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PROCESS AND APPARATUS FOR THE
DETECTION OF THE CONCENTRATION
AND/OR AMOUNT OF CARBON DIOXIDE

PER UNIT OF TIME CONTAINED IN A FLOW
OF GAS TO BE MONITORED

[0001] Thepresent invention relates to a process for detect-
ing the concentration and/or amount of carbon dioxide per
unit of time contained in a flow of gas to be monitored.
[0002] An object of the present invention also relates to an
apparatus for detecting in real time the concentration and/or
amount of carbon dioxide per unit of time released by a
patient into a chamber.

[0003] The present invention is suitable for use in health,
medical and hospital fields in which it is necessary, depending
on the pathologies that affect patients, to periodically monitor
the amount of carbon dioxide eliminated by the same.
[0004] As is known, patients in conditions of hypoxia,
cyanosis, dyspnea, orthopnea, gasping, abnormal respiratory
rate, altered state of consciousness and/or subject to patho-
logical respiratory sounds such as, for example, rales, rhon-
chi, puffs and/or whistling, inevitably require the administra-
tion of oxygen that can be effected with the use of various
means such as, for example, nasal cannulas, simple face
masks, Venturi masks, nasopharyngeal catheters, transtra-
cheal catheters, endotracheal tubes or cannulas, NIMV (Non-
invasive mechanical ventilation), CPAP (continuous pressure
ventilations in the air passages) and/or the like.

[0005] The continuation of any respiratory problem that
does notallow an adequate elimination or expulsion of carbon
dioxide from the organism can cause a consequent increase in
the concentration of carbon dioxide in the blood. This phe-
nomenon, called hypercapnia, can have serious consequences
for the patient, exerting a depressive effect on the central
nervous system, with headaches, confusion and even coma,
that can lead to death due to hypercapnia.

[0006] Itistherefore of fundamental importance to monitor
the capacity that patients affected by respiratory problems
have in expelling carbon dioxide.

[0007] The means used and techniques implemented for
both monitoring a patient’s conditions and for an improve-
ment in the same, naturally vary from case to case, also
depending on the contingent situation.

[0008] Capnometry is known among the various tech-
niques used for having an indication on the degree of impair-
ment of the respiratory functions, whereby the partial pres-
sure of carbon dioxide present in the air exhaled by the patient
is measured and registered, measuring the above-mentioned
value of carbon dioxide on the final part of each single expi-
ratory act.

[0009] This measurement, called ETCO, (end-tidal CO,)
in the field, is the only non-invasive solution currently usable
for revealing the percentage of carbon dioxide exhaled by a
patient with time.

[0010] With capnometry, it is possible to reveal possible
reductions in the ETCO, due to various kinds of pathological
states, in both intensive care and also during ventilation of the
patients. This technique can be applied to intubated or trache-
otomized patients, as on spontancously breathing patients
with the use of appropriate measurement instruments, called
capnographs, which exploit emission electromagnetic radia-
tion optical sensors within the infrared frequency range.
[0011] Although the measurement of the ETCO,, as cur-
rently effected, allows the patient’s state to be monitored
through the monitoring of the concentration of the carbon
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dioxide exhaled, it has various significant limitations in terms
of flexibility of use, as the traditional measurement of the
ETCO, cannot be effected in the presence of respiratory inter-
faces, such as, for example, face masks, NIMV helmets or any
other similar medical device.

[0012] This limit is, on the one hand, due to the difficulty in
coupling the sensors of the capnograph with these respiration
interfaces, and on the other, to the difficulties in maintaining
a correct position of the sensors during the treatment, which
must exclusively reveal the gas exhaled by the patient, in
addition to the high flow quantities used.

[0013] The erroneous position of the sensors of the capno-
graphs inside the above respiratory interfaces, and the high
amount of flow used, lead to a dilution in the concentration of
carbon dioxide exhaled, significantly falsifying the final val-
ues revealed which are unreliable and unusable.

[0014] Consequently, the use of traditional capnographs
during assisted NIMV ventilation treatments does not allow
certain data to be obtained. The risk of dilutions of the gases
exhaled by the patient with the gases introduced into the
respiratory interface is so high that the results revealed by
these measurements are extremely unreliable and uncertain.
[0015] Furthermore, the ETCO, measurement does not
represent a measurement of the concentration and/or actual
content of the carbon dioxide in the flow of gas exhaled per
unit of time, but it only represents the extrapolation of this
value on the basis of the measurement of the sole level of
carbon dioxide in the final part of the exhalation. With the
measurement of the ETCO,, it is therefore not possible to
obtain continuous information on the real trend of the con-
centration and/or content of carbon dioxide in the gas exhaled
by the patient. This clearly represents a limit when there are
anomalies in the patient’s respiration that the ETCO, mea-
surement is not capable of revealing, which, in turn, can lead
to a worsening in the patient’s possible condition due to the
lack of a timely intervention on the part of the personnel.
[0016] As itistherefore not possible to effect the traditional
measurement of ETCO, during the use of known respiration
interfaces, the patient must be periodically subjected to arte-
rial blood gas analysis, called EGA or Emogas, through
which the amount of oxygen and carbon dioxide present in the
patient’s blood can be measured.

[0017] Itis also possible to resort to blood gas analysis for
effecting all the regulation and calibration operations of the
devices necessary for implementing the respiratory support
and oxygenation treatment and for verifying whether these
regulations have caused an improvement in the clinical con-
ditions of the patient.

[0018] As the amount of carbon dioxide dissolved in the
blood varies very slowly with time, in order to know the
amount of carbon dioxide eliminated by the patient and his
physiological conditions, blood gas analysis must be effected
periodically, generally one every eight hours and, in serious
cases or in the case of emergency, one every hour.

[0019] It should be pointed out, however, that blood gas
analysis requires arterial blood sampling which is extremely
delicate and complex. Blood gas analysis, in fact, is normally
effected in intensive care units, such as, for example, CPR,
first aid or the like.

