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Introduction

Abstract

Background: Duchenne Muscular Dystrophy (DMD) poses signif-
icant challenges, especially in Low- and Middle-Income Countries
(LMIC) with limited access to Non-Invasive Mechanical Ventilation
(NIV), which prolongs life expectancy. Two years after Stage 1 of the
successfull “1500 years of survival” NIV programme commenced
with 8 DMD boys in Ukraine in 2021, this study further explores the
Stage 2 of the programme in 2023.

Method: DMD patients underwent a 5-day training program
at the National Children’s Clinical Hospital “Okhmatdyt” in Kyiv,
Ukraine, utilizing donated second-hand bilevel intermittent posi-
tive presure ventilators. Indications for NIV included: sleep-related
symptoms, high Apnea-Hypopnea Index (AHI>10 events/hour), de-
creased Forced Vital Capacity (FVC<50%), low minimum saturation
during sleep (Sp02<88%), or age above 17 years. Parallel Master-
class on NIV was conducted for Ukrainian healthcare professionals
and patients’ parents.

Findings: Thirteen DMD inpatients, aged (mean * standard de-
viation) 14.8+2.6 years and FVC of 1.8+0.4L (65.5+22.8% predicted
value) were enrolled. Criteria for NIV initiation were: age>17 years
(n:4), FVC% <50% (n :6), AHI>10 (n :2) and Sp02<88% (n :5). Follow-
up phone calls were conducted to monitor progress. Three months
post-hospitalization, all 13 patients consistently adhered to noctur-
nal ventilator treatment with a mean use of 7.5 hours per night.

Conclusions: Despite the lack of equipment and system of re-
imbursement, the implementation of the comprehensive Stage 2
training programme supplying NIV for DMD patients in an LMIC
such as in Ukraine, was a successful experience. The next steps in
the home NIV programme will take place in the coming years.

Keywords: Developing country; Duchenne muscular dystrophy;
Non-invasive ventilation; Home mechanical ventilation; Ukraine

Duchenne Muscular Dystrophy (DMD), an X-linked genetic
disorder, imposes significant challenges for affected individuals,
initially characterized by early manifestations of proximal mus-
cle weakness in childhood. Without intervention, the natural
progression leads to wheelchair dependency by the age of 12,
with cardiorespiratory complications emerging as a critical fac-
tor contributing to mortality during the late teens to early 20s
[1]. Advancements in the management of DMD have brought
attention to the potential benefits of Non-Invasive Mechanical
Ventilation (NIV) and assisted coughing, provided by specially
trained physicians and therapists. This approach has shown
promise in improving outcomes and enhancing survival for indi-
viduals with DMD, surpassing the efficacy of invasive treatment

methods [2]. Such interventions have become integral com-
ponents of care for patients in developed countries grappling
with the complexities of this genetic disorder. A comprehensive
analysis of DMD patients at the Newcastle Muscle Centre over
several decades further underscores the positive impact of NIV.
The mean age of death witnessed a remarkable increase from
14.4 years in the 1960s to 25.3 years for those receiving ventila-
tion since 1990. Coordinated care and the incorporation of noc-
turnal NIV emerged as pivotal factors, contributing to a notable
53% improvement in survival rates for patients ventilated since
1990 [3]. A pioneering study that delves into outcomes for DMD
patients receiving 24-hour non-invasive mechanical ventilation
revealed a mean survival extending to 31 years [4].
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The strategic integration of NIV and cough-augmentation
devices holds the promise of reducing the reliance on tracheos-
tomy ventilation and mitigating hospitalizations associated with
respiratory infections [5].

However, the availability and accessibility of NIV varies wide-
ly across different countries, depending on the resources, ex-
pertise, and policies of the health care systems [6]. In Ukraine,
the situation of DMD patients is particularly challenging, as
there is no state program or reimbursement for NIV, and the
patients have limited access to such devices.

In this context, collaborative efforts involving Non-Govern-
mental Organizations (NGO), state and regional authorities,
business companies, scientists, and international partners are
crucial. To adhere to and implement the guidelines for respira-
tory management in DMD patients, the NGO Duchenne Ukraine
partnered with the author M.T., a Belgian expert in Home Me-
chanical Ventilation (HMV), and initiated the "1500 Years of
Survival" project aimed at developing Home Mechanical Venti-
lation (HMV) in Ukraine, starting in November 2021 in Kropyv-
nytskyi city [7]. Indeed, the first step of our initiative involving 8
patients affected by DMD, was successfully conducted [7].

