1 SYSTEM AND METHOD FOR DETECTI NG OF PULMONARY DI SEASES Fi el d of the

I nvention [0001] The present invention generally relates to systens and
met hod for detecting of pulnonary diseases, and nore particularly to
non-i nvasi ve systens and nethods for detecting of pul nonary di seases by
anal yzing inhal ati on and exhal ati on. Ba}ckgr ound of the Invention [0002]
Lung is a vital organ all ow ng exchanges of 02 and CO2 between the

al veol ar the |u aired viral or
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altered, resulting in pul nonary di seases. The current detection of

pul monary di seases is mainly done by X-ray. However, the X-ray is not only
i nvasi ve, but also only abl e toFidht efcthetlheergiopsi cal al terati ons of | ungs.
Thus, the X-ray is not applicable for detecting pul nonary di seases at
early stages. In addition, there are a broad range of so-called pul nonary
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of system c rret abol ismrather than of pulnonary functions. [0003] It is
wel | known that the conponents of exhalation could be utilized for

di agnosi s of certain di seaseBaclkgnoundafiphelnvention Pat. 4, 823, 803 di scl oses a

device for testing human exhal ation for halitosis by using sensors that
are sensitive to mal odorant gases of predeterm ned chem cal conpositions
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mal odor ant g{gses However, this patent is directed to the detection of
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situati f ectlo is critical for
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Respiratory Syndrone) has rai sed concerns about effective detection of
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X-ray is not applicable for detecting pulmonary diseases at early stages. In addition, there
are a broad range of so-called pulmonary function tests. For example, spirometry measures
how well the lungs exhale. Lung volume measurement permits detection of restrictive lung
diseases. Testing the diffusion capacity permits as estimate of how efficiently the lungs are
able to transfer oxygen from the air into the bloodstream. However, all the available
function tests are mere measures of systemic metabolism rather than of pulmonary
functions.

[0003] It is well known that the components of exhalation could be utilized for
diagnosis of certain diseases. For example, U.S. Pat. 4,823,803 discloses a device for
testing human exhalation for halitosis by using sensors that are sensitive to malodorant
gases of predetermined chemical compositions for producing signals variable with the
detected concentrations of the malodorant gases. However, this patent is directed to the
detection of malodorant gases rather than the lung functions.

[0004] There are situations in which an early detection of viral infection is critical
for treatment of the victim and more importantly for the control of the epidemic. For
example, the recent epidemic of SARS (Severe Acute Respiratory Syndrome) has raised

concerns about effective detection of such relevant diseases, especially at a much earlier



stage of infection in human bodi es. Upon early detection, scarce and

preci ous nedi cal resources can be focused on the infected persons. In the
early stages of the infections, the X-ray screening nmay not be useful
because the pat hogeni c danmages on the |ungs may not be evident enough to
be detected by the machine. The current, available function tests may not
be able to detect the early signs of ififections because the functions tests
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test person with the ones stored in the nedical database so as to yield a
test result of whether the test person is suffering breath deficiencies.
In one embodi nent, the conputermmasy eftheInventiothedded with an al gorithm
for processing the information fromthe breath anal yser; wherein the

al gorithm calculates the breathing rate, oxygen consunption rate and
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i nhal e and exhgtle airs of the test person; thereby conparing the rates of
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present invention provides a pulmonary disease detection system for detecting breathing

deficiencies of a test person. The pulmonary disease detection system comprises a breath
analyser for analysing the inhale and exhale airs of the test person, a computer proceésor
for receiving from the breath analyser the information and processing the received analysis
data to give values to different parameters of the inhale and exhale airs of the test person,
and a medical database for storing different parameters of breaths of the public and normal
ranges for healthy persons; thereby the computer processor compares the values of
different parameters of the inhale and exhale airs of the test person with the ones stored in
the medical database so as to yield a test result of whether the test person is suffering
breath deficiencies. In one embodiment, the computer processor is embedded with an
algorithm for processing the information from the breath analyser; wherein the algorithm
calculates the breathing rate, oxygen consumption rate and carbon dioxide generation rate
from the composition information of the inhale and exhale airs of the test person; thereby

comparing the rates of the test person with the ones stored in the medical database so as to



3 conclude whether the test person is suffering any breath deficiencies.

I n anot her enbodi nent, the conputer processor is enbedded with an

al gorithmfor processing the information fromthe breath anal yser; wherein
the algorithmcal cul ates the conposition values of the exhale air fromthe
conposition values of the inhale air and the assuned normal rates

I ncl udi ng breathing rate, oxygen consufption rate and carbon di oxi de
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test person, processing the acquired information to give values of designated aspects of the
inhale and exhale airs of the test person, and comparing the calculated values with the ones
stored in a medical database so as to conclude whether the test person is suffering any
pulmonary diseases. In one embodiment, the processing is executed within a computer
processor that is embedded with an algorithm for processing the information from the
breath analyser; wherein the algorithm calculates the breathing rate, oxygen consumption
rate and carbon dioxide generation rate from the composition information of the inhale and
exhale airs of the test person; thereby comparing the rates of the test person with the ones
stored in the medical database so as to conclude whether the test person is suffering any
breath deficiencies. In another embodiment, the processing is executed within a computer
processor that is embedded with an algorithm for processing the information from the
breath analyser; wherein the algorithm calculates the composition values of the exhale air
from the composition values of the inhale air and the assumed normal rates including
breathing rate, oxygen consumption rate and carbon dioxide generation rate; thereby

comparing the composition values of the exhale air with the ones stored in the medical




fromthe conposition values of the inhale air and the assunmed normal rates
including breathing rate, oxygen consunption rate and carbon di oxi de
generation rate; thereby conparing the conposition values of the exhale
air wwth the ones stored in the nedical 4 database so as to concl ude
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[0009] Preferred embodiments according to the present invention will now be
described with reference to the Figures, in which like reference numerals denote like
elements.

