Docteur Patrick LÉGER

(The C.I.R at the time of it’s inauguration in 1962)

My personal history with home ventilation was essentially at the
Center for Respiratory Insufficiency at the Croix Rousse hospital in Lyon

Introduction Foreword
Before it’s too late and the years erase my memory: this document is a testimony of
life during the middle of the 20th century after the second world war up to the first
part of the 21st century
My name is Patrick LÉGER and I was born on September 2nd, 1950 as a result of a brief
love affair between Simone and Jacques. An unexpected pregnancy followed which
Jacque's family did not accept. Jacque was quickly distanced from the situation and
sent to Marcigny, a community situated in the Saône-et-Loire region of BourgogneFranche-Comté. Jacques was then sent to live with his uncle in Bordeaux and Simone,
now a single mother, had to manage as a young unsupported mother threatened with
prosecution for statutory rape by Jacque's parents. Jacque was 19 and Simone was
23 during their affair when the age of consent at the time was 21.
Simone found refuge at an organization called the "Cité de l’enfance" in Lyon and was
put in contact with the Leger family. This is where my story begins as I was only 5
months old when I arrived at the home of Ennat and Auguste LÉGER who were both
55 years old at the time. My stay with them was supposed to be a temporary situation
while Simone organized her life to support the two of us. Simone was very much
alone, and the situation continued for some time with regular visits, but they became
less and less until finally they stopped altogether. So, I stayed indefinitely as a part of
the Leger family.
I had a normal childhood with very attentive adoptive parents. I was reading and
writing at an early age and was an avid reader. Through my reading, I learned a lot
and it opened my mind to the problems in the world. I was very active and especially
enjoyed playing football and listening to music. My first 12 years of life were very
happy but that changed when my parents decided send me to a boarding school
where I was very much alone and probably a bit depressed. I preferred football and
political activism over my traditional studies. My interest in the politics of the time
sensitized me to many social problems and I knew then that I wanted to work in a field
that would allow me to help others. I was a member of the French Social Chronical,
an organization for social activism with the objectives of raising awareness of social
change, encouraging cooperation and respect for individuals and suggesting different
ways of organizing society to accomplish these goals. I ended up passing my French
baccalaureate in the science of economics.

What were the circumstances that helped me choose the medical field?
I decided to be a medical doctor so I could help others, especially the underprivileged.
Apart for my parents, I was discouraged by almost everyone and given little hope of
success.

My adoptive parents were elderly and not in great health, so growing up, I was in
frequent contact with the medical professionals managing their treatment. Their
poor health was mainly caused by the 14 months they spent in concentration camps
during the war, returning very debilitated and with tuberculosis. My mother was
liberated by the Russians when she was put on a list by the Swedish Red Cross in an
exchange for medications. My father and my uncle were arrested together and were
liberated by the Americans. My father returned with severe pulmonary tuberculosis
which required a six month stay in the Paris hospital Salpêtrière to maintain a
therapeutic pneumothorax which was used to limit the spread of his disease. He came
out of the hospital with a severe restrictive respiratory defect aggravated by years of
tobacco use. The first years of my life were punctuated by their illnesses, the many
medical consultations, and their various and frequent, long and difficult,
hospitalizations. Although difficult for me, I also found the medical world fascinating
and aligned with my goals and values.
There was a second, more influential experience which gave me first-hand
involvement in the medical world and committed me to becoming a doctor. With the
help of my high school, I was able to participate in the French Red Cross first aid
training which I found very interesting. I was 17 years old and took part in these
activities for two years at weekends and during the holidays. Once the basic training
was finished, volunteers had enough knowledge to provide a minimum level of care
to stable polio patients with significant motor deficiencies. Most of these patients
were tetraplegic, tracheotomised and continually ventilated due to their respiratory
muscle paralysis. We learned the basics which allowed us to manage emergency
situations: attach and detach the ventilator, provide tracheal aspiration in the event
of congestion, and provide manual ventilation using an ambu bag in the event of
ventilator failure.
Those of us who had been trained by the Red Cross were also given the opportunity
to visit polio patients who had been residents at the Respiratory Dependency Service
of the Croix Rousse hospital in Lyon since their initial diagnosis. These patients were
severely paralysed but stable with no disease progression. Due to a lack of family
support and an adapted long term care facility which could take care of them, they
were obliged to stay in the hospital permanently in the same unit where they were
treated acutely. The atmosphere was quite gay with lots of activities that the patients
participated along with the medical staff and volunteers. Schooling was also well
organised for each child that stayed in the service. The Red Cross organised outings
which were closely monitored due to the patient’s physical and ventilator
dependency. You can imagine the organization required to take them to football
games, restaurants or shows. The patients in the service were mainly children and
adolescents but there were some adults. We were in the late 1960's and I hadn't yet
begun my medical studies, yet I was very familiar with the Respiratory Failure Unit at
the Croix Rousse Hospital in Lyon.
This digression in my story is to help you understand my journey to becoming a doctor
when there was no history of doctors in my family. As you can see, I was quite familiar