[0020] Very rarely and only in the case of extreme necessity
is blood gas analysis effected in other hospital departments as
it is complicated and painful, and consequently an excessive
accumulation of carbon dioxide in the blood is normally
revealed by observing the variations in the skin colouring of
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the patient with time, his respiratory rate and other clinical
parameters that can lead to suspecting an increase in the
carbon dioxide content in the blood. Mutations in these clini-
cal parameters, however, indicate an advanced degenerative
state which inevitably requires an emergency intervention
and transferring the patient to an intensive care unit, with
further risks of infection and a considerable increase in the
overall costs for the handling and treatment of the same.
[0021] The most reliable method for evaluating the blood
pressure of carbon dioxide (PaCQO,) present in the blood is
therefore EGA. EGA, however, when effected, is not capable
of providing a continuous track of the PaCO, trend but only of
providing single values obtained from intermittent measure-
ments effected at discrete time intervals.

[0022] Bearing in mind that the parameters of the ventila-
tory function of the patient can vary rapidly without evident
alterations in the overall clinical state of the same, the specific
choice of effecting samplings is particularly complicated and
depends exclusively on the experience and sensations of the
doctors on duty.

[0023] The estimation of the PaCO, can also be effected
using another non-invasive monitoring technique, 1.e. trans-
cutaneous measurement. According to this technique, the
PaCO, of the patient is obtained from the measurement of the
transcutaneous carbon dioxide, i.e. that relating to the capil-
lary blood flow of the tissues underlying an area of the body
which is suitably heated.

[0024] The transcutaneous measurement, however,
requires a high preparation level of the medical/hospital staf,
a considerable consumption of materials linked to the fre-
quent substitutions and recalibrations of the sensors used
(during the transcutaneous measurement, the sensors used
must be periodically moved to avoid burning the involved
portion of the patient’s skin), lengthy actuation times, in
addition to high management and operating costs.

[0025] It should finally be pointed out that the accuracy of
the data measured is particularly variable from one skin area
to another, significantly limiting the measurement only to
certain specific areas of the body.

[0026] Again with reference to EGA, this is also used for
monitoring the state of patients during extracorporeal circu-
lation “EC” techniques, called ECMO or DECAP and/or the
like, used in intensive care for treating patients with heart
failure and/or severe acute respiratory insufficiency.

[0027] Inparticular, ECMO or DECAP consists in causing
the blood to circulate through a blood/gas exchanger, consist-
ing of a disposable membrane permeable to gases and in
correspondence with which there is an exchange of oxygen
and carbon dioxide towards and from the blood.

[0028] As ECMO/DECAP is a continuative daily treat-
ment, which can also last for 30 days, the ongoing work of the
membrane can cause a reduction in the effectiveness of the
same, which requires, on the one hand, the immediate varia-
tion in the overall setting parameters of the system used, and
on the other, the possible substitution of the membrane with a
new higher performing membrane.

[0029] Although EGA allows the amount of carbon dioxide
dissolved in the blood to be revealed, the lengthy time inter-
vals between each sampling to be analyzed do not allow an
immediate identification of a drop in the performances of the
exchange membrane, whose reduced effectiveness with time
inevitably causes an excessive accumulation of carbon diox-
ide in the patient’s blood with serious consequences for the
same.
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[0030] For the same reason, also the setting of the appara-
tus, especially in the initial phase of the treatment, is not
facilitated in rapid times by blood gas analysis as it is man-
aged by the doctor on duty who, on the basis ofhis experience,
establishes the parameters to be set at the beginning of or
during the treatment.

[0031] It should also be added that, at present, it is not
possible to continuously know the amount of carbon dioxide
eliminated by the patient during extracorporeal circulation
“EC” treatments (ECMO/DECAP), with the consequent need
to refer to the values of carbon dioxide dissolved in the blood
revealed by means of EGA.

[0032] Itis therefore evident that the necessity is strongly
felt in the medical field for an apparatus and process for the
high-reliability monitoring of the trend of the concentration
and/or amount of carbon dioxide in the gas exhaled and in a
patient’s blood in real time, which overcomes the drawbacks
of the known art and which, at the same time, is simple to use
and economically advantageous.

[0033] U.S. Pat. No. 4,856,531 (in the name of Merildinen)
describes an apparatus for monitoring the release of carbon
dioxide, the oxygen consumption and respiration quotient of
a patient connected to a respirator. The apparatus measures
the above parameters suitably mixing, in a mixing chamber,
the gas exhaled by the patient with a flow of air and measuring
the ETCO, (end-tidal) of the mixed flow in time points by
means of intermittent withdrawals by sampling of a fraction
of the mixed flow.

[0034] U.S.Pat.No. 5,335,653 (in the name of Blomqvist et
al.) describes a method and apparatus for supplying a patient
with a stable mixture of gas. The apparatus also comprises a
measurement unit of the gas exhaled by the patient. As can be
seen in column 4, lines 51-61, this is the same ETCO, mea-
surement method as U.S. Pat. No. 4,856,531 discussed above,
which therefore envisages intermittent sampling withdrawals
from the flow of gas exhaled mixed with another gaseous
flow.

[0035] Finally, patent application US 2012/0265089 (in the
name of Orr) describes the determination of respiration
parameters of a subject starting from a diluted flow ofexhaled
gas. Also in this case, the measurement is effected by sam-
pling using an interface of the ETCO, type. Furthermore,
there are high losses in this method.

[0036] Themain objective of the present invention is there-
fore to propose a process and apparatus for continuously
detecting, in real time and per unit of time, the actual concen-
tration and/or amount of carbon dioxide, total and not
sampled, released by a patient during a certain time period, in
particular and with reference to the apparatus, inside a cham-
ber.

[0037] An objective of the present invention is to propose a
process and apparatus for detecting the actual concentration
and/or amount of carbon dioxide, total and not sampled,
eliminated by a patient by exhalation in a certain time period
inside a respiration interface.

[0038] An objective of the present invention is to propose a
high-reliability process for detecting the actual concentration
and/or amount of carbon dioxide, in real time, total and not
sampled, per unit of time, in a flow of gas to be monitored,
which overcomes the drawbacks of the known art described
above.

[0039] Another objective of the present invention is to
ensure the correct detection of the concentration and/or
amount of carbon dioxide eliminated by a patient during a
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non-invasive ventilation treatments. Yet another objective of
the present invention is to facilitate the setting, in useful time,
of the parameters to be established during the non-invasive
ventilation treatments.

