles vaccine uptake has been low, particularly in 
those born in the 1990s and 2000s, this has led 
to large vaccination gaps among young adults, 
who have become more vulnerable to the infec-
tion [11, 12]. From January to November 2018, 
2,427 cases of measles and 8 deaths have been 
reported in Italy [13]. The highest incidence (50% 
of all reported cases) was recorded in Sicily, an 

part of the country [13]. It is well acquired that 
pneumonia accounts for most measles-associated 
morbidity and mortality [2]. However, as in the 
pre-vaccination era, measles was more common 
among school-aged children, there are few data 
on measles-associated respiratory complications 
in adults. The recent measles outbreak among 
young adults has provided a unique opportunity 

-
spiratory complications in the adult population. 
The aim of this study was therefore to describe 

-
ings and the course of the disease in a group of 
adults affected by measles who developed respi-
ratory complications (pneumonia and respiratory 
failure) during a recent measles outbreak. 

Material and methods

Study design 
Soon after the 2018 measles outbreak, we 

performed a retrospective study based on chart 
review. The study consisted in collecting data 
from the medical records of patients hospital-
ized for measles in a large city hospital known 

in the city of Catania (300,000 inhabitants), one 
of the two main cities in Sicily that has been 
the site of a large measles epidemic where two, 
out of eighth deaths reported in the country, oc-
curred. This hospital is renowned for providing 
tertiary care for infectious diseases. Therefore, 
general practitioners from the city and from the 
hinterland, refer more severe measles cases to 
its adults’ Emergency Department (ED) in order 
to access, successively, the Infectious Disease 
Department.

We therefore reviewed all medical electronic 
records of patients admitted for measles to this 

ED from January to June 2018 (no cases were re-
corded from July to November 2018). All patients 
were local residents and the infection could be 
linked to local transmission. 

We reviewed electronic records of each pa-
tient focusing on demographic data, anamnesis 
(underlying comorbidities), clinical data (symp-
toms, signs and presentation of the disease), 
laboratory and radiological findings. For all 
patients included in the study, the diagnosis of 
measles was based on the European Commission 

when presenting laboratory evidence of infection 
with measles virus, i.e. detection of viral RNA in 
a biological sample and/or a positive IgM result 
in serum.

the presence of pneumonia on chest X-ray (pres-
ence of consolidation and/or diffuse opacities) 
with or without respiratory failure. As a distinc-
tion between secondary bacterial superinfection 
and primary measles pneumonia could not be 

-
monia has been used for this study. All patients 

pneumonia had a computed tomography (CT) 
-

2%) was available and for those with 
2 -

2) < 60 mm Hg at rest; 
severe respiratory failure was defined as the 

2 2 ratio 

those who required admission to the Intensive 
Care Unit. Acute respiratory distress syndrome 
(ARDS) was diagnosed according to the Berlin 
criteria [15]. The Local Ethic Committee approved 
the study and informed consent was obtained by 
the patients or caregivers. 

Data analysis

mean ± standard deviation. Categorical vari-
ables were shown as numbers (%). To compare 
the differences between the groups for contin-
uous variables, t-test was used. To contrast the 
differences between the groups for categorical 
variables, a chi-square test was used. Results 
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Results

Clinical presentation in all study patients
From January to June 2018, a total of 177 pa-

tients were referred to the ED for measles (49% 
males, mean age 26 ± 9 years, range 16–45). 
Ten patients were rapidly dismissed for mild 

been previously vaccinated (both with two doses, 
both dismissed for mild diseases). None reported 

of the patients, the past medical history was gen-

patients reported mild asthma (2 in the group 
with pneumonia and 2 in the group without pneu-
monia), one had Down Syndrome and one had 
a previous gastric bypass (both in the group with 
pneumonia) (Table 1). Common clinical manifes-
tations included fever, generally > 38°C (89%), 
maculopapular rash (93%), cough (43%), Koplik’s 
spots (32%) and conjunctivitis (43%). Common 
complications included thrombocytopenia, acute 
hepatitis, leukopenia and diarrhea (Table 1). Two 
patients presented acute pancreatitis and in one 
person, seizures occurred. 

Patients with respiratory complications

(16.9% of those referred to the ED) (mean age 
26 ± 1 years, 53% males). No statistical difference 
was found in the mean age or in the percentage 
of males between the group with pneumonia 
and the group without pneumonia (Table 1). All 
patients had the risk factor of not having been 
vaccinated. None had an apparent cause of pre-

pneumonia (30%) developed respiratory failure. 
Among these, 5 developed severe respiratory 
failure and critical illness requiring ICU admis-

the respiratory tract involvement, measles clini-
cal presentation in patients with pneumonia was 
similar to those without pneumonia. However, 
in the subjects with pneumonia, leukopenia and 

-
mon than in patients without pneumonia (24% 
vs vs 63 % 

A chest CT scan was performed in all pa-
tients who had abnormal X-ray. Bilateral lesions 
were observed in 89% of the study subjects. The 
most common radiological findings were as 
follows: centrilobular nodules (63%), ground-
glass attenuation (63%), air-space consolidation 

(10%) (Table 2). Mild cases had mainly scattered 

Table 1. Demographic and clinical data of patients with or without pneumonia 

Pneumonia Without pneumonia P value

N. of patients 30 147

Age (yrs) 26 ± 1 26 ± 7 ns

Sex (male) 53% 49% ns

Previous medical history (n.)

    Asthma 2 2 ns

    Other 2 0 ns

Complications 

    Hepatitis 72% 60% ns

    Diarrhea 3% 8% ns

    Thrombocytopenia 50% 63% < 0.05

    Leukopenia 24% 34% < 0.05

with measles-associated pneumonia 

Frequency

Centrilobular nodules +++

Ground-glass attenuation +++

Air-space consolidation ++

Pleural effusion +

Pneumothorax +

Frequency is reported as  25%  75%
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centrilobular nodules and ground attenuation, 
whereas the CT scans of patients with severe 
respiratory failure varied greatly (see below). 

sputum could not be collected for microbiological 

presence of bacterial superinfection, all patients 
received a wide spectrum antibiotic treatment 
with a -
lone. Support treatment particularly hydration 

-
ygen supplementation was used in patients with 

2 < 60 mm Hg, via nasal cannula or mask (if 
not admitted to ICU). 

Patients with severe hypoxemia 
and lung injury 

Five patients (2.9% of those admitted) de-

2 2 < 150) and, being criti-
cally ill, were admitted to ICU. Two of these indi-
viduals died from acute respiratory failure (1.1%).

None of these patients was vaccinated and 

asthma and another one had previous gastric 
bypass. The remaining three patients had no sig-

fever and maculopapular rash before arriving 
at the ED. Microbiological assessment, in order 

broncoaspirate and blood culture (aerobic and 
anaerobic bacteria). All these cultures were neg-

microbiological data were available for the two 
women who died suddenly. The clinical course 

The patient n. 1 (a girl with mild asthma, no 
-

with little consolidation on CT scan, however, she 
rapidly recovered and within 10 days CT scan was 
normal. The patient n. 3 also had rapid recovery 
although CT scan showed a massively diffused 
centrilobular nodules. 

The patient n. 2 had a complicated, long 
clinical course that is worth mentioning. This 
32-year-old man (gastric bypass one year earlier,

-
toms (fever and vomiting) was transported to the

2 2 < 150)
and transferred immediately to the ICU where

showed diffuse ground glass areas and consolida-
tion, and successively, he developed left massive

-
cutaneous emphysema (Figure 1). A chest tube
was positioned and removed after 5 days. The
patient was recovering very slowly and areas of
consolidation were still present after 20 days. At
2 months of follow-up, the chest X-ray was normal.

The patient n. 4 was a 26- year-old woman 
with no past medical history. After 7 days of 

was admitted to the ED perfectly conscious with 
2 90% at room air and diffuse bronchospasm. 

Laboratory data showed an increase in AST 

normal leucocytes and platelets. The chest X-ray 
showed a right basal opacity. The patient, whose 

Table 3. Demographic and clinical data of the patients admitted to ICU

Pt no. Age Sex Chronic conditions Hepatitis CRP Leukopenia Thrombocytopenia CT scan Survival

1 22 F Allergic asthma No 31 No No Consolidation
Ground glass opacities

Yes

2 28 M No Yes 355 No Yes Consolidation
Ground glass opacities

Massive sx pneumothorax

Yes

3 32 M Gastric by-pass Yes 73 Yes Yes Extensively diffused 
centrolobular nodules

Yes

4 26 F No Yes 38 No No Consolidation
Minimal ground 
glass opacities

No

5 38 F No No 354 No No Consolidation
Ground glass opacities

Nodules

No

CRP — C-reactive protein; ECMO — extracorporeal membrane oxygenation
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evaluation, received support treatment with hy-
dration and a wide spectrum -lactam. Within 
48 hours, the respiratory conditions suddenly 
deteriorated, respiratory distress increased and 

2 2 was below 100. The patient died soon 
after admission to ICU and intubation. It is 
peculiar that the CT scan showed two areas of 
consolidation in the right lung while the left lung 
was substantially spared with only a minimal 
amount of ground glass in the left lower lobe. The 

The patient n. 5 was a 38-year-old woman 
with no past medical history. After two days of 

2 83% 
2 2 150, leukocytes 10700/mcL, 

previous patient, her CT scan showed a massive in-
volvement of both lungs with diffuse consolidation, 
ground glass and nodules (Figure 2). The woman 
was intubated but soon after she died from ARDS.

Discussion

In this study, we describe the clinical and 
radiological presentation of measles-associated 
pneumonia during a recent measles outbreak in 
a group of patients admitted to the emergency 
room of a large tertiary care city hospital. Few 
previous researches have evaluated measles-as-
sociated respiratory complications in adults [16, 
17]. The low availability of data is due to the 
fact that in pre-vaccine time measles occurred, 
at least in Western countries, mainly in school-
aged children. Therefore, data on respiratory 

Figure 1. CT scan of patient n. 2 at admission (left) and after 3 days (right)

Figure 2. CT scan of patient n. 5 at admission before intubation. She died soon after
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complications in selected adult groups are rare, 
although it is generally accepted that the burden 
of complications in adults is heavier than in chil-

life-threatening complications [18]. The main 
-

break, measles-associated pneumonia has been 
common, severe and fatal among unvaccinated 
otherwise healthy young adults. Making a com-
parison with other studies on the incidence of 
measles-associated pneumonia during the latest 

methodologies. In the city of Messina (not far from 
Catania) in 2017, in a group of 59 patients with 
measles, only 4% developed pneumonia [19]. We 

assessed patients who were referred to the ED for 
a severe clinical presentation. It is noteworthy 
that, in the same time frame evaluated in our 
study (January to July 2018), the incidence of 
measles-associated pneumonia in Italy has been 
around 10%, with 7% of the patients presenting 
respiratory failure [13]. This percentage includes 
children (probably lowering the incidence), but it 
is relevant that the highest frequency of compli-
cations and mortality has been reported in adults 

deaths in Italy were adults. An observation that
can be inferred from our data is that, although the
lack of vaccination was a major risk factor for all
patients, the respiratory morbidity and mortality
from measles was unpredictable. In a previous
report on patients admitted to ICU for measles,
a number of patients had immunodepression
(organ transplantation of HIV infection) and im-
portant respiratory morbidity [17]. In our patients,
there was no known cause of immunodepression.
It is true that two out of 5 patients admitted to
ICU had a comorbidity (mild asthma and gastric
bypass), but the two patients who died, apparent-

a difference in infecting genotypes can be evoked,
however, we were not able to differentiate the
genotypes and so far, no correlation between
the genotype and the severity of the disease has
been suggested [2]. In addition, we were not able
to discern a putative bacterial superinfection, as
there was no time for collecting bronchial aspi-

was high. However, this is only a speculation as
no post-mortem was available.

radiological features of measles-associated pneu-
monia. It is well acquired that the main feature 

of viral pneumonia is a radiological interstitial 
pattern [20, 21, 22]. A typical measles pneumonia 

-
-

ened interlobular septa [20]. Hilar lymphadenopa-
thy and pleural effusion have also been described 

follow-up images 20]. In a previous report de-
scribing critically ill adults, the CT scan showed 

61 % of the patients, whereas only in a minority 
of cases, alveolar consolidation was found [17]. 
We observed that 4 out of 5 patients had consol-
idation and this can be due to the severity of the 
disease. Usually, as the viral disease progresses, 
consolidation areas can overlap ground-glass. In 

as the cause of consolidation, particularly if asso-

et al. recently reported in 11 cases of pneumonia 

2 2 and the presence of reticular 
pattern [16]. We found that patients with mild re-
spiratory impairment had predominately a ground 
glass pattern and the presence of reticular pat-
terns was uncommon. Also, the two patients who 

consolidation in both lungs, whereas the other 

We conclude that during the latest measles 
epidemic the respiratory impairment has been 
frequent, severe, fatal and unpredictable. The 
paradigm that complications from viral infections 

should now be revisited. The non-vaccinated 
status is a major risk factor for measles-associ-
ated complications even in healthy young sub-
jects. These data strongly support the concept that 
implementation of vaccination policies should 
be mandatory.

None declared.
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Analysis of the incidence of acute respiratory diseases 
in the paediatric population in Poland in the light 
of the “Health Needs Map”

Introduction: Statistical data on the structure of acute respiratory diseases incidence in the paediatric population are still scarce. 
The demand for such data results mainly from the need to constantly implement new systemic and economic solutions. 
The aim of the study was to attempt to use reported data for an assessment of the incidence of acute respiratory diseases in 
various age groups.
Material and methods: An analysis of selected acute respiratory diseases was conducted in relation to diagnoses reported from 
1 January to 31 December 2014 to the National Health Fund (NFZ, Narodowy Fundusz Zdrowia) in accordance with the codes 

under the Knowledge Education Development operational programme co-funded by the European Social Fund.
Results: A total of 101,000 children were hospitalised due to acute respiratory diseases, which amounted to 1,554 hospitalisa-
tions per 100.000. The most common causes of hospitalisation were pneumonia and bronchitis/bronchiolitis. Boys were hospital-
ised more often in each age group. The shortest average length of stay (ALOS) was 5.21 days and concerned hospitalisation due 
to bronchitis. The longest length of stay for children was due to tuberculosis (14.3 days). The highest age average of a child was 
recorded in pleural diseases (10.51 years) and the lowest in bronchitis (2.93 years). Rehospitalisation was necessary in children 
in whom tuberculosis or pleural diseases were diagnosed (1.43 vs 1.34). A total of 67 inpatient deaths were recorded, of which 
19 were due to pneumonia or its complications.
Conclusions: 
from those reported in other European countries. The analysed data may be useful in estimating health needs in paediatrics. 

Key words: children, hospitalisation, lung infection
Adv Respir Med. 2020; 88: 204–214

Introduction

Acute respiratory diseases in the paediatric 
population are one of the most common causes of 
paediatrician or general practitioner visits, both 
in outpatient  and hospital care. The demand for 
epidemiological data on this group of diseases 
in children results from the need to implement 
well-thought-out systemic solutions which cover 
above all the assessment of health needs of this 

age group. Epidemiological knowledge is neces-
sary for planning an appropriate level of contract-
ing, both in hospital  and  outpatient care, and for 
assessing the institutional and staff needs in order 
to secure them. Outpatient and hospital databases 
are among valuable repositories of clinical infor-
mation that may provide an important insight into 
the health needs of the population [1]. They may 
also be used to develop locally relevant indicators 
of child’s health and well-being [2]. The aim of 
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the paper was to analyse the data reported to the 
National Health Fund (NFZ, Narodowy Fundusz 
Zdrowia) in order to assess the incidence of se-
lected acute respiratory diseases in children.

Material and methods

Data analysis was conducted under the 
“Maps of Health Needs — Database of Systemic 

and Implementation Analyses” project which was 
co-funded by the European Social Fund under the 
Knowledge Education Development operational 
programme. On 31 December 2016, the project 
results were published on the website of the 
Ministry of Health, including data on acute re-
spiratory diseases in children. The Polish project 
was carried out by the Department of Analyses 
and Strategy of the Ministry of Health. Its main 
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Pneumonias 73255 100 68543 100 1.07 534334 7.29

0–1 30208 41.24 28006 40.86 1.08 240340 7.96

Female 12650 41.88 11825 42.22 1.07 99928 7.90

Male 17558 58.12 16181 57.78 1.09 140412 8.00

2–5 29919 40.84 28064 40.94 1.07 200355 6.70

Female 13482 45.06 12689 45.21 1.06 91200 6.76

Male 16437 54.94 15375 54.79 1.07 109155 6.64

6–17 13128 17.92 12473 18.20 1.05 93639 7.13

Female 6179 47.07 5866 47.03% 1.05 44616 7.22

Male 6949 52.93 6607 100.00% 1.05 49023 7.05

Bronchitis 32366 100 30585 100 1.06 168661 5.21

0–1 15221 47.03 14212 46.47 1.07 88142 5.79

Female 5907 38.81% 5550 39.05 1.06 33994 5.75

Male 9314 61.19 8662 61.95 1.08 54148 5.81

2–5 12136 37.50 11512 37.64 1.05 56718 4.67

Female 4899 40.37% 4670 40.57% 1.05 23328 4.76

Male 7237 59.43 6842 59.43 1.06 33390 4.61

6–17 5009 15.47 4861 15.89 1.03 23801 7.96

Female 2252 44.96% 2184 44.93% 1.03 10968 4.87

Male 2757 55.04 2677 55.07 1.03 12833 4.65

668 100 467 100 1.43 12534 14.30

0–1 73 10.93 44 9.42 1.66 802 8.77

Female 28 38.36 18 40.91 1.56 363 11.11

Male 45 61.64 26 59.09 1.73 439 7.31

2–5 157 23.50 109 23.34 1.44 2159 11.76

Female 67 42.68 49 44.95 1.37 1149 13.64

Male 90 57.32 60 55.05 1.50 1010 10.37

6–17 438 65.57 314 67.42 1.39 9573 16.19

Female 226 51.60 149 47.45 1.52 4731 16.17

Male 212 48.40 165 52.55 1.28 4842 16.20
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goal was to improve the quality of management in 
the current health care system based on the data 
reported to the NFZ. Continuation of the com-
menced analytical actions will make it possible 
to take a position on decisions taken by persons 
responsible for health care management in Poland 
on the national, regional and local levels, carried 
out by individual service providers.

