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Abstract: Objective: To describe the cohort of telematically monitored COPD patients receiving Long-
Term Home Non-Invasive mechanical ventilation. (LTH-NIV), to evaluate the economic impact of
the intervention and to determine the existence of clinical or ventilatory variables that are related to
the success of the therapy. Methodology: Retrospective observational descriptive study of COPD
patients with LTH-NIV with telemonitoring between 2019 and 2022. Results: 68 patients were
included, 73% male. Mean age 71 years. Emphysema 60.3% with a mean obstruction of 42.3%;
comorbidity prevalence of OSA was 27.7% and AHT 19.5%. Mean PaCO: before starting LTH-NIV
was 57 mmHg; after starting therapy it was 46 mmHg. ST mode with the Resmed® Lumis 150 device.
The mean IPAP was 17.04 cmH20 in 98.5%; the mean EPAP was 8.91 cmH:0. Compliance was 7.66
hours and mean leak was 26.65 L/min. In more than half of the patients the PaCO2 was reduced by
20% once the therapy was started, which was significantly associated with a good prognosis.
Compliant patients have a lower economic cost. The mean cost of the patients is €8,548 (SD €14,662).
AHT was the only comorbidity significantly associated with the failure of LTH-NIV. Conclusions:
PaCO: is not the only variable to be taken into account and specific clinical manifestations,
obstruction severity, and certain comorbidities may be critical in determining LTH-NIV indication
for COPD patients.

Keywords: long-term non-invasive home mechanical ventilation; Chronic Obstructive Pulmonary
Disease; telemonitoring; chronic hypercapnia; cost-effectiveness; hospital readmission

1. Introduction

The diagnosis of Chronic Obstructive Pulmonary Disease (COPD) has evolved over the years
alongside the use of Non-invasive Mechanical Ventilation (NIMV). As early as 1990, it was shown
that bilevel pressure applied non-invasively via a nasobuccal interface in patients with COPD
exacerbated by respiratory acidosis reduces the need for orotracheal intubation, admission to the
Intensive Care Unit (ICU), hospital mortality as well as the average length of stay, with improved
blood gas and correction of pH[1,2]. In the succeeding years, NIV has become the standard of care
for this type of patient: the Global Initiative for Chronic Obstructive Lung Diseases (GOLD)
establishes the criteria for its indication with a level of evidence A[3].

Currently, Long-term Home Non-Invasive Mechanical Ventilation (LTH-NIV) is conditionally
recommended with low evidence. The Spanish COPD Guide (GesEPOC 2021) [3] proposes a
personalized approach to treatable traits: among these, LTH-NIV. It is observed that patients with
persistent hypercapnia after a COPD exacerbation who require acute NIV have a higher probability
of hospital readmission and mortality than those who normalize arterial blood carbon dioxide levels
(PaCQOz). Thus, long-term LYH-NIV is indicated in hypercapnic patients with stable COPD and a
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history of previous acidotic exacerbations due to its survival benefits, as well as in those who remain
hypercapnic 2-4 weeks after an episode of hypercapnic respiratory failure that has required hospital
ventilatory support [3]. In turn, the European Respiratory Society offered conditional
recommendations on LTH-NIV: the use of LTH-NIV in COPD with stable hypercapnia, after an
exacerbation requiring acute NIV, and the use of LTH-NIV configurations aimed at reducing
PaCO:[4]. The American Thoracic Society recommends the use of nocturnal LTH-NIV (with
respiratory polygraphs) and advises against starting therapy during a hospital stay but rather doing
a re-evaluation 2 to 4 weeks after the resolution of the exacerbation: the consensus being that the main
objective in these patients is the normalization of PaCO: to improve survival[4-6].

COPD is one of the most prevalent respiratory diseases worldwide, representing a substantial
economic burden for healthcare systems. Annual direct costs per patient vary significantly depending
on the severity of the disease, from €1,047 in mild cases to €38,820 in the most severe cases[6]. COPD
exacerbations represent a substantial proportion of these costs, with values ranging from €194 to €449
in moderate exacerbations, and between €2,373 and €13,046 in severe cases requiring
hospitalization[7]. Proper medical control can prevent frequent hospital visits, difficult-to-manage
admissions and therefore potentially avoidable health costs[8-12].

In this context, this study describes the cohort of COPD patients treated with LTH-NIV at the
Germans Trias y Pujol University Hospital, assesses the economic impact of the intervention on the
healthcare provider and seeks to determine the existence of clinical or ventilatory variables that are
related to the success of the therapy.