The first step of the project was a success in many respects,
as it demonstrated that home mechanical ventilation was fea-
sible for Ukraine’s DMD population. The aim of the second step
of this project (Masterclass 2) was to prolong the introduction
of NIV in DMD patients across Ukraine, and to evaluate its ef-
fectiveness on an even larger scale than in Step 1.

Material and Methods
Patients and Devices

Thirteen individuals diagnosed with DMD from different cit-
ies in Ukraine were invited to participate in a five-day hospital-
ization at the National Children's Clinical Hospital "Okhmatdyt"
(Kyiv, Ukraine) in August 2023. Parents were included in this
invitation to accompany their sons during the clinical interven-
tion. Agiradom (Meylan, France), a French home health pro-
vider, generously provided 45 previously used ResMed S9 Vpap
ST ventilators (ResMed, Saint-Priest, France). Complimentary
accessories, including breathing circuits and interfaces, were
contributed by local offices of UkrTeleMed (Kyiv, Ukraine) and
Philips (Murrysville, USA) companies.

Adherence to the ethical principles outlined in the Helsinki
Declaration of 1975 was ensured, with written informed con-
sent obtained from both subjects and their parents. Written
permission was additionally obtained from all individuals for
the use of their photographs in publication. Local ethics approv-
al was considered unnecessary for the successful completion of
this project.

Current guidelines advocate for the initiation of NIV in DMD
patients during nocturnal hypercapnic hypoventilation to miti-
gate the risk of uncontrolled respiratory decompensation and
mortality [8]. Regrettably, the objective assessment of noctur-
nal hypoventilation at the National Children's Clinical Hospital
"Okhmatdyt" was impeded by insufficient monitoring of blood
carbon dioxide pressure (pCO2) during sleep.

Consequently, indications for elective nocturnal NIV were
determined based on the available medical information. Crite-
ria for initiation of home noninvasive ventilation included sleep-
related symptoms such as morning headache or poor sleep
quality, a high Apnea-Hypopnea Index (AHI) above 10 per hour,

Figure 1: The collaborative decision-making process took place
with patients, their families and the healthcare professionals.

a decrease in Forced Vital Capacity (FVC) equal or lower than
50%, minimum oxygen saturation (Sp0O2) during sleep less than
88% or age greater than 17 years [8,9]. The exclusion criterion
entailed the absence of DNA testing confirming the diagnosis
of DMD.

An additional mini-review search of Medline/PubMed expe-
riences for HMV programmes in Low-and Middle-Income Coun-
tries (LMIC), written in English and published between January
2014 and December 2023, was performed.

Step-by-Step Respiratory Device Integration

In the initial phase of the project, physicians introduced re-
spiratory devices to the participants, providing both observa-
tional and hands-on experiences. This interactive approach al-
lowed the children not only to understand the functionality of
the devices but also to actively engage with them. Following the
demonstration, a collaborative decision-making process took
place, with patients, alongside medical professionals selecting
optimal masks, conducting trial runs of the devices, and config-
uring preliminary settings in preparation for their first night in
the new conditions (Figure 1). Prior to device initiation, patients
underwent a comprehensive series of diagnostic procedures.
This included chest radiography to evaluate pulmonary and
cardiac status, spirometry to quantify respiratory function, and
a complete blood count to assess systemic health indicators.
Supplementary investigations encompassed blood gas analysis,
pulse oximetry, densitometry, and abdominal ultrasound Dop-
pler.

On the subsequent day, physicians fostered active commu-
nication with the young patients. This included addressing in-
quiries, providing encouragement, and offering support - crucial
elements that significantly contributed to the successful initia-
tion of the project. The observed doctor-patient rapport, built
on trust, played a pivotal role in positively influencing the chil-
dren's reception of device utilization and easing their adapta-
tion to the new conditions.

The third day started with a comprehensive training ses-
sion led by the author LT., leader of the project, aimed at fel-
low doctors and patients' parents. The session delved into the
intricate operational principles of respiratory support devices,
their composition, and the specific nuances of maintenance.
Following this informative session, the physicians returned to
the patients, conducting assessments, and adjusting device set-
tings as necessary.

By the fourth day, a majority of patients had successfully ac-
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climated to wearing masks and using ventilators. The medical
team continued vigilant monitoring, conducted various assess-
ments, and initiated preparations for patient discharge during
the daytime.