Analyses of acute respiratory diseases were 
conducted in relation to the diagnoses reported 
between 1 January 2014 and 31 December 2014 to 
the National Health Fund (NFZ) as per the codes 
of the 
Diseases and Related Health Problems, 10th Revi-
sion (ICD-10): pneumonias A37, B44, J10–J18, J69, 
bronchitis/bronchiolitis J20–J22, pleural diseases 
J85, J86, J90–J94, tuberculosis A15–A19, A31, 
B90, pulmonary oedema J81, acute respiratory 
failure J80, J96.0, other J68, J95, R05, T81.8. 

the number of new patients with a given diagnosis 

from the public funds per 100,000 inhabitants in 
a year. The analyses considered the age group of 
children. A child reported to the NFZ was con-

a given diagnosis of an acute respiratory disease 

Results

Respiratory diseases were the most common 
group of general paediatric diagnoses in Poland 
in 2014, constituting 32.4% of all hospitalisa-
tions across the country. A total of 101,000 chil-
dren were hospitalised due to acute respiratory 
diseases (1554 hospitalisations per 100,000 chil-
dren). Relative to the total number of hospital-
isations of children in Poland, the percentage 
of hospitalisations due to acute respiratory 
diseases was 7.30%, and 1.45% relative to the 
size of the Polish paediatric population [3]. The 

most common reason for hospitalisation was 
pneumonia (68%), bronchitis or bronchiolitis 
(30% in total). The shortest average length of 
stay (ALOS) was 5.21 days and concerned hos-
pitalisation due to bronchitis. Basic data (by 
sex and age group) on children hospitalised due 
to pneumonia, bronchitis and tuberculosis are 
presented in Table 1.

Based on available data, the deaths and death 
rate in children due to acute respiratory diseases 
were analysed. Summary results are presented 
in Table 2.

Multifactorial analysis of variance test was 
used for a comparison of the percentage of deaths 
among children, depending on the voivodship 
and age group. Multifactorial ANOVA test were 
applied for the leading causes of deaths among 
acute respiratory disease (pneumonia, bronchitis 
and acute respiratory failure). Test results are 
presented in Table 3.

In the pneumonia group, death was statis-
tically often observed in the youngest analysed 
group (0–1), however, there were no differenc-
es according to the treatment in the analysed 
province. Among the death because of acute 

observed between the provinces.  In case of 
bronchitis, neither the main effects (province P 
= 0.563, age group P = 0.664) nor the province 
age group interaction (P = 0.997) were statisti-

Pneumonia in children
Pneumonias were the most common cause of 

hospitalisation due to acute respiratory diseases, 
both in adults and children. In 2014, 73,255 hospi-
talisations due to pneumonia were reported among 
children and adolescents up to 18 years of age (by 
comparison, there were 59,790 hospitalisations in 
adults). The calculated incidence per 100,000 was 
956.11 in children and 235.96 in adults. It was 
observed, both in children and adults, that in-

Disease group No. of patients Share of 
inpatient deaths

Death rate 30 days 
after discharge

Death rate 90 days 
after discharge

Total

Pneumonias 68538 19 24 74 117

Bronchitis 30582 0 5 11 16

Acute respiratory failure 929 46 14 22 82

Tuberculosis 467 0 0 0 0

Pleural diseases 370 2 0 1 3

Other 140 0 0 0 0
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cidence and hospitalisations due to pneumonia 
were seasonal, with the nadir in the summer 
season (June to August) and increased incidence 
in the autumn and winter season (Figure 1). 
ALOS for pneumonia is presented in Table 1.

Analysed was also the registered incidence 
of pneumonia by age group in all of Poland. 
The highest rate was calculated for the group of 
infants (3847.26 per 100,000), among children 

2 to 5 years of age (1572.72 per 100,000) and 
above 6 years of age (270.59 per 100,000). The 
percentage share relative to the entire paedi-
atric population was as follows — children up 
to 1 year of age constituted as much as 42.7%, 
children 2 to 5 years of age — 38.7%, and chil-

group, boys required hospitalisation more often 
(Table 1). The average age of a paediatric patient 

Disease group df Sums of squares Mean square F statistic P

Pneumonias Province 15 0.00157 0.0001044 1.100 0.35160

Age group 2 0.00127 0.0006362 6.700 0.00128

Province Age group 30 0.00215 0.0000717 0.755 0.82751

Residuals 1114 0.10508 0.0000943

Bronchitis Province 15 0.00062 0.0000413 0.901 0.56300

Age group 2 0.00004 0.0000188 0.409 0.66400

Province Age group 30 0.00060 0.0000200 0.437 0.99700

Residuals 1057 0.04846 0.0000459

Acute 
respiratory 
failure

Province 15 3.06700 0.2044600 2.528 0.00157

Age group 2 0.25200 0.1262000 1.560 0.21190

Province Age group 30 1.60300 0.0534400 0.661 0.91395

Residuals 277 22.40400 0.0808800

Figure 1. Daily number of hospitalisations due to pneumonia and bronchitis/bronchiolitis in children
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requiring hospitalisation due to pneumonia was 
3.25 years. Figure 2 summarises the structure of 
registered incidence of pneumonia and bronchitis 
by age group.

Bronchitis
In 2014 in Poland, there were 46,241 hospi-

the ICD-10 codes J20-J22. Seventy percent of all 
hospital stays (32,366) were hospitalisations of 
children and adolescents up to 18 years of age. In 
the adult population, only 13,875 hospitalisations 
were reported (most were exacerbations of chron-

of emergency admissions was 26,875 (83%) in 
children and adolescents, and 11,592 (84%) in 
adults. As in the case of pneumonia, a season-
ality of incidence and hospital admissions was 
also observed (Figure 1). The calculated ALOS 
due to bronchitis/bronchiolitis is presented in 
Table 1. Code ICD-10: J21 (bronchiolitis) was 
isolated from among the overall coding data. 
1,754 children under 1 year of age and 196 chil-
dren aged 2 to 5 were hospitalised, and 11 pa-
tients above 6 years of age were diagnosed with 
bronchiolitis. The most commonly hospitalised 
due to bronchitis were children up to 1 year of 
age, irrespective of their place of residence. The 
registered incidence rate in this age group was 
2633.4 per 100,000. In the group of children aged 
2 to 5 years, registered incidence was calculated 
to be 1220.3 per 100,000, and for children above 

adults, this rate was 108.68 per 100,000. The 

structure of registered incidence, including the 
adult population, is presented in Figure 2. The 
calculated percentage share relative to the paedi-
atric population only was as follows — children 
up to 1 year of age: 39.2%, children 2 to 5 years 
of age: 40.3%, children 6 years of age and older: 
20.5%. In each of the analysed age groups, boys 
were hospitalised more often (Table 1), and the 
average age was 2.93 years.

In 2014, 467 children were hospitalised in 
Poland with the ICD-10 code for tuberculosis. The 
average length of stay was longest in the group of 
acute respiratory diseases (14.3 days). The struc-
ture of registered tuberculosis incidence in chil-
dren by age and province is presented in Table 4. 
IGiChP data for 2014 are provided for the sake of 
comparison [4].

Univariate analysis of variance (ANOVA) 
test was used to differentiate the incidence of 
tuberculosis between province. Test results are 
presented in Table 5. 

ANOVA test results showed group differences 

except the group aged 0 to 1 year. 
Registered incidence of tuberculosis by age 

group was also analysed. Tuberculosis incidence 
in the paediatric population constituted only 
a small percentage (4.1%) relative to other age 
groups (Figure 3). The average age of a paediatric 
patient requiring hospitalisation due to tubercu-
losis was 8.91 years.

Figure 2. Structure of registered incidence of pneumonia (left) and bronchitis (right) by age group
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Pleural diseases
Pleural diseases were the cause of hospital-

isation of 370 children, who required 494 hospital 
stays (number of hospitalisations per patient: 
1.34). The calculated average patient age was 
10.51 years, and ALOS was 11.2 days. Pneu-

-
quiring hospitalisation (incidence rate of 2 per 
100,000 children). In this group, as many as 
133 children (92%) were older than 6 years of age. 
225 children (including only 16 infants) were hos-

-
sion. As part of the implementation of the project, 
the 10 most commonly reported ICD-9 procedures 

were selected from the databases, of which radio-
logical examination, pleural drainage, and chest 
ultrasound, essential for pleural diseases, were 
reported 311, 163, and 123 times, respectively.

Acute respiratory failure
Acute respiratory failure was diagnosed 

in 929 children (996 hospitalisations). The av-
erage patient age was 4.19 years, and ALOS 
was 7.24 days. After analysing the accompany-
ing codes of acute respiratory failure, the ICD-
10 codes most commonly accompanying it were 
identified. The most common accompanying 

Province 0– 1 year of age 2–5 years of age 6–17 years of age

0– 14 years of age 15–19 years of age

11.4 2.6 5.3 1.2 2.8

5.1 4.5 7.4 0.6 1.7

– – 4.2 0.6 4.0

– – – – –

13.5 12.0 16.2 0.6 8.6

17.5 14.6 10.9 0.8 1.0

17.1 13.6 15.0 3.4 7.0

– – 1.8 – 9.5

– 2.3 2.6 0.6 3.1

14.1 8.5 13.4 1.2 2.9

6.2 17.7 11.6 0.3 1.6

2.4 2.2 5.0 2.8 6.2

– – 4.8 – 4.2

– 14.5 6.6 – 3.5

– 5.0 3.0 0.7 3.6

39.1 30.6 18.4 – 3.2

Poland 8.8 8.6 8.5 0.2 2.8

Age group Source of variation df Sums of squares Mean square F statistic P

0–1 Province 15 1795 119.67 0.6021 0.8733

Residuals 364 72342 198.74

2–5 Province 15 11305 753.68 3.5252 < 0.0001

Residuals 364 77823 213.80

6–17 Province 15 10491 699.40 5.5555 < 0.0001

Residuals 364 45825 125.89
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and G80.9 (cerebral palsy), both reported in the 
case of 8% of all hospitalisations. Among the 
10 most commonly reported ICD-9 procedures 
in patients hospitalised with diagnosed acute 
respiratory failure, there was no invasive or 
non-invasive ventilation. Oxygen therapy was re-
ported 215 times in 929 patients (23%) and pulse 
oximetry and gasometry were reported 278 (30%) 
and 121 times (12.6%), respectively.

Other acute respiratory diseases
In this diverse set of diseases (ICD-10 codes 

— J68, J95, R05, T81.8), 143 hospitalisations were 
reported in 140 children. It amounted to only 
0.1% of all hospital stays due to acute respiratory 
diseases, and therefore, no detailed analysis of 
the available data was conducted.

Discussion

Acute respiratory diseases in the paediatric 
-

tries. They are a common cause of hospitalisa-
tion and a reason for necessary out-of-hospital 
medical services. In 2014, acute respiratory 
diseases constituted 32.4% of all hospitalisations 
among children. Similar results were obtained by 
Nguyen et al. The authors found that respiratory 
diseases in a tertiary hospital in Hanoi were the 
most frequent, accounting for 37.7% of all hos-
pital admissions [5]. By comparison, in 2012 in 

the United States, this percentage for children 
up to 17 years of age (excluding the neonatal pe-
riod) was 22 [6]. Each year in Poland, about 7 to 
8% of children with respiratory infections are 
hospitalised. According to Pancer et al., hospi-
talisation is required more often in infants (15 to 
17%) and in children up to 4 years of age (about 
30%) [7]. In the Hanoi population, 45.8% of the 
hospitalised children with a respiratory disease 
were infants. Hospital admissions for the same 
reason in the group of children from 5 to 17 years 
were 19.6% [5]. Similarly, in our data, a decreas-
ing tendency has already been observed in the 
population of children above 2 years of age, and 
especially among children above 6 years of age. 
The recommended vaccination against pneumo-
coccus may contribute to this, however, the lack 
of reliable data on the aetiology of pneumonias 
and on the percentage of children vaccinated 
in 2014 only enables a casual hypothesis in our 
reports. According to earlier data of the National 
Institute of Public Health — National Institute 
of Hygiene (NIZP-PZH) from 2010, children 
under 1 year of age and persons above 65 years 
of age were the most often hospitalised. In the 
population up to 18 years of age, the most often 
hospitalised due to respiratory diseases were chil-
dren under 10 years of age, however, the highest 
percentage were patients up to 5 years of age [8]. 
Gajewska et al. also pointed out in their studies 
that the incidence rates decrease with the child’s 
age [9, 10]. Nguyen et al. found that in the infant 
group, the hospitalisation rate in 2014 due to 
pneumonia was 34 per 1,000 children and only 
5 per 1,000  for children aged 1 to 4 years [5]. In 
the same time frame in Poland, 56,070 children 
under 5 years of age were hospitalised in Poland 
due to pneumonia, which allows us to calculate 
the prevalence rate at 0.02 per child per year. 
This complies with the data coming from other 
developed countries [11]. In our analyses, older 
children required hospitalisation 4 times less of-
ten. The average length of stay due to pneumonia 
was 7.29 days. Children up to 1 year of age were 
hospitalised for the longest time (7.96 days). In 
the Vietnamese population, the average length of 
stay due to pneumonia was 6.42 [5]. In a paper 
by Gajewska et al., LOS was 10.1 in 2007 and 
8.2 in 2011. Children up to 2 years of age were 
hospitalised for the longest time (nearly 11 days 
in 2007 and 9 days in 2011). A study of numer-
ous papers from the subsequent years shows 
that the length of stay becomes shorter with age. 
By comparison, the average length of stay in the 
United States — irrespective of the cause — was 

Figure 3. Structure of registered incidence of tuberculosis by age group
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3.9 days in 2012. The shortening of the length of 
hospitalisation may also result from a different 
system of insurance, which in as much as 43.6% 
of all cases is based on private insurance, and 
from a system of insurance settlements, which 
is different from that in Poland [6]. Moreover, 
a decrease in length of stay observed in another 
country was associated with a decreased thresh-
old for hospital admission. On the other hand, an 
increase in unplanned admissions or an increase 
in short-stay admissions, which was observed 
in Poland, may result from primary health care 

Another equally common acute respiratory 
disease requiring hospitalisation was bronchi-
tis/bronchiolitis. Incidence of these diseases in 
2014 in the group of children under 1 year of age 
was 2633.4 per 100,000. The data published in 
the ERS White Book 2011 recorded incidence in 
this age group at 2773.7 per 100,000. Similar data 
comes from Finland, the Czech Republic, Austria, 
Switzerland, and the United Kingdom [11]. 
A separate analysis of the ICD-10 code: J21 (bron-
chiolitis) made it possible to calculate registered 
incidence in the group of children up to 1 year of 
age, hospitalised with bronchiolitis at 238.34 per 
100,000. Ten times and one hundred times lower 
values were calculated respectively for the age 
groups 2 to 5 years of age and above 6 years of age. 
The obtained results match the data concerning 
the diagnosis of bronchiolitis as a disease charac-
teristic for the infant population. As in the case of 
pneumonias, in each of the age groups analysed, 
boys were hospitalised due to bronchitis more 
often. Similar conclusions were reached by De 
Lusignan et al. General practitioners in England 
more often diagnosed (in outpatient clinics) lower 
respiratory tract infections, mainly bronchitis, in 
boys up to 15 years of age [13].

Both in pneumonia and bronchitis, incidence 
is seasonal, with the nadir in the autumn and 
winter season. It corresponds with infections 
common in a moderate climate, mainly viral 
infections, during the “colder” seasons. The 
number of hospitalisations is affected by, in the 
case of bronchitis, infections caused by the re-

virus. Peak hospitalisations due to pneumonia 
-

cidence recorded at that time by the National 
Institute of Hygiene (PZH) [14]. In a population 
of 236 children under 16 years of age, Finianos 
et al. observed that the majority of positive re-
sults of tests for viral infections were recorded 

between December and March [15]. Ramaekers 
et al. observed a clear increase in the number of 
viral infections between 2011 and 2016, mainly 

the winter season [16]. According to our data, 
a reduced number of hospitalisations, both in the 
pneumonia and bronchitis group, was observed 
during Easter (20 April 2014) and Christmas. In 
accordance with observations resulting from the 
authors’ experience, in these special periods, 
children remaining at hospitals are those most 
ill and requiring treatment continuation in closed 
health care conditions. Summing up, it must be 
emphasised that the seasonality of respiratory 
infections and the periods of church holidays 
affect the variations in the use of resources (such 
as hospital beds and medical staff), which is 

care, irrespective of the system in place.
Another issue analysed was an evaluation of 

death rates due to acute respiratory diseases. Ac-
cording to our data, in 2014 a total of 117 deaths 
due to pneumonia were reported to the National 
Health Fund (NFZ), however, only 19 children 
died during hospitalisation. Multifactorial anal-
ysis of variance showed that in those cases, 
a province was not relevant, but interestingly, we 

-
cording to the age. The highest death rate was ob-
served in the youngest children, although deaths 
did not depend on treatment in the provinces. No 
inpatient deaths due to bronchitis or bronchiol-
itis were reported. At the same time, death due 
to acute respiratory failure (ICD-10- J96) during 
hospitalisation was reported in 46 patients under 
18 years of age, and 36 additional children died 
within 90 days after discharge. We observed 
that the province has an impact on death due 
to acute respiratory failure. There is no simple 
explanation of that because we analysed namely 
registered incidence of each disease and also 
deaths. Children with complication due to many 

probably hospitalised not only in the district 
hospital but were transported to the voivodship 
hospital, however, there is no simply data in the 
system on that. In accordance with the available 
data by the World Health Organisation (WHO) 
and Europe Mortality Databases, the rate of deaths 
in Poland in 2011 — including deaths due to 
bronchiolitis, bronchitis and pneumonia — was 
14.36 per 100,000 in the population of children 
up to 1 year of age, and the death rate in severe 
pneumonia among children up to 15 years of age 
was 1.91 per 100,000 [17]. According to the data 
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reduction in the death rate among children 1 to 
14 years of age in Poland is a positive phenome-
non, observed constantly for several years now. 
In 2014, 3,114 children up to 19 years of age died 
[3] of which 5.7% (178 children) were deaths due 
to pneumonia [18]. The highest death rate due 
to this reason was recorded in a group of infants 
(1.6%) and the lowest in the group of children 
10 to 14 years of age (0.38%) [8, 18]. The hard-
to-explain differences in the reports presented in 

(GUS) may result, for example, from incorrectly 
completed death reports by doctors or from incor-

or respiratory arrests as a consequence of acute 
respiratory failure, notoriously entered into the 
death reports, are after all not the cause of death 
but a consequence of the underlying cause. Code 
J96 (respiratory failure) belongs to the extended 
list of the so-called “garbage codes” which fail to 
precisely and accurately describe various con-
ditions and diseases, thus preventing a precise 
determination of the cause of death.