2. Methods

Description of the Unit

The Ventilation Unit at the Germans Trias y Pujol University Hospital is comprised of three
outpatient clinics, complemented by telematic monitoring of ventilators and their variables using the
Airview Resmed® and Care Orchestrator Phillips Respironics® platforms. In turn, the Intermediate
Respiratory Care Unit (UCRI), consisting of 8 individual bays with advanced hemodynamic
monitoring, is available for acute patients. NIV titrations and re-titrations in home patients are carried
out according to complexity protocols in the pulmonology day hospital, the Multidisciplinary Sleep
Unit or during scheduled inpatient admission (Figure 1).

Clinical Management of the Thoracic Area

Pulmonology Service

Ventilation Unit

Home Intermediate Specialist Outpatient Clinics Multidisciplinary Unit
Hospitalization Respiratory Care e  Post-discharge for Motor Neuron
Unit Unit (UCRI) consultation from Pathology
1 Pulmonologist 8 bays UCRI
1 Nurse Nurse-patient ratio: . Chronic ventilation
14 consultation (stable)
1 Respiratory e  Severe pneumonia
therapist consultation
3 Specialist doctors e  Telemonitoring
On-Site staff

Monitoring (respiratory and capnography)
Nocturnal polygraphy available.
Arterial line placement (with SWAN-Ganz catheter capability).

Central line placement and pulmonary artery pressure (PAP) measurement.
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Thoracic and cardiac echocardiography.
Placement of chest tubes.

Flexible bronchoscopy.

NIV, IV via tracheostomy (emergency tracheostomy kit).

Figure 1. Complete structure of the Ventilation Unit. Hemodynamic support, staff, and direct interaction with

specific units.

Study design

A retrospective descriptive observational study of 68 COPD patients with LTH-NIV monitored
via telemonitoring between the years 2019 and 2022 inclusive. The analysis was carried out using
data from the telemonitoring platforms and the patients’ medical history. Sociodemographic
variables (age, sex); clinical phenotype (presence of comorbidities: bronchiectasis in imaging tests,
Obesity Hypoventilation Syndrome, arterial hypertension, chronic kidney disease, as well as heart
failure and presence of obstructive sleep apnea); pulmonary function tests (FEV1 and FVC post-
bronchodilator test); arterial blood gas before the start of treatment and in a stable condition; home
ventilator titration parameters (respirator model, ventilator mode, date of therapy prescription, IPAP
(inspiratory positive airway pressure) and EPAP (expiratory positive airway pressure) parameters,
unintentional leas, and type of interface; variables related to the patient's treatment with inhalation
therapy; as well as variables related to the care process (hospital admissions, number of visits to the
emergency room, outpatient clinic check-ups and mortality) with their corresponding cost
(approximated according to the prices published by the health provider).

In the descriptive analysis, means, range (maximum and minimum) and standard deviation
were used for the quantitative variables, while the qualitative variables were expressed as
percentages. A logistic regression was performed and the relationship between 2 qualitative variables
was obtained (taking into account comorbidities as dependent variables to find a direct relationship
with associated pathologies) using contingency tables. The Odds Ratio was calculated with its
confidence intervals (CI). The significance level was set at p<0.05. Statistical analysis was performed
using SPSS version 15.0 for Windows.

3. Results

Patient characteristics: The study included 68 patients diagnosed with COPD, of which 50
(73.5%) were male. The mean age was 71 years (SD 10.1) with a range between 55 and 86 years.
Emphysema was the predominant clinical phenotype (62.5%) and the mean degree of obstruction of
the sample was 42.3% (SD 18%) with a range of 15%-117%; the most prevalent associated
comorbidities were OSA and AHT, chronic kidney disease was present, though not significant, as
were congestive heart failure (CHF), obesity and bronchiectasis (Table 1).

Table 1. Patient Characteristics.

Variable Sample
(N=68)

Demographic Characteristics

Age | 67.4 years (7.9%)
Male | 50 (73.5%)

Clinical Characteristics

Clinical Phenotype
Emphysema
Chronic bronchitis | 40 patients (62.5%)
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24 patients (37.5%)
Post-Bronchodilator FEV1 42.3% (18% SD)

Comorbidities:

Obstructive sleep apnea
Congestive heart failure | 41 patients (27.7%)
Hypertension | 36 patients (24.3%)
Bronchiectasis in imaging tests | 29 patients (19.5%)
Obesity hypoventilation syndrome | 13 patients (19.1%)
Chronic kidney disease | 22 patients (14.8%)

7 patients (8.7%)

Continuous variables are presented as mean (standard deviation), and categorical variables as n (%).