[0040] A further objective of the present invention is to
avoid the excessive or delayed use of blood gas analysis.
[0041] Another objective of the present invention is to
ensure an optimal management of and solution to problems
relating to Acute Respiratory Insufficiency (ARI) during
NIMV treatments, when said problems are of a hypoxemic
nature and also when they are of a hypercapnic nature.
[0042] An additional objective of the present invention is to
significantly reduce the overall hospitalization costs linked to
the management and treatment of patients affected by the
above respiratory illnesses.

[0043] A further objective of the present invention is also to
avoid or reduce the number of hospitalizations of patients
affected by mild respiratory problems in intensive care units
due to an aggravation of the same as a result of the onset of
non-monitored hypercapnia.

[0044] Yet another objective of the present invention is to
ensure the monitoring of the amount of carbon dioxide elimi-
nated from patients’ blood during extracorporeal circulation
“EC” treatment (ECMO/DECAP).

[0045] An objective of the present invention is also to pro-
vide a rapid and immediate indication of the drop in effec-
tiveness of the exchange membranes used in the extracorpo-
real circulation “EC” treatment (ECMO/DECAP).

[0046] Another objective of the present invention is to
facilitate the setting of the parameters to be established during
the extracorporeal circulation “EC” treatment (ECMO/DE-
CAP).

[0047] The objectives specified above and others, are sub-
stantially achieved by a process and apparatus for detecting
the actual concentration of carbon dioxide per unit of time
contained in a flow of gas to be monitored, as expressed and
described in the following claims.

[0048] A description is now provided for illustrative pur-
poses, of a preferred but non-exclusive embodiment of a
process and apparatus for detecting the actual concentration
of carbon dioxide per unit of time contained in a flow of gas
to be monitored, according to the present invention.

[0049] The description is effected hereunder with reference
to the enclosed drawings, provided for purely indicative and
therefore non-limiting purposes, wherein:

[0050] FIG. 1 is a block scheme of the functioning of an
apparatus and process for detecting the concentration and/or
amount of carbon dioxide per unit of time contained in a flow
of gas to be monitored, according to the present invention;
[0051] FIG. 2 is a schematic representation of a respiration
interface, in particular a helmet, for assisted respiration
(NIMV) that can be used in relation to the present process;
[0052] FIG. 3 is a schematic representation of an exchange
membrane in use in extracorporeal oxygenation “EC” treat-
ment (ECMO/DECAP) that can be used in relation to the
present process;

[0053] FIG. 4 is a general block scheme of an apparatus for
detecting the concentration of carbon dioxide released by a
patient into a chamber provided with an inlet and an outlet,
according to the present invention;

[0054] FIG. 5 is a detailed block scheme of the apparatus
according to FIG. 4;

[0055] FIG. 6is a schematic representation of the apparatus
according to FIGS. 4 and 5.

Nov. 5, 2015

[0056] The present invention relates to a process P for the
real-time and high-reliability detection E of the actual con-
centration and/or total amount Q of carbon dioxide 2 per unit
of time contained in a flow of gas to be monitored X.

[0057] It should be pointed out that the term “real time” is
intended to express the immediacy of the detection of the
concentration and/or amount Q of carbon dioxide contained
in the flow of'gas to be monitored X, whereas the term “actual
concentration and/or amount” refers to the effective concen-
tration and/or amount of carbon dioxide, total and not
sampled, contained in the flow of gas to be monitored at each
moment in which the detection is effected without the need
for making estimates. By measuring the concentration and/or
amount of carbon dioxide in the whole flow and not in a
sampling thereof, we obtain the total value, with an approxi-
mation as much precise as the greater the frequency of the
detection is.

[0058] It should also be pointed out that, in the present
description, each flow of gas mentioned refers to a respective
fluid composed of a mixture of gases, whose composition and
concentrations of the gases contained therein can be known,
or they must be revealed, measured and extrapolated.

[0059] More specifically, the process P comprises a mixing
phase of the flow of gases to be monitored X with a first flow
of gas 4 which comprises a known concentration and/or
amount of carbon dioxide 2 thus obtaining a second flow of
gas 5.

[0060] The process P also comprises a continuous measur-
ing phase of the concentration and/or amount of carbon diox-
ide 2 contained in the second flow of gas 5, at regular time
intervals, and a continuous measuring phase of the rate of the
first and/or second flow of gas 4, 5.

[0061] This is also followed by a phase F of continuously
determining the concentration and/or amount Q of carbon
dioxide 2 per unit of time, contained in the flow of gas to be
monitored X, and a phase of continuously visualizing, pref-
erably by means of at least one display 403 or a similar
visualization device, the concentration and/or amount Q of
carbon dioxide 2 per unit of time, of the flow of gas to be
monitored X.

[0062] The mixing of the first flow of gas 4 with the flow of
gas to be monitored X containing carbon dioxide, advanta-
geously takes place in a chamber 1 provided with an inlet 1a
of the first flow of gas 4, a further inlet of the flow of gas to be
monitored X, and an outlet 15 of said second flow of gas 5.
[0063] The known concentration and/or amount of carbon
dioxide 2 of the first flow 4 is also advantageously determined
by direct measurement.

[0064] The measurement of the concentration and/or
amount of carbon dioxide 2 in the first and second flows ofgas
4,5 orinthe sole second flow of gas 5 is preferably carried out
by means of one or more optical detectors 6, advantageously
infrared detectors.

[0065] According to a preferred aspect of the present inven-
tion, the measurement of the concentration and/or amount of
carbon dioxide 2 in the first and second flows of gas 4, 5 or in
the sole second flow of gas 5 is carried out at a frequency
ranging from 1 Hz to 120 Hz, preferably from 80 Hz to 120
Hz, even more preferably 100 Hz.

[0066] The measurement of the concentration and/or
amount of carbon dioxide 2 in the first and second flow of gas
4, 5 or in the sole second flow of gas 5 by means of the
detectors 6 is advantageously carried out in parts per million.
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[0067] According to a preferred aspect of the present inven-
tion, the measurement of the rate is carried out in the first
and/or second flow of gas 4, 5, preferably by means of at least
one or more flow meter.