Interesting but difficult to interpret, are 
the data reported to the NFZ concerning tuber-
culosis. According to our study, 467 children 
were hospitalised in Poland in 2014 with such 
a diagnosis. The data differ considerably from 
the data published in the IGiChP 2014 Bulletin. 

of 70 cases of tuberculosis were reported in the 
group of children up to 14 years of age, and 86 cas-
es were reported in the age group of 15 to 19 years 
of age [19]. Similarly, divergent are the data 
coming from individual provinces. The highest 
incidence was registered in the Zachodniopomor-
skie Province, although according to the IGiChP 
data, there was not a single report to the Central 
Register in the group of children up to 14 years 
of age, and details of only 3 patients were entered 
among children aged 15 to 19. Data most similar 
to those coming from IGiChP were obtained in 

-
ance to differentiate the incidence of tuberculosis 
between voivodships. We observed, that there is 

tuberculosis depending on the province. ANOVA 
test results showed group differences to be sig-

youngest one. One of the explanations why there 

age is that in this special group, tuberculosis was 
recognised very rarely. The important question is 

why data vary so greatly in most provinces? It is 

is obliged to report each infection to the State 
District Sanitary Inspector or to the State Border 
Sanitary Inspector appropriate for the site of iden-

under the Infectious Diseases Act of 5 December 
2008 [20]. One of the most rational explanation 
may be that ICD-10 tuberculosis diagnosis codes 

with the NFZ when it is suspected, and therefore, 
when it is necessary to carry out examinations to 

-
iChP — which translates into the data published 
in the bulletin — is made only when the disease 

not when it is suspected.
Pleural diseases were also included in the 

acute respiratory diseases group. Half in this group 
was pneumothorax, which in as much as 92% was 
the cause of hospitalisation in the group of chil-
dren above 6 years of age. It corresponds with the 
reports by both national and foreign centres [21, 

often in the group of older children and in adoles-
cents. According to our data, incidence in Poland 
in 2014 may be assessed at 2 per 100,000 children. 
Among the analysed procedures reported during 
hospitalisation due to pleural diseases, there were 
no biochemical, cytological and microbiological 
tests of pleural effusion — all essential from the 
point of view of medical treatment. Also, no tho-
racentesis (pleural tap) was listed — a procedure 
less invasive than surgical drainage. In a group of 
370 patients, pleural drainage was reported in 44% 
of patients, and chest ultrasound in only 30% of 
patients. It should be stressed that these are essen-
tial procedures in managing patients with pleural 
effusion. For children, the percentage of pleural 
ultrasound should be close to 100%.

When analysing the issue of acute respi-
ratory failure, it was observed that the use of 
oxygen therapy (only in 23% of all children) and 
of invasive and non-invasive ventilation were 
reported relatively rarely. It should be stressed 
that supporting ventilation by means of various 
methods and/or oxygen therapy are vital thera-
peutic procedures  in the treatment of respirato-
ry failure. It is therefore not possible that these 
methods were not used in such diagnosis. Such 
a low percentage results from failure to  include 
these procedures in reports.

The strength of this paper is that it comprises 
data coming from one source in the same period 
of time, which makes it possible to compare it 
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with data from other European health systems. Its 
weakness is the lack of accurate data concerning 
performed ICD-9 procedures, which may result, 
among others, from the fact that the statistical 
records are not accurately completed. In 2014, in 
most hospitals, this data was entered by doctors 
or medical secretaries themselves. Automatic 
data entering will contribute positively to the 
reliability of available data.

The analysis performed by the authors of this 
study raises several questions for future investiga-
tions. First of all, why are there still so many hos-
pitalisations due to respiratory diseases? Second, 
what is the importance of the distance between 
the place of residence and hospitals, insurance 
and hospital LOS? Thirdly, how to shorten LOS, 

reduce costs without jeopardising the quality of 
care? Understanding these factors will provide the 
information needed to plan and implement evi-
dence-based prevention and treatment strategies.

Summary

The presented data on acute respiratory 
diseases reported in 2014 to the NFZ seem quite 

reported in other European countries. The tu-
berculosis incidence rates, and acute respiratory 
disease death rates are a clear exception which 
requires, above all, improved reporting. Based 
on results obtained from data analysis, it seems 
that a skilful use of the reported data in combi-
nation with appropriate communication between 
the service provider and the payer will make it 
possible to appropriately assess the needs with 
respect to both hospital  and outpatient care in 
acute respiratory diseases in children.

Acute respiratory diseases in the paediatric 
population are one of the most common causes of 
paediatrician or general practitioner visits, both 
in outpatient  and hospital care. The demand for 
epidemiological data on this group of diseases 
in children results from the need to implement 
well-thought-out systemic solutions which cover 
above all the assessment of health needs of this 
age group. Epidemiological knowledge is neces-
sary for planning an appropriate level of contract-
ing, both in hospital  and  outpatient care, and 
for assessing the institutional and staff needs in 
order to secure them. Clinical information from 
the databases is relevant to the development of 
local health needs. 
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Chronic obstructive pulmonary disease is associated 
with a higher level of serum uric acid  

 systematic review and meta-analysis

Abstract
Introduction: Recent studies have suggested that patients with chronic obstructive pulmonary disease (COPD) may have a higher 
level of serum uric acid compared with individuals without COPD, although the data are still limited. The current systematic review 
and meta-analysis was conducted to summarize all available data.
Material and methods: A systematic review was performed using the MEDLINE and EMBASE databases from their inception 
to July 2019. Studies that were eligible for the meta-analysis must have consisted of two groups of participants, patients with 
COPD and individuals without COPD. The eligible studies must have reported either mean or median level of serum uric acid and 
its standard deviation (SD) or interquartile range of participants in both groups. Mean serum uric acid level and SD of participants 
in both groups were extracted from each study and the mean difference (MD) was calculated. Pooled MD was then computed 
by combining MDs of each study using random effects model.
Results: A total of eight studies with 1,612 participants met the eligibility criteria and were included in the data analysis. The 

0.91 mg/dL (95% CI: 0.45–1.38; I2 = 89%).
Conclusions: 
without COPD.

Key words: chronic obstructive pulmonary disease, serum uric acid, meta-analysis
Adv Respir Med. 2020; 88: 215–222

Introduction 

Chronic obstructive pulmonary disease 
(COPD) is one of the most common pulmonary 
disorders worldwide. The disease is character-
ized by persistent respiratory symptoms due 
to airflow limitation. Airway and/or alveolar 
abnormalities of COPD are usually caused by 

[1]. COPD is currently the fourth leading cause 
of death globally according to the World Health 
Organization (WHO) and is predicted to become 
the third leading cause of mortality by 2030 [2]. 

Mechanisms that lead to airway destruction in-

and enhanced apoptosis [3–6].
Hyperuricemia is a common metabolic ab-

normality that can lead to various clinical phe-

laboratory abnormality to acute gouty arthritis 
and urate nephropathy [7–8]. Recent studies have 
suggested that serum uric acid level could be 

among patients with pulmonary diseases [9–10]. 
The increased level of serum uric acid is thought 
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to be a consequence of increased purine catabo-

current systematic review and meta-analysis was 
conducted to compare serum uric acid level be-

Material and methods

Search strategy
-

to July 2019. Search terms were compiled from 
terms related to COPD and uric acid. The detailed 
search strategy is provided in the supplementary 
data 1 -
ences of the included studies were also manually 
reviewed for additional eligible studies. This 
study was undertaken in accordance with the 
Preferred Reporting Items for Systematic Reviews 

is available as supplementary data 2.

Inclusion criteria
Studies that were eligible to be included into 

the meta-analysis must have consisted of two 

either mean or median level of serum uric acid 
of participants in both groups and its standard 

Study eligibility was independently deter-

Different opinions were resolved by conference 
with the senior investigator (P.U.). The quality 
of each study was jointly evaluated by all in-

assessment scale for cohort studies [20] and the 

scale as described by Herzog et al. for cross-sec-
tional studies [21].

Data extraction
A standardized data collection form was used 

-

was independently performed by the same three in-

discrepancies found in the case record forms were 
resolved by referring back to the original articles.

Statistical analysis 
Mean serum uric acid level and SD of partic-

study and the mean difference (MD) was calculat-
ed. Pooled MD was then computed by combining 
MDs of each study using random effects model. 
If the study provided median and interquartile 

be used as an estimate for mean and SD would 
be estimated from interquartile range divided 
by 1.35. The heterogeneity of the MDs across 

2 statis-
tics. A value of I2

moderate heterogeneity and 76–100% high het-
erogeneity [22]. Visual inspection of funnel plots 
was used to assess for the presence of publication 
bias. Data analysis was performed using Review 
Manager 5.3 software from the Cochrane Collab-

Results

-
tially relevant articles (412 articles from EMBASE 

-

underwent title and abstract review. A total of 

and outcome of interest. A total of 20 articles 
were retrieved for full-length article review and 

not report the level of serum uric acid among par-

-

review and selection process are shown in Figure 
1. The characteristics of the included studies and
their quality assessment are described in Table 1.

Serum uric acid level among patients
with COPD versus individuals without COPD

increased serum uric acid level among patients 
with COPD compared with individuals without 
COPD with the pooled MD of 0.91 mg/dL (95% 

was high with an I2 of 89%. Figure 2 demonstrated 
the forest plot of the included studies.
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Figure 1. Literature review process

Evaluation for publication bias
Funnel plot was used to evaluate for the 

presence of publication bias as shown in Figure 
3. The plot was relatively asymmetric and may
suggest the presence of publication bias.

Sensitivity analysis
-

clude two studies [17–18] that reported median 

-

studies from the pooled analysis only slightly 
increased pooled MD to 1.16 and remained sta-

2

a substantial impact on the pooled result (sup-
plementary data 3).

Discussion

The current study is the first systematic 
review and meta-analysis that summarized data 
from all available studies that compared the level 
of serum uric acid among patients with COPD 

level of serum uric acid level than individuals 
without COPD with the difference of almost 

magnitude of uric acid reduction clinicians can 

who follow low-purine diet [23]. This observation 

in vitro and animal studies have indicated that 

a prominent feature of COPD [27]. Uric acid is 

-

possible that the higher level of serum uric acid is 

Because of the observational nature of the 

observed association between COPD and high-
er serum uric acid level is not causal with no 
direct mechanistic link. A recent systematic 
review found that metabolic syndrome is com-
mon among patients with COPD that is found 
in about one-third of them [30]. Since there is 

observed higher level of serum uric acid level 
could be confounded by co-morbidities rather 
than COPD itself. 

The results of this systematic review and 
meta-analysis may suggest that patients with 
COPD could be at a higher risk of hyperuricemia 
and serum uric acid may be worth checking for 

-

acute arthritis and kidney stones.
Few limitations of this systematic review 

-
tween-study heterogeneity was high in this anal-

studies could be too heterogeneous to combine 
together. The difference in background popula-
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Figure 3. Funnel plot o1.1f the meta-analysis
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tions of patients with COPD was the most likely 

of this analysis was relatively asymmetric and 
may suggest the presence of publication bias in 

the quality of some included studies was fairly 

Conclusions

level of serum uric acid among patients with 

confounding effect of co-morbidities. 
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Effective components of self-management programs for chronic 
obstructive pulmonary disease patients: scoping review

Abstract
Introduction: To date, little guidance is available to support the development of effective programs for improving self-management 
in chronic obstructive pulmonary disease (COPD) patients. Yet, given the global burden of this disease, it seems important to 
identify the components of a self-management program that are effective in terms of health outcomes for COPD patients.
Objectives: This review aims to identify effective elements of a self-management program for COPD patients, the ones that may 
impact quality of life, emergency visits, and rehospitalization rates.
Material and methods: A systematic literature search of three databases (Medline, Cochrane, and CINHAL) was conducted to 
identify studies on self-management of COPD, with three limiting parameters: published in twelve years prior to November 2019, 
in English or French, and including patients over 40 years old. Prisma was used to guide the work process. 
Results: The search yielded 361 studies from the three electronic databases by applying limiting criteria, and after removing 

initiation stage of the intervention, educational sessions, support and monitoring methods. 
Conclusions: Although the combination of self-management program initiation, educational sessions, support and monitoring 
methods were effective, further research is needed to identify the components that have better impact on COPD patients’ skills 
and quality of life.
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Introduction 

The burden of non-communicable diseases 
is increasing rapidly worldwide, and by 2020, 
they would account for nearly three-quarters of 
global deaths [1]. The World Health Organization 
(WHO) has called on all countries to provide in-
terventions, including self-care interventions, to 
address this global epidemic [2]. 

Chronic obstructive pulmonary disease 
(COPD) is one of the leading causes of morbidity 
and mortality worldwide [2]. Although the WHO 
had predicted in 2004 that COPD would become 
the third leading cause of death in the world by 

2030, this threshold has already been reached 
in 2010 [3]. Moreover, COPD is associated with 

-
bations account for most of the costs associated 
with the disease [5]. 

Complete recovery from the disease is cur-
rently not achievable and as it progresses, pa-

and disability to carry out activities of daily 
living, thus deterioration in their quality of life 
[6]. Therefore, researchers are increasingly inter-
ested in maintaining the quality of life of COPD 
patients [7]. Nonpharmacological interventions, 
such as smoking cessation, and self-management 
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are considered an integral component of the 
chronic care model of COPD management [2]. 
COPD self-management interventions was de-
fined as structured but personalized and often 
multicomponent interventions, with the goal 
of motivating, engaging and helping patients to 
positively adapt their behavior(s) and develop 
their skills to better manage their disease [8]. 
Better self-management could improve the 
quality of life and reduce emergency visits and 
hospital admissions for COPD patients [9]. This 
study aims to identify effective components of 
a self-management program for COPD patients, 
the ones that may affect quality of life, emergency 
visits, and rehospitalization rates. 

Material and methods 

Study type 
This scoping review was carried out using 

the following databases: Cochrane, Medline and 
CINHAL. PRISMA (Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses) was 
applied to guide the work process [10].

Eligibility criteria for the work 
The inclusion criteria were based on the 

“PICOTS” criteria [11, 12].
 — Population: Adult COPD patients aged 40 

years and over, with no restriction on the 
stage of the disease;

 — Intervention: Self-management program for 
non-hospitalized COPD patients;

 —
 — Outcomes: At least one of the following: im-

pact on the quality of life, rehospitalization 
rate and emergency visits;

 — Type of the study: Quantitative (RCT, NRCT) 
and all types of qualitative studies;

 — Setting: Outside.
In addition, the studies included had to be 

in English or French and published in the twelve 
years prior to November 2019. 

The summaries were read, as was the full 
article when in doubt about the inclusion criteria. 

inclusion criteria and generated new insights 
into the components of a COPD self-management 
program in patients over 40 years were selected 
as the prevalence of COPD is rare under the age 
of 40 (0.1%) [13].

The studies not meeting the inclusion crite-
ria, not including COPD patients or study proto-

Source of information 

The Medline, Cochrane and CINHAL data-
bases were queried, and the reference lists of the 
included studies analyzed.

Research strategy 
A literature search strategy was developed 

using the Medical Subject Headings (MeSH) 
thesaurus and key words related to COPD. After 

three databases was conducted with the same 
search and limiting parameters. 

Search equation 
The search was based on the use of Medical 

Subject Headings (MeSH terms). That included: 
Pulmonary Disease, Chronic Obstructive, Lung 
Disease, Obstructive, Self-Care, Self-Manage-
ment, Disease Management, Program Evaluation, 
and Program Development. 

The research equation used was: [“program 
evaluation” (MeSH Terms) OR “program de-
velopment” [MeSH Terms)] AND [“self-care” 
(MeSH Terms) OR “self-management” (MeSH 
Terms)] AND “pulmonary disease, chronic ob-
structive” (MeSH Terms) AND [“2007/01/01” 
(PDAT): “2019/12/31” (PDAT)] . 

Selection of literature 
The study selection process involved several 

essential steps based on the PRISMA 2009 model 

the basis of the abstract of each bibliographic 
reference retained by the documentary research 
to eliminate the publications not in the scope of 
the present study. Finally, the selection of the 

applying the eligibility criteria. 
Two reviewers independently reanalyzed 

the titles and abstracts generated by the research 

decided whether they met the inclusion criteria. 
The references of included studies were also 
screened and checked for eligibility. Any disa-
greements were resolved by discussion between 
the two reviewers.

Data extraction 

topic of research, publication year, country of 
the study and participants’ characteristics (age, 



Rita Georges Nohra et al., Self-management program for COPD patients

225www.journals.viamedica.pl

Table 1. Analysis criteria of retained articles*

Sections Number Control criteria Yes No

Introduction

Objectives 1 The goals and objectives of the study are clearly reported

Methods

Eligibility Criteria 2a An adequate description of the sample and the methods by which the sample has been 

2b

Source of informa-
tion

3a The methods used to collect data are described

3b The study used appropriate data collection methods to help understand which compo-
nents of the self-management program has a positive impact on the expertise of COPD 
patients

Process 4a The intervention process is indicated

4b The components of self-management programs are clearly described

Results

Data 5a The results are consistent with the objective of the study

5b

Discussion

Summary of results 6a An adequate description of the methods used to analyze the data is present

6b The study used appropriate methods to ensure that the data analysis is based on the 

Limitations

Risk of bias inhe-
rent in each of the 
studies

7 Possible biases or limitations are assessed including biases in outcome, study metho-
dology, or both

Total 7 sections
12 sub 

sections
*We evaluated the quality of articles as follows: A. High quality if it meets 10 or more criteria; B. Average quality if it meets 5–10 criteria; C. Low quality if it meets 
fewer than 5 criteria

severity of illness and comorbidities). Informa-
tion on the features of intervention quality of life 
rehospitalization rates, and visits to emergency 
services was also retrieved.

Data analysis 

The principal investigator analyzed the con-
tent of each article according to a grid designed 

parts, based on the PRISMA criteria.
The quality of items was evaluated as follows 

(Table 1, 2): 
 — High quality if it meets 10 or more criteria; 
 — Average quality if it meets 5–10 criteria; 
 — Low quality if it meets less than 5 criteria. 

Results 

This scoping review aimed to summarize the 
different components of a self-management pro-
gram that positively impact the quality of life of 
patients with COPD. Such information is essential 

this population. 
The search yielded 361 articles from the three 

electronic databases by applying limiting criteria. 

the title, and 76 based on the abstract and 53 du-
plicated articles. The remaining 65 papers were 

title and the abstract but only 16 were retained 
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Table 2. Quality score of retained articles
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Objectives 1 1 1 1 1 — 1 1 1 1 1 1 1 1 1 1

Eligibility criteria 2 1 2 2 2 2 1 2 2 2 2 2 2 2 2 2

Source of 
 information

— 1 2 2 1 1 — 1 1 1 1 1 1 1 1 1

Approach 2 2 2 2 2 1 1 2 1 1 — 2 2 1 1 1

Data 1 2 2 1 1 1 1 1 1 1 1 1 1 1 1 1

Summary of results 1 1 2 1 1 1 — 1 1 1 — 1 1 1 1 1

Risk of bias inherent 
in each of studies 

1 1 — — 1 1 — 1 1 1 1 1 1 1 1 1

Total 8 9 11 9 9 7 4 9 8 8 6 9 9 8 8 8

Mode 8

Median 8

Mean 8.13 

Variance 2.4

Standard deviation 1.54

The 16 included studies were published 
between 2007 and 2019. Five studies were under-
taken in the United Kingdom, and one each in the 
United States, Australia, Canada, Sweden, Italy, 
Germany, Norwey, Romania, Spain, Netherlands 
and China. Two studies were qualitative, two 

3). Of the 16 programs analyzed, 8 had a follow-up 
of 1 year [14– 21], 4 had a follow-up of 6 months 
[9, 22–24], and the remaining had a follow-up of 
6 weeks [25], 10 months [26], 15 months [27] and 

with very severe COPD [28].