The concluding day of the project featured a dynamic ques-
tion-and-answer session, commencing with the children and lat-
er extending to their parents. This platform allowed the children
to share their impressions, pose inquiries, and receive compre-
hensive responses from the medical team providing final clarifi-
cations. At the conclusion of the conference, every parent was
offered a tailored appointment, meticulously customized to suit
the specific needs of their child. This personalized approach en-
sured that each patient received the utmost attention and care,
with parameters carefully selected to address their individual
circumstances. In conclusion, the author LT. presented parents
with a cough augmentation device, underscoring its significance
in the comprehensive care of patients with DMD.

Project Assessment

In the initial phase of the study, the focus was on assessing
the use of NIV equipment, with a primary emphasis on quanti-
fying total usage hours during a four-night hospital stay and an
extended three-month home treatment period. The data col-
lection methodology involved thorough follow-up phone calls
to participants' homes. Additionally, a secondary outcome was
addressed, concentrating on evaluating the resolution of symp-
toms experienced in the morning following nocturnal NIV use.

Results

In response to the invitation, 13 individuals diagnosed with
DMD participated in the study at the National Children's Clinical
Hospital "Okhmatdyt" in Kyiv, Ukraine. The mean age of DMD
boys commencing NIV was 14.8+2.6 years (Table 1). No pa-
tients were excluded from the study. The mean (+ standard de-
viation) weight, height, and body mass index were recorded as
58.4+12.8 kg, 151.1+11.9 cm, and 26,1+7.0, respectively. Prior
to study inclusion, four patients underwent lung function tests,
revealing a mean FVC of 1.8+0.4L, corresponding to 65.5+22.8%
Table 1: Anthropometric, spirometric and sleep parameters to indi-
cate the need for NIV.

Patient | Age | Weight | Height FVC | FVC AHI S:::IZ
BMI
# Years kg cm L % event/ %
hour
1 16 80 165 29.4 1.54 38% 2.7 91
2 11 45 145 214 213 89 0.5 87t
3 12 79 148 36.1 2.47 @ 89 10.4t 83t
4 13 56 140 28.6 1.84 79 0.6 85t
5 15 48 168 17  1.94 48t 1.2 91
6 17 60 163 | 22.6 1.37 37t 8.8 88t
7 18 54 165 19.8 1.8 @ 49% 1.8 90
8 18 50 138 26.3 1.55 60 9.5 821
9 18 59 132 1339 197 88 10.2t 89
10 13 45 160 17.6 1.67 507 8.5 88t
11 13 79 142 1392 171 70 8.1 761
12 12 52 148 238 246 97 2.7 88t
13 16 52 150 23.1 1.03  30% NA NA
Mean | 14.8 58.4 | 151.1 26.1 1.8 | 655 5.4 86.5
) 2.6 12.8 11.9 7 | 04 | 228 4.1 4.4

BMI: Body Mass Index; FVC: Forced Vital Capacity; FVC %: Forced Vital Capac-
ity in percentage of predicted value. AHI: Apnea-Hypopnea Index; SpO2: pulse
oxymetry; NA: Not Available, SD: Standard Deviation; 1: indicator for NIV imple-
mentation

of the predicted FVC value. Mean (+ standard deviation) AHI
was 5.414.1 events/hour and minimum SpO2 was 86.5+4.4%

Indicators for the initation of NIV were: age older than 17
years in 4 boys, FVC% equal or lower than 50% in 6 boys, along
with recurring headaches before the initiation of NIV. An ad-
ditional 2 individuals had AHI>10 events/hour, and 5 reached
Sp02<88% during sleep. No other subjective complaints were
reported by the remaining patients. Seven patients commenced
NIV with a facial mask on the first night, while the remaining six
opted for nasal masks. During the hospital stay, four patients
transitioned from facial to nasal masks.

The mode of ventilation was ‘Spontaneous/Timed’ (S/T) in
all patients. Mean (+ standard deviation) settings of S9 Vpap
ventilators were: Inspiratory Pressure (IPAP): 10.1 + 2.4 cmH20;
Expiratory Pressure (EPAP): 4.2 + 0.8 cmH20; rate: 14.9 + 0.8
cycles/minute, and inspiratory time varied from 0.8 to 2 sec-
onds in each individual.

After the first night, two patients reported skin redness, one
experienced skin irritation, and one felt discomfort due to mask
displacement. Additionally, one patient complained of a high
leak, and another had difficulties adapting to the mask. Howev-
er, these symptoms either improved or disappeared after four
nights of NIV use.

The initial night of the study demonstrated favorable results,
with 7 out of 13 patients achieving a minimum of 7 hours of
sleep with NIV. Subsequently, an additional 5 patients success-
fully overcame initial challenges and adapted to NIV over the
following 2 nights, consistently achieving an average of 7.6
hours of nocturnal NIV for the whole group at night 4.