[0068] According to an advantageous aspect of the present
invention, the step of determining F the concentration and/or
amount of carbon dioxide 2 per unit of time is carried out by
means of an algorithm correlating the concentration and/or
amount of carbon dioxide 2 measured in the second flow of
gas 5 and the rate of the second flow of gas 5 with the known
concentration and/or amount of carbon dioxide 2 of the first
flow of gas 4 to provide a measurement of the amount Q of
carbon dioxide 2 in said flow of gas to be monitored X in a
desired unit of time.

[0069] In particular, the concentration and/or amount of
carbon dioxide 2 in the flow of gas to be monitored X per unit
of time can be expressed in milliliters or liters per minute
and/or in millimeters of mercury.

[0070] As can be seen in the block diagram represented in
FIG. 1, a process P is schematically shown, for detecting the
concentration and/or amount of carbon dioxide released by a
patient.

[0071] The process P comprises a provision phase A of at
least one chamber 1 provided with aninlet 14 and an outlet 15,
suitable for receiving in its interior, the carbon dioxide 2
released by a patient 3 affected by respiratory problems.
[0072] This is followed by a phase B for the continuous
entry, through the inlet 1a, of a predetermined amount of a
first fluid 4 which comprises a predetermined percentage
and/or amount of gaseous mixture whose composition is
established at the beginning of the process in relation to the
pathology in question and conditions of the patient.

[0073] More specifically, the first fluid 4 is composed of a
mixture of gases which comprises at least a predetermined
percentage and/or amount of oxygen and a known percentage
and/or amount of carbon dioxide, preferably equal to or close
to 0%.

[0074] Once the first fluid 4 has been introduced A into the
above chamber 1, the amount and/or percentage of carbon
dioxide 2 released by the patient 3 into the chamber 1 is at
least partly mixed C with the first fluid 4 previously intro-
duced.

[0075] At least a part of the oxygen present in the first fluid
41s naturally assimilated by the patient 3 through an exchange
between oxygen and blood which can take place either
directly in the pulmonary alveoli of the patient 3, as, for
example, in NIMV (non-invasive ventilation) treatment
(FIGS. 2 and 6), or by means of suitable exchange membranes
200 (FIGS. 3 and 6), such as, for example, those used in “EC”
(ECMO/DECAP—extracorporeal oxygenation/decapneiza-
tion) treatment.

[0076] The mixture of the first fluid 4 with carbon dioxide
2 released by the patient 3 defines a second fluid 5 different
from the first fluid 4, as it has a greater percentage and/or
amount of carbon dioxide 2 with respect to the initial one and
a lower percentage of oxygen with respect to the initial one.
[0077] The second fluid 5 is continuously discharged D
through the outlet 15 of the chamber 1 used.

[0078] In this case, the second fluid 5 is subject to a detec-
tion phase E of the percentage and/or amount of carbon diox-
ide 2 present in the same.

[0079] On the basis of what emerges from the detection
phase E, the amount and/or percentage Q of carbon dioxide 2
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released by the patient 3 into the chamber 1 is then determined
in a predetermined time interval, preferably equal to a minute.
[0080] According to a preferred aspect of the present inven-
tion, the amount Q of carbon dioxide 2 released by the patient
3 in the first fluid 4 is determined F by comparing the com-
position and/or amount, expressed in rate, of the latter with
the composition and/or the amount, also expressed in rate, of
the second fluid 5.

[0081] In this respect, it is particularly advantageous to
measure the rate of the flow of the first fluid 4 entering the
chamber 1 and/or of the second fluid 5 leaving the same
chamber using at least one respective flow meter.

[0082] More specifically, the amount of the first fluid 4
introduced into the chamber 1 substantially corresponds to
the amount of second fluid 5 discharged from the same cham-
ber, consequently the detection E of the concentration and/or
amount of carbon dioxide 2 released by the patient 3 in the
first fluid 4 is effected and/or determined F by directly detect-
ing the amount and/or percentage of carbon dioxide 2 in the
second fluid 5 discharged D, which was not present in the first
fluid 4.

[0083] Consequently, acomparison between the first fluid 4
and the second fluid 5 reveals the amount Q of carbon dioxide
2 released by the patient 3 into the chamber 1 and present in
the second fluid 5, and also the amount of the first fluid 4
administered to, or assimilated by, the patient 3.

[0084] Advantageously the detection E of the concentra-
tion and/or amount of carbon dioxide 2 in the second fluid 5
is effected periodically, optionally at regular time intervals.
There is consequently a continuous control of the amount
and/or percentage Q of carbon dioxide 2 eliminated by the
patient 3 during a predetermined period of time.

[0085] According to a further advantageous aspect of the
present invention, the detection E of the concentration and/or
amount of carbon dioxide 2 present in the second fluid 5 is
effected using one or more infrared-ray detectors 6 opera-
tively positioned in correspondence with the outlet 15 of the
chamber 1,i.e. in correspondence with the discharge or down-
stream of the same.

[0086] The detection E of the concentration and/or amount
of carbon dioxide 2 present in the second fluid 5 is advanta-
geously carried out in parts per million. The parts per million
can be transformed, by means of appropriate specific algo-
rithms, into a flow, expressed for example in millimeters or
liters per minute, and/or into a pressure, expressed for
example in millimeters of mercury.

[0087] According to a preferred aspect of the invention, if
the flow and composition of the first fluid 4 at the inlet of the
chamber 1 and the flow and composition of the second fluid 5
at the outlet of the same, are known, the detection phase E
allows the total amount Q of carbon dioxide 2 released from
the patient’s 3 body in a minute, to be measured.

[0088] With particular reference to NIMV treatment, the
process according to the present invention envisages that the
chamber 1 with the inlet 1e and outlet 15 be defined by a
respiration interface 100, such as, for example, a helmet, a
mask or any other medical device which allows the natural
exchange of carbon dioxide 2 and oxygen, in a controlled
atmosphere.

[0089] AscanbeseeninFIG. 2, the chamber 1is preferably
defined inside a respiration interface 100 for artificial and/or
assisted breathing.

[0090] In this case, the first fluid 4, containing a known
percentage and/or amount of oxygen, is continuously intro-
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duced B into the respiration interface 100 according to an
ingoing flow of about 30-80 litres per minute.

