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INTRODUCTION 
Chronic obstructive pulmonary disease (COPD) remains 
one of the leading global causes of mortality and 
morbidity (1,2,3,4), estimated to be the third most 
common cause of death by 2020 (3,5). The natural 
evolution of the disease is characterized by frequent 
exacerbations (2,4), decreased quality of life, especially 
in COPD risk class C and D, and increased economic 
costs (3,4).  
Severe COPD exacerbations are associated with 
respiratory acidosis and hypercapnia, usually determined 
hospital admission and need for ventilatory support 
(7,8,9,21). Although non-invasive ventilation (NIV) 
proved his efficiency in COPD patients with acute 
respiratory failure, persistent hypercapnia after discharge 
is associated with increased mortality rate and early 
readmission (3). Before 2013 the readmission rate was 
20% (4), and in some countries (USA and UK for 

example) hospitals are penalized for readmissions under 
28 days. These factors contributed to the increased 
interest in development of new therapies to prevent 
relapse in these patients (5,6). The hospital, through the 
management system created (rules, principles, decision-
making procedures) has the primary objective of 
providing quality, efficient and high-performance 
medical services (7,8). 
One of these relatively new treatment options is home- 
NIV added to the long-term oxygen therapy (LTOT), in 
COPD Group D patients with chronic hypercapnia 
(12,16). Clinical efficiency of home-NIV raised 
controversies between researchers because some of the 
clinical studies didn’t show any improvement in 
hypercapnia level or on mortality. However, the question 
remains if in these studies NIV wasn’t or not applied in 
an optimized manner, selection of patients was correct or 
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Introduction. Chronic obstructive pulmonary disease (COPD) is a major cause of morbidity and mortality, estimated to be the 
third most common cause of death by 2020. The natural evolution of the disease is characterized by frequent exacerbations, 
severe exacerbations evolving with respiratory acidosis. Introducing home non-invasive ventilation (NIV) in the management of 
COPD group GOLD (Global Initiative for Chronic Obstructive Lung Disease) D patients generates supplementary costs, but the 
decreasing of the number of severe exacerbations will decrease the costs of drug treatment and hospitalization. This balance can 
be verified through a careful study of cost-effectiveness through modern methods of assessing the costs and years of life gained 
in relation to quality of life.  
Material and method. This prospective study took place in the Emergency Department of the Bihor County Clinical Emergency 
Hospital, Oradea, between 01 October 2017 – 31 October2018, with a follow-up period of 2 years.  We included 36 Group  risk 
D COPD patients, presented with severe exacerbation that required NIV; the patients were divided into two study groups 
according to the treatment scheme after discharge (standard medication according to GOLD guidelines and long-term oxygen 
therapy - LTOT vs. LTOT + NIV). We follow-up at 2 years with the study group, and analyze the following: number of 
exacerbations (moderate and severe), number of hospitalizations, mortality rate in two years, average costs for the treatment of 
exacerbations and for stable COPD periods, quality adjusted life year (QALY).  
Results and discussions. From 36 enrolled, 10 patients benefited from home NIV. The number of exacerbations was 
significantly lower in the NIV group compared with the LTOT group (1.72±0.79 vs 3.54±1.18). The incremental cost-
effectiveness ratio (ICER) showed a net gain of 31% from gross product (GDP) per capita (5,641.71 ± 1,737.0-euro vs 9,272.3 ± 
3,681.9 euro) per quality adjusted life year (QALY) for each patient. 
Conclusions. Introduction home-NIV demonstrated clinical improvement and higher cost-effectiveness over LTOT alone in 
Class Risk D, COPD patients after discharge following a severe exacerbation. 
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not (13). Recently, European Respiratory Society Task 
Force (ERSTF) reviewed and published in 2019 
evidence-based recommendations for the clinical 
application of LTH-NIV in chronic hypercapnic COPD 
patients (14). 
Introducing home- NIV in the treatment scheme of 
COPD patients generates supplementary charges, but 
clinical improvement with reducing number of 
exacerbations leads to decreased hospitalization costs and 
pharmaceutical treatment expenditures (17,18). This 
balance can be verified only through a careful study of 
cost-effectiveness with modern methods including cost 
assessment and gained quality adjusted life years 
(QALY) (19,20). These studies are specific for every 
country, health systems varying in characteristics and 
individual costs (22,23). The aim of our study was to 
evaluate the clinical and economic impact of NIV 
supplementation to LTOT compared to standard therapy 
with LTOT in COPD group D patients with severe 
hospitalized exacerbation.  
2. Material and method 
2.1. Study selection 
This prospective, observational study took place in the 
Emergency Department of the Bihor County Clinical 
Emergency Hospital, Oradea, between 01 October 2017 – 
31 October2018, with a follow-up period of 2 years. The 
inclusion criteria were: patients with a documented 
diagnosis of COPD, Class risk D, aged≥40 years, 
hypercapnia>55mmHg and respiratory acidosis witch 
required NIV. The exclusion criteria were: pregnancy, 
any oncologic diagnosis in the last 5 years, younger than 
40 years, unable to sign informed consent. The study was 
conducted in accordance with the Declaration of 
Helsinki, and the protocol was approved by the Ethics 
Committee of County Clinical Emergency Hospital, Oradea. 
2.2. Objectives 
The main objectives of the study were: the number of 
exacerbations (moderate and severe), readmission rate 
and general mortality rate in the observation period (24 
months). Secondary objectives were economic data, 
QALY, ratio between costs/QALY.The difference in 
costs / QALY ratio was compared to the gross domestic 
product (GDP) per capita to demonstrate the economic 
importance of the gain or loss through this intervention in 
the treatment scheme of Class risk D COPD patients. 
2.3. Data collection 
Data were collected from the patient's medical record 
obtained after evaluation in the Emergency Department, 
and a number was allocated after study inclusion. The 
following data were collected: age, gender, location of 
residency (urban or rural), cigarette-smoking history, 
arterial blood gas parameters (Pco22(mmHg), ph, 
Po2(mmHg)), number of moderate and severe 
exacerbations (defined by the GOLD 2017), mortality 
rate. The study population was divided by the treatment 