Three months post-hospitalization, all 13 DMD patients
consistently adhered to a regular nocturnal ventilator routine
(mean 7.5+2 versus 7.5+1.6 hours a day 4 versus month 3, re-
spectively), with patient #5 choosing increasing part-time usage
(Table 2).

The results of the mini-review of recent HMV programmes
in LMICs are presented in Table 3. It represents a total of 2199
patients in 13 developing countries whose mean gross domes-
tic product [min-max] per habitant was 10,120 [2,257-26,821]
USD. Eight studies targeted a pediatric population, 2 offered
invasive ventilation only and 6 started HMV exclusively on the

Table 2: Number of hours of ventilator use during the first trimester
after NIV initiation.

Pat;ent Night 1| Night 2 | Night 3 | Night 4 | Month 1 | Month 2 | Month 3
1 5 8 9 8 8 8 8
2 3.5 8 9 8 8 8 8
3 8 8 6.5 8 8 8 8
4 8 9 9 9 9 9 8
5 0.6 1 0.3 1 1 2 3
6 9 9 10 9 9 9 8
7 - 8 8 8 8 8 8
8 - 2 8 8 7 7 7
9 5.5 8 8 8 8.5 8.5 8.5
10 7.5 8 8 8 8 7.5 7.5
11 9 7 5 8 8 9 8.5
12 8 9 8 8 7 8
13 7 8 8 8 8 8.5

Mean 7.7 7.2 8.2 7.6 7.5 7.7 7.5
SD 1.4 2.6 1.3 2 2 1.9 1.6
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Table 3: Surveys on HMV conducted after 2015 in former and current developing countries.

Country Publication Date GDPin | Patients Centers Mean cases NMD Start Reimbursment of HMV

2020 USD n n % | HMV Date Policy

South Africa (1,2,7) 2016 7,055 55 1 55 60 1994 Public/private, Maldistributed

Turkey (1,7) 2017 9,661 61 1 61 31.1 2001 NA data

Hungary (2) 2018 18,728 384 17 23 11 1990 Public

Tunisia (2,4,5,6) 2018 3,807 27 2 14 NA 2004 NA data

Thailand (2,7) 2019 7,066 12 1 12 42 1995 | Public + 555 USD

Iran (1,2,7) 2019 4,091 67 1 67 31.3 NA NA data

Malaysia (1,2,7) 2020 11,109 65 1 65 4.6 2001 NA data

Argentina (1,2,3,4,5) 2020 10,636 244 1 244 43 2007 Public in 84%

Serbia (1,2,3,4,5,6) 2020 9,230 105 NA NA 75 g001  Fublicwithrestrictions of disorders

and age

Czech Republic (2) 2021 26,821 125 NA NA NA 2003 Public (invasive solely)

India (1,2,3,4,5) 2020 2,257 57 NA NA 68.4 2013 Private

Chile (2,4,5,6) 2021 16,265 1105 NA NA 21.5 2008 Public 78%/ private

Ukraine (1,2,7) 2022 4,836 8 1 8 100 2021 No reimbursment

Total 2199 24

Mean 10,120 60.9 44.4

HMV: Home Mechanical Ventilation; GDP: Gross Domestic Product (per capita in 2020); Date: Date of Publication; Cases: number of HMV users in the study; NA:

Not Available; 1: Pediatric solely; 2: NIV available; 3: Polysomnography available; 4: SpO2 available; 5: PCO2 available; 6: Pulmonary function tests available; 7:
Indication of HMV based exclusively on clinical presentation, history or after a stay in ICU.

basis of clinical presentation, history, or after a stay in intensive
care. The mean number of HMV users by center was 60.9 indi-
viduals. The percentage of patients affected by Neuromuscular
Disorder (NMD) was 44.4% on average.

Discussion

The "1500 Years of Survival" project's second phase marks
a significant advancement in Duchenne Muscular Dystrophy
(DMD) patient care in Ukraine. It demonstrates effective imple-
mentation and sustained adherence to NIV among a diverse pa-
tient group.

Thirteen DMD boys were offered NIV during a 5-day hospital-
ization in Kyiv. Criteria for NIV initiation improved as compared
to Stage 1 of « 1500 years of survival » in 2021 [7]. Indeed,
additional criteria included objective measurements such as:
AHI>10 events/hour, FVC<50% and Sp02<88%. After 2015, only
5/13 studies conducted in LMIC used PCO2 measurements as
criteria for NIV initiation (Table 3), suggesting that our NIV pro-
gramme is in line with the majority (7/13) of studies conducted
in LMIC. The absence of transcutaneous carbon dioxide moni-
toring, however, highlights the need for improvement in clinical
practice and research.

