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Description

Field of technology

[0001] The present invention relates to the field of ret-
ropharyngeal instillation of medicament and particularly
to a system for the administration of a pulmonary sur-
factant by atomization.

Background of the invention

[0002] Administration of medicamentin the lungs is of-
ten faced with the problem of finding the right balance
between the efficacy and the invasiveness of the treat-
ment. This is particularly difficult with infants (hereinafter
the term neonates is used as synonymous of infants.).
Preterm neonates may be affected by nRDS (neonatal
Respiratory Distress Syndrome), a lung disease due to
generalized immaturity which causes the lack of pulmo-
nary surfactant. For many years, nRDS has been treated
by administration of exogenous pulmonary surfactants
as bolus through endotracheal instillation to the intubated
pre-term neonates kept under mechanical ventilation. Al-
though this treatment is very effective, as proven by the
reduced mortality, it may present some drawbacks which
are intrinsic to the mechanical ventilation (volu/barotrau-
ma) and to the intubation procedure which is anyway
invasive.

[0003] In view of the potential complications associat-
ed with intubation and mechanical ventilation, attention
has been focused on different approaches of administra-
tion of exogenous pulmonary surfactants.

[0004] In particular, as a possible respiratory support,
use of non-invasive ventilation procedures such as early
nasal Continuous Positive Airway Pressure (nCPAP),
that delivers air into the lungs through specifically de-
signed nasal devices such as masks, prongs or tubes,
has been introduced in neonatal intensive care.

[0005] Following this orientation, in the last fifteen
years great attention has also been paid to finding an
alternative way for pulmonary surfactant administration.
Most of the performed studies have been focused on the
administration of nebulized surfactant (i.e. particles with
a mass diameter <10p.m) by means of commercial neb-
ulizers connected to the ventilator circuit, based on the
hypothesis that a gentler and more gradual administra-
tion should prevent the high cerebral blood fluctuation
that may occur with bolus administration (See e.g. Maz-
elaJ, Merrit TA, Finner NN "Aerosolized surfactants" Curr
Opin Pediatr. 2007; 19(2): 155; or Mazela J, Polin RA
"Aerosol delivery to ventilated newborn infants: Historical
challenges and new directions" Eur J Pediatr. 2011:1-12;
or Shah S "Exogenus surfactant: Intubated present, neb-
ulized future?" World Journal of Pediatrics. 2011; 7(1):
11-5). Albeit the surfactant results more homogenously
distributed, the improvements in the lung functionalities
obtained in the different studies are very contrasting and
they don’t evidence the effectiveness of the nebulization
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approach.

[0006] In other studies surfactant nebulization system
was connected to non-invasive ventilator settings (i.e.
CPAP through nasal prongs); in these conditions the
amount of nebulized surfactant that reached the lung ap-
peared to be negligible (less than 20%). Moreover neb-
ulized surfactant administered during CPAP has no con-
clusive beneficial impacts on lung functionality as shown
in pilot studies on preterm neonates (see e.g. Berggren
E, Liliedhal M, Winbladh B, Andreasson B, Curstedt T,
Robertson B, et al "Pilot study of nebulized surfactant
therapy for neonatal respiratory distress syndrome" Acta
Paediatrica 2000;89 (4): 460-4; or Finner NN, Merritt TA,
Bernstein G, Job L, Mazela J, Segal R "An open label,
pilot study of Aerosurf combined with nCPAP to prevent
RDS in preterm neonates" Journal of aerosol medicine
and pulmonary drug delivery. 2010; 23(5): 303-9; or
Jorch G, Hartl H, Roth B, Kribs A, Gortner L, Schaible T,
et al "Surfactant aerosol treatment of respiratory distress
syndrome in spontaneously breathing premature infants"
Pediatr Pulmonol. 1997; 24(3):222-4). The studies are
very variegated and the authors apply different conditions
with reference to several parameters, e.g.: 1) placement
and type of aerosol generator, 2) mode of ventilation,
3)humidity, 4) air flow, 5) particle size, 6) nRDS models,
7) surfactant dilution, etc.

[0007] Therefore itis difficult making a proper compar-
ison among them. However known systems do not gen-
erally prove to be very effective.

[0008] Moreover, when an aerosolized surfactant is
administered with a nebulizer through a mask and not
synchronized with the neonate’ breath, some part can be
exhaled during expiration and either deposits into the up-
per airways or tubing/connections or it is exhaled by the
expiratory limbs. Moreover, the delivery of nebulised sur-
factant adds dead-space to the breathing circuits and,
considering that preterm newborns may have a tidal vol-
ume of 1ml or even less, this can promotes CO2 retention
that, eventually, could become dangerous if a final situ-
ation of hypercapnia is achieved.

[0009] Aninteresting approach that could partially mit-
igate the above risk has been proposed by Wagner et al
(Wagner MH, Amthauer H, Sonntag J, Drenk F, Eichstadt
HW, Obladen M "Endotracheal surfactant atomization:
an alternative to bolus instillation?" Crit Care Med. 2000;
28(7):2540) showing encouraging results. It is based on
a modified tracheal tube with an atomizer inserted at the
tip of the tube which produces particles, that have a SMD
(Souter Mean Diameter) >100 wm, only during inspiration
(identified by an operator). The choice of putting the at-
omizer directly into the tube has been technologically
challenging.

[0010] The promising results of the Wagner approach
are probably due to the bigger dimensions of the particles
which allow the distribution and absorption of the pulmo-
nary surfactant similar to the mechanisms involved in the
bolus administration. In particular, it can be hypothesized
that big particles will deposit on more central airways,
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being able to reach the non-expanded alveoli by diffusion
gradient, Marangoni effect and capillarity, while, on the
contrary, the small nebulized particles, which are able to
pass through the upper airways, are likely to be either
exhaled during expiration or being deposited into the al-
ready opened alveoli which produces the airflow during
breathing, without reaching the attelectatic region of the
lung and contributing to an even more inhomogeneous
distribution of lung time constants. Another advantage of
Wagner is that the pulmonary surfactant is administered
during inspiration phase only and this helps in better con-
trolling the quantity of medicament effectively delivered
(with improvements in terms of saving and clinical re-
sults).