Arterial blood gas characteristics: In the initial review of arterial blood gas at the time of Home
Mechanical Ventilation (HMV) indication, the mean PaCO: prior to initiating was 57 mmHg (SD 19)
[38-81] compared to 46 mmHg (SD 22) [36-68] in a stable situation post-initiation. A significant
improvement, defined as a decrease of as a reduction of more than 20% in PaCO: with respect to the
initial arterial blood gas, was observed in 51.5% of patients.

Characteristics of the non-invasive mechanical ventilation mode: The predominant ventilatory mode
used was ST, mostly with the Lumis 150 Resmed® device. In 98.5% of patients, the mean IPAP was
17.04 cmH20 (SD 5.2) [10 - 24]; The mean EPAP was 8.91 cmH:0 (SD 2.3) [5-13] with no significant
differences between clinical phenotypes. The mean compliance was 7.66 hours (SD 7.3) [1.17-13.46]
and the mean leak was 26.65 L/min (SD 57.2) [0-116]) (Table 2).

Table 2. Description and characteristics of variables related to ventilation mode and titration.

Variables

Device Used: Lumis 150 ResMed (68 patients, 100%)

Ventilation Mode: ST 68 (98.5%)

Ventilation Mode: iVAPs 2 (1.5%)

Nasal interface 2 (2.8%)

Nasobuccal interface 66 (97.1%)

Average Compliance 7.76 h/day [Range: 1.17-13.46]

Leaks (95th percentile) 26.65 I/min [Range: 0-116]

Emphysema pressure IPAP mean 17.2 cmH,O [12-23]
EPAP mean 9.1 cmH,0O [6-13]

Chronic bronchitis pressure IPAP mean 16.7 cmH,O [13-22]
EPAP mean 8.4 cmH,0 [5-12]

Predictive capacity of the variables subject to telemonitoring: A relationship was found to be
statistically nonsignificant between the degree of obstruction and the improvement of pCO: after
initiating ventilation (Table 3). Only AHT has been significantly associated with the failure of HMYV,
in turn a close but non-significant relationship is found with OSA. Variables such as pressures used,
mean leaks, and compliance were not significantly associated with gasometric improvement after
HMYV initiation. However, a significant direct relationship was noted between the need for increased
IPAP and EPAP and the number of emergency room visits (correlation coefficient of 0.35) and
hospital admissions (correlation coefficient of 0.48) with no correlation to mortality.
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Table 3. Logistic Regression of PaCO, Improvement After the Initiation of HMV, Among the Studied Population
and Comorbidities.

Variables Odds Ratio) p-value 95% C
Sex 0.4 0.12 0.13
FEV1 (post) 11.72 0.12 0.52
FVC (post) 3.99 0.37 0.19
Initial PaCO, 1.18 <0.05 1.08
PaCO, after HMV 0.7 <0.05 0.6
High-risk emphysema 0.85 0.76 0.32
Low-risk emphysema 1.93 0.59 0.17
High-risk bronchitis 2.98 0.13 0.72
Low-risk bronchitis 0.61 0.44 0.18
OSA 0.66 0.41 0.25
CHF 0.88 0.81 0.33
AHT 2.93 <0.05 1.05
Obesity 1.05 0.92 0.37
Bronchiectasis 1.33 0.63 0.41
CKD 6.66 0.08 0.76

Pharmacological characteristics: The specific inhaled treatment of each patient has been assessed,
taking into account the use of dual therapy, triple therapy and the need for associated biological
drugs. 24 patients are on triple therapy and 44 on dual therapy. No significant relationship was found
between dual or triple inhaled therapy and the need to increase ventilatory pressures (IPAP or EPAP)
as well as the need for re-titration of these variables. Similarly, no significant relationship was
observed with patient survival when inhaled pharmacological treatment was combined with HMV
therapy. It was found that those individuals with a lower forced expiratory volume in the first second
post-bronchodilator test (FEV1 post) present greater use of triple therapy and a higher number of
visits to the emergency room (p 0.013). Table 1.