with the medical world and I wasn't afraid to enter it, quite the opposite.
A word about the Respiratory Failure Unit at the Croix Rousse Hospital in Lyon (CIR)
This building was constructed in 1960 and inaugurated in 1962 with the purpose of
isolating and treating polio victims who were affected in France from around 1954 to
1965. The peak of the epidemic was 1957. Polio affected millions of people across the
world but primarily in Europe and North America before being practically irradicated
by systematic vaccination in the 1970's. The level of handicap was quite variable with
some patients completely recovering and others completely paralyzed, including their
respiratory muscles. It was these severe patients that required continuous ventilatory
assistance (*1)
My experience at the CIR would prove to be a crucial step in my life and is what really
convinced me that I wanted to serve others as a medical physician despite my lack of
scientific education in high school. I chose to register at the medical school in Lyon in
1969 and despite my lack of scientific background, I managed to complete the first
level of medical studies with success. What luck!
My studies went smoothly, and I was able to pass my exams without difficulty. Most
of my hospital experiences during my studies weren't very interesting. The hospital
posts were made by class ranking with the best students allowed to choose the most
interesting internships. If your ranking was not very high, which was my situation,
then you inherited internships where the main role of the student doctors was to
maintain the patient records with only some patient contact. Luckily this seems to
have since improved. During my internships, however, I did spend 6 months in the
intensive care unit of the CIR.
During my last internship, at the end of my studies which began in the middle of the
school year, there were only 2 places left to choose from: Psychiatry or Intensive Care
at the CIR unit of the Croix Rousse Hospital which I knew well as explained earlier.
Almost no choice but WHAT CHANCE! Without question or hesitation, I joined the
CIR team and I stayed with them for almost 20 years.
A little History
Before I go into my own history, I would like to share with you some of the CIR history
which is very impressive. The idea to build this service came from Professor Paul
SÉDAILLAN, physician and innovator in more ways than one (1) :
(*1) : When the polio virus reaches the central nervous system, inflammation and destruction of the
spinal cord motor cells (anterior horn cells) occurs, which prevents them from sending out impulses
to the muscles. This occurs at different degrees of severity causing muscles to become limp or soft
and unable to contract. In the most severe case this includes the respiratory muscles. For some the
paralysis can be permanent and for others there can be a high degree of recovery. In the case of
permanent respiratory muscle paralysis, patients had to be tracheostomized and ventilated 24/24 in
order to survive or

Creator of one of the first medical intensive care units in France, he implemented the
use of the tracheostomy for polio patients, (bringing Danish experience to France)
which allowed ventilation and tracheal aspiration. It was he who also created the
“Association Lyonnaise de Lutte contre la Polio” (ALLP), a Lyon association dedicated
to the fight against polio, and whose main goal was to allow tracheotomized and
ventilator dependent patients to return home. Created in 1954, this was the first
homecare structure in France. Compensation for the ALLP's services was awarded by
the French Social Security for each day a patient was at home with ventilatory
assistance. The sum awarded was used to cover the ventilatory equipment and it's
maintenance, the consumables and 24 hours/7 days a week coverage in the event of
technical problems. I’d like to give you an idea of respiratory care during this time (23). At the beginning of the 1950's the primary method for assisted ventilation of
paralyzed patients was using negative pressure ventilation with the Iron Lung or, to a
lesser extent, the Cuirass ventilators. (Photos 1-2).
Negative Pressure Ventilation saved an enormous number of lives during this time,
but it remained difficult to manage and was very inefficient for the bulbar form of
polio. (*2).
Negative Pressure ventilation was not widely used in France with only a handful of
patients using the Iron Lung at home in Montpellier, Rennes and Brest. The peak of
the Polio epidemic in France was later than in other countries which allowed it to
benefit from the therapeutic advances developed early on. Denmark proposed an
alternative to negative pressure ventilation using a tracheostomy (photo 3) which
allowed positive pressure ventilation and tracheal aspiration during periods of
congestion. Under the direction and enthusiasm of Professor SÉDAILLAN, who had
been convinced of this method during his trip to Denmark, it was quickly adopted in
the CIR respiratory unit. Initially, ventilation was provided manually by an Ambu bag
using rotations of the medical staff. Fortunately, manual ventilation was rapidly
replaced by a positive pressure ventilator developed in Denmark in 1952, the
Engstrom 150, (photo 4), a very large and heavy machine that was efficient but
difficult to manipulate. The Engstrom was replaced by another volume ventilator, the
RPR (photo 6) and the BIRD. (2) One of the first home ventilators was developed in
1955 by a technician at the hospital, Mr. JANDOT, and an infectious disease physician
with experience in intensive care, Professor VINCENT, that I had the opportunity to
meet in 1979. The driving energy of the VINCENT-JANDOT ventilator was provided
by either a compressor or by compressed gas cylinders and the change from
inspiration to expiration was done electronically. This ventilator was able to deliver
an adjustable back-up rate and an adjustable preset tidal volume to ventilate the
patient. (Photo 5).
(*2) The patients head and upper airway is outside the device and their body is inside. The device generates
a strong intermittent negative pressure around the abdomen and thorax which in turn pulls air into the
lungs. This method of ventilation works well as long as the upper airway can remain open. Routine care is
done through port holes in the device or during short periods when the patient is pulled out of the
device. This method of ventilation was widely used at the beginning of the polio epidemic mainly in the
United States and England.