Synthesis of the results 

After reading and summarizing the articles, 

(Table 4): individualized initiation session, group 
education session, individual training, phone 
calls, action plan, educational material, daily 

These components were grouped into 4 mo-

“the initiation stage 
of the intervention”, is characterized by individ-
ualized initiation sessions. The second modality, 
“the educational sessions”, includes individual 
or group education sessions with the caregiver. 
The third modality, “the support material” en-
compasses the action plan, educational materials, 

“the 
monitoring method” uses a daily diary and, in 
some cases, telephone calls that are also used as 
a follow-up method, among other ways of support, 
and sometimes as a training tool.

 — Modality I: Initiation into the self-manage-
ment program: Individualized initiation 
sessions; 

 — Modality II: Educational sessions: Group ed-
ucation sessions, individual training, phone 
calls [16]; 

 — Modality III: Support method: action plan, 

telephone calls [17, 21, 25, 28]; 
 — Modality IV: Monitoring method: diary and 

telephone calls [15, 18, 19, 22].
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Figure 1. Flowchart for article selection strategy

Modality I: Initiation into  

Of the 16 selected studies, 5 included the 
initiation into the self-management program [15, 
18, 19, 21, 25]. In 2009, a preliminary assessment 
of patients participating in the intervention 
was conducted to determine individual needs 
[18]. It included data on knowledge of the dis-
ease, smoking status, adherence to medication, 

face-to-face nursing assessment, during which 
a spirometry test and a health assessment were 
performed. At a later stage, an individualized one-
hour initiation was conducted for participants 
in the self-management program; the discussion 
helped to determine participants’ willingness 

immediate educational needs, and set objectives 
[25]. Similarly, in another study, mentors visited 
the patients at home one week after they were 

recruited to perform a general assessment and 
discuss the main clinical or social problems and 
set a medium-term goal [19].

Studies showed a decrease in hospital ad-
missions [15, 18, 19], emergency visits [15, 18] 
and improvement in quality of life [18, 19, 25].

Therefore, the focus and the importance 

interventions to each patient.

Modality II: Educational sessions 

In all 16 studies that adopted Modality II, 
educational sessions were delivered by health 

by nurses [15, 16, 19, 23, 28], four were performed 
by a multidisciplinary team including nurses [1, 
14, 17, 26], one intervention was conducted by 
a trained tutor with COPD [9], and others were 
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Table 3. Type of study

Type of study Articles Number of participants Average age Stage of COPD

Pi
lo

t

Chuang C. et al. 2011 
 (United States)

Control (C) = 141  
Intervention (I) = 141

75 NA

Taylor JC S. et al. 2012 
 (United Kingdom)

C = 38 
I = 78

69.5 (9.8) Moderate to severe (number not 
available)

Qu
al

ita
tiv

e

Apps D. L. et al. 2013 
 (United Kingdom)

20 patient 68 NA

Cosgrove D. et al. 2013 
 (United Kingdom)

53 patient 65 (10) Moderate (II) = 21 
Severe (III) = 19 

Very severe (IV) = 8

Qu
an

tit
at

iv
e

Ob
se

rv
at

io
na

l Oancea C. et al. 2015 
 (Romania)

C = 24 
I = 52

C = 62.7 (4.9) 
I = 61.2 (5.7)

NA

Lomundal K.B. et al. 2007 
 (Norway)

30 self-management
30 pulmonary rehabilitation

67.2 self-management
62.8 pulmonary rehabi-

litation

NA

Ex
pe

rim
en

ta
l (

ra
nd

om
ize

d/
 n

on
-ra

nd
om

ize
d)

Wood-Baker R. et al. 2012  
 (Australia)

C = 51 
I = 55

69.1 (9.7) II = 17 
III = 49 
IV = 39

Turner A. et al. 2014 (Uni-
ted Kingdom)

18 patients NA NA

Efraimsson O. E. et al. 
2008 (Sweden)

C = 26 
I = 26

C = 67 
I = 66

I = 5 GI/5 GC 
II = 9 GI/9 GC 
III = 6 GI/ 5GC 
IV = 6 GI/7GC

Bischoff W.M.A.E et al. 
2012 (Netherlands)

Self-management = 55
Routine monitoring = 55

Usual care = 55

Self-management  
= 65.5 (11.5)

Routine monitoring 
= 65.8 (8.3)

Usual care = 63.5 
(10.3)

Patients with very severe COPD 
were excluded (number not ava-

ilable)

Paneroni M. et al. 2013. 
 (Italy)

158 71.1 (8.3) I = 3.4% 
II = 29.7% 
III = 21.4% 
IV = 45.5%

Hamar B. et al. 2010 
 (German)

C = 5,668 
I = 17,319 

I = 71.2 
C = 72.5

 (3 less severe — 1 more severe)
3 

29.7 I
41 C 
2 

46.4 I
37.1 C 

1 
24 I

21.9 C

Khdour M.R. et al. 2009 
 (United Kingdom)

C = 87
I = 86

C = 67.3 (9.2) 
I = 65.63 (10.1)

C  
I = 11 
II = 34 
III = 27

I  
I = 13 
II = 37 
III = 21

Sanchez-Nieto et al. 2016 
 (Spain)

C = 38
I = 47

C = 67.6 ±6.9
I = 68.4±7.3

IV 
C = 71% 
I = 61.7%

II-III 
C = 10.5% 
I = 6.3%

Yu S. et al. 2014 (China) C = 42
I = 42

68.29 (7.09) NA

Rose L. et al. 2018 (Ca-
nada)

C = 191
I = 207

71 (9.5) Moderate to severe (number not 
available)

COPD — chronic obstructive pulmonary disease; NA — not available
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Table 4. Intervention components 
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modality 
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Individualized 
initiation session

× × × × × 5

Group education 
session

× × × × × × × × 8

Individual training × × × × 4

Phone calls × × × × × × × × × 9

Action plan × × × × × × × × 8

Educational material × × × × × × × × 8

Daily diary × × × 3

Text messaging × 1

done by a physician [20], a pharmacist [18], or 
a health professional whose discipline was not 

Components of educational sessions
The intervention programs analyzed were 

either group education sessions or one-on-one 
training sessions. The content of the sessions var-
ied and only one study included both a self-man-
agement program designed to provide one-on-one 
training in inhalation techniques and a group 

-
amined the effect of programs with individual 
training sessions [18, 21, 22, 23]. In two studies, 
patients in the intervention group received ed-
ucation emphasizing self-care capacity, and the 
education focused on how to support the indi-
viduals based on their unique needs and coping 
skills [21, 23]. In another study, patients were 
individually educated by a clinical pharmacist, 
their prescribed medications, the importance of 
adherence, the inhaler technique and the man-
agement of COPD symptoms [18]. In the fourth 
study, the subjects were trained individually on 
how to use inhalation devices and maintain the 
appropriate position, in addition to training on 
breathing techniques [22]. 

In summary, the content of the individual 
training was mainly focused on: anatomy and 
physiology of the respiratory tract and the effects 
of COPD, respiration techniques, physical activ-
ity, compliance, and other educational topics, 
such as smoking cessation and dietary counseling.

One of those studies [21] did not result in 
differences in terms of the quality of life, re-
duction in frequency of emergency department 
visits or hospital admissions but contributed to 
a reduction in mortality of almost half, compared 
with the usual care group. This intervention did 
not include a respiratory rehabilitation or formal 

Finally, one study adopting the group edu-
cation session showed that a multidisciplinary 
educational program for patients with COPD is 
feasible and effective in improving knowledge 
about disease management [26]. The results from 
this study also showed that the patients most likely 

-
pliance, low comorbidities, and at least minimal 
knowledge of the disease and related problems.

Follow-up time 
Taylor’s study showed that there was no 

difference between the intervention and control 
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groups at 2 months’ follow-up, but at 6 months, 
differences appeared in favor of the intervention 

-
cise and quality of life [9]. In Turner’s study that 
used group education sessions, health status and 

-
ly 6 months after program completion [24]. Sim-
ilarly, in the Lomundal study, participants in the 
self-management program made a statistically and 

-
ed quality of life (HRQOL) that was maintained 

the following year [17]. On the other hand and 

study, the positive effects were observed during 

was recorded after this period [20]. Following 
these results, the training proposed in this study 
should be repeated once every 6 months to main-
tain the positive medical effect.

In the 24-month Bischoff study, neither 
self-management nor routine monitoring showed 

-
cacy in patients with COPD. In contrast, compared 
to usual care, patients in the self-management 
group appeared to be more able to take appropriate 

Modality III: Support methods 

The supportive methods included action 

phone calls. 

Action plans 

phase of COPD. In Sanchez-Nieto’s study, the ac-
tion plan consisted of a folder containing written 
material with four types of colored sheets [14]. 

of bronchial infection for which patients had 
to start taking antibiotics and oral glucocorti-
coids. Apps et al. used a sputum color chart 

participants were encouraged to follow the advice 
on the action plan if they feared an outbreak of 
symptoms [25]. In the other research work, the 

-
ering early recognition and rapid action during 

the use of bronchodilators, initiating permanent 
prescriptions for prednisone, antibiotics, or both, 
and contacting the nurse or the general practition-
er. In Roses’s study, an individualized action plan 

was distributed to both intervention and usual 
care [21], and it was the only study from all 8 that 
included action plans in their interventions [14, 
17–19, 25, 27, 28] that did not reveal an impact 
on the quality of life, emergency department visits 
or hospital admissions. 

phone calls
All 8 studies that had adopted the education-

al material used written information [15–18, 22, 
25, 26, 28] in form of e-mails [16], manuals [25], 
papers [28], booklets [17], and brochure [18, 22, 
26]. Several support methods were used: interac-
tive tables and tasks to be completed by the par-
ticipants to make sure knowledge and skills are 
well acquired (25), summary of all lectures at the 
end of the course [17], and weekly standardized 

[22]. In all those 8 studies [15–18, 22, 25, 26, 28], 
the results showed that a structured self-manage-
ment education program, including educational 
materials provided an effective method for the 
management of patients with COPD.

Modality IV: Monitoring methods 

The monitoring methods consisted of a daily 
diary and phone calls. A daily diary was used 
in 3 studies and participants had to record their 
walking progress [25], shortness of breath, cough-
ing, spitting, well-being, physical activity, and 
the use of relieving medications [19, 22]. Those 
interventions improved compliance, reduced the 
need for hospital care and improved some aspects 
of participants’ quality of life. Moreover, 5 stud-
ies relied on phone calls to followup on patients 

through self-management.

Discussion 

Among the 16 studies analyzed, 2 were qual-
itative and tested the effectiveness of a self-man-
agement program from both patients’ and health 
professionals’ perspectives, and 2 were pilot 

and cost-effectiveness of a self-management sup-
port program for COPD patients. The remaining 
studies were randomized or non-randomized and 
assessed the effect of a self-management program 
on skills, quality of life, emergency room visits, 
and hospitalization rates in patients with COPD.

In this paper, we were able to identify studies 
that assessed different methods of self-manage-
ment in COPD patients. 
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Characteristics of participants 

severe COPD (28); a meta-analysis later demon-
strated the effectiveness of self-management 
programs in patients with severe COPD, while 

that enrolled individuals with moderate symp-
toms [29]. 

Duration of follow-up 
Of the 16 programs analyzed, 8 had a fol-

low-up of 1 year [14–21], 4 had a follow-up of 
6 months [9, 22–24], and the remaining had a fol-
low-up of 6 weeks [25], 10 months [26], 15 months 
[27] and 2 years [28].

Researchers suggested that an improvement
in the quality of life may take a long time, from 
6 to 12 months [30], and that a longer duration 
of self-management interventions correlates with 
a reduced number of hospitalizations in patients 
with COPD [31]. 

Action 
Our research aims to identify the components 

-
agement program for patients with COPD. In 
analyzing the articles and their results, the in-
terventions varied but had points in common: 

 — The initiation intervention sessions adopted 
in several studies can have a positive effect 
because they tested the patients’ motivation 
for the intervention, a factor that could con-
tribute to a better outcome of self-manage-
ment programs [17]; 

 — Action plans engaged patients in the man-
agement of their disease; 

 — Educational materials helped patients in the 
self-management process; 

 — The phone calls had intended to motivate, 
engage, and accompany patients throughout 
the intervention. 

that learning is not achieved by a single action or 
method and requires time. The learning modal-
ities must be varied to consolidate the acquired 
knowledge in different domains: cognitive, psy-
chomotor, and emotional (including social), in 
addition to the knowledge acquired on the actions 
to be undertaken. However, the methods used to 
collect and analyze data, as presented in the ana-
lyzed studies, did not help us understand what 
components of the self-management program had 

COPD, and this may be the greatest limitation in 
our paper. On the other hand, the results of an-

other study showed that the patients most likely 
to benefit from educational interventions are 
those with high compliance, low comorbidities, 
and at least minimal knowledge of the disease 
and related problems [26]. Other studies [9, 
22] showed that the effect of self-management
education was not evident at three months but
gradually increased over time and was appar-

suggested that training should be repeated once
every 6 months to maintain the positive medical
effect [20].

Similarly, Jonkaman et al. recommend 
long-lasting self-management strategies rather than 
brief interventions [31]. Moreover, Newham et al. 

of life in patients with COPD in both individual 
and group-based self-management programs, and 
positive effects of multiple-session interventions 
versus single-session self-management programs 
[29]. This meta-analysis also showed that self-man-
agement programs targeting mental health and 
physical activity were more effective than those 
focused solely on symptom management [29]. 

Conclusions 

To date, little guidance is available to support 
the development of effective programs for improv-
ing self-management in COPD patients. It seems 
obvious that interventions involving only one 
component, such as written action plans or train-
ing sessions, do not produce the desired effects. In 
this scoping review, 4 components described in 

impact on patients’ skills and knowledge, qual-
ity of life, hospitalization rates and emergency 
room visits: initiation into the self-management 
program, educational sessions, support methods 
and monitoring methods. 

However, further research is needed to identi-

ratios and have a greater impact on patients’ skills 
and lifestyle.

in this work. 
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Non-invasive ventilation in patients with an altered level 
of consciousness. A clinical review and practical insights

Abstract
Non-invasive ventilation has gained an increasingly pivotal role in the treatment of acute hypoxemic and/or hypercapnic respira-
tory failure and offers multiple advantages over invasive mechanical ventilation. Some of these advantages include the preserva-
tion of airway defense mechanisms, a reduced need for sedation, and an avoidance of complications related to endotracheal 
intubation.
Despite its advantages, non-invasive ventilation has some contraindications that include, among them, severe encephalopathy.
In this review article, the rationale, evidence, and drawbacks of the use of noninvasive ventilation in the context of hypercapnic 
and non-hypercapnic patients with an altered level of consciousness are analyzed.

Key words: non-invasive ventilation, altered consciousness, encephalopathy, coma
Adv Respir Med. 2020; 88: 233–244
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Introduction

The utility of non-invasive ventilation (NIV) 
has been fully proven and well documented in 
several categories of patients with acute respi-
ratory failure (ARF) [1–3]. Recent ERS/ATS and 
ISCCM guidelines reported a high level of evi-
dence in favor of the use of NIV in acute acidic 
hypercapnic respiratory failure due to a COPD 
exacerbation, in acute pulmonary edema, in 
immunosuppressed hosts, and as a facilitating 
tool for transitioning from invasive ventilation 
to spontaneous breathing [4, 5]. 

By preventing endotracheal intubation (ETI), 
NIV confers many advantages over invasive me-
chanical ventilation (IMV). NIV is more comfor-
table and does not require the use of sedation in 
most cases [6]. It also allows patients to continue 
oral nutrition. The non-invasive interface allows 
positive pressure to be delivered while keeping 
the airway patent, thus preserving natural defense 
mechanisms. As such, NIV reduces morbidity and 
mortality by avoiding many complications asso-
ciated with IMV including nosocomial ventila-
tor-associated pneumonia, sepsis, and additional 
infectious sequelae [7]. 

Although NIV is an effective treatment, there 
are important limitations and contraindications 
to its use. In 2001, the International Consensus 
Conference on NIV [8] recommended against its 
use in the setting of cardiac or respiratory arrest, 
hemodynamic instability, unstable cardiac arrhy-
thmias, severe encephalopathy (Glasgow coma 
scale < 10), severe upper gastrointestinal ble-
eding, facial surgery or trauma, upper airway ob-
struction, and in patients who are at high risk for 
aspiration who are unable to protect their airway 
or to cooperate or clear respiratory secretions.

Most studies use the Glasgow coma scale 
(GCS) or the Kelly-Matthay score (KMS) to assess 
the level of consciousness. Although GCS is the 
tool which has been mostly used in the clinical 
setting, this 15-point scoring system in which 
a lower score corresponds to a lower level of 
consciousness was originally developed to assess 
and monitor changes in the level of consciousness 
after head trauma [9]. The 6-level KMS is a tool 

alterations in patients ventilated in the intensive 
care unit (ICU) [10]. With the KMS, a higher score 
corresponds to a lower level of consciousness.

In this article, we reviewed the rationale, 
evidence, and pitfalls regarding use of NIV in hy-
percapnic and non-hypercapnic ARF in patients 
with an altered level of consciousness. 

Material and methods

We performed a search in the PubMed Na-
tional Library with the keywords “non-invasive 
ventilation”, “hypercapnic”, “hypoxemic”, “al-
tered consciousness”, “encephalopathy”, and 
“coma”. Articles were selected according to their 
relevance to the topic of this review. Backward 
reference searching from selected articles was 
also performed. In addition, other articles were 
reviewed and included based on the authors’ 
judgment of their relevance. Studies were limited 
to the English language.

Rationale for NIV use in patients 
with hypercapnic ARF encephalopathy 

The pathophysiology of hypercapnic ence-
phalopathy may be explained by the acidosis of 

Acute respiratory acidosis has a greater impact on 

does because CO2 crosses the blood-brain barrier 
easily and quickly due to its high liposolubility. 
Accordingly, symptoms of hypercapnic ence-
phalopathy (i.e. cognitive defects, delirium, and 
coma) correlate more strongly with changes in 

and/or PaCO2 [11]. Although several pulmonary 
and extrapulmonary factors are involved as well, 
it is safe to assume that by normalizing arterial 

2, cerebrospinal 

The rationale for using NIV in hypercapnic 
encephalopathy is based on the reduction in 
PaCO2 levels   and its advantages over IMV. Firstly, 

in gas exchange, and in in-hospital mortality in 
patients with respiratory acidosis due to acute 
exacerbations of COPD with the use of NIV is 
comparable to that of IMV [11, 12]. 

Secondly, the absence of ETI and other inva-
sive devices reduces the risk of ventilator-asso-
ciated pneumonia [13]. 

Thirdly, the risk of gastric distension and 
aspiration is probably overestimated due to 
the physiological barriers of the upper (resting 

2O) [14] and lower 
sphincters (resting pressure between 14–41 cm 

2O) [15]; it is uncommon to use NIV pressures 
2O, thus minimizing this risk.