scheme in two samples (LTOT or LTOT+NIV). This 
division was undertaken in order to facilitate a 
comparison of the clinical factors as well as the economic 
factors. 
 Patient follow-up was realized by phone combined 
with verification of electronic registers of all hospitals in 
Bihor County with respiratory ward. The compliance 
with the NIV was checked up with the company who 
lease the NIV device (from the digital register of each 
device). 
 The follow-up criteria were the following: 
treatment scheme: LTOT or LTOT+NIV; 
daily usage of LTOT and NIV (h/day); 
number of recurrences in follow-up period (moderate and 
severe); 
number of hospital admission for exacerbation; 
all-cause mortality. 
 According to the collected data non-compliant 
patients (oxygen usage under 18 h/day and NIV usage 
under 6 h/day) and those who changed the treatment 
regimen during the follow-up period (LTOT to 
LTOT+NIV or inversely) were excluded. 
2.4. Economic study 
The best economic indicator for a medical intervention is 
the incremental cost-effectiveness ratio (ICER) or cost / 
effect difference. 
 In our case the effect was represented by the Quality 
Adjusted Life Years (QALY), and the costs were 
calculated adding the next amounts (standard prices 
according to the National Health Assurance’s expenses 
list): 
costs of baseline treatment (bronchodilators and 
respiratory anti-inflammatory drugs) – approximately 63 
euro / month; 
costs of treatment for moderate exacerbation (without 
admission): medical consult 6 euro + medication 
(antibiotics, oral anti-inflammatory and mucolytic drugs) 
approximately 31 euro = 37 euro / exacerbation; 
costs of treatment for severe exacerbation (with 
admission): amount charged per case = standard amount 
per case x severity index = 323 euro x 2.6337 = 850 euro 
/ exacerbation (27); 
expenses of LTOT: 40 euro / month; 
expenses of domiciliary NIV: 120 euro / month. 
 Approximation of QALY was made based on utility 
values taken from BLISS study average life quality 
scores (26):  
stabile COPD patient’s utility score: 0.6014,  
during moderate recurrence: 0.5112 (1 month), 
In case of severe exacerbation, the first month is noted 
with 0.2556 and 0.4511 for the next 2 months. 
2.5. Statistical analysis 
The data were collected in 2016 Microsoft Excel 
software (version 18.2006.1031.0, Microsoft, Redmond, 
Washington, DC, USA), and transferred to SPSS 