[0011] A drawback of Wagner is that the tube must
reach the trachea (where the nebulizeris placed), in order
to be able to deliver the big sized particles which would
be filtered out by the upper airways, and this procedure
is invasive and can cause problems, in particular for ne-
onates. On the other hand, all known prior art systems
implementing a non-invasive (i.e. not entering the trache-
al tube) delivery method are capable of administering
only small sized particles which are able to overcome the
outer barrier, but are less efficient in reaching all the lung
regions needing treatment.

[0012] Furthermore, according to Wagner experiment,
the "synchronization" of the delivery of medicament with
the inspiration rhythm is done manually, which is notideal
for obvious reasons including a waste of the product. On
the other hand all attempts known in the art for imple-
menting such synchronization, for example those de-
scribed in EP 0692273 , are depending on the presence
of devices such as a mechanical ventilator. However, this
solution needs connections to the airway of the newborn,
adding dead space and mechanical load to the patient’'s
breathing.

[0013] For all these reasons, an improved non-inva-
sive method and system for administering the exogenous
surfactant which is capable of combining the advantages
of big size particle nebulization with proper automatic
synchronization of the delivery would be greatly appre-
ciated.

Objects of the invention

[0014] It is an object of the present invention to over-
come at least some of the problems associated with the
prior art.

Summary of the invention

[0015] The presentinvention provides a system as set
outin claim 1, a computer program as set out in claim 8,
and a kit as set out in claim 9.

[0016] According to one aspect of the present inven-
tion, we provide a system for delivering a medicament to
spontaneously breathing patients, comprising: i) a flexi-
ble catheter adapted to reach the retro-pharyngeal region
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of the patient, the catheter including at least a first chan-
nel being adapted to convey in the patient’s pharyngeal
region a flow of liquid medicament and at least a second
channel adapted to convey in the patient’'s pharyngeal
region a pressurized flow of gas; ii) first pump means
connectedto afirst end of the at least first channel, adapt-
ed to create a low pressure which pushes the column of
liquid medicament towards the second end of the at least
first channel; iii) second pump means connected to a first
end of the at least second channel, adapted to create the
flow of pressurized gas; so that when the column of liquid
medicament and the pressurized gas meet in the pha-
ryngeal cavity, the liquid column is broken into a plurality
of particles causing the atomized medicament to be de-
livered into the patient’s lungs; iv) a control unit config-
ured to control the pump means; and v) a pressure sensor
connected to the at least first channel for measuring a
value indicative of the pressure in the patient pharyngeal
cavity, such value being used by the control unit to de-
termine whether the patient is in an inspiration or in an
expiration phase and wherein, in use, the first pump
means are selectively activated by the control unit only
during inspiration phase.

[0017] The use of the liquid-filled lumen of the catheter
for estimating the pressure swings atthe pharyngeal cav-
ity allows specific advantages compared to other ap-
proaches: 1) it provides a very fast response of the cath-
eter-pressure transducer system (liquids are not com-
pressible and adds a minimal compliance of the meas-
uring system, resulting in very fast time constants), al-
lowing a fast detection of the newborns breathing phase
(respiratory rate in small preterm neonates can be great-
er than 60 breaths per minute, one order of magnitude
greater than for adults); 2) the use of small and low-cost
disposable catheters with no extra lumens for pressure
sampling and with the pressure transducer being placed
close to the main device; 3) the presence of liquid in the
lumen prevents the tip of the catheter to be occluded by
the fluids always present in the pharynx, for example sa-
liva or moist due to the water vapor saturated environ-
ment, an important advantage against air-filled lumens
for pressure sensing; 4) as the pressure swing due to the
low-resistance pathway provided by the liquid-filled lu-
men is small compared to the gas ones, it is much easier
to detect the very small pressure swings in the pharyn-
geal cavity due to breathing of the neonate, which are in
the order of 1cmH,0.

[0018] Preferably the catheter is made of flexible plas-
tic material and as an alternative it can include partially
rigid scaffolding. Preferably the at least second channel
includes a plurality of channel arranged around the first
channel.

[0019] Preferably, the aerosol medicament comprises
an exogenous pulmonary surfactant, e.g. selected from
the group consisting of modified natural pulmonary sur-
factants (e.g. poractant alfa), artificial surfactants, and
reconstituted surfactants, while the pressurized gas in-
cludes air or oxygen.
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[0020] According to a further embodiment the catheter
includes spacers means arranged on its external surface
so that, when the catheter is in place for the aerosol treat-
ment, the second end of the at least first and at least
second channel are kept separated from the wall of the
pharyngeal cavity.

[0021] In a second aspect of the invention, we provide
a kit comprising: a) a pharmaceutical composition com-
prising a pulmonary surfactant suspended in a pharma-
ceutically acceptable aqueous medium; b) the system of
the invention; c) means for positioning and/or facilitating
the introduction of the catheter into the retro-pharyngeal
region; and d) container means for containing the phar-
maceutical composition, the system and the positioning
means. A method for preventing and/or treating a respi-
ratory distress syndrome in spontaneously breathing pre-
term neonates is described, said method comprising the
step of delivering a pulmonary surfactant in the retro-
pharyngeal cavity of said neonates. A still further aspect
of the present invention provides a computer program
for controlling such a method.

[0022] The system according to preferred embodi-
ments of the present invention allows optimizing the dis-
pensing of surfactant with an efficient delivery of the at-
omized particles to the lungs without requiring an inva-
sive operation for placing the catheter. The system of the
presentinvention provides several advantages including:
a more gentle atomizing process, thanks to the air-blast-
ing atomizing catheter, whose mechanical impact on the
surfactant is minimal; an easier manufacturing and a
more compact design of the atomizing catheter thanks
to the absence of the ending taper; the possibility to mon-
itor and to synchronize to the breathing pattern of the
patient without the introduction of a sensor, connections
at the airway opening or a second lumen; the flexibility
of the device, which can be used either during sponta-
neous breathing or when non-invasive respiratory sup-
port is provided, such as during nCPAP or other non-
invasive ventilation procedures such as nasal intermit-
tent positive-pressure ventilation (NIPPV); the use of
components which are already familiar to the hospital
personnel, e.g. catheters and disposable pressure sen-
sors (similar to the ones used for invasive monitoring of
blood pressures); all the part in contact with the pulmo-
nary surfactant and the patient are low cost and dispos-
able, granting for hygienically and safer treatments than
those of the prior art, which is particularly important when
the patient is a pre-term neonate.