Photo 1 : Iron Lung

Photo 2 : Cuirass

Photo 3 : Tracheostomy

Photo 4 : Engström150 Ventlator

Photo 5 : VINCENT-JANDOT Ventilator

Photo 6 : RPR volume ventilator

An essential link in this chain of homecare was the ALLP (Association Lyonnaise de
Lutte contre la Polio) and the first ventilatory dependent patient was sent home from
intensive care under their care in 1954.
Jacqueline BUFFAT, a nurse by training, was the first manager of the ALLP. Initially it
was the hospital technicians who carried out this task, installing and maintaining the
ventilator equipment in the home and the supplies required. The service expanded
rapidly when Yannick Rambaud was hired and given the responsibility of overseeing
the technicians and soon afterwards the nurses who had the task of training the
patient and their family. This training included the handling of their equipment and
information on disease management, in cooperation with the primary care physician.
Little by little stable ventilator dependent patients were able to return home safely.
Many similar organizations, which were created for the polio patients, disappeared
once there were no longer new cases. This was not the case for the ALLP which
continued to be an innovative provider of home respiratory care. I would also like to
mention the importance of doctors MAGNIN and SALAMAND who worked at an
interdepartmental center in Hauteville, a town not far from Lyon. Their center
received newly tracheostomized patients and provided all the support and training
for the patients and their family which included tracheostomy care, tracheal
aspiration and how to change the tracheal cannula. With this training many patients
were able to manage their care at home without the help of a nurse which simplified
their care, allowed them more autonomy and of course reduced the cost of their care.
This amazing collaboration between services, physicians, other health care
professionals, in addition to the multidisciplinary approach to care, is what allowed
many patients to return home successfully.
At this time, the respiratory diseases managed in the CIR unit were the following:
Primarily the post-polio patients who could not return home. Paradoxically few,
if any, other neuromuscular diseases.
COPD (Chronic Obstructive Pulmonary Disease) the majority of whom were
admitted multiple times a year to the intensive care unit due to respiratory distress
Sequelae of tuberculosis, patients who survived before, or soon after, the
introduction of Streptomycin, sometimes at the cost of extreme thoracic deformity
and severe pulmonary restriction. As they aged, their respiratory function often
deteriorated especially during sleep. Our service was close to a large number of
institutions who treated these patients acutely and many of them settled in the area
after their stay with a relatively normal life until they experienced respiratory failure.
Severe Kyphoscoliosis (thoracic deformities greater than 100 degrees) (photo
7) Spinal deformity leads to modification in how the ribs are arranged and therefore
modifies how the diaphragm works, and again its during sleep that this manifests
itself. The world renown spinal deformity surgeon, Pierre STAGNARA from the

“Massues center”, and Claude Régis Michel « crac » brought us a large number of
post-surgical patients from all over Europe.(*3). These patients often required
respiratory assistance to prepare them for surgery, during the stretching, and then
post surgical ventilation by tracheostomy which allowed them to survive the
respiratory changes until they could be completely weaned or managed with only
nocturnal ventilation at home.

Photos 7 : Kyphoscoliosis corrected with surgery

(*3) Severe kyphoscoliosis required careful preparation before surgery which frequently included
having the spine gradually stretched into a straighter position using halo-gravity
traction. The surgeon attaches the halo to the skull using small pins to keep the halo from
moving. Sometimes the halo was attached to a casted pelvic belt to increase the traction. Spinal
fusion followed using Harrington rods which are attached to the spine fusing the bones together to
hold them in their new straighter position. It goes without saying that these surgical corrections
profoundly altered the patient’s respiration.

What chance! In 1979, having passed my thesis on home ventilation for
kyphoscoliosis patients, (3) I joined the CIR unit.
I was recruited for my internship in the CIR unit by Professor André BERTOYE who had
succeeded Professor SÉDAILLAN qui. At this time, the unit consisted of 60 beds, half
of which were dedicated to medical intensive care and the other half to polio patients
who were unable to return home or patients with chronic disease who were in the
process of being equipped to return home. The unit was in the process of being
reorganized under the leadership of Dominique ROBERT the successor to Jean
François BOLOT, who had accidently died in a car accident. The number of polio
patients progressively decreased as more became able to return home with their
families or organize living arrangements with other handicapped people. This was a
very clever arrangement as they combined their various government allowances to
give them the resources to hire enough care to provide round the clock care.
The newly opened beds were converted to post intensive care beds which provided a
safety net between intensive care and the medical and rehabilitation units. I was
given the responsibility for a certain number of the follow-up care beds.
My unit received patients directly from the intensive care unit who were generally
waiting to be transferred to the rehabilitation unit to recover and be instructed in the
care necessary if they had a tracheostomy. One of the main objectives of the post
intensive care unit was to prevent patients from having frequent readmissions to
intensive care. Tracheostomy care and nocturnal ventilation was therefore a large
part of the activity for the ALLP as they took over the home care of our patients.
The patients we cared for included a few polio patients who were unable to return
home but mainly COPD, sequalae of Tuberculosis and Kyphoscoliosis. This service
became my work place for many years, here where my medical roots had begun more
than a decade earlier.

Home Oxygen therapy
In the early 1980's with the advancement of technology, it became possible for
patients to use supplemental oxygen in the home with simple and practical
equipment. (4)
There were two distinct elements which allowed long term oxygen therapy (LTOT) to
be given to COPD patients with severe hypoxemia, defined as a PaO2 <55 mmHg or
between 55 et 60 mmHg with heart failure due to chronic hypoxemia.
The first element was two important studies that were published, the English MRC
trial (5) and the American NOT study. The second element was the technical
advancements in delivering LTOT. The English MRC trial followed one group of
patients with medical treatment (which amounted to almost no treatment at all) and
one group which received oxygen therapy 15h per day.
The American study (6) compared nocturnal oxygen use (NOT) to continuous oxygen
therapy estimated to be around 19h/ day (COT). Comparing the survival curves of the
4 groups of patients shows a clear benefit of oxygen therapy especially for those COPD
patients that used it "continuously" (reduced mortality and the number of rehospitalizations in addition to an improvement in cognitive and physical
performance). It is important to note that oxygen delivered at night and for a few
hours during the day (15h/d) also improved survival significantly. (figure 8). The
French social security system adopted the criteria used in these studies to prescribe
and reimburse the cost for home oxygen therapy.

Figure 8 : actual survival curves for COPD patients using different levels of LTOT (5-6)

At this time, home oxygen therapy was delivered using gas cylinders which were
cumbersome and needed to be changed regularly, or by liquid oxygen reservoirs
which were stocked at very low temperatures. Liquid oxygen allowed the use of small
portable containers which could be refilled regularly by the larger reservoir and
allowed patients to be more mobile. The two methods required regular home visits
to restock and refill the oxygen supply which rendered these methods quite
expensive.
Oxygen concentrators which were developed around the same time were a huge
advancement. (fig 9) These devices worked on electricity and extracted oxygen from
the air providing an oxygen concentration between 85 to 95% depending on the flow
used. This development simplified considerably the use of oxygen at home as it was
an inexpensive technique which didn't require frequent home visits by the home care
company. The ALLP had the organizational structure to distribute these devices to
patients rapidly and with the necessary support .