The unavailability of NIV equipment in Ukraine is consistent
with the low number of NIV users at home, internationally. Yet,
the project was started in 2021, while the large majority of LMCI
started NIV at home before 2010 (10/13), with 3 started before
2000. In addition, Ukraine had, in 2020, a GDP at 4,836 USD as
compared to a mean 10,120 USD in the 13 LMCI reported in
Table 3, which corresponds to almost 50% of the mean wealth
of other LMIC. Finally, 8/13 LMCl in Table 3 reported a system of
reimbursement of HMV with variable financial participation by
the health services (public versus private, inequality of access
to NIV, variables conditions of disorders). One has to remember
that Ukraine is still lacking financial support from the authori-
ties. A study in 2022 suggested that, despite the existing linear
relationship between the GDP and the prevalence of HMV, the
cost per HMV user remains quite low as compared to the costs
attributed to inpatients using ventilators in intensive care units
[6]. Table 3 also reflects the efforts of LMCI to build their HMV
programmes.

In line with a recent review study in non-LMIC [6], Table 3
suggests that 44% of patients starting HMV in LMIC were af-
fected by a Neuromuscular Disorder (NMD). This highlights the
high prevalence of the NMD population as potential candidates
for HMV. In our study, 100% of patients were affected by NMD
(i.e. DMD).

Interestingly, the 13 studies gave the following main
messageHMV is feasible in LMIC despite socio-economic chal-
lenges [10]

HMV allows discharge of stable and dependent pa-
tients at home [11]

There is a need for dedicated HMV centers [12]

There is a reduction of 83% stay in ICU in the COPD
population [13]

The best strategy: the health-care home visit that sig-
nificantly improved survival [14]

HMV is more cost-effective than ICU [15]

Children on HMV have poorer HRQoL than healthy
control [16]

1/3 HMV users live >500Kms far from the hospital [17]

HMV is feasible in LMCI, even when reimbursment is
lacking [18]

HMV is cost-effective [19]

The key factors for success of HMV are a multidisci-
plinary approach [20]

The prevalence of HMV in LMIC is similar to West-Eu-
rope [21]

HMV is feasible in LMCI, even when reimbursment is
lacking [7]

Those messages are of high importance. They support the
expected widespread use of HMV in LMIC and non-LMIC. In
short, the main messages are that HMV is feasible in LMIC, it is
cost-effective, HMV costs less than stays in Intensive Care Units
(ICU) and reduces the use of ICU.
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Clearly, future efforts should focus on integrating more com-
prehensive diagnostic tools and adaptable protocols to address
varying healthcare infrastructure levels.

Feedback underscores the importance of communication
and education in medical interventions. Transitioning towards
quieter, focused training sessions ensures effective information
delivery without distractions.

Looking ahead, exploring long-term outcomes of NIV in
DMD, ongoing healthcare provider education, and alternative
respiratory support technologies are essential. Research should
address effective NIV implementation practices, particularly in
low-resource settings, and adapt them to meet patient needs.

Limitations of the Study

The present study is subject to several limitations, primarily
arising from the absence of noninvasive Transcutaneous Car-
bon Dioxide (TcCO2) monitoring in the healthcare facilities in
Ukraine. This hindered the precise determination of criteria for
initiating Noninvasive Ventilation (NIV). In the absence of this
monitoring, medical professionals relied on spirometry results,
the loss of ambulation status, and contemporary information
regarding the overall health of the patients, to guide the deci-
sion-making process. Given the absence of Duchenne muscular
dystrophy patients older than 18 years due to respiratory or car-
diac insufficiency-related mortality, the medical team opted to
include younger patients in the study when criteria were met,
with the aim of extending their life expectancy and enhancing
their quality of life. Continuous monitoring by medical profes-
sionals is in place to reassess the appropriateness and effective
setup of NIV. Learning from the challenges encountered in the
first phase of the project, where parents and patients found it
challenging to focus on ventilator usage amidst a crowded hos-
pital setting with the presence of doctors and media, the learn-
ing process in this second phase was meticulously organized in
a quieter environment. Noisy training sessions involving doctors
and media were limited to fixed periods, while the doctors in-
volved in the study allocated dedicated time to meet with pa-
tients and their families, ensuring a thorough clarification of all
necessary information.

Conclusion

The implementation of a comprehensive two-stage train-
ing programme using NIV for DMD patients in an LMIC such as
in Ukraine was a successful experience. The next steps in the
home NIV programme will take place in the coming years.
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