Brief description of the drawings

[0023] Reference will now be made, by way of exam-
ple, to the accompanying drawings, in which:

Figure 1 is a schematic diagram of the system im-
plementing a preferred embodiment of the present
invention;

Figure 2 shows an example of a multi-channel cath-
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eter used in the system according to an embodiment
of the present invention;

Figure 3 shows as example the particles dimension
of surfactant (Curosurf™) atomized using the sys-
tem according to the preferred embodiment of the
present invention.

Figure 4a and 4b represent respectively a pressure
sensor used in the system according to an embodi-
ment of the present invention and the circuit control-
ling the pressure sensor;

Figure 5 shows an exemplificative retropharyngeal
pressure signal acquired on a preterm neonate.
Figure 6 shows a flow chart showing the main steps
of a statistical analysis performed on the retropha-
ryngeal pressure signal showed in figure 5;

Figure 7 shows a diagram of tidal volume related to
fetuses being treated with the system according to
an embodiment of the present invention;

Definitions

[0024] With the term "pulmonary surfactant" itis meant
an exogenous pulmonary surfactant administered to the
lungs that could belong to one of the following classes:

i) "modified natural" pulmonary surfactants which are
lipid extracts of minced mammalian lung or lung lav-
age. These preparations have variable amounts of
SP-B and SP-C proteins and, depending on the
method of extraction, may contain non-pulmonary
surfactant lipids, proteins or other components.
Some of the modified natural pulmonary surfactants
present on the market, like Survanta™ are spiked
with synthetic components such as tripalmitin, di-
palmitoylphosphatidylcholine and palmitic acid.

ii) "artificial" pulmonary surfactants which are simply
mixtures of synthetic compounds, primarily phos-
pholipids and other lipids that are formulated to mim-
ic the lipid composition and behavior of natural pul-
monary surfactant. They are devoid of pulmonary
surfactant proteins;

iii) "reconstituted" pulmonary surfactants which are
artificial pulmonary surfactants to which have been
added pulmonary surfactant proteins/peptides iso-
lated from animals or proteins/peptides manufac-
tured through recombinant technology such as those
described in WO 95/32992 or synthetic pulmonary
surfactant protein analogues such as those de-
scribed in WO 89/06657, WO 92/22315 and WO
00/47623.

[0025] The term "non-invasive ventilation (NIV) proce-
dure" defines a ventilation modality that supports breath-

ing without the need for intubation.

Detailed description of preferred embodiments

[0026] With reference to Figure 1 an implementation
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of the system according to a preferred embodiment of
the present invention is illustrated. In the example here
discussed we address the problem of delivering the right
amount of atomized medicament to a patient: in particular
we administrate a pulmonary surfactant (e.g. poractant
alfa, commercially available as Curosurf™ from Chiesi
Farmaceutici SpA) to e.g. a preterm neonate.

[0027] However, any pulmonary surfactant currently in
use, or hereafter developed for use in respiratory distress
system and other pulmonary conditions could be suitable
for use in the present invention. These include modified
natural, artificial and reconstituted pulmonary surfactants
(PS).

[0028] Current modified natural pulmonary surfactants
include, but are not limited to, bovine lipid pulmonary sur-
factant (BLES™, BLES Biochemicals, Inc. London, Ont),
calfactant (Infasurf™, Forest Pharmaceuticals, St. Louis,
Mo.), bovactant (Alveofact™, Thomae, Germany), bo-
vine pulmonary surfactant (Pulmonary surfactant TA™,
Tokyo Tanabe, Japan), poractant alfa (Curosurf™, Chie-
si Farmaceutici SpA, Parma, Italy), and beractant (Sur-
vanta™, Abbott Laboratories, Inc., Abbott Park, 111.)
[0029] Examples of artificial surfactants include, but
are not limited to, pumactant (Alec™, Britannia Pharma-
ceuticals, UK), and colfosceril palmitate (Exosurf™,
GlaxoSmithKline, plc, Middlesex).

[0030] Examples of reconstituted surfactants include,
but are not limited to, lucinactant (Surfaxin™, Discovery
Laboratories, Inc., Warrington, Pa.) and the product hav-
ing the composition disclosed in Table 2 of Example 2 of
WO 2010/139442.

[0031] Preferably, the pulmonary surfactant is a mod-
ified natural surfactant or a reconstituted surfactant. More
preferably the pulmonary surfactant is poractant alfa
(Curosurf™).

[0032] The dose of the pulmonary surfactant to be ad-
ministered varies with the size and age of the patient, as
well as with the severity of the patient’s condition. Those
of skill in the relevant art will be readily able to determine
these factors and to adjust the dosage accordingly.
[0033] A catheter 101 conveys atomized medicament
(e.g. surfactant) directly to the retro-pharyngeal region in
order to increase efficiency of the medicament adminis-
tration without being invasive: this is particularly impor-
tant for very young patients, such as pre-term born ne-
onate suffering from neonatal Respiratory Distress Syn-
drome (nRDS). According to a preferred embodiment of
the present invention the catheter is made of biocompat-
ible flexible material (e.g. plastic material). It is possible
to couple the catheter with a rigid scaffolding (e.g. me-
tallic) to increase stiffness of the device and to improve
easiness of positioning operations. The delivery of the
atomized medicament is done by means of an air blasting
technique. Using air to assist atomization is a well known
technique that grants a fully developed atomization also
when low pressure and low flow conditions are required
(see e.g. Arthur Lefebvre, "Atomization and spray", Tay-
lor and Francis, 1989). Such technique is based on a
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relatively small amount of gas (e.g. air, but it could be
other compressed gas, e.g. oxygen, nitrogen, or helium)
which flows in one or more separate channels than the
medicament which is delivered in a liquid form; the air
flow accelerates and breaks the liquid column, inducing
the atomization of the medicament. Therefore the cath-
eter 101 includes a plurality of channels (at least two,
one for the medicament and one for the air) for conveying
contemporarily the medicament and the air flow. The lig-
uid medicament column is broken up in droplets by the
turbulence due to the air flowing next or around when the
two flows (air and liquid medicament) exit the catheter
channels and meet in the retro-pharyngeal region. The
atomized droplets have a mean diameter of at least 80
micron, preferably higher than 100 micron, more prefer-
ably of 80-150 micron. It is believed that this effect is
caused by the air flow which accelerates the fluid sheet
instability. The air also helps in dispersing the droplets,
preventing collision among them and facilitating the dif-
fusion of the medicament in the lungs by reducing the
likelihood of contact between the particles and the wall
of the retropharyngeal cavity.