 

329 
 

software (IBM SPSS Statistics 25.0.0.0, Armonk, New 
York, NY, USA) for the statistical analysis. The 
quantitative variables were expressed by their average ± 
standard deviation (SD), respectively median and 
interquartile range in case of skewed distribution; and 
number of observations with percentage in case of 
categorical variables. The type of distribution for 
continuous variables was determined using the 
Kolmogorov-Smirnov test. Statistical significance was 
set at p<0.05. The comparison of the study groups was 
realized with Student t-test, respectively Mann-Whitney 
(in case of skewed distribution) and chi-square test with 
Yates’ correction for categorical variables.  
 ICER was calculated using the usual formula: C1-
C0/E1-E0. C1 = total cost of care for patients from 
LTOT+NIV group. C0 = total cost of care for patients 
from LTOT group; E1 = QALY for LTOT+NIV group. 
E0 = QALY for LTOT group. 
3. Results 
The study included 53 patients with COPD Class risk D 
presented with respiratory acidosis required NIV. 5 
patients were excluded due to non-compliance to the 
treatment (3 non-compliance to NIV and 2 non-
compliance to LTOT) and 2 due to transition between 
groups (both from LTOT group to LTOT+NIV group). 
From the remaining 46 patients only 36 could be 
contacted by phone to confirm the number of recurrences 
in the follow-up period. 10 patients  benefited from 
domiciliary NIV. The baseline characteristics of the 2 
study groups are presented in Table 1. 
Table 1. Baseline characteristics of the study groups 
Demographic 
characteristics 

LTOT + 
NIV group 
(n=10) 

LTOT 
group 
(n=26) 

Statistical 
significance 
(p) 

Gender (Male/Female) 4/6 13/13 0.8684 

Age (years) – average ± 
SD 

68.5 ± 9.5 69.8 ± 10.7 0.7364 

Provenience 
(Urban/Rural) 

3/7 11/15 0.7666 

Follow-up period 
(months) – average ± SD 

17.2 ± 3.1 17.1 ± 3.5 0.9231 

LTOT = long time oxygen therapy; NIV = non-invasive ventilation; SD = 
standard deviation   

3.1. Clinical results 
The evolution of clinical criteria for the 2 groups is 
presented in the next table (Table no. 2). 
Table 2. Evolution of clinical criteria for the study groups 
Clinical characteristics LTOT + 

NIV group 
(n=10) 

LTOT 
group 
(n=26) 

Statistical 
significance 
(p) 

Number of moderate 
exacerbations – average ± SD 

1.34 ± 0.62 1.23 ± 
0.68 

0.6761 

Number of severe 
exacerbations – average ± SD 

0.39 ± 0.60 2.3 ± 0.94 <0.0001 

Total number of 
exacerbations – average ± SD 

1.72 ± 0.79 3.54 ± 
1.18 

0.0001 

General mortality rate – 
percentage (%) 

10.00% 11.54% 0.6452 

LTOT = long time oxygen therapy; NIV = non-invasive ventilation; SD = 
standard deviation   