[0091] Tt is not excluded that the first fluid 4 be continu-
ously introduced B into the respiration interface 100 accord-
ing to an ingoing flow of gas of about 30-120 litres per minute.
[0092] The exhalation of the patient 3 causes the same to
release an amount and/or percentage of carbon dioxide 2 into
the first fluid 4 introduced B into the respiration interface 100.
[0093] The carbon dioxide 2 exhaled by the patient 3 is
diluted in the first fluid 4, defining a second different fluid 5
which is consequently discharged D, through the outlet 15.
[0094] The second fluid 5 is advantageously discharged D
from the respiration interface 100 through the outlet 15 with
adischarge flow of about 30-80 litres per minute, that is to say
substantially at the same rate as the feeding.

[0095] Ifthe ingoing rate of the first flow of gas of the first
fluid 4 is about 30-120 litres per minute, the rate of the second
flow of gas of the second fluid 5 is also about 30-120 litres per
minute.

[0096] The discharge flow of the second fluid 5 is passed
through the infrared detector 6 which reveals its concentra-
tion and/or amount of carbon dioxide 2 present therein, at
close or continuous time intervals.

[0097] By measuring the concentration and/or amount of
carbon dioxide 2 revealed in the discharge flow of the second
fluid 5, and if the amount and composition of the fluids at the
inlet and outlet are known, the total amount of carbon dioxide
2 exhaled in a minute by the patient 3, can be determined. In
other words, as the amount and/or composition of the ingoing
flow of gases and the amount and composition of the outgoing
flow of gases, as well as the actual amount and/or concentra-
tion, expressed in parts per million, of carbon dioxide 2 in the
outgoing flow of gases are known, it is possible, also by a
comparison between said flows, to determine the actual total
amount Q of carbon dioxide 2 produced by the patient 3,
which is advantageously expressed in milliliters or liters per
minute.

[0098] With particular reference to extracorporeal circula-
tion “EC” treatment ECMO/DECAP, the process P according
to the present invention envisages that the chamber 1 with the
inlet 1a and outlet 15 be defined in correspondence with an
exchange membrane 200 between oxygen 4¢ and carbon
dioxide 2, as illustrated in FIG. 3.

[0099] In this case, the first fluid 4, containing a known
percentage of oxygen, is introduced B into the chamber
according to an ingoing flow ranging from 2 to 12 liters per
minute.

[0100] TItis not excluded that the first fluid 4 be introduced
B into the chamber 1 through an ingoing flow of gas ranging
from 0.1 to 12 liters per minute.

[0101] As it can be seen in FIG. 3, at least a part of the
chamber 1 is delimited by the exchange membrane 200 whose
structure is permeable to gases so as to allow a two-direc-
tional passage of the latter.

[0102] Onthe opposite side of the chamber 1, the exchange
membrane 200 partially delimits an auxiliary chamber 300
also provided with an inlet 300¢ and an outlet 3005. The
auxiliary chamber 300, as also the inlet 3004 of the latter, is
occupied by the venous blood 301 of the patient 3 full of
carbon dioxide 2.

[0103] The partial pressure difference between the cham-
ber 1 and the auxiliary chamber 300 causes an exchange of
gases between the first fluid 4 and the venous blood 301 of the
patient 3, and consequently a part of the oxygen 4a present in
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the first fluid 4 passes, through the porosity of the membrane
200, from the chamber 1 to the auxiliary chamber 300,
whereas the carbon dioxide 2 present in the venous blood 301,
passes from the auxiliary chamber 300 to the chamber 1, still
through the porosity of the membrane 200. Due to this
exchange of gas, the venous blood 301 is oxygenated before
being expelled from the auxiliary chamber 300. The oxygen-
ated blood 302 is then directed, through the outlet 3005,
towards the patient 3 undergoing treatment.

[0104] At least part of the carbon dioxide 2 eliminated by
the patient 3 through the membrane 200 is contemporane-
ously mixed with the remaining gases of the first fluid 4
transforming it into the second fluid 5 to be discharged D
through the outlet 15.

[0105] Thesecondfluid 5is discharged D through the outlet
15 and the detector 6, which reveals 5 the actual concentration
and/or amount of carbon dioxide 2 eliminated from the
patient’s 3 blood.

[0106] Also in thissituation, if the amount and composition
of the flow of the first fluid 4 at the inlet 1qa, the flow of the
second fluid 5 at the outlet 15 and the concentration and/or
amount of carbon dioxide 2 present in the latter, are known,
the amount Q of carbon dioxide 2 eliminated from the
patient’s 3 body can be determined within a predetermined
time range, preferably about a minute.

[0107] An object of the present invention also relates to an
apparatus 400 for the real time and high reliability detection
of the actual concentration and/or total amount Q of carbon
dioxide 2 released C by a patient 3 in a flow of gas to be
monitored containing carbon dioxide at the inlet of a chamber
1, indicated hereunder with the letter “X”.

[0108] Inparticular, the chamber 1 is provided with an inlet
la for the entry of a first flow of gas 4 having a known
concentration and/or amount of carbon dioxide 2 and an
outlet 15 for the outlet of a second flow of gas 5 given by the
mixing of said flow of gas to be monitored X with the first flow
of gas 4.

[0109] The apparatus 400 also comprises detecting means
402 suitable for being associated with said chamber 1. The
detecting means 402 comprise at least one detector 6 for the
continuous detection and at regular time intervals, of the
actual concentration and/or amount of carbon dioxide 2 con-
tained in the second flow of gas 5.

[0110] The detector 6 is preferably any detector of the
infrared optical type.

[0111] Inthe embodiment illustrated in FIG. 2, the detector
6 is applied on or at the wall(s) of the outlet duct 15 of the
chamber 1 so that the beam of infrared rays generated thereby
is traversed by the second flow/fluid of gas 5.

[0112] Itshouldbe pointed out, however, that infrared opti-
cal detectors different from that illustrated can also be used,
such as, for example, optical detectors positioned inside the
outlet duct 15 of the chamber 1 to remain immersed in the
second flow/fluid of gas 5 leaving the latter.

[0113] The detector 6 is preferably operatively positioned
at the outlet 15 of the chamber 1 or downstream thereof,
immersed in the flow of gas 5, for measuring the actual
concentration and/or amount of carbon dioxide contained in
the second flow of gas 5.