[0034] The medicament (e.g. the surfactant) is sup-
plied by means of a pump 103 connected to one end of
the catheter, which forces the liquid medicament out of
the opposite end of the catheter where it meets the air
flow (conveyed by a different channel of the catheter)
and is atomized, i.e. broken into a plurality of small par-
ticles (droplets) by the pressurized air. Pump 103 may
be realized by a device able to generate a flow, such as
an infusion pump: in a preferred embodiment of the
present invention the pump 103 is made of a mechanical
frame comprising a structure that holds a syringe con-
taining the liquid medicament and a stepper motor that
pushes the syringe piston. Pump 103 is controlled by a
control unit 109; such control unit can be embodied in a
computer, a microprocessor or, more generally any de-
vice capable of data processing activity. A pump device
105 (possibly including a pressurized source and pres-
sure regulator and filter) is connected to the one or more
channel conveying the air flow. Those skilled in the art
will appreciate that with the term pump we include any
device capable of providing a pressure to either a liquid
flow or a flow of gas. Pump 105 is controlled by a control
unit, as described for the pump 103. The flow of the pump
103 should be in the range of 9-18 ml/H while the pressure
of the pump 105 should be comprised between 0.4 and
0.8 Atm (1 Atm = 1.01325 Bair).

[0035] In a preferred embodiment of the present dis-
closure the catheter 101 includes multiple channels, with
a main (e.g. central) channel conveying the surfactant,
being surrounded by a plurality of additional channels
(e.g. lateral) which convey a pressurized air flow). The
air blasting technique here described provides the ad-
vantage of a more gentle fragmentation of the surfactant.
Current atomizers for drug delivery are normally based
on plain orifices, while the method here described em-
ploys an atomizing catheter using the air blasting ap-
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proach. The geometrical configuration of the plain orifice
normally presents a narrowing at the tip of the catheter,
the nozzle, which accelerates the liquid producing an
high instability in presence of an high pressure drop
(more than 1 Atm) and, as a consequence, the fragmen-
tation of the liquid in particles. On the contrary, the air
blasting catheter of the system according to a preferred
embodiment of the present disclosure is a multi-lumen
catheter: the surfactant flows into the main lumen while
pressurized air flows in the lateral ones. The turbulences
generated by the small airflow fragment the surfactantin
a very ‘gentle’ way. Moreover, the use of plain orifices
would require very high differential pressure across the
nozzle to induce atomization, while the air blasting atom-
izer doesn’t need high driving pressure to the surfactant,
as the atomizing process is driven by the turbulence of
the air around the surfactant.

[0036] The pulmonary surfactant is preferably admin-
istered as a suspension in a sterile pharmaceutically ac-
ceptable aqueous medium, preferably in a buffered phys-
iological saline (0.9% w/v sodium chloride) aqueous so-
lution.

[0037] Its concentration shall be properly adjusted by
the skilled person in the art. Advantageously, the con-
centration of the surfactant might be comprised between
2 and 160 mg/ml, preferably between 10 and 100 mg/ml,
more preferably between 40 and 80 mg/ml.

[0038] The applied volume should generally be not
more than 5.0 ml, preferably not more than 3.0 ml. In
some embodiments, it could be 1.5 ml or 3 ml.

[0039] An additional feature of the system according
to the present disclosure is that of synchronizing the pul-
monary surfactant administration with the breathing
phase of the patient. To implement this feature, a pres-
sure sensor 107 is inserted along the surfactant catheter,
but externally to the pharyngeal tube, and provides an
indirect but accurate measurement of the pharyngeal
pressure swings. This measurement is possible because
of the relatively low pressure in the channel conveying
the surfactant, allowing the use of the surfactant line for
measuring the retro-pharyngeal pressure with the aim of
both synchronizing the atomization with the breathing
pattern of the patients and to help the attending medical
staff to place the catheter in the proper place and moni-
toring the maintenance of the proper position during the
treatment, allowing the identification of wrong positioning
of the catheter tip (e.g. into the oesophagus).

[0040] Figure 2 shows a specific implementation of the
multi-channel catheter of the system according to a pre-
ferred embodiment of the presentinvention. The air blast-
ing atomizer is realized by means of a multi-lumen cath-
eter with a centralinnerlumen 201 surrounded by several
smaller lumens 203. The surfactant flows into the main
central lumen, driven by the infusion pump, while the gas
(e.g. air, oxygen-enriched air or pure oxygen), flows
through the lateral lumens. The pressure drop in the cen-
tral catheter depends on its length and internal diameter.
In a preferred embodiment of the present disclosure the
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catheter could presentalength of 7-15 cm and an internal
diameter of 0.4-0.6 mm. In this case the pressure drop
is in the range of 7.8-0.72 cmH,0, considering a flow of
surfactant of 3 mL/20min. In this way a nozzle is not re-
quired and the particles size dimension is determined
mainly by the pressure of the air which flows in the lateral
channel. To generate the gas flow into the lateral lumens
acompressor or a pressurized gas source (e.g. a cylinder
or a medical gas wall plug) can be used: the pressure is
modulated by a pressure regulator with a mechanical fil-
ter to avoid dust flowing through the system.

[0041] Such pressurized gas flow is not able to signif-
icantly alter the pressure in the pharynx, since the flow
is rather limited and the anatomical structures are open
to the atmosphere.

[0042] The distribution of the particles size obtained
by means of the preferred embodiment of the present
invention has been characterized by a commercial laser
diffractive size analyzer (Malvern, Insitec RT). The meas-
urements have been carried out using exemplificative
conditions of 0.5 bar of pressurized air and a surfactant
flow rate of 3 mL/20 minutes.

[0043] As aresult the most of the particles size is com-
prised between 100-200 micron. In particular the median
value is 137.47 micron, the 10t percentile is 39.50 mi-
cron, the 90" percentile is 130.63 micron as reported in
Figure 3.