We can easily observe the higher number of moderate 
exacerbations in the LTOT+NIV group, but this is 
counterbalanced by the increased number of severe 
exacerbations in the other group, resulting in significantly 
better evolution for patients with NIV. 
A total of 4 deaths were registered, 1 from the LTOT + 
NIV group and 3 from the LTOT group which didn’t 
indicate a statistically significant difference (10% vs 
11.54% (p=0.6452).  
3.2. Economic results 
The total costs of the care in the follow-up period were 
divided into 2 categories: 
-costs of the baseline care: price of the chronic 
medication + rent of the medical device (LTOT) / devices 
(LTOT + NIV); 
-costs of the recurrences: costs of the care for moderate 
exacerbations x number of moderate recurrences adding 
the charges for hospital admission x number of severe 
exacerbations for each patient. 
The average values for the above amounts for the 2 study 
groups are shown in the following table (Table 3). 
Table 3. Average costs of care in the follow-up period for the 2 
study groups 

Costs of medical care LTOT + 
NIV group 
(n=10) 

LTOT group 
(n=26) 

Statistical 
significance 
(p) 

Baseline care (euro) – 
average ± SD 

3,833.2 ± 
687.3 

1,751.7 ± 
359.9 

<0.0001 

Recurrences (euro) – 
average ± SD 

499.4 ± 
596,8 

2,976.8 ± 
1,438.2 

<0.0001 

Total (euro) – average ± 
SD 

4,332.6 ± 
812.5 

4,728.45 ± 
1,736.0 

0.4961 

LTOT = long time oxygen therapy; NIV = non-invasive ventilation; SD = 
standard deviation   

The baseline costs were significantly greater for patients 
who benefit from domiciliary NIV, but the expenses with 
recurrences were meaningful lower, such that the total 
costs were approximately equal for the 2 groups (slightly 
greater for LTOT group).  
 QALY calculation was made adding the utility 
values for each month depending on the number of 
recurrences in the follow-up period for each patient. The 
average QALY and the corresponding ICER values are 
shown in the next table (Table 4). 
Table 4. Cost-efficiency analysis for the study groups 

Cost-efficiency analysis LTOT + NIV 
group (n=10) 

LTOT group 
(n=26) 

Statistical 
significan
ce (p) 

QALY – average ± SD 0.8012 ± 0.17 0.5295 ± 0.11 <0.0001 
ICER – average ± SD 5,641.71 ± 

1,737.0 
9,272.3 ± 
3,681.9 

0.0054 

LTOT = long time oxygen therapy; NIV = non-invasive ventilation; SD = 
standard deviation; QALY = Quality Adjusted Life Years; ICER = 
Incremental Cost-Effectiveness Ratio 

The above data demonstrates the superiority of the LTOT 
+ NIV treatment scheme over the LTOT in 4th GOLD 
stage COPD patients with a net gain of 3,630.6 EURO 
per QALY. Both quality adjusted life years and cost-
efficiency ratio are more advantageous for patients with 
domiciliary NIV. 
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 A better visual representation of the differences is 
shown in the next plot graph with each case (Figure 1): 