Fourthly, NIV has an important role as a form 
of salvage therapy in frail patients with end-stage 
chronic respiratory failure and do-not-intubate or-
ders, especially in cases of hypercapnic coma [16].
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Finally, NIV has been shown to reduce the 
length of ICU and hospital stays and can lead to 
more effective resource utilization [17]. These im-
portant quality metrics translate into improved pa-

Current evidence for the use of NIV 
in hypercapnic ARF encephalopathy

We reviewed the published literature exami-
ning the use of NIV in patients with hypercapnic 
encephalopathy. Most reports showed an impro-
vement in the GCS score within a few hours after 
NIV initiation (Figure 1, Table 1).

Corrado et al. -
ate patients with hypercapnic coma of various 
etiologies treated with NIV (iron lung). In their 

PaCO2

analyzed, treatment was successful in 70%, ran-
ging from 0% in patients with a GCS of 3 to 85% 
with a GCS of 8. Five patients had aspiration 
complications, but all were successfully treated 
without intubation. Through multivariate analy-
sis, a GCS of  6 and age  70 years were the only 
variables associated with NIV failure.

In a study by Briones et al. [19], the effecti-
veness of positive pressure NIV compared to IMV 

was assessed in two cohorts of twelve patients 
each with similar baseline characteristics (GCS 

groups presented to the Emergency Department 
with severe hypercapnia secondary to an acute 
exacerbation of COPD. NIV was considered suc-
cessful when the following parameters were met: 
respiratory rate of < 24 breaths/min, heart rate of 
< 90 beats/min, improvement in consciousness 

with adequate oxygen saturation at room air or 
with the use of a low percentage of inspired oxy-
gen (FiO2

30 day mortality (16.7% vs 33.3%, p = 0.01), fewer 
vs 

1.9 vs vs 
IMV) group, but no differences in survival at 
6 months (80% vs 71.4%, p = 0.80). This study 
noted that improvements in PaCO2

measured at 3 hours after NIV initiation were 
predictive of continued success of NIV therapy. 
Important differences, measured and unmeasu-
red, may have existed between the cohorts and 
may in part explain the observed differences in 
outcomes.

Diaz et al. [20] prospectively examined pa-
tients with hypercapnic coma (GCS  8) secondary 

Figure 1. Flowchart of the study selection process for using non-invasive ventilation in hypercapnic acute respiratory failure encephalopathy
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Table 1. Current evidence for using NIV in hypercapnic ARF encephalopathy

Author, year Patients and aim of 
the study

Level of 
consciousness

Type of study Results Limitations

Lemyze 2019 
[16]

86 DNI patients, NIV 
in hypercapnic coma 
vs NIV in hypercapnic 

ARF without coma

Comatose group with 
KMS  5

Prospective observa-
tional case-control

study

70% survived to 
hospital discharge 
and half survived 6 

months, with similar 
outcomes to

controls

Selection bias could 
not be ruled out

Corrado 1996 
[18]

150 patients, evalu-
ate NIV (iron lung)

success in
hypercapnic coma

All GCS 3–8 Retrospective, uncon-
trolled study

NIV failure in 30%. 
GCS  6

had negative prog-
nostic value

Retrospective study, 
limited availability of 

iron lung

Briones 2008 
[19]

24 patients, NIV vs 
IMV in hypercapnic 

coma

All GCS < 8 Prospective interven-
tional study

Less days on me-
chanical ventilation, 
days of stay and 30-

day mortality

Small group of pa-
tients

Diaz 2005 [20] 958 patients,
determine NIV suc-

cess
in hypercapnic coma 

vs
NIV while awake

All GCS  8 Prospective, open, 
noncontrolled study

No increase in failure 
or mortality relative 

to non-comatose 
patients

Observational design, 
lack of control sub-

jects

Scala 2007 [21] 40 patients, NIV vs 
IMV in hypercapnic 

encephalopathy

All KMS  3 Prospective matched 
case-control

study

Shorter duration of 
mechanical ventila-

tion and lower rate of 
complications. Mor-
tality similar in both 

groups

Case-control design 
and lack of random-

ization

Zhu 2007 [22] 68 patients,
evaluate the effec-
tiveness and safety 

of NIV for severe 
hypercapnic enceph-

alopathy

GCS < 10 vs GCS 
 10

Prospective 
case-control study

Similar results in 
hospital mortality and 
NIV success vs con-

trol group

Different levels of 
pressure support and 

NIV time between 
groups

Stefan 2015 [24] 2577 patients, com-
pare outcomes of 

acute exacerbation of 
COPD, NIV vs IMV

GCS in NIV group of 
15 (IQR 14–15)

Retrospective, mul-
ticenter cohort of 

prospectively collect-
ed data

Lower GCS was pre-
dictive of NIV failure

Patients received 
ventilatory support 
for an exacerbation 

of COPD and not nec-
essarily hypercapnic 
acidotic exacerbation

Confalonieri 2005 
[25]

1033 patients, assess 
the risk of NIV failure 
in acute exacerba-

tions of COPD

GCS 13.2 ± 2.3 Prospective study GCS  14 was pre-
dictive of NIV failure; 

-
ing the outcome was 

the pH value

Absent

Fan 2014 [26] 261 patients, mea-
sure cough

strength and out-
comes in acute ex-

acerbations of COPD 
on NIV

GCS 14.8±0.5 in NIV 
success vs GCS 13.8 
± 2.5 in NIV failure

Prospective observa-
tional study

APACHE II, semi-
quantitative cough 
strength score and 
total proteins were 

the only predictors of 
NIV failure

Accuracy of cough 
measurements

based on the clini-
cians’ experience

Wang 2017 [27] 164 patients, com-
pare NIV and IMV 
combined with a 

non-invasive strategy 
for clearing secre-

tions in hypercapnic 
encephalopathy

All KMS  3 Prospective cohort 
study

2 hours of NIV with 
clearance of secre-

tions

KMS and arterial 
blood gases. Hospital 
mortality lower in the 

NIV group

Not a randomized 
controlled trial,

single-center study,
hospital setting be-

tween groups
differed, did not 

include an additional 
group

with NIV alone
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Scala 2010 [28] 30 patients, early 
-

copy during NIV vs 
IMV-based strategy in 
hypercapnic enceph-

alopathy

KMS 2–4 Prospective matched 
case-control study

Higher complication 
rates in the
IMV group.

Similar hospital mor-
tality, hospital lengths 
of stay, and duration 
of ventilation in the 

two groups

NIV application with 
the concomitant use 

-
choscopy to remove 
secretions should be 
reserved for centers 
where all staff mem-

bers
-

rience

Contou 2013 [51] 242 patients admit-
ted for

hypercapnic ARF, 
assess the rate
of NIV failure

Included
RASS < 0

Observational cohort 
study

Altered levels of 
consciousness at 

admission

outcome

Retrospective, single 
unit, longstanding
experience in NIV 

practice

Briones 2013 
[52]

22 patients, BiPAP 
S/T vs AVAPS mode

All GCS < 10 Prospective interven-
tional match-con-

trolled study

Rapid improvement in 
arterial blood

gases and GCS in 
both groups

Small number of 
patients

Scala 2005 [53] 153 patients requiring 
NIV divided into 4 

groups, according to
level of conscious-

ness

Groups: KMS 1, KMS 
2, KMS 3 and KMS 

> 3

5-year case-control
study with a prospec-

tive data collection

-
ment in arterial blood 
gases and KMS in all 
groups after 1 to 2 

hours. NIV failure and 
90-day mortality sig-

with worse KMS

No randomization

Jatoi 2019 [54] 78 patients, predict 
NIV success in post-

TB sequelae

GCS 8.4 ± 2.1 in 
nonresponders vs 
GCS 9.4 ± 1.8 in 

responders

Single center, pro-
spective, cohort 

study

Lower GCS was a 
-

dent predictor of
NIV failure

Single unit, no IMV 
group control, ab-
sence of long-term 

mortality or morbidity

Scarpazza 2013 
[55]

78 patients, assess 
NIV success in hyper-

capnic ARF

GCS 7.2 ± 1.5 in 
non-responsive 

patients vs GCS 9.7 
± 2.9 in respondive 

patients

Single center, pro-
spective, cohort 

study

Lower GCS was a 
-

dent predictor of
NIV failure

Single unit, no IMV 
group control

van Gemert 2015 
[56]

50 COPD patients, 
assess risk factors in 
transition from NIV 

to IMV

GCS 9–15 Retrospective cohort 
study

Lower GCS at presen-
tation is

associated with the 
transition from NIV to 

IMV in COPD
patients with hyper-

capnic ARF

Retrospective study, 
small sample size

Ucgun 2006 [57] 151 patients, identify 
factors affecting 

mortality and intuba-
tion in

COPD patients

GCS 14.1 ± 1.4 in 
nonintubated vs GCS 
10.8 ± 3.4 in intu-

bated

Single center, pro-
spective study

Lower GCS was 
associated with intu-

bation

Small sample size, 
low rate of NIV ap-
plications, inclusion 
of pneumonia and 

heart failure leading 
to acute exacerbation 

of COPD

Kida 2012 [58] 42 patients, identify 
predictors of NIV suc-

cess in elderly

GCS 8.9 ± 2.4 in sur-
vivors vs 4.0 ± 1.7 in 

non-survivors

Single center, retro-
spective study

GCS < 9 was asso-
ciated with higher 

mortality

Retrospective study, 
small sample size

ARF — acute respiratory failure; AVAPS — average volume-assured pressure support; BiPAP — bilevel positive airway pressure; COPD — chronic obstructive pul-
monary disease; DNI — do not intubate order; GCS — Glasgow coma scale; ICU — intensive care unit; IMV — invasive mechanical ventilation; IQR — interquartile 
range; KMS — Kelly-Matthay score; NIV — non-invasive ventilation; RASS — Richmond Agitation-Sedation Scale; TB — tuberculosis

Table 1. Current evidence for using NIV in hypercapnic ARF encephalopathy [cont.]
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to respiratory failure of various causes and treated 
with NIV. At the beginning of ventilatory therapy, 

2

2, and 
PaO2/FiO2

with NIV success. A high rate of response to NIV 
was achieved in comatose patients with cardio-
genic pulmonary edema, COPD, and obesity. 
Subjects with acute respiratory distress syndrome 
(ARDS) and pneumonia had a higher probability 

that NIV success may be related to the type and 
nature of the underlying disease.

Scala et al. [21] conducted a prospective 
matched case-control study comparing 40 pa-
tients with neurological impairment (KMS  3) se-
condary to an acute exacerbation of COPD treated 
with NIV or IMV. In this study, the mean arterial 

2

They noted that consciousness improved from 

1.0 at 24 hours. Compared to the IMV group, the 
NIV group showed a shorter duration of mecha-
nical ventilation and a lower complication rate 
due to fewer cases of nosocomial pneumonia and 
sepsis despite similar (25%) in-hospital mortality 
rates between groups.

In a case control study, Zhu et al. [22] com-
pared a group of 22 exacerbated COPD patients 
with GCS < 10 with a control group of 21 subjects 
with GCS  10. They noted similar rates of hospital 
mortality (14% vs 14%, p > 0.05) and NIV success 
(73% vs -
port, NIV time, and hospital length of stay were 

These studies conclusively demonstrated 
that many of the consensus-based “absolute” 
contraindications to NIV should be viewed as 
“relative”, although an increase in failure rates 
can be expected in the most severe forms of hy-
percapnic encephalopathy. Additionally, severe 

published series have been submitted by teams 
with extensive experience in ventilatory support, 

be extrapolated to other groups with less expertise.

Current evidence against the use of NIV 
in hypercapnic ARF encephalopathy

By contrast, there is also evidence that NIV 
can be harmful in certain settings. Some studies 

demonstrate high rates of NIV failure in patients 
with low consciousness levels. In these particu-
lar patients who initially receive NIV and then 
experience NIV failure, there is a subsequent 
need for them to be intubated in order to undergo 
IMV, which results in them being more likely to 
die in the hospital [23, 24]. One possible reason 
for the increased mortality can be due to an 
inappropriate initial selection of NIV candidates 
and/or delay in ETI. 

In a study by Confalonieri et al, the risk of 
NIV failure in a large unselected population ad-
mitted to different hospital units with expertise 
in NIV was assessed. The authors used this data 
and built two risk charts for NIV failure; one at 
admission and the other after 2 hours. NIV failure 
occurred in 236 patients (22.9%); among those, 
142 died (13.7%). Risk factors for NIV failure 

 29, GCS  
< 7.25, and respiratory rate  30 breaths/minute. At 

II  29 and GCS  11, the chart shows a predicted 
risk of failure > 70%. This risk increases to 90% 
if the same parameters are kept after 2 hours [25].

In addition, there is data that suggest ad-
ditional harm in patients with excessive se-
cretions. Most COPD exacerbations are triggered 
by pulmonary infections, and exacerbations are 
usually associated with copious secretions. A pre-
vious study has reported that COPD patients 
with low cough strength were more likely to 
experience NIV failure (up to 80%) [26]. In selec-
ted scenarios, a reduction in NIV failure may be 
achieved by initiating early suction of secretions 
with bronchoscopy performed during NIV by an 
expert team [27, 28].  In a matched case-control 
study by Scala et al. [28], bronchoscopy was per-

failed in 3 of 15 patients (20%). Compared to the 
IMV group, hospital mortality, hospital length of 
stay, and duration of ventilation were similar to 
patients in the NIV group.

Finally, a lack of cooperation in agitated 
patients may limit NIV success [29]. Continuous 
infusion of a single sedative and analgesic titrated 
to obtain a “conscious sedation” may decrease 
patient discomfort and improve gas exchange, 

more controlled trials are needed to clarify the 
indications of sedation during NIV. 
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Rationale for NIV use in patients with hypoxemic 
ARF and an altered level of consciousness

In this section, we will consider non-hyper-
capnic patients with an altered level of conscio-
usness who have symptoms related to impaired 
mental function that appeared as a result of hy-

patients with an altered level of consciousness 
refers to a syndrome marked by cerebral dys-
function caused by brain hypoxia and ischemia 
due to hypoxemic ARF. Similarly, septic encepha-
lopathy is an impaired mental status syndrome 
with a clinical presentation ranging from clouded 
thinking/consciousness to deep coma as can be 

-
thophysiologic hallmarks are thought to comprise 

and neurotransmitter imbalances leading to direct 
cellular neuronal damage, impaired autoregula-
tion, and excitotoxicity [31]. 

The goal of using NIV is to improve oxy-
genation, to decrease dyspnea and the work of 
breathing, and to avoid intubation [32]. It is belie-

alveoli, increases the functional residual capacity, 
and decreases intrapulmonary shunt which, as 
a result, improves respiratory mechanics and gas 
exchange [33]. 

-
cant hypoxemia (PaO2/FiO2 -
chypnea in a patient not diagnosed with COPD [4]. 

a large number of different underlying pathologies 
[34]. Given the variety of the pathophysiology that 
leads to severe hypoxemia, drawing reasonable 
conclusions regarding the use of NIV for hypoxe-

mild when PaO2/FiO2

moderate when PaO2/FiO2 is > 100 and  200 mm 
2/FiO2 

Positive end-expiratory pressure (PEEP), which 
can be delivered through NIV, can markedly affect 
PaO2/FiO2. Therefore, a minimum level of PEEP 

2

In the LUNG SAFE Study, 2813 patients with 
ARDS were managed with NIV or IMV irrespec-
tive of the severity category. In this study, NIV 
failure occurred in 37.5% of patients with ARDS 
and in almost half of patients with moderate and 
severe ARDS. NIV was associated with a worse 
adjusted ICU mortality than IMV in patients with 
a PaO2/FiO2

difference in hospital mortality [36]. 

Additionally, a new concept of patient self- 

vigorous effort in non-intubated patients has 
been shown to worsen lung injury in moderate 

reduce the amount of atelectasis in the lung, de-
crease force generated by spontaneous effort, and 

volume-controlled NIV mode, spontaneous effort 
can deteriorate lung injury by increasing local 
lung stress and overdistension [37]. 

As such, the use of NIV in patients with 
severe hypoxemic ARF is controversial [6, 38]. 
Most of the published literature has focused on 
common hypoxemic clinical conditions such as 
acute pulmonary edema and pneumonia [39]. 
Other investigations have focused on the use of 
NIV in severely hypoxemic patients due to ARDS 
[36, 40].

Current evidence for the use of NIV 
in hypoxemic ARF in patients 

with an altered level of consciousness

We reviewed published studies designed to 

majority of studies excluded patients with altered 
levels of consciousness. Studies on altered men-
tal status due to primitive neurological diseases 
(e.g. stroke) or metabolic/toxic causes were not 
included (Figure 2, Table 2).

hypoxemic ARF in patients with an altered level 
of consciousness (GCS 9–14) versus patients with 
full awareness [41]. Patients were divided into two 
groups according to the presence (66 patients) or 
absence (82 patients) of encephalopathy. Patients 
with encephalopathy were older (median of 72 vs 

(18 vs 19, p = 0.02), and received a higher level 
of IPAP. With the caveat of being a retrospective 
study with important baseline imbalances, there 

in rates of NIV failure (24% vs 30%, p = 0.4) and 
in in-hospital mortality (13% vs 16%, p = 0.3).

Data from other studies must be cautiously 
taken into account as they did not exclude pa-
tients from their studies based simply on a cer-
tain level of awareness. Changes to the level of 
consciousness were not primary or secondary 
endpoints.

In a randomized clinical trial, Ferrer et al. 
[42] compared the efficacy of NIV versus the 
Venturi mask with FiO2 of 50% based on survival 
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and avoidance of ETI in 105 patients with GCS 
12–15 and hypoxemic ARF. After multivariate 
analysis, NIV was independently associated with 
a decreased risk of ETI (OR 0.20, p = 0.003) and 
90-day mortality (OR 0.39, p = 0.017).

In a study enrolling cardiogenic pulmonary
edema patients with hypoxemic ARF who had 
a mildly altered level of consciousness (GCS 
8–15), CPAP significantly improved 48-hour 
mortality (7% vs 24%, p = 0.017) and reduced the 
need for intubation (9% vs -
wever, there was no improvement in in-hospital 
mortality compared to that of standard medical 
care [43].

Patel et al. conducted a study of ARDS pa-
tients with GCS 8–15 randomized to treatment 
with NIV delivered by helmet or face mask. Pa-
tients in the helmet (vs face mask) group showed 
a lower need for ETI (18.2% vs 61.5%, p < 0.001) 
and an improved survival rate at 90 days from 
randomization (34.1% vs 56.4%, p = 0.02) [44]. 

-
cantly higher EPAP and lower pressure support 
results compared to the face mask group which 

the use of NIV to standard treatment with sup-

plemental oxygen to treat immunosuppressed 
patients with hypoxemic ARF, including those 
with mildly altered levels of consciousness (GCS 
9–15). This study showed that NIV can obviate 
the need for ETI in this population (46% vs 77%, 
p = 0.03) and diminish in-hospital mortality rates 
(50% vs 81%, p = 0.02) [45]. 

In summary, the current literature is insuf-

to other treatments in patients with hypoxemic 
non-hypercapnic ARF who also have an altered 
level of consciousness.