[0044] As a possible additional feature the catheter
used in the system of the present disclosure could be
provided with some spacers on the external surface
which help in positioning it and keeping a minimum dis-
tance between the catheter itself and the wall of the retro-
pharyngeal cavity. This separation ensures that the at-
omised surfactant is conveyed to the lung by inspiratory
airflow and not projected on the walls of the pharyngeal
cavity. An example is shown in Figure 2b where some
ribs are running along the external surface of the catheter;
theseribs can also have a stiffening function adding some
sort of rigidity to the catheter (as an alternative to the
metal scaffolding mentioned above). Other shapes of the
ribs are possible, e.g. they could be in the shape of one
or more rings surrounding the catheter at predetermined
distance one each other: those skilled in the art will ap-
preciate that several equivalent alternatives can be im-
plemented.

[0045] Laryngoscope is another tool known to the
skilled person, that could be suitably utilized for position-
ing the catheter in the retro-pharyngeal cavity.

[0046] Moreover, Magill forceps, oro-pharyngeal can-
nulas such as cannula of Mayo, of Guedel, of Safar and
of Bierman can facilitate the introduction of the catheter.
In a preferred embodiment the cannula of Mayo is utilised
for both facilitating the introduction and keeping the cath-
eter tip in the proper position, i.e. not close to the pha-
ryngeal wall and pointing toward the inlet of the trachea
during the whole period of surfactant delivery.

[0047] Figure 4a shows a possible implementation of
the pressure sensor 107 mentioned above, which is used
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in an embodiment of the present invention to detect the
pressure of the air coming from or flowing into the pha-
ryngeal cavity. Such measured pressure is used as an
indication of the breathing rhythm of the patient and the
system synchronizes the administration of the medica-
ment accordingly.

[0048] This synchronization brings big advantages
both in term of efficacy of the treatment and in reducing
the waste of medicament. The efficacy is due to the trans-
portation of the atomized drug by the inspiratory flow; the
saving is caused by the fact that the medicament is de-
livered only when needed, avoiding to waste it while the
patient is exhaling. In an embodiment of the present dis-
closure the pressure sensor is inserted along the sur-
factant line and transduces the pressure from the tip of
the catheter (i.e. the pressure in the neonate pharynx) to
the sensing element which acts as a variable resistance.
When the motor is activated the syringe gently pushes
the surfactant into the atomizing catheter to allow an av-
eraged flow of 3 ml/h (this parameter can be adjusted on
the treatment program). As shown in Fig. 4b, the sensor
exploits the piezoresistive phenomenon to convert the
mechanical pressureinto a voltage drop; it has an internal
Wheatstone Bridge connection, which means that it is
internally compensated for ambient temperature fluctu-
ations.

[0049] The sensor can be for example a disposable
pressure sensor, similar to those used for the invasive
measurement of blood pressure.

[0050] The administration of surfactant only during the
inspiration phase is a big advantage provided by the
present invention: this results in a better control on the
effective quantity which reaches alveoli and to avoid the
waste of the supplied surfactant. This requires the meas-
urement of a signal related to the breathing pattern in the
ventilatory condition of the preterm neonate (spontane-
ously breathing and kept under nCPAP or other non-in-
vasive ventilation procedure such as NIPPV) to detect
the end-inspiration and end-expiration and to predict the
future’ breathing pattern of the baby.

[0051] In Figure 5 are reported retropharyngeal pres-
sure tracings from a representative preterm baby with
gestational age of 28 weeks and a body weight of 1650g.
Panel a shows the whole track characterized by a very
high variability with several spikes and base line fluctu-
ations; in panel b an enlargement of the same signal is
reported. A statistical analysis on the data has been per-
formed and a predictive algorithm has been designed.
The main steps of which are reported in the flow chart of
Figure 6, with the relative functions. In particular, after
the removal oftrends and high frequency noise, the signal
is integrated to obtain a new signal proportional to the
lung volume, and by looking for maxima and minima it is
possible to detect the end-inspiratory and end-expiratory
points. Our statistical analysis includes also the meas-
urement of the pressure involved, which is about 1
cmH,0 in all the different conditions.

[0052] By using this approach we have obtained in an
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exemplificative simulation, the administration of the 97
+ 0.8% of surfactantin 60 = 21 minin 7 preterm neonates
with a gestational age of 29.5+3 weeks and a body
weight of 16149 (* 424Q).

[0053] All operations of the system here described are
controlled by a microprocessor (e.g. microcontroller of
PIC18F family by Microchip Technology Inc.) running a
software adapted to implement the method here de-
scribed.

[0054] It will be appreciated that alterations and mod-
ifications may be made to the above without departing
from the scope of the invention as defined by the append-
ed claims. Naturally, in order to satisfy local and specific
requirements, a person skilled in the art may apply to the
solution described above many modifications and alter-
ations. Particularly, although the present disclosure has
been described with a deep degree of particularity with
reference to preferred embodiment(s) thereof, it should
be understood that eventual omissions, substitutions and
changes in the form and details as well as other embod-
iments are possible; moreover, it is expressly intended
that specific elements and/or method steps described in
connection with any disclosed embodiment of the disclo-
sure may be incorporated in any other embodiment as a
general matter of design choice.

[0055] For example, similar considerations apply if the
components (e.g. microprocessor or computers) have
different structure orinclude equivalent units; in any case,
it is possible to replace the computers with any code ex-
ecution entity (such as a PDA, a mobile phone, and the
like).

[0056] Similar considerations apply if the program
(which may be used to implement some embodiments
of the disclosure) is structured in a different way, or if
additional modules or functions are provided; likewise,
the memory structures may be of other types, or may be
replaced with equivalent entities (not necessarily consist-
ing of physical storage media). Moreover, the proposed
solution Iends itself to be implemented with an equivalent
method (having similar or additional steps, even in a dif-
ferent order). In any case, the program may take any
form suitable to be used by orin connection with any data
processing system, such as external or resident soft-
ware, firmware, or microcode (either in object code or in
source code). Moreover, the program may be provided
on any computer-usable medium; the medium can be
any element suitable to contain, store, communicate,
propagate, or transfer the program. Examples of such
medium are fixed disks (where the program can be pre-
loaded), removable disks, tapes, cards, wires, fibres,
wireless connections, networks, broadcast waves, and
the like; for example, the medium may be of the electron-
ic, magnetic, optical, electromagnetic, infrared, or semi-
conductor type.