 
Fig. 1. Cost-efficiency plot graph for the study groups 
 
4. Discussion 
The current study demonstrates the superiority of the 
treatment scheme containing home-NIV for patients with 
Class risk D COPD after a severe, life-threatening 
exacerbation. The data shown presents significant 
differences to the RESCUE trial (29). That multicentre, 
randomized trial didn’t show dissimilarity regarding the 
period to the next admission or mortality in the first 12 
months after the introduction of NIV. Differences can be 
explained by inclusion criteria used (without clear 
diagnosis of Class Risk D ,COPD patients, only 
hypercapnia over 45 mmHg at discharge), which can lead 
to inclusion of less severe cases (with reversible 
hypercapnia) and better prognosis.   
 Discussions related to the changes in life quality due 
to introduction of home- NIV are intense, starting from 
Australian trial of Non-invasive Ventilation in Chronic 
Airflow Limitation (30). Our study did not assess 
directly, with individual questionnaires, the quality of life 
in the groups, but uses estimated values from literature 
taking into account the months spent with the treatment 
of exacerbation. These variations would be lost in case of 
direct measurement which cannot be made every month. 
Thus, our results related to the evolution of life quality 
and implicit QALY, are relative, not evaluating directly 
the life quality changes determined by NIV itself. 
 The patient selection process indicates a low rate of 
enrolment (only 54.5% of initially identified patients 
were enrolled because of high loss rate in follow-up) 
which denotes the gravity of disease and also assures that 
we have selected a representative cohort who benefit 
most from domiciliary NIV. 
 Patients with COPD in this stage of the disease with 
chronic respiratory failure (with hypoxemia and 
hypercapnia) have reserved prognosis and limited 
pharmacological  therapeutic options (the use of 
LAMA/LABA treatment consistent with the GOLD 

treatment recommendations, in patients with a high 
symptom load or LAMA/LABA/CSI, in exacerbating 
patients) (32). 
. Our improvement indicator in this study was the 
readmission rate for a severe exacerbation, without 
significant difference in general mortality rate. Even so, 
avoiding readmission has a beneficial effect on 
preserving pulmonary function and on health related 
quality of life.  
 Cost-efficiency assessment of home-NIV in different 
stages of COPD has been a debated topic in recent years, 
showing great differences between stable patients and 
those after a life-threatening recurrence. Analysing these 
articles, we can conclude that there is no considerable 
clinical or economic benefit for stable patients (17). 
However, patients recently discharged after a severe 
exacerbation represented a separate cohort to which most 
authors indicate a clinical improvement, without a correct 
assessment of health-related quality of life they 
concluded a higher cost-efficiency of NIV + LTOT vs 
LTOT alone (12,15). The possibility of infection or the 
carrying of resistant multidrug strains is not negligible, 
which leads to high costs or poor prognosis for these 
patients (33). 
 Reporting the cost-efficiency index to the GDP per 
capita is a current practice in health management. In our 
case the net gain of ICER represents 31% from GDP per 
capita for every patient who was treated with domiciliary 
NIV over LTOT alone (GDP per capita for Romania in 
2019 = 12482.9 USD (31)). This is a considerable 
amount, and if the clinical evolution is also positive, this 
intervention worth considering in the selected group of 
patients. This approach may also be seen as a palliative 
measure in these advanced COPD patients, often with 
comorbidities ( as sleep apnea) where the prognosis and 
complex unmet needs are difficult to recognized and 
fulfilled (34,35,36).  
4.1. Study limitations 
Some of the study characteristics can determine statistical 
bias or limitations to draw significant clinical or 
economic conclusions: 
The reduced number of cases may not be representative 
for the whole cohort; increasing the study period or an 
eventual extension of study centres would increase the 
power of clinical and economic significance. 
The costs of care in case of moderate and severe 
recurrences were approximated due to the great 
variability in duration of treatment, in-hospital days and 
other related expenses not covered by the insurance. 
Assigning the utility values through approximation from 
previous studies can distort the real values resulted from 
assessment with individual questionnaires (EQ-5D-5L 
(28)), but also has the advantage to have distinct values 
for different stages of the disease over one single 
assessment in the case of individual questionnaires. 
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5. Conclusions 
Introduction of home-NIV for patients with COPD Class 
risk D, is an expensive treatment option with multiple 
positive effects, but also some negative consequences 
(for example over life quality in general). Clinical and 
economic results should be interpreted taking into 
account the strong points and the limitations of the study. 
 The total number of recurrences showed a better 
result for the patients treated with home- NIV, especially 
on account of severe exacerbations with approximately 
the same general mortality. The baseline costs were 
significantly higher for the NIV group, but were 
compensated by the reduced charges for recurrence’s 
treatment. The costs related to QALY showed even 
higher differences, reaching a net gain of approximately 
31% of GDP per capita. 
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