Fig 9 : Oxygen concentrator and cylinder

Fig 10 : Patient using oxygen with a nasal cannula

LTOT is usually delivered to a patient using a nasal cannula. (Fig 10). This method of
continuous flow oxygen delivery wastes a lot of oxygen compared to what the patient
needs (the green zone, Figure 11). Outside of this brief period when the patient
inhales the oxygen, the rest of the oxygen flow is wasted and expelled during
expiration. The idea of intermittent delivery of oxygen was a development our service
pioneered. With the support of the company AIR LIQUIDE, working on oxygen saving
devices ie those only delivering oxygen during inspiration, occupied a large part of my
work. (7) Initially the technique we used was a thermistor coupled with the oxygen
cannula which allowed the differentiation of inspiration, during which oxygen would
be delivered, and exhalation, when oxygen delivery would be suspended, based on
the temperature of the air. This intermittent flow saved more than 50% of the oxygen
needed for the patient and therefore allowed portable oxygen reservoirs to last
longer. (*4).

Fig 11: In green, the beginning of inspiration which is the optimal time to deliver oxygen
Sources d’O2 portables

Fig 12 Portable oxygen concentrator
with oxygen saving device

Fig13 Liquid oxygen reservoir
with oxygen saving device

(*4): The optimal duration is actually much shorter, only the very beginning of inspiration (green
zone) will reach the pulmonary alveoli and participate in gas exchange. The delivery of oxygen
during expiration is not needed and it will just be exhaled. Reducing the delivery time of oxygen also
allowed the development of much smaller concentrators which were portable and could run on
battery as well as miniaturizing the portable liquid oxygen reservoirs. (Fig 12 and 13) Thermistors
added to traditional nasal cannula's were quickly abandoned. They were replaced by pressure
differential systems attached to traditional nasal cannulas to distinguish inspiration from expiration.
This technology is used today to measure and record patient treatment compliance in addition to
their respiratory rate which can then be used to detect exacerbation should it significantly increase
from baseline for a certain period. This in turn could allow medical intervention in a timely manner.

Closely following the literature on the subject allowed me to identify another way to
administer oxygen therapy. (8-9)
Transtracheal oxygen was introduced by Dr. HEIMLICH, an ENT physician from
Cincinnati, well known for this technique which bypassed the upper airway.
He described how to place a small catheter percutaneously just below the cricoid
cartilage and attach it to an oxygen source. Having mastered the placement and care
of a tracheostomy, the service quickly adopted this technique in 1983 for certain
COPD patients. The challenges of importing the catheters from USA encouraged us
to have them manufactured in France. The company CAIRE developed a polyurethane
catheter « Oxycath » (Fig 14) which we placed under local anesthesia using the
SELDINGER method which is similar to placing a central venous line.

Fig 14 : Oxycath transtracheal catheter for delivering LTOT

We experienced no complications during the placement of the catheters. We were
able to connect the catheter to the oxygen source immediately which in general
improved oxygenation at lower flow rates. Furthermore, by in-training oxygen near
the carina, the anatomic dead space is decreased, which increases alveolar ventilation
and decreases work of breathing. It required typical wound care however and it was
necessary to rinse the catheter at least daily with normal saline to prevent secretion
accumulation. This technique was cosmetically pleasing and preferred over nasal
oxygen by most patients as it allowed the tubing to be hidden under clothing.
Two years after working with transtracheal oxygen, (O2T) in 1985, I presented our
work IN ENGLISH at a conference in San Francisco. Our experience was quite unique
as transtracheal oxygen therapy was rarely used at the time even in the USA. I have

wonderful memories from this trip which was a great opportunity for me and an
immense challenge: it was my first presentation in English and as I had no time to have
my slides done by a professional before leaving, I had to prepare them myself in my
hotel room. It was during this trip while visiting Yosemite Park that I quit smoking.
There were four well experienced teams that presented studies on transtracheal
oxygen: HEIMLICH, CHRISTOPHER and SPOFORD from Denver, Leslie HOFFMAN from
Pittsburgh and our team.
Hundreds of cases were presented, and they all came to the similar conclusions:
- O2T provided optimal oxygen therapy as the catheter was hardly ever disconnected
from the oxygen source.
- Patients were very satisfied and found the technique more esthetically pleasing than
a nasal cannula
- COPD patients who had a lot of secretions reported problems with mucus plugs
forming on the catheter and being dried by the oxygen flow. These mucus plugs risked
becoming detached and passing into the lower airways. More frequent saline
irrigation decreased the incidence of this happening.
Our usage of O2T progressively decreased as pulmonologists began prescribing LTOT
using the criteria established by the social security (15h/day) and rarely found it
necessary to use O2T.
Eventually the practice of using long term O2T decreased as did the use of
tracheostomy.

NON INVASIVE VENTILATION

(Photo 15)

Figure 15 : Ventilation using a custom nasal mask

From 1984, the direction of assisted ventilation began changing considerably. The
polio epidemic had ended and although there were many patients with similar
respiratory problems that would justify the same care, medical teams were not yet
making the connection and were very reluctant for a number of reasons. Health care
professionals tended to project their personal prejudices about being paralyzed and
extending life. In addition, they were concerned that once ventilated, patients
wouldn't be able to return home and would therefore occupy a hospital bed for an
extended period. Physicians specializing in the care of these patients were among
those who considered tracheostomy an "aggressive" method of extending life in
patients they considered to have a poor quality of life. This led to very few patients
being offered this service despite their tremendous will to live.
We had neuromuscular patients present with varying degrees of respiratory
impairment. Spinal muscular atrophy and Duchenne muscular dystrophy are the most
glaring examples. The main cause of early death in these patients, especially the
Duchenne, was due to their respiratory impairment with an average life expectancy
of not more than 18-20 years old.
The perseverance of certain rehabilitation physicians showed that the course of things
could change for these patients, at least in part. Professor Yves Rideau from Poitier
decided to attack this problem and he defined 3 essential targets for Duchenne
patients: (10) :
 preserve ambulation
 preserve the spine,
 ensure good ventilation.
With multiple surgical interventions to correct scoliosis and leg deformities, patients
were able to walk longer and with better comfort. That left the problem of ensuring
good ventilation. The idea of providing assisted ventilation for these patients came
from the work of Dr. Anne DELAUBIER, assistant to Prof. RIDEAU. (11) Initially this
ventilatory assistance was proposed for short periods during the day. Their idea was
to provide ventilation to help prevent or limit the unexplored decline in respiratory
function. Later studies would show that ventilation did not have a preventative affect