[0114] Theapparatus 400 advantageously also comprises a
measuring device or detector of the rate/flow of the first
and/or second flow of gas 4, 5.
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[0115] 1In addition, the apparatus can also comprise a fur-
ther detector 6 of the concentration and/or amount of carbon
dioxide 2 contained in the first flow of gas 4.

[0116] Inorder to continuously determine of F the concen-
tration and/or amount of Q of carbon dioxide 2 per unit of
time of the gas flow to be monitored X, the apparatus 400 is
advantageously equipped with at least one programmable
electronic unit 401.

[0117] Inorderto visualizethe datarevealed E and/or deter-
mined F by means of the detectors and the programmable
electronic unit 401, respectively, the apparatus 400 is advan-
tageously equipped with at least one display 403 for the
continuous visualization and in real time of the amount Q of
carbon dioxide 2 per unit of time of the gas flow to be moni-
tored X.

[0118] With particular reference to the solutions of FIGS. 2
and 3, the flow of gas to be monitored X, containing carbon
dioxide 2, is released C inside the chamber 1 by a patient 3
subjected to a treatment, in particular NIMV or extracorpo-
real circulation “EC” treatment, of the ECMO/DECAP type.
[0119] Ifthe treatment to which the patient 3 is subjected is
of the NIMV type, i.e. treatment for artificial and/or assisted
respiration in a “non-invasive” mode, a helmet is used as
respiration interface 100, or a mask or any other analogous
medical device, wherein the gas flow to be monitored X
consists of the release C of carbon dioxide 2 of the patient 3
into the chamber 1 through the expiratory act effected during
the respiration of the same.

[0120] In this situation, the first flow of gas 4 is continu-
ously introduced B into the respiration interface 100 at about
30-80 litres per minute or about 30-120 litres per minute.
[0121] The second gas flow 5 is preferably discharged D
from the respiration interface 100 at about 30-80 litres per
minute or about 30-120 litres per minute that is to say sub-
stantially at the same rate as the feeding.

[0122] With reference, on the contrary, to extracorporeal
oxygenation treatment “EC”, i.e. treatment of the ECMO/
DECAP type, the chamber 1 is defined in correspondence
with a side of a gaseous exchange membrane 200 which is in
contact on the opposite side with respect to the chamber 1,
with the venous blood of the patient 3.

[0123] Inorder to allow the two-directional passage of oxy-
gen and carbon dioxide 2 from the chamber 1 towards the
patient’s 3 blood and vice-versa, the structure of the gaseous
exchange membrane is permeable to gases. In this case, the
flow to be monitored X consists of the release C of carbon
dioxide 2 from the patient 3 into the chamber 1 through the
gaseous exchange membrane 200.

[0124] In this situation, the first flow of gas 4, is continu-
ously introduced B into the chamber 1, at about 2-12 litres per
minute or at about 0.1-12 litres per minute, in correspondence
with the gaseous exchange membrane 200. The second flow
of gas 5 is also continuously discharged D from the chamber
1 at about 2-12 litres per minute or at about 0.1-12 litres per
minute, that is to say substantially at the same rate as the
feeding.

[0125] More specifically, as can be seen in the block
scheme of FIG. 4, the apparatus 400 comprises at least one
programmable electronic unit 401, equipped with at least one
microprocessor or similar data processor and with an appro-
priate inner circuitry (not shown in the figures). The program-
mable electronic unit 401 is advantageously equipped with
suitable detection means 402 suitable for revealing a series of
parameters and data relating to both the patient 3 undergoing
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treatment, such as, for example, the physiological parameters
of the same, and also to the exchange between oxygen and
carbon dioxide 2, which takes place naturally during NIMV
assisted respiration treatment or artificially by means of the
medical devices used in extracorporeal circulation “EC”
treatment and in ECMO/DECAP treatment, such as exchange
membranes.

[0126] The detection means 402 are advantageously opera-
tively connected to chamber 1, to reveal, in correspondence
with the outlet 156 or downstream of the same, the actual
concentration and/or total amount of carbon dioxide 2
released by the patient 3 in the chamber 1 per unit of time.
[0127] Again with reference to the block scheme of F1G. 4,
the apparatus 400 is also equipped with the display 403 or
another similar visualization interface suitable for visualiz-
ing, even contemporaneously, all the parameters revealed
during the treatments of the patients 3, and also the param-
eters obtained by implementing the corresponding transfor-
mation algorithms, previously envisaged in the apparatus
400.

[0128] More specifically, as illustrated in the block scheme
of FIG. 5, the detection means 402 comprise a first group of
detectors 404 specific for the respiration interfaces 100, of the
type used in NIMV assisted respiration treatment, and a sec-
ond group 405, specific for the exchange membranes 200
used in ECMO/DECARP treatments and in extracorporeal cir-
culations.

[0129] Thefirst group 404 is equipped with at least one flow
detector 4044 for detecting therate of at least one gas flow and
at least one detector 6 of the concentration and/or amount of
carbon dioxide 2 present in a flow of gas.

[0130] Both the flow detector 404a and the detector 6 of the
concentration and/or amount of carbon dioxide 2 are prefer-
ably positioned so that can operate directly on the flow of the
second fluid 5 at the outlet 15 of the chamber 1.

[0131] With reference to the interface 100, the above-men-
tioned detectors 6, 404a (FIG. 6) can be advantageously
directly engaged at the outlet duct of the interface 100 or at the
respective duct which extends from the same.

[0132] The first group 404 of detecting means 402 advan-
tageously comprises at least one subgroup 406 which option-
ally envisages at least one multiparameter sensor or a plural-
ity of sensors assigned for detecting various parameters.
[0133] More specifically, the subgroup 406 is provided
with: a first detection unit 406a of the oxygen saturation in the
arterial blood of the patient 3 SpO,; a second detection unit
4064 of the patient’s 3 pulse; a third unit 406¢ for monitoring
the positive pressure in a CPAP apparatus; a fourth detection
unit 4064 of the fraction of oxygen inhaled FiQ,; a fifth
detection unit 406e of the patient’s 3 temperature; a sixth
detection unit 4061 of the relative humidity; a seventh detec-
tion unit 406g of the absolute humidity; an eighth detection
unit 406k of the respiratory frequency of the patient 3, a ninth
detection unit 406 of the amount of fluid 4 introduced into the
chamber 1, a particularly innovative element when the fluid
generator 4, is a Venturi-type generator.