Economic impact: The study sample recorded 61 hospital admissions due to pulmonary causes,
accounting for 48.5% of all hospital admissions to the Pulmonology Department. Likewise, 53
emergency consultations related to pulmonary causes have been recorded, equivalent to 64.7% of the
department as a whole. In addition, 489 specialized outpatient consultations were carried out,
including the areas of ventilation, COPD and pulmonary hypertension. Two patients died during the
study period.

The average cost per patient in the sample analysed was €8,548 (SD €14,662) (Table 4), with a
high variability in individual costs: the patient with the highest cost was approximately €91,426,
while the lowest cost was €6,614. This difference is mainly attributed to the need for hospital
admission, which represents the highest average cost, followed by outpatient consultations and
emergency visits.

d0i:10.20944/preprints202502.1167.v1
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Table 4. Average Cost per Patient.

Average Cost per
Variable N per Patient Unit Cost
Patient
Hospital Stay (days) 16 (29.19) €491 €7,870 (14,349)
Outpatient Visits 7 (4.64) €66 €491 (308)
Emergency Room Visits 0.80 (1.40) €231 €186 (323)
Total Cost €8,548 (14,662)

Variables are presented as mean (standard deviation).

4. Conclusions

Non-invasive Mechanical Ventilation is currently the standard of care for the treatment of
patients with acute COPD. The Global Initiative for Chronic Obstructive Lung Diseases clearly establishes
the indications for therapy with an evidence level of A.

In contrast, LTH-NIV in COPD patients is recommended conditionally with low-level evidence.
The GesEPOC guidelines propose it for patients with persistent hypercapnia following an acute
exacerbation requiring NIV or for stable hypercapnic patients. Achieving normocapnia implies a
reduction in hospital readmissions and mortality, making it thus far the only variable that has been
shown to be representative. In addition, both the ERS and the ATS recommend initiating therapy 2-
4 weeks post-hospital discharge, rather than during the admission due to acute exacerbation.

The lack of clinical and functional variables associated with the LTH-NIV indication is evident
in current guidelines. In our study, we propose chronic obstruction or increased dyspnea as potential
indicators for LTH-NIV, rather than gasometric variables alone. Likewise, comorbidities should also
be taken into account, and identifying clusters of patients would be an efficient way to indicate the
therapy. As discussed below, some of the patients studied in our group did not initially present with
marked hypercapnia, but rather associated dyspnea symptoms, improving their quality of life with
treatment and night support.

COPD remains one of the most prevalent respiratory pathologies globally and imposes a
significant economic burden on healthcare systems. Hospitalisation due to lack of stability, can incur
direct annual costs of up to €40,000. Proper medical management and precise therapeutic indications
can reduce potentially avoidable health costs, highlighting the importance of follow-up and control
protocols.

During our study of COPD patients being monitored via telemonitoring, we observed that the
majority are older adult men who show signs of emphysema and moderate obstruction. Almost all
of them presented with hypercapnia greater than 54 mmHg at the start of therapy, although some
emphysematous individuals initiated therapy without elevated PaCO: but with clinical signs such as
tachypnea and dyspnea on exertion. OSA and AHT are significant associated comorbidities, and
chronic kidney disease, congestive heart failure, obesity and bronchiectasis stand out. AHT indicates
the high failure of HMV. Patients with a lower failure rate showed a good response to therapy with
LTH-NIV exhibiting a reduction of more than 20% in PaCO, as observed in over half the sample.

In terms of healthcare resource usage, nearly half of the patients experienced at least one hospital
admission for pulmonary causes, while over half had emergency visits related to pulmonary
conditions. Additionally, nearly 500 specialised outpatient consultations were conducted. Mortality
has been very low.

The average cost of the patients included in the sample has been €8,548, with a high variability
in individual costs: the patient with the highest cost was approximately €91,426, while the lowest cost
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generated was €66. Given this significant economic cost, the associated morbidity and mortality and
COPD’s prevalence, it is worth considering different therapies that can improve stability and
increased survival while reducing health costs. The current guidelines focus on gasometric variables
alone to indicate LTH-NIV, but this study highlights the importance of considering broader patient
characteristics when initiating therapy. The patient is a set of circumstances and each individual may
require support at different stages of the disease. Our study indicates that the PaCO: variable is not
the only manifestation that must be taken into account and that it is important to expand our registry
in terms of the start and indication of LTH-NIV in COPD.
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