and that the duration of ventilation should be considerably longer and provided
especially at night.
It was just by chance that we met one of their patients equipped with assisted
ventilation. Ventilation was provided with a special type of nasal mask made from a
nursing tourniquet in which two urinary catheters were positioned just in front of
each nostril. This mask was then attached to the ventilatory circuit. (photo 16).

Fig 16: Mask developed by RIDEAU and DELAUBIER

This patient came to our service for an evaluation and the lead physical therapist,
Jeannine JENNEQUIN, who was responsible for these evaluations quickly understood
the potential benefit of his system of ventilation. For me it was also interesting as it
appeared we had finally found an effective and easy solution to treat hypoventilation
early in these patients with no need to wait for them to present in acute respiratory
failure. In the absence of industrial made masks, we scrabbled together material to
develop custom made masks. We used a medically approved silicone paste which was
molded directly onto the patient's face. (Fig. 17, 18 and 19) Once the silicone
hardened, the perfectly formed mask was removed, holes were drilled and two
intubation tubes were placed to sit directly in front of each nostril. The intubation
tubes were then attached to the ventilator circuit using a Y adapter. These masks
were extremely well tolerated and allowed patients to benefit from extended
ventilator time especially during sleep.

Fig 17 : Our first nasal mask using tracheostomy cannulas.

Fig 18 : Molding the silicone directly on the patient

Fig 19: A completed custom molded silicone mask with the two intubation tubes, ventilator circuit
adapter and a thermoformable shell which was used to attach elastic head straps

We know today that in patients with chronic respiratory failure, whatever the origin,
hypoventilation is exacerbated significantly during sleep. (12) Nocturnal ventilation
was therefore not only easier as it allowed patients to have more independence
during the day, but it was also essential to correct their nocturnal hypoventilation. At
the time only oxygen saturation was monitored but this would be rapidly
complemented by measurements that are routine today: Transcutaneous CO2 and
nocturnal Respiratory polygraph or polysomnography.
In the graph below (fig. 20), note the nocturnal desaturations with an increase in
TcCO2 as the night progresses, especially during REM sleep. Ventilation was added
halfway through the night and as you can see, this slowed the patient’s respiratory
rate, corrected the desaturation and lowered the TcCO2.

Spontaneous breathing
tachypnea with paradoxical
thoracoabdominal movements
with a drop in SpO2 and an
increase in TcCO2

With Bilevel Nasal
Ventilation, the patient
follows the rhythm of the
ventilator with good
synchronization and the
SpO2 and TcCO2 are

Fig 20 : Nocturnal monitoring before and during ventilation with tachypnea, asynchronous
thoracoabdominal movements, a drop in SpO2 and increase in TcCO2 during spontaneous breathing
and correction once ventilation is started.

Non Invasive ventilation (NIV) deeply modified how we treated nocturnal
hypoventilation in chronic respiratory failure patients, substituting tracheostomy with
a nasal or full face mask. While Non-invasive ventilation was used from the 1950's
with a mouthpiece for ventilator dependent polio patients, this method of ventilation
has become the gold standard for chronic respiratory failure regardless of its cause.
Nocturnal ventilation, combined with the technique of assisted cough, considerably
increases and in some cases doubles, the life expectancy of certain patients
particularly Duchenne muscular dystrophy who without ventilation would die at
around 18-20 years old.
In the 1980's, the AFM (French Muscular Dystrophy Association), an association of
families in France, was very unhappy with what little interest in general the medical

community had in their children. They grouped together to support the creation of
several centers of excellence which would pull together multidisciplinary teams who
could properly evaluate the muscle deficit of their children and the consequence of
this on their spine and respiratory function.
With CIR Unit’s already extensive experience with neuromuscular patients, the AFM
requested that our service provide these evaluations and the necessary treatments,
particularly for respiratory problems. It was Thiebaut-Noel Willig and Jacques
PAULUS, physician, and physical therapist, who provided the medical management
for the AFM and recruited our services.
One of our challenges was that, in the absence of a tracheostomy, our traditional
method of removing secretions, ie tracheal aspiration, was gone. The technique of
assisted cough was therefore essential for patients without functional abdominal
muscles and incapable of effectively coughing themselves when congested. Manual
methods of assisted cough (hyper insufflation, glottic closure followed by abdominal
compression which created an explosive expiration) provided the necessary secretion
clearance when needed. (13)

Stages of a normal cough

Fig. 21 : Normal cough mechanism

Fig 22 : Hyper insufflation during assisted cough

Fig 23 : Abdominal compression with initial glottic closure followed by air expulsion

Fig 24 : Abdominal compression from bottom to top which
increased expiratorairflow allowing secretion clearance

A mechanical « Cough Assist » (fig. 25 & 26) was introduced to reproduce the effects
of the manual assisted cough. This device created the hyper insufflation required
which was immediately followed by a strong aspiration during the expiratory phase.
Adding a manual abdominal compression as shown above completed this technique
and allowed effective secretion evacuation when needed. (14).

Fig. 25 : Cough Assist device with circuit and full face mask.

Fig 26 : Cough Assist device using full face mask

Augusta ALBA from New York and the team of Rancho los Amigos (in California), whom
I visited, treated many polio patients with this technique avoiding the need for
tracheostomy. At the time, mouthpiece ventilation during the day (fig. 27) would
substitute for nasal mask ventilation. 24h/24 ventilation was possible using a battery
mounted to the patient’s wheelchair (fig. 28) as is done routinely today.