[0134] Analogously to the first group 404, the second group
405 comprises at least one flow detector 4054 for detecting
the rate of at least one flow of gas and at least one detector 6
of the concentration and/or amount of carbon dioxide 2
present in a flow of gas.

[0135] The flow detectors 404a, 405a and the detectors of
the concentration and/or amount of carbon dioxide 2 of both
groups 404 and 405 are respectively similar, as they are
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designed for substantially revealing the same datum. The only
detectable difference between these detectors lies in the scale
and in the instrumental sensitivity, which must obviously
change in correspondence with the different rates envisaged
in both NIMV/CPAP treatment and in “EC” (ECMO/DE-
CAP) treatment.

[0136] With reference to the membrane 200 used in “EC”
treatment (ECMO/DECAP), the above-mentioned detectors
6, 405a can be advantageously engaged directly at the dis-
charge or outlet 15 of the chamber 1 or at the respective duct
which extends from the same.

[0137] The display 403 advantageously comprises: a first
panel or dial 407 for visualizing the values of the concentra-
tion and/or amount of carbon dioxide 2 eliminated with time
VeCQ, by the patient 3, if subjected to NIMV treatment, a
second panel or dial 408 for visualizing the values of the
concentration and/or amount of carbon dioxide 2 eliminated
VCO, by the patient 3, if subjected to “EC” treatment
(ECMO/DECAP); a third panel or dial 409 in which the
values revealed by the detectors 406a-406g are grouped.

[0138] With reference to the process P described above, the
provision phases A of the chamber 1, introduction B of the
first fluid 4, releasing C of carbon dioxide 2 into the chamber
1, discharging D of the second fluid 5 from the chamber 1,
prevalently affect the chamber 1 defined in the interface 100
or in correspondence with the exchange membrane 200.

[0139] The detection phase E involves both the detectors 6
and also the programmable electronic unit 401 of the appa-
ratus 400 which receives the data revealed by the latter.

[0140] The determination phase F of the amount Q of car-
bon dioxide 2 eliminated by the patient 3 over a period of
time, exclusively involves the programmable electronic unit
401, whereas the comparison between the first fluid 4 and the
second fluid 6 necessary for determining F the actual amount
Q of carbon dioxide 2 eliminated by the patient 3 during the
treatment, is effected by the programmable electronic unit
401 and is implemented by a proper software or similar pro-
gram preferably loaded in the same or accessible thereto.

[0141] The process and apparatus described above solve
the problems encountered in the known art and obtain impor-
tant advantages.

[0142] First of all, the process and apparatus described
allow the continuous and real-time detection of the actual
concentration and/or amount of carbon dioxide, total and not
sampled, released by the patient or eliminated by the same in
a predetermined unit of time during both NIMV treatment
and also during “EC” (ECMO/DECAP) treatment.

[0143] With particular reference to NIMV treatment, when
both the amount and composition of the flow of gases at the
inlet and outlet into/from the respiration interface, are known,
the detection of the concentration and/or amount of carbon
dioxide released by the patient inside the respiration interface
allows the total amount of carbon dioxide exhaled VeCO, by
the patient to be determined in a predetermined time interval,
consequently having an immediate indication of the respira-
tory, physiological and metabolic conditions of the same.

[0144] Furthermore, the precision and immediacy of the
measurement of carbon dioxide eliminated from the patient’s
body VeCOQ, allow a significant reduction or even elimination
of blood gas analysis which is effected exclusively for reveal-
ing important parameters and/or values for the doctors.
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[0145] Tt should also be pointed out that the monitoring of
patients subjected to NIMV treatment allows various critical
situations to be predicted and anticipated, ensuring the
patient’s safety.

[0146] More specifically, the above monitoring of the
VeCQ, provides precise and objective information on the
physiological variables and consequently, on the state of the
patients.

[0147] The measurement of the VeCO, obtained according
to the present process also advantageously allows other
important values for the care treatment to be carried out on the
patients, to be accurately obtained.

[0148] In particular, the respiratory metabolism, the car-
diac output, the alveolar dead space, as well as the quantifi-
cation of calories, can also be easily effected without having
to resort to complex calculations and starting from measur-
able parameters.

[0149] In addition, the process described above allows
NIMYV therapies to be managed in the best possible way, with
the continuous monitoring of the carbon dioxide VeCO, pro-
duced and eliminated by patients affected by Acute Respira-
tory Insufficiency, of both a hypoxemic and also hypercapnic
nature, without the help of EGA.

[0150] With particular reference to “EC” (ECMO/DECAP)
treatment, the detection of the amount of carbon dioxide
eliminated VCO, following the gaseous exchange that takes
place in correspondence with the exchange membrane,
allows the amount of carbon dioxide which passes from the
venous blood through the exchange membrane to be deter-
mined during a predetermined time interval. This value is
particularly important as it provides an immediate and con-
tinuous indication of the patient’s state and/or effectiveness
of the exchange membrane.

[0151] Any loss in the effectiveness of the exchange mem-
brane, in fact, causes a significant variation in the measure-
ment of the concentration and/or amount of carbon dioxide
eliminated. This variation, if not due to a worsening in the
patient’s conditions, determines the immediate substitution
of the exchange membrane used with a new more effective
exchange membrane.

[0152] The process and apparatus described above also
allow, during both NIMV treatment and “EC” (ECMO/DE-
CAP) treatment, an immediate and abrupt setting of the
parameters and definitions relating to the functioning of the
devices and/or systems used, in response to the variations
revealed in the concentration and/or amount of carbon diox-
ide eliminated.

1. A process for the real time and high reliability detection
of the total concentration and/or amount of carbon dioxide
per unit of time contained in a flow of gas to be monitored,

the process comprising:

mixing said flow of gas to be monitored with a first flow
of gas comprising a known concentration and/or
amount of carbon dioxide, thus obtaining a second
flow of gas;

measuring continuvously the concentration and/or
amount of carbon dioxide in said second flow of gas at
regular time intervals;

measuring continuously the rate of said first and/or said
second flow of gas;

determining continuously total concentration and/or
amount of carbon dioxide per unit of time of the flow
of gas to be monitored; and
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optionally displaying continuously, the total concentra-
tion and/or amount of carbon dioxide per unit of time
of the flow of gas to be monitored.