[0057] In any case, the solution according to the
present disclosure lends itself to be carried out with a
hardware structure (for example, integrated in a chip of
semiconductor material), or with a combination of soft-
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ware and hardware. The system of the invention is par-
ticularly suitable for the prevention and/or treatment of
the respiratory distress syndrome (RDS) of the neonate
(nRDS) However, it could be advantageously utilised for
the prevention and/or treatment of the adult/acute RDS
(ARDS) related to a surfactant-deficiency or dysfunction
as well as of conditions in which respiratory distress may
be present as a consequence of, for instance, meconium
aspiration syndrome, pulmonary infection (e.g. pneumo-
nia), direct lung injury and bronchopulmonary dysplasia.
[0058] Advantageously, the system of the invention is
applied to pre-term neonates who are spontaneously
breathing, and preferably to extremely low birth weight
(ELBW), very-low-birth-weight (VLBW), and low-birth
weight (LBW) neonates of 24-35 weeks gestational age,
showing early signs of respiratory distress syndrome as
indicated either by clinical signs and/or supplemental ox-
ygen demand (fraction of inspired oxygen (FiO,) > 30%).
[0059] More advantageously, nasal Continuous Posi-
tive Airway Pressure (nCPAP) is applied to said ne-
onates, according to procedures known to the person
skilled in the art.

[0060] Preferably a nasal mask or nasal prongs are
utilised. Any nasal mask commercially available may be
used, for example those provided by The CPAP Store
LLC, and the CPAP Company.

[0061] Nasal CPAP is typically applied at a pressure
comprised between 1 and 12 cm water, preferably 2 and
8 cm water, although the pressure can vary depending
on the neonate age and the pulmonary condition.
[0062] Other non-invasive ventilation procedures such
as nasal intermittent positive-pressure ventilation (NIP-
PV), High Flow Nasal Cannula (HFNC), and bi-level pos-
itive airway pressure (BiPAP) can alternatively be applied
to the neonates.

[0063] The invention is illustrated in detail by the fol-
lowing Example.

[0064] In vivo efficacy of atomized surfactant (in this
example poractant alfa, as defined above) was evaluated
in preterm newborn rabbits at the 27th day of gestation
(term = 311 days). The model chosen closely resem-
bles the conditions of premature babies affected by RDS
in that the lungs of these animals are not yet able to pro-
duce their own surfactant, but can warrant gas exchange
so that they can expand in response to exogenous sur-
factant administration.

[0065] Treatments were intratracheally given at 2
mi/kg volume, corresponding to 160 mg/kg dose. Foe-
tuses, paralyzed with pancuronium bromide (0.02 mg
i.p.), were then placed in the plethysmograph system at
37°C and ventilated with pure oxygen at constant pres-
sure (frequency 40/min, inspiration/expiration ratio
60/40). No positive end-expiratory pressure (PEEP) was
applied. An "opening" pressure of 35 cmH,0O was first
applied for 1 min to overcome initial resistance due to
capillarity in finer conducting airways. It was then fol-
lowed by 15 min at 25 cmH,0, 5 min at 20 cmH,0, 5 min
at 15 cmH,0 and again at 25 cmH,0 for the final 5 min.
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[0066] Respiratory flow was measured every 5 min by
a Fleish tube connected to each chamber of the plethys-
mograph system. Tidal volume (Vi) was automatically
obtained by integration of the flow curve.

[0067] Two sets of experiments were performed.
[0068] In the first set, five samples (1 ml each) have
been received. The pulmonary surfactant administered
at each samples is respectively: not atomized poractant
alfa, poractant alfa atomized at an air pressure of 0.0,
0.2, 0.5 and 0.8 bar. The pulmonary surfactant has been
atomized using the preferred embodiment of the present
invention.

[0069] Inthissetofexperiments acontrol group without
any treatment was included.

[0070] Allthe atomized samples, including that passed
through without any pressure applied, resulted as effec-
tive as not atomized poractant alfa (P<0.05, one-way
ANOVA followed by Tukey'’s test; Graphpad Prism). No
statistically significant difference was found between the
different conditions of atomization.

[0071] In the second set, three samples (1 ml each)
have been received. The pulmonary surfactant adminis-
tered at each samples is respectively: non-atomized po-
ractant alfa, poractant alfa atomized at an air pressure
of 0.2, 0.5 and 0.8 bar.

[0072] In this set of experiments two further groups
were included, a control group without any treatment and
a group treated with a batch of poractant alfa already
released to the market.

[0073] The same results were observed in the second
set of experiments.

[0074] As the results were consistent in the two sets,
the data have been pooled (Figure 7). Statistical analysis
of these data confirmed the previous results.

[0075] In conclusion the passage through the atomiz-
er, using the preferred embodiment of this invention,
does not affect poractant alfa efficacy in premature rabbit
foetuses.

[0076] In particular atomization at pressures between
0.2 and 0.8 bar does not significantly affect poractant alfa
efficacy and the application of 0.5 bar seems the most
suitable although no statistically significant difference
has been observed between different atomization con-
ditions.

Claims

1. A system for delivering a medicament to spontane-
ously breathing patients, comprising:

- i) aflexible catheter (101) adapted to reach the
retro-pharyngeal region of the patient, the cath-
eter including at least a first channel (201) being
adapted to convey in the patient’s pharyngeal
region a flow of liquid medicament and at least
a second channel (203) adapted to convey in
the patient's pharyngeal region a pressurized
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flow of gas,

- ii) first pump means (103) connected to a first
end of the at least first channel (201), adapted
to create a low pressure which pushes the col-
umn of liquid medicament towards the second
end of the at least first channel (201);

- iii) second pump means (105) connected to a
first end of the at least second channel (203),
adapted to create the flow of pressurized gas;
so that when the column of liquid medicament
and the pressurized gas meet in the pharyngeal
cavity, the liquid column is broken into a plurality
of particles causing the atomized medicament
to be delivered into the patient’s lungs;

- iv) a control unit (109) configured to control the
pump means; and

characterized by further comprising:

v) a pressure sensor (107) connected to the at
least first channel (201) for measuring a value
indicative of the pressure in the patient pharyn-
geal cavity, such value being used by the control
unit (109) to determine whether the patient is in
an inspiration or in an expiration phase and
wherein, in use, the first pump means (103) are
selectively activated by the control unit (109) on-
ly during inspiration phase.