Fig 27 : Intermittent mouthpiece Ventilation in a patient soon to be ecannulated

Fig 28: A battery operated ventilator on
the back of an electric wheelchair

John BACH was an outspoken defender of the Cough Assist device, manual assisted
cough, and glossopharyngeal breathing (13) (*5)
Teaching the patients family and their attendants the techniques of assisted coughing
and/or the use of the Cough Assist device allowed them to return home securely
despite their lack of respiratory autonomy. Having this procedure available to them
frequently allowed families to avoid the nursing care which in the United States is
extraordinarily expensive. In France, many neuromuscular patients with home
ventilation are also equipped with the Cough Assist device.
At the time, there were very few teams that worked with these types of patients, so
it was very important that we communicated with one another and shared ideas and
practices.
Philippe SOUDON and Michel TOUSSAINT from Brussels were another team that had
put in place Rideau's recommendations early in the 1980's. Their contribution to the
treatment of neuromuscular patients is equally important. (14)

(*5) : The method should be taught by a qualified health care professional who is familiar with it.
(Physical or respiratory therapist for example). This method consists of increasing the inspiratory
volume above the patient’s spontaneous volume which is very low. This is done using a rapid
movement of the tongue which propels and traps small boluses of air into the lungs. This method is
an excellent way for a patient to be independent of the ventilator for extended periods of time which
not only provides another level of security but can also improve speech and help with assisted
coughing. This method was discovered and used extensively during the polio epidemic, followed by
use with traumatic tetraplegic patients but is rarely used in Duchenne patients. This special method
of breathing is known to allow divers to stay for long periods of time under water. In more recent
times, the method was adopted by Dr. John Bach of New York who became the outspoken advocate
of the method.

I made multiple visits to the United States to meet the teams who worked with these
patients and specialized in these various techniques. Among the teams I met were the
pioneers of most of these techniques at Rancho Los Amigos hospital in California. I
also had the opportunity to visit the Dallas Rehabilitation Institute (DRI) after meeting
Susan SORTOR, Respiratory therapist, at conferences in Denver and Munich. DRI
specialized in the rehabilitation of Spinal Cord Injuries and for the most severe (C4 and
above) worked to remove their tracheostomy, place on Noninvasive ventilation, and
strengthen their accessory muscles to allow some breathing autonomy. This allowed
patients to return home with little to no professional care. Dr. Joseph VIROSLAV was
the medical director for the Respiratory Care department and Susan SORTOR was the
manager. Dedicated specifically to the care of these patients, their mastery of
noninvasive ventilation and cough assist helped all of us to advance in these
techniques. Having seen a strapless mask for NIV presented by Bruni Bung of Munich,
Susan and her team developed their own variant of the mask to provide nocturnal
ventilation for their patients. It required creating dental molds of the upper and lower
teeth which were then attached together. The mask itself was made of acrylic which
required taking an impression of the face and creating a cast to form the mask. Once
the mask was made, it was attached to the dental piece which held the mask in place
but also allowed the patient to remove it with their tongue. This in addition to the
ventilator alarms were safety features for tetraplegic patients when using NIV. (15)
(fig 28). These patients, who were highly ventilator dependent, typically used a
mouthpiece for daytime ventilation. The mouthpiece was placed in proximity to the
patients face which allowed them to use it at their convenience. (fig 27). The
ventilator which functioned continuously was mounted on the wheelchair and battery
operated.
Susan and I met at multiple international conferences, and I invited her to our first
JIVD (“Journées Internationales de Ventilation à Domicile”) conference in Lyon in 1989
where we worked together to provide multiple workshops. From that point forward
our relationship became much more personal, and we were married in 1992.
Susan moved to France and was obliged to quit her clinical practice as a Respiratory
Therapist as the profession does not exist in France. She converted to working for
ventilator manufacturers providing education and training for medical teams, home
care companies and sales staff on a subject she knew well, NIV.

Fig 28 : Custom made strapless mask which was held in place by a dental
appliance. (15)

I should mention the work of Colin SULLIVAN who in 1982 published the first treatment
of obstructive sleep apnea syndrome (OSAS) with a nasal mask and continuous positive
airway pressure (CPAP). (16)

This syndrome, which is extremely prevalent, resulted in the huge development of
industrial masks and CPAP devices for treatment of OSAS. The masks were made of
medical grade silicone and provided in multiple sizes and types, both nasal and full
face (Fig. 29) which allowed us to equip patients without having to provide custom
made masks. Until this breakthrough, industry had little interest in developing masks
for assisted ventilation as the number of patients was very limited. The treatment of
obstructive sleep apnea (*6) which affected millions of people in the world would
significantly change the treatment of respiratory failure patients needing assisted
ventilation as the very large variety of masks both nasal and facial served both groups
of patients.

(*6): The anatomical narrowing of the upper airway and the posterior tilt of the tongue are the
causes of snoring and obstructive sleep apnea which in turn fragments sleep. Reversing the flow of
a household vacuum cleaner attached to a valve to maintain positive pressure prevented the upper
airway from collapsing and the patient from snoring and having obstructive sleep apnea.