Current evidence against the use of NIV 
in hypoxemic ARF in patients 

with an altered level of consciousness

Delayed intubation in patients undergoing 
trials of NIV can lead to increased mortality [46, 
47]. A previous study has reported a useful score 

with de novo hypoxemic ARF [48]. In this score, 
consciousness accounts for the highest weight 
among all risk factors for NIV failure. Patients 

experience NIV failure. Regarding consciousness, 

Figure 2. Flowchart of the study selection process for using non-invasive ventilation in hypoxemic acute respiratory failure in patients with an 
altered level of consciousness
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Table 2. Current evidence for using NIV in hypoxemic ARF in patients with an altered level of consciousness

Author, year Patients and aim of 
the study

Level of 
consciousness

Type of study Results Limitations

Kogo 2018 [41] -
cacy in mildly altered 

consciousness

GCS 9–14 vs GCS 15 Retrospective study -
rences in NIV failure 
and in-hospital mor-

tality

Retrospective study

Ferrer 2003 [42] 105 with severe ARF, 
NIV vs oxygen

GCS 12–15 Prospective, rando-
mized controlled. 
Compares oxygen 

with NIV

NIV improves oxyge-
nation, mortality, and 
decreases intubation 

rates

blinding, relative 
heterogeneity of 

patients

L’Her 2004 [43] 89 patients with 
cardiogenic pulmo-

nary edema, CPAP vs 
standard treatment

GCS 8–15 Prospective, randomi-
zed, concealed,

and unblinded study

Reduction in early 48 
h-mortality and ETI

Blinding impossible

Patel 2016 [44] 83 patients with 
ARDS, helmet vs face 

mask

GCS 8–15 Single-center rando-
mized clinical trial

Reduction of intuba-
tion rates and 90-day 
mortality with helmet 

NIV

Blinding impossible

Hilbert 2001 [45] 52 immunosuppres-
sed patients, NIV vs 
standard treatment

GCS –15 Prospective, randomi-
zed trial

Reduction in ETI, 
serious complications 

and mortality

Blinding impossible, 
single unit

Duan 2017 [48] 358 patients in the 
validation cohort, 
develop a scale to 

predict NIV failure in 
hypoxemic ARF

GCS in NIV success 
14.8 ± 0.6 vs 14.3 ± 
1.6 in the NIV failure 

group

Prospective observa-
tional study

NIV failure was asso-
ciated with
lower GCS

Observational study

Thille 2013 [49] 113 patients, assess 
rates and predictive 
factors of NIV failure

GCS in NIV success 
14.9 ± 0.5 vs 14.6 ± 
1.2 in the NIV failure 

group

Observational cohort 
study

NIV failure was asso-
ciated with
lower GCS

Single unit with lon-
gstanding experience 

in the use of NIV

ARDS — acute respiratory distress syndrome; ARF — acute respiratory failure; CPAP — continuous positive airway pressure; ETI — endotracheal intubation; GCS 
— Glasgow coma scale; NIV — non-invasive ventilation

GCS 13–14, 5 for GCS 11–12, and 10 for GCS  

> 5, the risk for NIV failure reached up to 80%. 
Thus, the use of NIV in patients with low levels 
of consciousness must be done cautiously, espe-
cially in those with GCS  10. 

In an observational cohort study, Thille et 
al. [49] assessed the rates and predictive factors 
of NIV failure in patients admitted to the ICU for 
hypoxemic ARF. Among 113 patients receiving 
NIV, 82 had ARDS and 31 had non-ARDS. Intu-

and non-ARDS patients (61% vs 35%, p = 0.015) 
according to the clinical severity of ARDS. NIV 
failure was associated with active cancer, shock, 
moderate/severe ARDS, lower EPAP at NIV initia-
tion, and lower GCS (p = 0.018).

In fact, the latest ERS/ATS clinical practice 
guidelines for NIV do not offer a recommendation 
about NIV use for de novo hypoxemic ARF [4]. 

as NIV is ceased, the positive effects previously 

gained in terms of alveolar recruitment and 
oxygenation are lost. Secondly, during NIV, tidal 
volume results from the pressures given by the 
ventilator coupled with the respiratory muscle 
pressure generated by the patient’s respiratory 
drive. Due to this mechanism, tidal volume is 
often high and may trigger ventilator-induced 
lung injury which contrasts with the intended 
lung protective ventilation strategies (low tidal 
volume of 6 mL/kg of predicted body weight) [32]. 
Finally, in a randomized controlled trial, the use 

NIV and standard oxygen therapy in the treatment 
of hypoxemic ARF [50]. 

Conclusion

The overall analysis of the studies reviewed 
support the use of NIV as an adjunctive therapy 
in patients with hypercapnic encephalopathy 
because it decreases complication rates, the 
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Table 3. Advantages and disadvantages for using NIV over IMV in hypercapnic ARF encephalopathy

Advantages Disadvantages

Less complication rates

Less cost  
and obesity rather than ARDS or pneumoniaLess hospital and ICU length of stay

Less mortality

ARDS — acute respiratory distress syndrome; COPD — chronic obstructive pulmonary disease; ICU — intensive care unit

Table 4. Advantages and disadvantages for using NIV over IMV in hypoxemic ARF in patients with an altered level of con-
sciousness 

Advantages Disadvantages

Less complication rates NIV failure associated with active cancer, shock, moderate/severe ARDS
Lower EPAP at NIV initiation and lower GCS

Less cost Higher risk of NIV failure when GCS  10

ARDS — acute respiratory distress syndrome; EPAP — expiratory positive airway pressure; GCS — Glasgow coma scale; NIV — non-invasive ventilation

need for ETI, hospital length of stay, and mor-
tality rate when compared to IMV. Patients with 
hypercapnic ARF and impaired consciousness 
can be treated with NIV, however, these results 

-
pulations including those with acute pulmonary 
edema, COPD, and obesity rather than conditions 
such as ARDS or pneumonia. Close monitoring 
is also mandatory as improvements in blood gas 

NIV success (Table 3).
Data regarding NIV effectiveness in hy-

poxemic ARF patients with an altered level of 
consciousness are more controversial given the 

fact that many studies excluded patients with 
alterations in mental status. Based on the exami-
ned studies, there is no evidence to either support 
or reject the routine use of NIV in patients with 
hypoxemic altered levels of consciousness due 

with declining levels of consciousness. A multi-
center, randomized, and controlled study trial is 

compared to other supportive treatments with 
regard to clinically important outcomes such as 
intubation rate, mortality, hospital/ICU length of 
stay, and other patient-centered outcome measu-
res (Table 4).

In all cases, increased clinical experience 
in administering NIV, patient tolerance, and 
selection of the most appropriate interfaces are 
important considerations. The clinical status of 

the patient must be carefully monitored during 
NIV application. Clinicians must ensure that the 
use of NIV does not delay the need for ETI in pa-
tients who are deteriorating during NIV treatment. 
Proper patient monitoring is critical to ensure safe 
NIV initiation and titration. Skills in NIV appli-
cation and limiting its use to highly monitored 
clinical settings are critical factors to consider 
to ensure optimal use of NIV and patient safety.

None declared.
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Treatment of acute respiratory failure in the course of COVID-19. 
Practical hints from the expert panel of the Assembly of Intensive 
Care and Rehabilitation of the Polish Respiratory Society

In 2019, a pandemic began due to infection with a novel coronavirus, SARS-CoV-2. In many cases, this coronavirus leads to the 
development of the COVID-19 disease. Lung damage in the course of this disease often leads to acute hypoxic respiratory failure 
and may eventually lead to acute respiratory distress syndrome (ARDS). Respiratory failure as a result of COVID-19 can develop 
very quickly and a small percent of those infected will die because of it. There is currently no treatment for COVID-19, therefore the 
key therapeutic intervention centers around the symptomatic treatment of respiratory failure. The main therapeutic goal is to main-

Depending on the severity of hypoxemia different techniques can be used to improve oxygenation. Medical staff dealing with 
COVID-19 patients should be familiar with both, methods used to treat respiratory failure and the epidemiological risks arising from 

and in special situations, extracorporeal membrane oxygenation (ECMO) can also be administered.
The authors of this article set themselves the goal of presenting the most current knowledge about the epidemiology and patho-
physiology of respiratory failure in COVID-19, as well as the methods of its treatment. Given the dynamics of the developing 

contained in this study will help doctors care for patients with COVID-19. The main target audience of this study is not so much 
pneumonologists or intensivists who have extensive experience in the application of the techniques discussed here, but rather 
doctors of other specializations who must master new skills in order to help patients during the time of a pandemic.

COVID-19

The pandemic caused by the SARS-CoV-2 vi-
rus has, suddenly and unexpectedly, caused health 

services to be faced with previously unknown and 

of this infection is severe viral pneumonia, pneu-
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epidemic broke out, also due to the coronavirus, 

infected patients developed severe pneumonia, 
which was characterized by a rapid clinical 

-

-

-
idemic caused by coronavirus, which took place 

to location it was called Middle East Respirato-

pandemic is the coronavirus, hence the name 

-

-

the SARS-CoV-2 virus, the number of infected 
-

attention shocked and overwhelmed the health 
care systems of even the richest countries, with 

Compared to other Western European countries, 
the pandemic reached Poland with some delay 

to take preventive measures and learn from the 

the Polish Respiratory Society (PTChP), present 

The main source of information about pa-
tients infected with SARS-CoV-2 comes from 

Chinese reports, with some recent input also 
et al.

-

the severe course of the disease affects only el-

-

to laboratory tests, severe patients had leukopenia 
-
-

Zhou et al.

patients by Wu et al.

-

one patient who also needed extracorporeal blood 

-

however, data on mortality vary from country to 

-

-
-

ed symptoms on admission are increased body 
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should be monitored constantly with a special 
focus on   percutaneous measurement of the he-

2

be considered a risk factor for the development 

et al., data on the treatment 

2

-

-

and non-invasive ventilation are probably due to 
-

As the SARS-CoV-2 pandemic continues, we 
-

of the severe course of this disease is viral pneu-
monia, which causes edema of the interstitium of 

-
ly reduced with such small lesions, the patient 

improve PaO2

-

L -
ance, normal or nearly normal in this case), 

Low V/Q ratio (low ventilation to perfusion
L L -

cruitability (weak effect of alveolar recruitment

-

H
H H

H
the use of positive airway pressure in the form

-

areas returns to the systemic circulation as still

-
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exacerbate (worsen) respiratory failure and cause 

-
creases the risk of thrombosis, is also a character-

another mechanism by which hypoxemia can 
be caused and/or exacerbated is via pulmonary 

-

the authors, more than doubled the incidence of 

Since there is no specific treatment for 

-

2) all the way up to 

advanced techniques that allow the supply of 

patient should be started with a nasal cannula 

on the patient’s initial state, severity of hypox-
emia, respiratory effort, available equipment, 
possibility of patient isolation, and the possi-

should start with a treatment method that will 

Transcutaneous pulse oximetry should be used 

its availability, ease of application, and possi-
bility of continuous measurement of this vital 

2) should only be used if there are 
doubts about the reliability of the SpO2 measure-

SpO2

-

distal phalanx, or if a patient has dark nail polish 

SpO2 value that should be achieved under the 

Society has recommended the SpO2

2

 Schematic mechanism of hypoxemia (intrapulmonary shunt). On the left-hand side, a normal perfusion ventilation ratio can be seen, on the 
right-hand side, diseased lung area can be seen. In this area there is no ventilation, therefore no blood oxygenation may take place. In cases where 
the addition of non-oxygenated blood is large, the use of passive oxygen therapy will be probably ineffective, because the administered oxygen does 
not reduce intrapulmonary shunt, but only improves the oxygenation of blood passing through healthy pulmonary parenchyma
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a panel of international experts in the field of 
intensive therapy draws attention to the harmful 
effects of hyperoxia (increased risk of death) and 

2 -

that SpO2

-
ment should never allow for SpO2 to fall below 

2 should be be-

chronic hypercapnic respiratory failure, the rec-
2 should be 

the hypoxic respiratory drive and to not increase 

2

-

A. Nasal cannula
The nasal cannula is the simplest device

-

which comes out of the cannula, is blended in 
the patient’s nostrils with the inhaled air to form 

not allow for the administration of an inspiratory 
2 value since it depends on 

A B

 Picture of lung parenchyma involvement on the 4th day of treatment of 56-year-old woman infected with SARS-CoV-2. In chest ante-
rior-posterior radiograph (A) and high resolution computer tomography (B) areas of grand glass opacities, mainly with sub-pleural predominance. 

2 0.4 to be able to reach SpO2 94%

A B

 The course of COVID-19 in 37-year-old male in chest radiograph examinations. A. The admission day: disseminated parenchymal opa-
cities in both lungs. B. 5th day of hospitalization.  16th day of hospitalization. Visible gradual regression of the lesions. The patient with respiratory 

th the patient without hypoxemia
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2 estimation method (an increase of 

-

2

-

B. Simple oxygen mask

2 [with-

2 administered 
and the risk of CO2

C. Venturi mask

-

2 value is determined by 

D. Non-rebreather mask

this mask is, with each breath, to inhale pure ox-

one-way valve system prevents the exhaled and 

. Oxygen therapy with the use of a simple oxygen mask. Oxygen therapy with nasal cannula. Flow range should be 
2 

up to 0.4. Breathing with open mouth does not reduce FiO2 and is not 
a contraindication to use of nasal cannula
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the face so the patient does not breathe in air from 

promptly so the entire inspiratory volume comes 

2 -
er mask is the safest method to avoid medical 

aerosol is dispersed the smallest distance from 

A. Principle of operation
-

-

ed with moisture and heated to a temperature of 
-

-
termediate method between passive and active ox-

2O), 

-

-

To date, no randomized clinical trials have
been conducted to assess the effectiveness of 

failure, but this method has been commonly used 

necessity for intubation and lower mortality rate 

-

. Venturi sized ports. In order to deliver certain FiO2 the 
adequate port has to be implemented between mask and cannula, and 

. Oxygen therapy with the use of Venturi mask. The red item is 
a Venturi sized port, where air and oxygen is blended to provide exact 
FiO2 between 24% and 60%

provides FiO2 at the level of 80–95%
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-
-

poxic respiratory failure showed a reduction 

(PaO2 2 

-

a reduction in the risk of intubation in a subset 
2 2) 

this study did not include patients with chronic 

-

reduces the risk of intubation [28] and the num-

-

C. Parameter titration
-

-

-

-

patient’s current respiratory rate (so it reaches 
2 -

2 -
tion and SpO2 

2

-

oxygen circuit; Oxygen cannula; 
Oxygen inlet with integreted blender and analyzer; Reservoir with 

distillated water supplied continuously (note the liquid bag on the top
Inspiratory

circuit leads the gas to nostrils
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the patient remains stable for one to two hours at 
2 

2 2

minimize adverse events such as desaturation 

 

with an increased risk of infection of medical 
-

haled air is dispersed in the form of aerosol drop-
-

is ineffective and we do not achieve a SpO2 
-

-

mechanical ventilation or may be provided in 

-

-
peutic effect is not always predictable and depends 
on the amount of pressure used and the nature 

. Schematic effect of the mechanism in which the positive airway pressure improves arterial blood oxygenation. The diagram on the left- 
-hand side illustrates the part of the pulmonary parenchyma that is involved in the disease ( ), due to the lack of ventilation in these areas, 
the ratio of ventilation ( ) to perfusion (Q) is zero. This means that there is no gas exchange between the blood and the alveoli (intrapulmonary
shunt). The diagram on the right-hand side shows the use of positive airway pressure, which increases the gas exchange surface (so-called alveolar 
recruitment) ( ) and improves the ventilation to perfusion ratio, thanks to which gas exchange occurs in some of the blood
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hypoxic respiratory failure, the authors use the 
common name for continuous positive airway 
pressure (CPAP) and describe it as non-invasive 

the fact that these patients require the application 

view, due to the fact that CPAP is not a method 
of ventilation in the literal sense, we will discuss 

A. Continuous positive airway pressure

-

-
ily in the treatment of obstructive sleep apnea 

refers to positive airway pressure at the end of 
exhalation in intubated patients and is used in 

-

do not have clinical trial results that allow us to 

CPAP in the treatment of patients infected with 

experience from doctors in Southern and Western 

-
tients without hypoventilation, which is typical 

-

patient uses this method in treatment of sleep 

usually lower than the CPAP values, which are 

-

Indications for CPAP 

-

is ineffective and should be undertaken before 
invasive ventilation is started if the patient’s 

initiate or discontinue this form of therapy should 
be taken individually and must take into account 

-
tilation if his condition worsens or not);

devices, masks);

-
tory effort and respiratory rate 

2 2

obstructive sleep apnea, especially in obese 
patients) may be an additional indication for 
early use of CPAP in patients hospitalized due 

How to use CPAP therapy in the treatment 
of COVID-19?

Interfaces. -
face, take into consideration both the possibility 

of individual types of interfaces are presented in 

the quick and vast spread of the disease, as well 
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it has the smallest risk of infection, due to the 
fact that the patient breathes in a closed space 

comes to the helmet ( )

Unintentional 
leakage

Generally absent when 
 

around the neck

Frequently excessive 
due to breathing through the 

open mouth

It is common 
but manageable 
in most patients

Usually relatively small 
and manageable 
in most patients

Pressure ulcers 
on patients face 
with prolonged use

Are not present They are very common 
on the nose bridge

They occur in almost all 
patients on nasal bridge

Very rarely

The possibility of 
using high pressures

Unlimited Usually poor tolerance 
and very large leaks

Often poor tolerance 
and large leaks

Often poor tolerance due 
to very large leaks

Ease to use by staff Dedicated to handle 
by training 

and experienced staff

Relatively simple Relatively simple Relatively simple

Communication 
with the patient’s 
environment

Possible, though  
can communicate

Limited Limited

Fluid oral intake Possible through 
a special channel 
dedicated to carry 

Convenient Requires mask removal Requires mask removal
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around the neck, which further reduces the risk 
-

-

-

-

to this problem is to attach straps to the harness 

The second best option is to use a full-face or 

in the treatment of patients with severe shortness 

inability to maintain therapeutic pressure, thus 

with ventilator, the respiratory circuit should be 
composed in such a way that the patient exhales 

with a leak port located in the mask itself should 

There are three variants of respiratory circuits 

swivel type) located in the distal part of the

CPAP devices
CPAP therapy may be provided be several 

Ventilator. The optimal device for the use of 
CPAP in a patient with hypoxic respiratory failure 
is a ventilator, which allows for the titration of 

2

-

CPAP machine. The most commonly used 
-

2 2 is needed, the 

2O is needed to use the helmet, 
so most home CPAP devices cannot be used with 

CPAP valve mask. 

-

2

The Boussignac CPAP valve system

-
ly available device that does not incorporate an 

a CPAP mask connected to a cylindrical plastic 

-

2 and positive pressure cannot be 
set by the operator because both are a result of the 

and the amount of air the patient inhales above 

CPAP valve helmet. 