The system according to claim 1, wherein the atleast
second channel includes a plurality of channel (203)
arranged around the first channel (201).

The system according to claim 1 or 2, wherein the
catheter (101) is made of flexible plastic material.

The system according to claim 3, wherein the cath-
eter (101) includes a partially rigid scaffolding.

The system according to any one of the preceding
claims wherein the catheter (101) includes spacers
means (205) arranged on its external surface so that,
when the catheter (101) is in place for the aerosol
treatment, the second end of the at least first and at
least second channel (201, 203) are kept separated
from the wall of the pharyngeal cavity.

The system according to any one of the preceding
claims, wherein the at least second channel (203) is
adapted to convey pressurized air.

The system according to any preceding claim,
wherein the system is adapted to deliver a medica-
ment to a spontaneously breathing pre-term ne-
onate.

A computer program comprising software code
adapted to perform, when the program is executed
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on a computer, the steps of

- selectively activating first pump means (103)
for providing in the retropharyngeal cavity of a
spontaneously breathing patient by means of a
multi-channel flexible catheter (101) a low pres-
sure column of liquid medicament through at
least a first channel (201) of the multi-channel
catheter (101);

- selectively activating second pump means
(105) for providing a pressurized flow of gas
through at least a second channel (203) of the
multi-channel catheter (101);

- detecting, by means of a pressure sensor (107)
being connected to the at least first channel
(201), the inspiration activity of the patient;
wherein the liquid column of medicament is bro-
ken into a plurality of particles when the liquid
column and the pressurized flow of gas meet in
the retropharyngeal cavity, so that the atomized
medicament is delivered into the patient’s lungs;
and wherein the step of providing liquid medica-
ment through at least a first channel (201) of the
multi-channel catheter (101) is performed only
during the inspiration activity.

A kit comprising: a) a liquide medicament; b) the sys-
tem of any claim 1 to 7; ¢) means for positioning
and/or facilitating the introduction of the catheter
(101) into the retro-pharyngeal region; and d) con-
tainer means for containing the liquid medicament,
the system and the positioning means.

Patentanspriiche

Ein System zum Abgeben eines Medikaments an
spontan atmende Patienten, das Folgendes beinhal-
tet:

- i) einen biegsamen Katheter (101), der ange-
passt ist, um den retropharyngealen Bereich
des Patienten zu erreichen, wobei der Katheter
mindestens einen ersten Kanal (201), der ange-
passt ist, um einen Strom eines flissigen Medi-
kaments in den pharyngealen Bereich des Pa-
tienten zu beférdern, und mindestens einen
zweiten Kanal (203), der angepasst ist, um ei-
nen druckbeaufschlagten Strom von Gas in den
pharyngealen Bereich des Patienten zu befor-
dern, umfasst,

- ii) ein erstes Pumpmittel (103), das mit einem
ersten Ende des mindestens ersten Kanals
(201) verbunden istund angepasstist, um einen
niedrigen Druck zu erzeugen, der die Saule des
flissigen Medikaments in Richtung des zweiten
Endes des mindestens ersten Kanals (201)
driickt;
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- iii) ein zweites Pumpmittel (105), das miteinem
ersten Ende des mindestens zweiten Kanals
(203) verbunden ist und angepasst ist, um den
Strom druckbeaufschlagten Gases zu erzeu-
gen;

so dass, wenn die Saule des flissigen Medika-
ments und das druckbeaufschlagte Gas in der
Rachenhoéhle aufeinandertreffen, die Flissig-
keitssdule in eine Vielzahl von Partikeln aufge-
brochen wird, was bewirkt, dass das zerstaubte
Medikament in die Lungen des Patienten abge-
geben wird;

-iv) eine Steuereinheit (109), die konfiguriert ist,
um die Pumpmittel zu steuern; und

dadurch gekennzeichnet ist, dass es ferner Fol-
gendes beinhaltet:

- v) einen Drucksensor (107), der mit dem min-
destens ersten Kanal (201) verbunden ist, um
einen Wert, der den Druck in der Rachenhohle
des Patienten angibt, zu messen, wobei ein der-
artiger Wert von der Steuereinheit (109) verwen-
det wird, um zu bestimmen, ob sich der Patient
in einer Einatmungs- oder einer Ausatmungs-
phase befindet, und wobei das erste Pumpmittel
(103) durch die Steuereinheit (109) nur wéhrend
der Einatmungsphase selektiv aktiviert wird.

System gemaR Anspruch 1, wobei der mindestens
zweite Kanal eine Vielzahl von Kanélen (203) um-
fasst, die um den ersten Kanal (201) angeordnet
sind.

System gemal Anspruch 1 oder 2, wobei der Ka-
theter (101) aus biegsamem Kunststoffmaterial ge-
fertigt ist.

System gemal Anspruch 3, wobei der Katheter
(101) ein teilweise starres Gerist umfasst.

System gemaR einem der vorhergehenden Anspri-
che, wobei der Katheter (101) Abstandshaltermittel
(205) umfasst, die auf seiner dueren Oberflache
angeordnet sind, so dass, wenn der Katheter (101)
fur die Aerosolbehandlung in Position ist, das zweite
Ende des mindestens ersten und mindestens zwei-
ten Kanals (201, 203) von der Wand der Rachen-
héhle getrennt gehalten wird.

System gemaR einem der vorhergehenden Anspri-
che, wobei der mindestens zweite Kanal (203) an-
gepasst ist, um Druckluft zu beférdern.