Fig 29 : Example of an industrial facial mask for the treatment obstructive sleep apnea
with CPAP or for assisted ventilation in respiratory failure

Equally important is how the development of CPAP radically changed the modes of
ventilation used to treat respiratory failure and contributed to the development of
new ventilators. Moving from using volume ventilation (a constant preset inspiratory
volume and preset respiratory rate) to a less aggressive positive pressure mode with
a preset pressure, improved comfort and was much easier for the medical staff to
administer. In this mode of ventilation, the preset pressure is fixed, and the patient’s
volume varies depending on multiple factors such as being awake or asleep,
congested or not. These devices are also able to compensate for leaks around the
interface (mask) to maintain the set pressure, which is an unavoidable consequence
of NIV. (17)

SULLIVAN’s publication quickly led to nocturnal monitoring and observation of
respiratory failure patients whose hypoventilation worsened during sleep (*7) It also
led to widespread use of various modes of noninvasive ventilation, in particular CPAP
and Bilevel ventilation.
In 1994 we published the largest series of patients, with various forms of respiratory
failure, treated with noninvasive ventilation (Compiled from multiple groups from
Lyon, Paris, Dijon et Nancy). In terms of survival, the results were very similar to the
results of a study of invasively ventilated patients (via tracheostomy) published in
1983. (19). The best results were in neuromuscular patients, apart from amyotrophic
lateral sclerosis (ALS) whose outcomes were worsened as a consequence of their
bulbar involvement and swallowing difficulties. The comfort of ALS patients was
improved however as was their sleep. The results were also very good for the patients
with restrictive respiratory disorders; kyphoscoliosis and sequalae of tuberculosis
although with appropriate antibiotic treatment and the early treatment of scoliosis,
these indications have become quite rare. The results for COPD patients however
were very different to the 1983 study. It is important to note that the COPD patients
were very severe and unable to be weaned from their mechanical ventilation and
tracheostomized.

RFMR 1983 (19)
CHEST 1994 (18)
PP : Post Polio ; TB : Sequels of TuBerculosis ; Myo : Myopathies KS Kyphoscoliosis
COPD : COPD ; BRO : Bronchiectasis

(*7) : This is a common finding in everyone when lying flat and is due to decreased lung
volumes. Without consequence in people whose lung function is normal, for those with already
compromised lung function, the consequence can be very severe with periods of extreme
hypoventilation very harmful to the heart and which over time will modify the reactivity of the
respiratory center. Nocturnal monitoring was rapidly generalized in patients with respiratory failure
regardless of the origin and the presence of nocturnal hypoventilation frequently justified a trial of
nocturnal ventilation to improve sleep and gas exchange in these patients.

As a result of our study published in 1994, NIV could be recommended as a successful
intervention for certain hypercapnic stable COPD patients before acute exacerbation.
(20) Obesity Hypoventilation (OHS) has become another group of patients that
benefit from NIV and added to the indications for this therapy. (21) OHS has quickly
become the primary indication for NIV, followed by COPD and Neuromuscular
Diseases.
NIV initially designed to treat chronic respiratory failure patients was soon adopted in
the intensive care unit particularly for severe COPD patients. The technique typically
applied using a full-face mask, has been shown to avoid intubation if applied early
during an acute exacerbation. Close monitoring and the ability to intubate if
necessary were recognized as important safety measures for these patients. (22,23)
The method of noninvasive ventilation which was initially considered a high-risk
procedure has become a routine technique in many hospital services throughout the
world not only for acute exacerbation of COPD but for other pathologies as well. (*8).
Obesity Hypoventilation syndrome, for example, has become one of the primary
indications followed by chronic hypercapnic COPD.
I am extremely proud to be among those who contributed to the development and
dissemination of this technique.

(*8) : A certain number of patients will avoid intubation. The first trials proved the technique to be less
traumatizing allowing ventilation for short periods which allowed oral nutrition and hydration to be
maintained and decreased the risk of infection. A controlled study comparing two similar groups of patients,
one group receiving conventional medical treatment with oxygen and the other group receiving the same
treatment and the addition of noninvasive ventilation. The difference between the two groups without a
doubt confirmed our initial experience in a small group of patients. (23). Mortality, the number of intubations
required in each group, the delay in re-hospitalization, and the length of each hospitalization were all
significantly better in the group using noninvasive ventilation (24). Today, this method of ventilation is
frequently the first choice when ventilating patients in acute exacerbation of CO.

International communications: What Opportunities!

In the early 1980's, Tom PETTY from Denver, CO in the USA organized two conferences
on the rehabilitation of COPD patients and long-term oxygen therapy. We were
invited to both conferences by Air Liquid, who were working with our service on the
research and development of a number of interesting projects (oxygen saving devices,
portable oxygen concentrators and a new ICU ventilator). Dominique Robert
presented a large series of patients treated with O2 and tracheostomy ventilation
among whom were a certain number of COPD patients (20) I was with him during this
trip which was critically important to us as it provided further access to international
conferences.
A second opportunity arose with the visit of Alan GOLDBERG a pediatrician from
Chicago who been involved in ventilating post-polio patients from the outset. Alan’s
career had been mainly focused on healthcare administration and economics and our
association with him helped reinforce our international relationships. Alan used his
sabbatical year to visit Europe and study the different healthcare systems to see if
there were models of healthcare delivery that could be applied within the United
States. During this visit, Alain was particularly interested in the model of care put in
place by the home care company associated with our service, the ALLP. (24)
Unfortunately, its implementation proved to be incompatible with the American
economic model. We developed a very close and personal friendship with Alain
however which allowed us to present our unique model of home care supporting
ventilator dependent patients at home on multiple occasions. In time Alan would
become president of the American College of CHEST Physicians (ACCP) the society
which organizes and finances the well-known CHEST conference every year.
We developed a certain notoriety due to our many publications and congress
presentations which in turn brought physicians from various countries in Europe to
visit our unit. One of these physicians, Joan ESCARABILL from Barcelona,
accompanied by his physical therapist, brought one of his patients to our service to
be equipped with noninvasive ventilation and to learn how to make the custom nasal
mask we used. Multiple Spanish and European teams followed including Gerhart
LAIER GRONEVELD, Mathias WIEBEL and Bernt SCHONHOFER from Germany; Stefano
NAVA, Paolo BANFI and Maurizio GRANDI from Italy. It was a rich exchange having
these physicians in our unit and we kept close ties with most for many years.