. Double limb respiratory circuit for non-invasive ventilation 
-

) between the mask 
and the circuit
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2

-

with all models of both helmets and masks for 

with helmet with exhalatory valve is widely used 

CPAP technical aspects
Pressure titration. The CPAP level deter-

-

2

2

how the patient tolerates treatment, leaks, and 
SpO2

2O, while the maximum was 
2

-

Treatment time. 
should be strictly monitored so there is no delay 

should be based primarily on the analysis of the 
2 2 or SpO2 2) and 

-
eters should be carried out in the initial period 

-

-

mask and single limb respiratory circuit with expiratory valve. The expi-
ratory valve ( -

) between the mask and the expiratory valve
leak port ( ) between the 
mask and the leak port
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results of this innovative study do not provide 

2

Treatment of de-novo acute
respiratory failure

is not the treatment of choice for acute (hy-

-
ratory failure in a patient without chronic respira-
tory diseases characterized by severe hypoxemia 

2 2 

-

-
nary edema;

respiratory effort, and prevent intubation and 
complications associated with invasive ven-

hypoxemia (PaO2 2

reduction in the number of intubations was 

-

observational studies conducted in specialized 
intensive care centers also pointed to the pos-

due to individual variability in tolerance;

 Boussignac CPAP system. The three components of the 
system includes:  face mask;  the Boussignac CPAP valve; -
gen tubing [68]

 CPAP therapy with the use of Venturi Flow Generator (Easy 
Flow Venturi). Air and oxygen are delivered via separate cannulas to 
Venturi adjustable port ( ). The valve in the mask (

) generates positive pressure under the mask which can be titrated
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-

-
chrony;

-

-

-

and complications associated with invasive ven-

-

2 2 

to the lack of controlled studies about whether 
-

pneumonia, the European Respiratory Society 

cannot tolerate the administration of CPAP due 
-

sure support should not markedly increase the 
tidal volume so as not to intensify the potential 

2

the expiratory pressure should effectively com-
pensate for the effect of expiratory resistance 

with a mild or moderate hypoxemia, preferably 

invasive ventilation

Treatment of an acute-on-chronic 
respiratory failure

respiratory failure associated with hypercapnia 

-

well documented and proven to reduce the risk 
of intubation, death, and complications associ-

-
ment due to the potential risk of acute respiratory 

-

state of consciousness, and facts about their use 

converted into points, the sum of which indi-

the patient’s condition and the more frequent 

2 

-
2 and respira-

patient’s potential sudden deterioration will be 
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Algorithms for the treatment of respiratory failure in COVID-19 in general ward with the use of conventional of oxygen therapy

et al

in patients with acute respiratory failure due to 

2, SpO2, and respi-

SpO2 2

breaths/min

2 2 set at 

on the assessment of two elements in the func-

hand, are simple to measure, and on the other, 
-

the SpO2 2

concentrations necessary to maintain an adequate 

SpO2 

the components of this index, SpO2 2 had 

2

-

be remembered that the reliability of the ROX 
index has not yet been assessed in patients with 

-

and took into account the ROX index and the 
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methods of treatment of respiratory failure prove 
to be ineffective, indications for invasive ven-
tilation should be established after anesthesia 

and disorders of consciousness;

severe hypoxemia and/or severe hypercapnia
with or without respiratory acidosis that is

-

-

a practical point of view, it is important to know 

treatment associated with the use of invasive 

was made in order to facilitate a more accurate 
-

the severity of this syndrome, both in clinical 

-

. Algorithms for the treatment of respiratory failure in COVID-19 with the use of conventional and advanced technics of oxygen therapy 



262 www.journals.viamedica.pl

to increased pulmonary vascular permeability, 

clinical syndrome are severe hypoxemia, bilat-

-

1 week;

atelectasis, or tumor;

-
quired in order to exclude hydrostatic edema 

-

2 to 
2

 — 2 2  
2O;

 — 2/ 
2 2O;

 — 2 2 
with PEEP 2

2 2

-

-

-
lation, recruitment maneuvers, prone position, 

to be a method that improved ventilation with 

neuromuscular blockade has also been shown to 
-

extracorporeal CO2 removal, and extracorporeal 
-

effectiveness of most these techniques were not 
evaluated in controlled studies in acute respira-

most advanced alternative method to mechanical 

-

extracorporeal carbon dioxide removal (ECCO2

The ECCO2R device is a variant of ECMO char-

-

circulatory-respiratory distress syndromes 

Currently, the role of this method in support-
-

can be considered an effective rescue method 

of optimal invasive ventilation (prone position, 

Team were developed in the form of a protocol 
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apply in full to the use of ECMO in the SARS-

conventional mechanical ventilation and
respiratory failure is potentially reversible;

-

-
portant contraindication to ECMO therapy is the 

contraindications for this method of treatment 
-

ECMO therapy should be discontinued when there 
is extensive ischemia of the brain, massive intra-

disease, and in the absence of improvement of 

-

of not only specialists in respiratory or intensive 
care medicine, but also the responsibility of 
doctors who do not deal with the treatment of 

-

here, but rather doctors of other specialties, who 

-

optimal SpO2 value that should be maintained is 

in the treatment of hypoxic respiratory failure is 

-

and secondly, on the patient’s tolerance of the 

-

therapy because it improves SpO2 and reduces 
-

Thanks to this, it is considered a method that is 

-

CPAP and non-invasive mechanical ventilation 

infected by aerosol droplets from the patient’s ex-

are unvented, they do not allow the exhaled air 

Patients with mild respiratory failure can be 

NEWS2 scale is recommended to assess their con-
-

2 and 

-

is to control the effectiveness of treatment by 
2

-

do not improve despite the properly conducted 
invasive ventilation, the use of extracorporeal 

The authors of this article intended to present 
-
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-

development of a pandemic, this is not an easy 
-

contained in this review will help doctors in the 
care of patients with respiratory failure due to 
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Sialadenoma papilliferum of the bronchus: 
a rare tumour of salivary gland origin

Abstract
Sialadenoma papilliferum is a benign salivary tumour which rarely occurs in the bronchial tree. Up to now, only four cases of 
pulmonary papillary sialadenoma have been reported in the  literature.

invasive anatomical resection of the lobe to remove the lesion; the postoperative course was regular, and he was healthy at the 
last follow-up. 

Key words: sialadenoma papilliferum, rare lung cancer, VATS, lobectomy
Adv Respir Med. 2020; 88: 267–270

Introduction

Sialadenoma papilliferum (SP) is a rare, 
benign, papillary salivary gland tumour, usual-
ly diagnosed as a white exophytic mass of the 

description in 1969 [2], less than 100 cases have 
been reported in the medical literature, and most 
of them are located in the palate. 

the best of our knowledge, of an SP involving the 
bronchial tree. 

Case description

A 66-year-old male was referred to our De-

pulmonary nodule of the middle lobe. The pa-
tient’s medical history included renal transplan-
tation two years earlier from a living donor due to 
renal failure from mesangial IgA deposits. Eight 
months after the transplantation, the man un-
derwent right nephrectomy of the native kidney 
due to a clear cell renal carcinoma in stage pT1a 

N0 M0. During the standard oncological follo-
w-up, a whole-body computed tomography (CT) 
scan showed a 12 × 13 mm solitary pulmonary 

-
deoxyglucose (18F-FDG) avidity (SUVmax 4.3) at 
the positron emission tomography (PET) (Figu-

and the CT-guided transthoracic biopsy was not 
diagnostic. Pulmonary function tests were regular. 
Therefore, we discussed the indication for surgery 
during the multidisciplinary oncological team 
meeting. A VATS middle lobectomy with systema-
tic lymphadenectomy through a biportal appro-
ach was performed. The postoperative period was 
uneventful, and the patient was discharged on the 
third postoperative day. After almost three years 
from surgery, he is healthy, with no recurrence.

Pathologically, at the gross examination of 
the resected lobe, a micro-cystic neoplasm of 
1.5 cm in diameter, was found close to the lobar 
bronchus.

Frozen sections showed a papillary and cy-
stic lesion with no sign of malignancy and the 
diagnosis was deferred.
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Figure 1. CT scan showing the middle lobe nodule

Figure 2. PET 18 F-FDG showing the contrast uptake of the nodule
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Histologically, the lesion was described as 
-

brous capsule, with cysts containing eosinophilic 
material or papillary structures lined by at least 
two layers of the epithelium (Figure 3). At immu-
nohistochemistry, neoplastic cells were negative 
for TTF1, Napsin A, Thyroglobulin, PAX8, and 
GATA3. The epithelial cells of the basal layer were 
positive at immunohistochemistry with p63 and 
ck14. The suprabasal layer was negative for 
p63 and only focally positive for ck14; it was often 
multi-layered, with some micropapillary tufts, 
and showed mild polymorphic hyperchromatic 
nuclei and rare prominent nucleoli. Furthermore, 
the cysts containing eosinophilic material were 
lined by the same layered epithelium that was ne-
gative for TTF1, Napsin A, Thyroglobulin, PAX8, 
and GATA3 as well. The lesion seems to originate 
from submucosal bronchial glands.

a cystic papillary neoplasm of undetermined 
malignant potential (probably, low), most likely 

-

gnosis was sialadenoma papilliferum (SP), a rare 
subset of ductal papilloma of minor salivary gland 
origin, also described in the bronchi [3–5]. In 
our opinion, this tumour could be considered as 
a “salivary gland type bronchial neoplasm”.

Conclusion

Rare primary tumours of the lung account 
for less than 1% of all primary lung neoplasms 
and include a wide variety of cancers [6]. They 
usually present as a non-small cell lung cancer 
with symptoms related to their size, localisation, 
and malignancy (cough, dyspnoea, chest pain, 
haemoptysis, fever, fatigue, etc.). A tissue biopsy 
is often mandatory to make an accurate diagnosis, 
and surgery is still the most effective treatment, 
with chemotherapy and radiotherapy playing 
a role as adjuvant strategies.

tracheobronchial tree published in the literature. 
A thorough search was performed in PubMed on 
December 1st, 2018, using the terms “lung”, “bron-

Figure 3. A., B. At low power, both cysts with blood and eosinophilic material (asterisks) and cysts with papillary projections are observed (blue 
C., D. Papillary projections and cysts are lined by a luminal epithelium (luminal cells, red arrows) 

-

A

C

B

D
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chial” and “sialadenoma/sialadenoma papillife-
rum” as keywords. Only four studies were found 
(one was written in German and was excluded). 
First described in 1969 by Abrams and Finck [2], 
SP is a benign, neoplasm of salivary gland origin 
which is named after its histological resemblance 
to syringocystadenoma papilliferum of cutaneous 
adnexal origin [7]. In the oral cavity, it appears as 
a white-coloured, exophytic, papillary lesion of 
the mucosa [1, 7]. In the three reports analysed, 
the macroscopic appearance is similar, being de-
scribed as a well-demarcated, white, papillary or 
verrucous, sessile to a pedunculated lesion of the 
trachea or the bronchus [3–5]. It shows a histo-
pathological biphasic growth with an exophytic 
papillary squamous component and a solid/cystic 
part. SP is slightly more common among males, 
with a male-to-female ratio of 1.6:1, mainly affec-
ting individuals > 50 years of age (mean standard 
± deviation 56.8 ± 15.5 years) [1]. SP has been 
reported in a variety of locations characterised 
by slow growth and a benign course, although 
few cases of recurrence have been documented 
[8]. A malignant transformation is still unique, 
although possible [7].

Besides, the cell of origin of SP is still con-
troversial, but this neoplasm is thought to arise 
from both the excretory duct cells and bronchial 
glands in the case of salivary gland tumours 
and tracheobronchial tree lesions, respectively 
[3]. According to the literature review [8], the 
recommended treatment is a conservative sur-
gical approach. In the three reported pulmonary 
cases, two anatomical resections were performed 
(a sleeve right upper lobectomy and a lower right 
lobectomy); in the third one, simple excision of 
the endotracheal mass was made. In all cases, 
patients have been free of disease for at least 
6 months after surgery.

In our case, we did not have a preoperative 
diagnosis: therefore, considering the mass as 
a malignant tumour and evaluating its locali-
sation, we performed a middle lobectomy. Our 
patient underwent a periodical follow-up CT scan 

malignancy under immunosuppression, and he 
is currently free of tumour.

SP occurring in the bronchus. The awareness 
of the existence of such rare lesions is essential 
for pathologists, and clinicians should keep in 
mind the possible occurrence of this intrabron-
chial exophytic tumoral lesion in the differential 
diagnosis. It is also mandatory to consider the 
chance, although improbable, of malignancy for 
these lesions. Undoubtedly, additional reports 
with longer follow-up are needed to demonstrate  
the most appropriate treatment of this very rare 
lesion. 

None declared.
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Progressive bronchiectasis and CMC in a patient with 

-

Bronchiectasis is a chronic respiratory di-
sease characterized by an abnormal permanent 
dilation of the bronchi which are typically 
described as cylindrical, varicose, or cystic in 
appearance. The condition is characterized by 
a vicious cycle of persistent bacterial infec-

leading to the impairment of airway defence 
mechanisms. Risk factors for bronchiectasis are 
listed in Table 1 [1]. Appropriate baseline inve-
stigations include a chest radiograph, pulmonary 
function tests (PFT), and sputum bacteriological 

-
ming the diagnosis is high-resolution computed 
tomography (HRCT) of the chest. The main aims 
of management are to reduce symptoms and 
exacerbation frequency and severity, to preserve 
lung function, and to improve the patient’s heal-
th-related quality of life [2]. 

Bronchiectasis is also a well-recognized com-

which are the most frequently diagnosed primary 

-
seases that represent a relevant cause of morbidity 
and mortality. Pulmonary complications include 
acute and chronic infection-related diseases such 

mediated interstitial lung diseases such as gra-
nulomatous-lymphocytic interstitial lung disease 

of 801 patients with primary hypogammaglobu-

High susceptibility to mucosal and skin 
-

-

the 1960s, but its genetic causes are still being 
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-

20 kindreds with 12 gain-of-function (GOF) mu-
tations in the signal transducer and activator of 

Here, we report the first Polish case of 
-

ogenic variant who presented with recurrent 
respiratory bacterial infections complicated by 

a second child to young, healthy and unrelated 
parents after an uneventful pregnancy and deli-
very, and without a family history of recurrent in-

treated with intravenous antibiotics due to mul-

of life, she was hospitalized for pneumonia twice 
with accompanied persistent oral thrush (Candi-
da glabrata
with typical and atypical bacteria, viruses (CMV), 

and congenital malformations of the respiratory 

system were excluded. Performed chest computed 

presence of acid-fast bacilli (AFB) in bronchial la-

-

6 months, systematic clinical improvement was 

CT was performed due to a chronic cough and 
periodic bronchopulmonary exacerbations. The 
results of this CT showed a progression of chan-

right lung, bilateral striatal-atelectical lesions in 

Colonization of airways with Pseudomonas aeru-
ginosa and methicillin-resistant Staphylococcus 
aureus

2), clubbing, oral thrush, dental caries, 
splenomegaly, as well as crackling and rhonchi 

2 -

-
travenous immunoglobulin supplementation 

treatment, the patient still suffered from severe 
recurrent bacterial and muco-cutaneous fungal 
(Candida spp
in the respiratory tract continued.  At the age of 
10, she was operated on to treat a severe hiatus 
hernia. Progressive esophageal obstruction as-

esophagus (most likely a consequence of chronic 
candidiasis) required numerous esophageal di-

years later, we were informed about heterozy-

for the patient. The parents of the patient were 

 —
(CVID)

 —
 —
 — -

Primary ciliary dyskinesia

Congenital malformations

Postinfectious

Idiopathic*

*Other causes excluded
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developed a severe invasive skin and pulmonary 
bacterio-fungal infection which was resistant to 

has been implemented since then. At this time, 

and cistic bronchiectases in both lungs (Figure 

11-year-follow-up, PFTs were repeatedly perfor-
med and an obstructive ventilatory pattern was
present increasing airway resistance. Air trapping

-

At the age of 16, hematopoietic stem cell 

a progressively deteriorating clinical and im-
munological condition of the patient (Table 2). 
However, the unwillingness of patient and her 

parents towards the procedure together with 
severe lung disease and the poor worldwide 

decision. Currently, the patient is treated with 
-

tifungal agent (voriconazole), and antibacterials 
(Co-trimoxazole, macrolides, inhaled colistine) 
for prophylaxis.

-
tion (LOF) or gain-of-function (GOF) muta-
tions that give rise to distinct clinical phenoty-

-
kines involved in mounting innate and adaptive 
immune responses to viruses and intracellular 

-

cystic bronchiectasis in both lungs

A

C

B

D
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-
sive mycobacteriosis and viral infections, espe-

to mycobacteria but normal immunity against 

chronic mucocutaneous candidiasis and autoim-

-

disorder with recurrent chronic Candida spp 
infections primarily involving the nails, skin, and 
oropharynx. CMC can be associated with various 

studies have demonstrated that the clinical spec-

encompassing bronchiectasis, immune dysregu-

or severe and life-threatening [9, 10]. 

mutations who experienced poor weight gain, 
chronic refractory candidiasis, recurrent pneumo-
nia resulting in bronchiectasis, and severe oral 
and esophageal candidiases with strictures asso-
ciated with hypothyroidism. The clinical picture 
of our patient was consistent with a combined 

cases reported in literature [11, 12]. The authors 
described two patients presenting in early infancy 

-
ding bronchiectasis. One of them also developed 
a mycobacterial infection. 

in life with very complex and variable phenoty-
pes. Patients, in most cases, suffer from persistent 
and recurrent infections of the skin, nails, and 
mucosa, mainly caused by C. albicans, variably 
associated with bacterial (i.e., respiratory tract and 
skin), viral (i.e., mostly Herpesviridae), and, less 
frequently, with mycobacterial infections. They 
also present with susceptibility to autoimmune 
diseases (i.e., hypothyroidism, type 1 diabetes, 
blood cytopenia, systemic lupus erythematosus, 
vitiligo), enteropathy, cardiac and vascular altera-
tions, bronchiectasis, parodontitis, and failure to 

the risk of chronic lung disease with a severe 

Chronic-recurrent infections with different pa-

susceptibility to mycobacterial diseases.

-

-

IL-12R

-

-
rrent lobar pneumonia, bronchitis or interstitial 

Streptococ-
cus pneumoniae, Pseudomonas aeruginosa, Ha-

and Staphylococcus aureus, 

had a mycobacterial infection. Bronchiectasis was 

hand, chronic and/or recurrent mucocutaneous 
fungal infections with predominantly C. albicans 
are the major infectious complications in patients 

in infancy or childhood. On the other hand, the 
recurrence of pulmonary exacerbations frequently 
leads to chronic lung disease with an obstructive 
component as shown by spirometry and progres-
ses to bronchiectasis in childhood. Additionaly 
colonization with Pseudomonas aeruginosa is 
associated with an increased rate of decline in 
lung function and a poorer health-related quality 
of life. That is why careful consideration to the 

given at the time of CMC diagnosis since they 
are reported to be causative in more than half of 

that these patients may exhibit quite different 
phenotypes, new infections, bronchiectasis, au-
toimmune diseases, malignancies, and aneurysms 
that may emerge gradually with age.

lymphocyte ratios, immunoglobulin levels, and 
T-cell function despite the high rate of infec-

-
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-

-

with loss of both switched and unswitched me-
mory B cells with age which, together with a low 
concentration of immunoglobulins, may suggest 

immunologic function despite appropriate treat-
ment (antibacterial, antifungal prophylaxis and 
immunoglobulins substitution) may be another 
possible reason for newly acquired infections as 
well as explain the progression of lung disease, 

reported patient after a wide range of immunolo-

-

neurocognitive development in association with 

why most of patients are initially followed with 

-

-

despite the similar molecular and cellular/im-
et al

et al. et al.