System gemaR einem der vorhergehenden Anspri-
che, wobei das System angepasst ist, um ein Medi-
kament an ein spontan atmendes Friihgeborenes
abzugeben.
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8. EinComputerprogramm, das Softwarecode beinhal-

tet, welcher angepasst ist, um bei Ausfiihrung des
Programms auf einem Computer die folgenden
Schritte durchzufiihren:

- selektives Aktivieren eines ersten Pumpmittels
(103) zum Bereitstellen einer Saule eines flis-
sigen Medikaments unter niedrigem Druck in
der retropharyngealen Héhle eines spontan at-
menden Patienten mittels eines biegsamen
Mehrkanalkatheters (101) durch mindestens ei-
nen ersten Kanal (201) des Mehrkanalkatheters
(107);

- selektives Aktivieren eines zweiten Pumpmit-
tels (105) zum Bereitstellen eines druckbeauf-
schlagten Stroms von Gas durch mindestens ei-
nen zweiten Kanal (203) des Mehrkanalkathe-
ters (101);

- Erkennen, mittels eines Drucksensors (107),
der mit dem mindestens ersten Kanal (201) ver-
bunden ist, der Einatmungsaktivitat des Patien-
ten;

wobei die Flissigkeitssaule des Medikaments in ei-
ne Vielzahl von Partikeln aufgebrochen wird, wenn
die Flussigkeitssaule und der druckbeaufschlagte
Strom von Gas in der retropharyngealen Hohle auf-
einander treffen, so dass das zerstaubte Medika-
ment in die Lungen des Patienten abgegeben wird;
und wobei der Schritt des Bereitstellens von fllssi-
gem Medikament durch mindestens einen ersten
Kanal (201) des Mehrkanalkatheters (101) nur wéah-
rend der Einatmungsaktivitat durchgefihrt wird.

Ein Kit, das Folgendes beinhaltet: a) ein flissiges
Medikament; b) das System gemaR einem der An-
spriiche 1 bis 7; c) ein Mittel zum Positionieren
und/oder Erleichtern der Einfiihrung des Katheters
(101) in den retropharyngealen Bereich; und d) ein
Behaltermittel zum Enthalten des flissigen Medika-
ments, des Systems und des Positionierungsmittels.

Revendications

Un systéme pour I'administration d’'un médicament
a des patients respirant spontanément,
comprenant :

-i)uncathéter souple (101) congu pour atteindre
larégion rétropharyngienne du patient, le cathé-
ter incluant au moins une premiére voie (201)
qui est congue pour amener dans la région pha-
ryngienne du patient un écoulement de médica-
ment liquide et au moins une deuxiéme voie
(203) congue pour amener dans la région pha-
ryngienne du patientun écoulementde gaz sous
pression,
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- ii) un premier moyen formant pompe (103) rac-
cordé a une premiére extrémité de la premiére,
au moins, voie (201), congu pour créer une bas-
se pression qui pousse la colonne de médica-
ment liquide vers la deuxieme extrémité de la
premiére, au moins, voie (201) ;

- iii) un deuxiéme moyen formant pompe (105)
raccordé a une premiere extrémité de la deuxie-
me, au moins, voie (203), congu pour créer
I'écoulement de gaz sous pression ;

de sorte que lorsque la colonne de médicament
liquide et le gaz sous pression se rencontrent
dans la cavité pharyngienne, la colonne liquide
soit brisée en une pluralité de particules provo-
quant 'administration du médicament atomisé
dans les poumons du patient ;

- iv) une unité de commande (109) configurée
pour commander les moyens formant pompes ;
et

caractérisé en ce qu’il comprend en sus :

- V) un capteur de pression (107) raccordé a la
premiére, au moins, voie (201) pour mesurer
une valeur indicative de la pression dans la ca-
vité pharyngienne du patient, une telle valeur
étant utilisée par l'unité de commande (109)
pour déterminer si le patient est en phase d’ins-
piration ou en phase d’expiration et dans lequel,
lors de l'utilisation, le premier moyen formant
pompe (103) est activé sélectivement par l'unité
de commande (109) uniquement durant la pha-
se d’inspiration.

Le systéme selon la revendication 1, dans lequel la
deuxiéme, au moins, voie inclut une pluralité de
voies (203) disposées autour de la premiere voie
(201).

Le systeme selon la revendication 1 ou la revendi-
cation 2, dans lequel le cathéter (101) est fait en
matiere plastique souple.

Le systéme selon la revendication 3, dans lequel le
cathéter (101) inclut un échafaudage partiellement
rigide.

Le systeme selon I'une quelconque des revendica-
tions précédentes danslequelle cathéter (101) inclut
des moyens écarteurs (205) disposés sur sa surface
extérieure de sorte que, lorsque le cathéter (101) est
en place pour le traitement aérosol, la deuxiéme ex-
trémité de la premiére, au moins, et de la deuxiéme,
aumoins, voie (201, 203) soient maintenues a I'écart
de la paroi de la cavité pharyngienne.

Le systeme selon 'une quelconque des revendica-
tions précédentes, dans lequel la deuxieme, au
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1"

moins, voie (203) est congue pour amener de l'air
sous pression.

Le systéme selon n’importe quelle revendication
précédente, le systeme étant congu pour administrer
un médicament a un nouveau-né prématuré respi-
rant spontanément.

Un programme informatique comprenant un code de
logiciel congu pour effectuer, lorsque le programme
est exécuté sur un ordinateur, les étapes suivantes :

-I'activation sélective du premier moyen formant
pompe (103) pour apporter dans la cavité rétro-
pharyngienne d’un patient respirant spontané-
ment au moyen d’'un cathéter multivoie souple
(101) une colonne de médicament liquide basse
pression par au moins une premiere voie (201)
du cathéter multivoie (101) ;

- l'activation sélective du deuxieme moyen for-
mant pompe (105) pour apporter un écoulement
de gaz sous pression par au moins une deuxie-
me voie (203) du cathéter multivoie (101) ;

- la détection, au moyen d’un capteur de pres-
sion (107) qui est raccordé a la premiéere, au
moins, voie (201), de l'activité d’inspiration du
patient ;

dans lequel la colonne liquide de médicament est
brisée en une pluralité de particules lorsque la co-
lonne liquide et I'écoulement de gaz sous pression
se rencontrent dans la cavité rétropharyngienne, de
sorte que le médicament atomisé soit administré
dans les poumons du patient ; et dans lequel I'étape
d’apport de médicament liquide par au moins une
premiére voie (201) du cathéter multivoie (101) est
effectuée uniquement durant I'activité d’inspiration.

Un kit comprenant : a) un médicament liquide ; b) le
systéeme de n’importe quelle revendication 1a7 ; c)
des moyens de mise en place et/ou d’aide a l'intro-
duction du cathéter (101) dans la région
rétropharyngienne ; et d) un moyen formant conte-
nant pour contenir le médicamentliquide, le systeme
et les moyens de mise en place.
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