In the late 1980's we organized multiple educational sessions on the subject and their
popularity convinced us in 1989 to organize an international conference dedicated to
home ventilation, the “Journées Internationales de Ventilation à Domicile” (JIVD). In
addition, largely as a result of Tom Petty's Denver conferences no longer taking place,
Barry MAKE from Denver, Nick HILL from Boston and Alan GOLDBERG from Chicago,
all specialist in long term ventilation, decided to replace the Denver conferences in
the USA with ones similar to the JIVD, in cooperation with the ACCP.
Our initial plan was to alternate these ventilation conferences between France and
the USA every two years but the poor turnout for the American conference caused
the ACCP to stop its financial support after only two had taken place.
We decided to continue with the JIVD and offer a bilingual conference every 4 years.
With the invaluable help of Brigitte HAUTIER, who is bilingual and an incredible
organizer, we had our first conference in 1989 and continued increasing success first
every four years, then every three. The majority of conferences have been held in
Lyon and taken place twice in Barcelona. The next conference is being organized by
Joan ESCARABILL in March 2022 in Lyon. This conference, for which I was responsible
until 2018, was unique in that it had specific sessions for paramedical staff and,
innovatively, the patients themselves had access to all the sessions in addition to
sessions specifically organized by and for them.
My work at the CIR unit finished in 2000. This was at the end of an era as noninvasive
ventilation had become a broadly used technique no longer requiring a specialized
unit to provide it.

My career after working in the C.I.R.

After leaving the CIR unit in 2000, I continued my work with the AFM (French
Muscular Dystrophy Association), as a medical consultant, to establish
recommendations for ventilating neuromuscular patients. (25) Together with Hadi El
HAMMOUDA, a neurologist originally from Algeria, and Jacques PAULUS, physical
therapist, (both employed by the AFM) we organized the first patient in Algeria to
return home using mechanical ventilation. This 20-year-old man with spinal muscular
atrophy, had been tracheostomized and ventilated since birth, and always lived in the
hospital intensive care unit. This had clearly not been necessary for quite some time.
The equipment (home ventilators and suctioning equipment) was donated by French
home care companies. We spent 10 days in Algiers, the capital of Algeria, training the
family and an ICU nurse. This patient lived another 5 years at home with his family
which was his dream. We made two trips to Algiers which allowed us to meet
multiple teams who managed neuromuscular patients and help advance their cause.
I also had the opportunity to travel to Sesobel Lebanon (close to Bayreuth) to help
Joseph El MIR, a physical therapy manager, providing general education regarding
children with neuromuscular diseases. These trips reinforced for me the importance
and immense need for education and training to provide health care for these
patients at a lower cost.
I also worked at the hospital “Pitié Salpêtrière” in Paris where I had several jobs for
the AFM. At the "Institut de Myologie", I was responsible for the respiratory
evaluations of patients scheduled to commence NIV and in the Sleep Lab managed by
Isabell Arnulf, I interpreted polysomnographic studies of respiratory failure patients
particularly those using NIV whose ventilation had not been optimized. A working
group to study the various challenges in optimizing nocturnal ventilation was initiated
by Jésus GONZALES and they studied the respiratory events at the root of reoccurring
hypoventilation during nocturnal ventilation. (26, 27)(*9).
In collaboration with the company Air Liquide, with whom I had always kept ties, I
provided education and training for their home care nurses and technicians and I
made several international trips to provide support to countries that were beginning
Noninvasive ventilation.

(*9) : The workgroup SOMNOVNI identified and described the type of respiratory events clinicians should look
for when noninvasive ventilation is less effective than desired. Identifying these events often allowed a more
accurate adjustment of the ventilator setting leading to improved ventilation in many cases. (27-28)

My final center of interest was therapeutic education for COPD patients. I was
inspired by the work done by Jean BOURBEAU from Montréal « Better Living with
COPD » from which I developed a French version (28). The training program was very
complete and with the guidance of a nursing coordinator, used an action plan for
exacerbations with the goal of detecting them early and providing changes in
treatment depending on the severity.
This professional life, that I believe to have been very full, allowed me to make
extraordinary encounters with passionate and exciting people from different
countries. The most important of these is the person who would become my wife,
Susan, with whom I have shared wonderful moments. Susan also added a wonderful
daughter to my life, Angela who I adopted and who's life is in full bloom after several
difficult years.

THANKYOU’S

I would like to thank, Dominique ROBERT, the head of the service where I initially
worked, the CIR. Dominique never blocked the development of new techniques and
often contributed to improving them, each time doing his best to find complementary
financial resources to support our work. I also appreciate him proofreading this
document.
I would like to express my thanks to all my colleagues at the time, in particular:
Jeannine JENNEQUIN physical therapist who worked in the CIR service since 1962,
specializing in managing the polio and other neuromuscular patients and contributed
in a large part to the development of our custom-made nasal masks. Among the
nurses, Christiane LUIZET who knew perfectly well all the patients for whom were
responsible and established a strong relationship with each of them. She efficiently
managed the many admissions and discharges of the unit for which I was responsible
at the time.
The nurse’s aides and caregivers who helped juggle the many admissions, discharges
and transfers.
My fellow physicians.
It was teamwork where everyone had a part.
I can't forget the patients who had confidence in us and lent themselves with good
grace to various catheter and mask trials, not always very comfortable but with the
conviction that with their help we would improve their care, comfort, and life
expectancy. Their feedback was often very helpful.
All those endearing patients to whom I tried to bring relief in the face of their
breathing difficulties. I owe them all a big thank you.
Finally, a big thank you to my wife and Fenella Connell for translating this document
to English and Jean-Jacques Renaudot for his proofreading and formatting skills.
At the end of my life, I realize the luck that has always accompanied me from my birth
and then throughout my professional and personal life even during the 14 years of
additional life after my heart attack. In all : What Luck ! What experiences ! What a
life around home care and NIV, from the simple to complex.
I was able to seize this change and make it grow at the cost of hard work.
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