These patients presented with CMC, recurrent 
lower respiratory tract infections, bronchiec-
tasis, and autoimmunities similar to the case 
described here. That being said, more clinical 

-
tations should target prevention and treatment of 

kinase) inhibitors may potentially be useful in 
-

is heterogeneous, progressive, and unpredictable 
in its course should alert physicians to recognize 

variable in success because despite being curative, 

graft failure and death [18]. Thus, the outcome of 
this procedure has not been well established in 

The clinical presentations of our patient 

range of disease phenotypes including fungal 
and mycobacterial infections, autoimmunity, 

the most commonly seen presenting symptom 
and clinical presentation is that of progressive 
bronchiectasis. The proper treatment may not 
stop progressive and devastating lung disease, 
which in turn may be a detterent to deciding to 

The authors are grateful to the patient and her 
family for their cooperation, and to the scientists 

-

performing molecular tests.
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Antidiarrheal pill in the airway
1 2 3
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Pill aspiration depicts an unusual type of foreign body aspiration necessitating a discrete diagnostic and 
therapeutic approach [1]. Some pills may remain intact in the endobronchial tree for many years without 
causing much harm, whereas others may dissolve [2]. The clinical outcomes vary from an asymptomatic gra-
nuloma to severe, life-threatening airway complications, depending upon the chemical properties of the pill. 
We report a compelling case of pill aspiration in a healthy patient. 

A 50-year-old gentleman, non-smoker, presented with respiratory distress after episodes of paroxysmal 
cough for one day. On clinical examination, palpable crepitus was present in the neck. The chest radiograph 
revealed a left upper lobe collapse, prompting further assessment. The patient denied history of chest pain, 
vomiting, weight lifting, rapid ascent, or descent of altitude. Computed tomography (CT) revealed radiopaque 
foreign body at the bifurcation in the left main bronchus. Also, there were present pneumomediastinum, 
small apical pneumothorax, and subcutaneous emphysema (Figure 1A). Subsequently, on repeated enquiry, 
the patient reported paroxysmal coughing episodes while consuming his tablet loperamide.

powdery foreign body emerging from granulation tissue at the distal opening of the left upper lobe bronchus. 
Single application of the cryoprobe was unsuccessful in extracting the pill enbloc, so multiple cryoprobe 
applications were done to remove the disintegrated pill particles (Figure 1B). At the end of the procedure, 
approximately the 80% patency of the airway was restored. Follow-up bronchoscopy, done 3 weeks later re-
vealed complete patency of the airways without residual scar. On subsequent follow-up, the man remained 
asymptomatic.

Aspiration of a foreign body into the airways is a potentially fatal situation posing a diagnostic challen-
ge. The symptoms range from asymptomatic to non-resolving pneumonia and respiratory distress of variable 
degrees, depending on the location of FB. Subcutaneous emphysema is among least common presentations 
of foreign body bronchus.

The development of subcutaneous emphysema is attributed to a ball-valve mechanism. Alveolar or airway 
breach allows the escape of air into the perivascular tissue around the pulmonary arteries which communicate 
with the mediastinum from which air may ascend into the neck and chest wall [3].

Flexible bronchosopy revealed an airway 
 obstruction in the proximal left upper lobe bronchus. The entire granulation tissue along with the tablet was removed with a cryoprobe

A
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The diagnosis of FB aspiration requires a detailed history of aspiration and clinical symptoms and signs. 
The radiographic evaluation reveals either radiopaque FB or indirect signs such as lobar collapse, segmental 

tissue reactions to FBs include granulation tissue formation, endobronchial stenosis, strictures, edema, and 
airway distortion.

cryotherapy probe is traditionally used for the treatment of endobronchial lesions and parenchymal biopsy. It 
is also an excellent instrument that can be used to remove foreign airway bodies. The mechanism facilitating 
the use of cryotherapy probes to remove foreign bodies requires a certain amount of water content in the FB, 
suggesting that most organic material is appropriate for this approach. Fruchter et al., in an ex vivo study 
involving retrieval of 18 commonly aspirated objects using cryoprobes, demonstrated successful retrieval of 

slippery properties of the granulation tissue on the foreign body by freezing it onto the probe’s tip. To further 
facilitate removal, one may consider spraying saline over the object and immediate freezing of the foreign 
body, which then contains water to allow for successful cryoextraction as performed in the current case. 
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Unusual initial presentation of ABPA as hydropneumothorax

Department of Pulmonary, Critical Care & Sleep Medicine, VMMC & Safdarjung Hospital, New Delhi, India

A 48-year-old female with bronchial asthma presented with right-sided pleuritic chest pain since 20 days 
followed by cough with expectoration and shortness of breath since 15 days. She was not compliant with her 
asthma medications. On examination, the patient was febrile with tachycardia, tachypnea, hypotension and 
room air saturation of 85%. Respiratory system examination revealed tracheal deviation to the left, reduced chest 
expansion and decreased breath sounds in the entire right hemithorax and the presence of succussion splash. 

Chest X-ray PA view showed right hydropneumothorax. High-resolution computed tomography (HRCT) 
scan of the thorax demonstrated right-sided loculated hydropneumothorax with collapse of the underlying 

Follow-up HRCT scan demonstrated complete resolution of hydropneumothorax, and ICD tube was removed. 
Also, the presence of underlying bronchiectasis (varicose type) was documented on the right side (Figure 1B). 
On further evaluation the patient was found to have peripheral eosinophilia (A.E.C. = 3800/μL). The Af-IgE 

-
chopulmonary aspergillosis (ABPA) as per ISHAM criteria [1]. Alternative etiologies of hydropneumothorax 

The patient was initiated on inhaled therapy and oral Prednisolone at a dose of 0.5 mg/kg/day for two 
weeks, then on alternate days for eight weeks [1]. The woman improved symptomatically after 10 weeks and 
is currently under follow-up. 

The literature search yielded 7 case reports of pneumothorax/hydropneumothorax in ABPA [2–5]. Of 

pleural complication on follow-up. The probable etiology of pleural complications in ABPA is either secondary 
to severe underlying bullous lung disease or impacted mucus acting as a ball valve leading to air trapping and 
rupture of the bronchus [2–5].

This case highlights the need to suspect ABPA, even if the patient presents with pleural pathology 
(pneumothorax or hydropneumothorax) in a known case of bronchial asthma and peripheral eosinophilia.

  High-Resolution Computed Tomography of the chest demonstrating right-sided hydropneumothorax;  complete re-expansion of 
the right lung with the presence of central bronchiectasis (varicose type; white arrow)

A B
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An uncommon presentation of osteosarcoma
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A 20-year old female presented to our department with complaints of sudden-onset dyspnea and right-sid-
ed chest pain for the last month. The patient was started on empirical anti-tuberculosis therapy by a local 
physician, but there was no respite from the symptoms and she deteriorated clinically. A detailed patient 
history revealed that she had pain and swelling over the right knee, left arm, as well as vague complaints of 
generalized body aches for the last 5 months. On clinical examination, she had tachycardia and tachypnoea 
with an oxygen saturation of 90% at room air. There were enlarged, hard, and non-tender lymph nodes over 
the right axilla (2 × 2 cm) and bilateral inguinal regions (2 × 1 cm). Lung auscultation revealed dull notes 
and decreased breath sounds over the left hemithorax. Examination of the lower limbs revealed a diffuse, 

without evidence of any abnormal cells. Radiographic imaging of the right knee was suggestive of an osteo-
genic malignancy (Figure 1). Serum alkaline phosphatase level was also elevated. Contrast-enhanced com-

lymph node showed sheets of malignant cells surrounding the malignant osteoid with brisk mitotic activity. 

Thus, a diagnosis of metastatic osteosarcoma was made. The patient was critically ill, rapidly progressed to 

The most common primary bone malignancy is osteosarcoma, with the peak incidence in the second 
decade of life. Around 10% of patients present with distant metastases. The most common sites of metastasis 
are the lungs and bone, while the unusual sites of metastasis include the brain, abdominal viscera, lymph 
nodes, pleura, pericardium and the oral cavity [1]. Analysis of an autopsy database in Japan showed 12.1% 

pleura in primary osteosarcoma during life is very rare. Extensive involvement of pleura may occur either 

the pleura was probably due to hematogenous spread from the primary lesion in the right leg.
Regional lymph node involvement in osteosarcoma is rare with reported incidence rates ranging from 

< 1% to 10%. The incidence of lymph node metastasis as reported by the Co-operative Osteosarcoma Study 
Group (COSS) is 0.8%, whereas other series reported clinically detectable lymph node metastasis to be less 

one series, the median survival rate reported in this group was 8.5 months after diagnosis, which was similar 
to those with distant metastasis. Our patient had predominantly metastasis to the pleura and lymph nodes, 
which is usually rare. Regional lymph node involvement can serve as an adverse prognostic indicator inde-
pendent of other known prognostic factors in osteosarcoma.

A high index of suspicion and meticulous clinical examination is essential for early diagnosis in cases 
of undiagnosed pleural effusion and peripheral lymphadenopathy.
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Axial CECT at the level of aortic arch (
) and sagittal bone window ( ) reformatted images show extensive 

pleura (narrow arrowheads in ), multiple bilateral loculated pleural effusion (stars in ), lytic and sclerotic metastasis in vertebrae (arrows 
in ) shows bone tumour with aggressive periosteal reaction at distal femoral 
metaphysis
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The catch-22 of the COVID-19 “lockdown”

To the Editor

The turn of the year marked the ominous 
birth of what later developed into a pandemic. 
The Chinese city of Wuhan reported a cluster of 
44 cases of pneumonia which had an unknown 
etiology [1]. The offending agent was later found 
to be a novel coronavirus, the third of its type to 
cause a major outbreak in humans over the past 
two decades following SARS and MERS. The 
resulting disease was later named COVID-19 [2]. 
The virus’ high rate of infectivity in a city of 
almost 10 million people led to a rapid and expo-
nential growth of cases. The healthcare system 
quickly became overwhelmed and the Chinese 
government responded by imposing a lockdown. 
The aim was straight-forward: to stagger the expo-

curve” [3]. This allowed the healthcare system to 

the huge number of patients. 
th January 

2020 [4]. The patient was a student returning 
from the city of Wuhan. With an ever-increasing 
number of cases being diagnosed over the coming 
weeks, countries further imposed travel restric-
tions and closed international borders to prevent 
the spread of the disease. This initial measure 
only delayed the unavoidable and many countries 
began to see a rapid increase in cases. Local trans-

Consequently, on March 11th, 2020, the World 
Health Organization declared that COVID-19 was 
a “pandemic” [2]. Over the next 10 days, India 
noticed the beginning of an exponential upstroke 
in cases. The goal of the Government of India 

Therefore, they responded by initiating an unpre-
cedented nationwide lockdown which brought all 
non-essential services to a halt.

effective vaccine, lockdown and social distancing 
are the two weapons to combat this pandemic. 
The aim behind the lockdown was to contain 
the spread and to upscale healthcare facilities 

of cases. Another merit of this plan was that it 
would theoretically allow for healthcare research 
teams to come up with an effective curative and/or 
prophylactic treatment plan. The strategy has ar-
guably worked, with the number of new cases out-
side of “hotspot areas” not showing a disastrous 
increment. There are, however, unsolicited effects 
that bear considerable relevance in a country with 
limited resources. 

A double-edged sword

State governments throughout India have 
designated major tertiary care hospitals to speci-

services in the Indian public health setup are 
extremely scarce outside of tertiary care cen-
ters. A vast majority of super specialty and sub-
specialty services in India are limited to tertiary 
care centers. In most of these hospitals, routine 
out-patient services have been halted with only 
emergency services being delivered. In addition, 
resident doctors of these specialties have been 
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diverted to perform COVID-19 duties in order 
to form a large pool of health care professionals 

issue. This was largely done to maximize the treat-
ment of the huge number of COVID-19 patients as 
well as to have adequate backup in the unfortunate 
event that frontline HCPs were to get infected. 
Further, planned medical procedures and surgeries 
have been postponed for the foreseeable future. 
Hospitals have been advised to discharge all pa-
tients who are not very ill in order to create space 
for COVID-19 patients. These steps also contribute 
towards decreasing potential cross-infection.

A majority of India’s 1.3 billion population 
belong to low/middle-income groups which 
mainly utilize public health services for their 
health needs. These people also depend on go-
vernment provisions for disease-related follow-up 

compounded by the country’s high prevalence 
of diseases such as hypertension, coronary ar-
tery disease, diabetes mellitus, cataract, chronic 
obstructive pulmonary disease, tuberculosis, 
and various malignancies [5]. Considering the 
above-mentioned information, it is important to 
note that long duration lockdowns carry a risk of 
aggravating and losing control of the treatment 
of chronic illnesses. Financial constraints also 
inhibit the use of home-based monitoring devices 
which further heightens the risk. 

Logic and logistics

The interconnected digital world has spread 
awareness about preventative measures against an 
infective pandemic disease more effectively and 
quickly than at any time in the past. To HCP’s, 
avoiding hospital contact during this trying time 
has become fundamentally and logically perti-
nent. The ‘nation’ may be under lockdown, but 
the “disease” isn’t. Even when people fall ill from 
diseases other than COVID-19, they will tend to 
avoid hospital contact. This has mostly been seen 
in patients experiencing acute coronary syndromes 
and cerebrovascular incidents. They may either 
ignore symptoms, consult local health services for 
symptomatic treatment, or even self-medicate. In 
doing so, an essential evaluation of symptoms that 
may require special tests is not completed. In ad-
dition, the majority of low/middle-income house-
holds primarily use affordable public transport 
systems. For people seeking care in public hospi-
tals, the curbs on transport create a hurdle in their 
ability to physically be able to get to well-equipped 
centers culminating in treatment delay. 

A receding ocean before the tsunami

During the periods of lockdown, stable pa-
tients with chronic diseases have been advised 
to stay at home and avoid going to hospitals for 
routine follow up. Patients requiring non-urgent 
care have been asked to wait and routine proce-
dures/surgeries have also been put on hold. In 
addition to this, patients are avoiding hospital 
visits with a fear of contracting COVID-19. As 
a result, the number of these patients is accumu-
lating. Once the lockdown restrictions are taken 
down, the flood of patients will undoubtedly 
put the health care system, which may already 
be depleted, in further distress. In addition, the 
lockdown hampers the economy of the country 
as a whole which can lead to an economic cri-
sis. This will further impair our spending on 
strengthening healthcare services, purchasing 
testing kits, and funding the purchase of equip-
ment and drugs.

The benefit of a nationwide “lockdown” 
has its positives and negatives. It has dampe-
ned the potential explosion of COVID-19 ca-
ses in countries such as India and Singapore. 
However, its doubtless effect on patients with 
non-COVID-19 illnesses is worrisome. A pro-
longed lockdown which will seemingly benefit 
COVID-19 containment will also impair patients 
with other diseases. As such, this period cannot 
be indefinite. India has slowly but progressively 
managed to reduce the morbidity and mortality 
resulting from “disease” in general. It is prudent 
to address this catch-22 situation extensively 
and promptly or else the good work that has 
been accomplished up to this point may be 
tarnished. 
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Relative lymphocytosis in COVID-19 — a ray of hope

Dear Editor

A recent article on 150 COVID-19 patients 
from Wuhan, China, was a comprehensive analy-
sis of clinical predictors of mortality [1]. Age, 
cardiovascular comorbidities, total leucocyte 
counts, lymphocyte count, platelet count, liver 
and kidney functions, IL-6, C-reactive peptide 

associated with increased mortality. Fulminant 
myocarditis was stressed  as a poor prognostic 
marker. However, an equally important parameter 
is the percentage of lymphocytes. In the same trial 
, total leucocyte count was 10.62 × 109 cells/litre 
vs 6.76 × 109 cells/litre in the dead vs survival 
group, respectively. On the other hand, lymphocy-
topenia was more profound; 0.662 × 109 cells/litre 
in the dead group vs 1.4262 × 109 cells/litre in the 
survival group. Both these values were statistical-

Similarly, in an initial compilation of data 
of 51 COVID-19 patients at the authors’ current 
centre from India, a trend supporting all the above 
observations is  becoming increasingly noticeable. 
The mean leucocyte count was 5.7 × 109 cells/ 
/litre with a mean lymphocyte percent of 40.6% 
(Figure 1, 2). As the mean leucocyte count falls in 
the normal range, this is a relative lymphocytosis, 

more [2]. The mean haemoglobin was 16 g/dL and 
platelet count was 260 × 109 per litre. All the pa-
tients had stable vitals, preserved organ functions 
and required only symptomatic treatment for fever 

having mild upper respiratory tract infection [3].

Figure 2. The lymphocyte percent is normally distributed with mean 
of 40.6% and a standard deviation of 9.0%

Figure 1. The distribution of total leucocyte count with a mean of 5.7 
× 109 cells/litre

Lymphopenia has been found to be very com-

Another study tried to develop predictive models, 
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-
ness has been found to be  characteristic of the 
moderate group with favourable prognosis [5]. In 
concordance with that, as our mean lymphocyte 

have a recovery.
Multiple mechanisms have been proposed 

for lymphopenia in severe COVID-19. Direct 
lymphocyte inhibition, lymph node destruction, 

-
sing lymphocytes and coronavirus attaching to 
the angiotensin-converting enzyme 2 (ACE2) 
receptor on lymphocyte are few plausible expla-
nations [4]. However, relative lymphocytosis 

be an indication  of a favourable prognosis. Acute 

mononucleosis are also associated with relative 
lymphocytosis; most of these eventually develop 
a spontaneous recovery [6]. The mechanism as 
to why some people respond favourably needs 
further research.

-
ucocyte count with differential count is done in 
all patients at admission. This, along with other 

predictors like age and comorbidities, can be used 
to make a quick, early decision on the further 

resource allocation. 

None declared.
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Dear Editor

Tumor Necrosis Factor-a (TNF-a) inhibitors, 
-

ness as a third-line treatment option in relapsing, 

-

-
-
-

-
-

-

-
-

-

-

-

-

-
-

-

th

a agents reported dis-

anti-TNF-a
-



Advances in Respiratory Medicine 2020, vol. 88, no. 3, pages 289–291

290 www.journals.viamedica.pl

-

alopecia areata, bullous pemphigoid, drug-in-

-

-

-

-

-

References:
-

-

a agents in cuta-

,

-

-

-

Figure 1. A. B. Erythema multiforme: 
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