2. The process according to claim 1,

wherein said mixing takes place in a chamber provided
with an inlet of said first flow of gas, a further inlet of said
flow of gas to be monitored comprising carbon dioxide
and an outlet of said second flow of gas.

3. The process according to claim 1,

wherein said known concentration and/or amount of car-
bon dioxide of said first flow is determined by direct
measurement.

4. The process according to claim 1,

wherein said measurement of the concentration and/or
amount of carbon dioxide in said first and second flows
of gas or in said second flow of gas is carried out by
means of one or more optical detectors.

5. The process according to claim 1,

wherein said measurement of the concentration and/or
amount of carbon dioxide in said first and second flows
of gas or in said second flow of gas is carried out at a
frequency comprised between 1 Hz and 120 Hz.

6. The process according to claim 1,

wherein the measurement of the concentration and/or
amount of carbon dioxide in said first and second flows
of gas or in said second flow of gas by means of said
detectors is carried out in parts per million.

7. The process according to claim 1,

wherein the measurement of the rate is carried out in said
first and/or second flow of gas.

8. The process according to claim 1,

wherein said determining is carried out by means of an
algorithm correlating the concentration and/or amount
of carbon dioxide measured in said second flow of gas
and the rate of said second flow of gas with the known
concentration and/or amount of carbon dioxide of said
first flow of gas to provide a measurement of the total
concentration and/or amount of carbon dioxide in said
flow of gas to be monitored in a desired unit of time.

9. The process according to claim 8,

wherein said total concentration and/or amount of carbon
dioxide in said flow of gas to be monitored per unit of
time is expressed in milliliters or liters per minute and/or
in millimeters of mercury.

10. The process according to claim 1,

wherein said total concentration and/or amount of carbon
dioxide per unit of time contained in a flow of gas to be
monitored is the total concentration and/or amount of
carbon dioxide released by a patient in a flow of gas to be
monitored entering a chamber, said chamber being also
provided with an inlet of a first flow of gas having a
known concentration and/or amount of carbon dioxide
and an outlet of'a second flow of gas given by the mixing
of said flow of gas to be monitored with said first flow of
gas.

11. The process according to claim 10,

wherein said flow of gas to be monitored comprising car-
bon dioxide is released in said chamber by a patient
undergoing a treatment with non-invasive mechanical
ventilation, and

wherein said chamber is arespiration interface for artificial
respiration and/or assisted respiration, said flow of gas to
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be monitored consisting of the release of carbon dioxide
of the patient in said chamber by the expiration during
the respiration thereof.

12. The process according to claim 10,

wherein said flow of gas to be monitored comprising car-

bon dioxide is released in said chamber by a patient
undergoing a treatment, with extracorporeal circulation,
and

wherein said chamber is defined at a side of a gas exchange

membrane used in the extracorporeal oxygenation treat-
ments, said gas exchange membrane being in contact on
the opposite side with respect to said chamber with the
venous blood of said patient, said structure of said gas
exchange membrane being permeable to gases so as to
allow the bidirectional transit of oxygen and carbon
dioxide from the chamber to the blood of said patient and
vice versa, said flow to be monitored consisting of the
release of said carbon dioxide from the patient in said
chamber through said gas exchange membrane.

13. An apparatus for the real time and high reliability
detection of the total concentration and/or amount of carbon
dioxide release by a patient in a flow of gas to be monitored
entering a chamber, said chamber being also provided with an
inlet of a first flow of gas having a known concentration
and/or amount of carbon dioxide and an outlet of a second
flow of gas given by the mixing of said flow of gas to be
monitored with said first flow of gas,

said apparatus comprises:

detecting means suitable for being associated to said
chamber comprising at least one detector for the con-
tinuous detection and at regular time intervals of the
concentration and/or amount of carbon dioxide in said
second flow of gas, said detector being operatively
positioned at the outlet of the chamber or downstream
thereof and, optionally, at least a measuring device of
the rate of said first and/or second flow of gas and/or
at least one detector of the concentration and/or
amount of carbon dioxide in said first flow of gas;

at least one programmable electronic unit suitable for
determining continuously the total concentration and/
or amount of carbon dioxide per unit of time in said
flow of gas to be monitored; and

optionally at least one display screen for displaying con-
tinuously and in real time the total concentration and/
or amount of carbon dioxide per unit of time of said
flow of gas to be monitored.

14. The apparatus according to claim 13,

wherein said flow of gas to be monitored comprising car-

bon dioxide is released in said chamber by a patient
undergoing a treatment, with non-invasive mechanical
ventilation,

wherein said chamber is a respiration interface for artificial

respiration and/or assisted respiration, and

wherein said flow of gas to be monitored consists of the

release of carbon dioxide of the patient in said chamber
by the expiration during the respiration thereof.
15. The apparatus according to claim 14,
wherein said first flow of gas is fed continuously in said
respiration interface at 30-80 liters per minute or at
30-120 liters per minute and/or

wherein said second flow of gas is discharged continuously
from said respiration interface at 30-80 liters per minute
or at 30-120 liters per minute, that is to say substantially
at the same rate as the feeding.
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16. The apparatus according to claim 13,

wherein said flow of gas to be monitored comprising car-
bon dioxide is released in said chamber by a patient
undergoing a treatment, with extracorporeal circulation,
and

wherein said chamber is defined at a side of a gas exchange
membrane used in the extracorporeal oxygenation treat-
ments “EC”, said gas exchange membrane being in con-
tact on the opposite side with respect to said chamber
with the venous blood of said patient, said structure of
said gas exchange membrane being permeable to gases
so as to allow the bidirectional transit of oxygen and
carbon dioxide from the chamber to the blood of said
patient and vice versa, said flow to be monitored con-
sisting of the release of said carbon dioxide from the
patient in said chamber through said gas exchange mem-
brane.

17. The apparatus according to claim 16,

wherein said first flow of gas is fed continuously in said
chamber at 2-12 liters per minute or 0.1-12 liters per
minute, at the gas exchange membrane and/or

wherein said second flow of gas is discharged continuously
from said chamber at 2-12 liters per minute or 0.1-12
liters per minute, that is to say substantially at the same
rate as the feeding.

I I T T
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