[0010] FIG 1 is a block diagram of the pulmonary disease detection system (PDDS)
in accordance with one embodiment of the present invention.

[0011] FIG 2 shows a breath analyzer configured in accordance with one
embodiment of the present invention.

[0012] FIG 3 shows a flowchart of detecting pulmonary diseases on the basis of
altered oxygen consumption and carbon dioxide generation in accordance with one
embodiment of the present invention.

[0013] FIG 4 shows another functional flowchart of detecting pulmonary diseases
on the basis of lung-volume compliance and airflow resistance in accordance with another
embodiment of the present invention.

[0014] FIG 5a shows a diagram illustrating the directional relationships among the
different pressures that may be detected or deduced from the air flow rates detected by the
breath analyzer as shown in FIG 2.

[0015] FIG 5b shows that different pressures are functions of time.




different pressures that nmay be detected or deduced fromthe air flow rates
detected by the breath analyzer as shown in FIG 2. [0015] FIG 5b shows
that different pressures are functions of time. 5 [0016] FIG 6 shows one
functional configuration of the disease identification software system and
dat abases in accordance with one enbodigrent of the present invention.
[0017] FIG 7 shows a flowchart illustrating the perfornmance of the disease

identification sof% _rr& ﬁystem as shown in FIG 6. Detailed Description of
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detecting pul nonar ere are provided nore details about

the systens and nmethods hereinafter, it is to be appreciated that the
present systens and nethods are, hased on the _understandi ng that anyone
devel opi ng any pul nonary ﬂ?"st@ %"e@e%mtﬁ’“dgﬁb%‘!‘fe&f‘@“certai n detectable
breat hi ng deficiencies. The deficiencies may be mani fested by the changes
of the oxygen consunption and carbon di oxi de generation, or the
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i nf or matpeptairsf the breath and conparing the manipulated results with the
[0020] The present invention provides systems and methods for detecting
pulmonary diseases. While there are provided more details about the systems and methods
hereinafter, it is to be appreciated that the present systems and methods are based on the
understanding that anyone developing any pulmonary diseases would demonstrate certain
detectable breathing deficiencies. The deficiencies may be manifested by the changes of
the oxygen consumption and carbon dioxide generation, or the differences of lung
compliance and airflow-resistance.
[0021] There is provided a block diagram of the pulmonary disease detection
system (PDDS) as shown in FIG 1 in accordance with one embodiment of the present
invention. The PDDS 100 comprises a breath analyzer 102, a computer processor 103, and
a medical database 104. The breath analyzer 102 will take in the breath from a test person
101 and output the information of components of the breath from the person to the
computer processor 103. The computer processor 103 contains algorithms for
manipulating the information of the breath and comparing the manipulated results with the
medical database 104, so that the computer processor provides the results of diagnosis 105.
[0022] The breath analyzer 102 may be any apparatus that can obtain breathing
information from a test person that is sufficient for the application of the algorithms

embedded in the computer processor 103. For example, for the application of an algorithm



medi cal dat abase 104, so that the conputer processor provides the results
of diagnosis 105. [0022] The breath analyzer 102 may be any apparatus that
can obtain breathing infornmation froma test person that is sufficient for
the application of the algorithms enbedded in the conputer processor 103.
For exanple, for the application of aneﬁjgorithn16 based on oxygen
consunption and carbon di oxi de generation, the breath anal yzer 102
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person el ec od 25 for_ detecting the oxygen in the
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detecting the nitrogen in the air conposition; a water vapor ectrode 18
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to the data acaumltlon unit 7. The signal conductors may be ultra-
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mask. Trlzsatg‘rl \Eapor in the air composition; an inspired air flow rate electrode 19 for determining
the flow rate of exhale air; an expired air flow rate electrode 20 for determining the flow
rate of exhale air; and signal conductors 5 that transmit the information from the electrodes
to the data acquisition unit 7. The signal conductors may be ultra-low impedance
conductor or fiber optic.
[0024] The air tank 11 contains pressurized air so as to ensure a measurable and
controllable air supply to the test person. An air delivery pipe 16 connects the air tank with
the mask so as to deliver a stream of controlled air from the air tank to the mask. The air
tank 11 also includes four electrodes 12, 13, 14, 15 for detecting the oxygen, carbon
dioxide, nitrogen, and water vapor respectively. The signal conductors 10 transmit the data
from the four electrodes to the data acquisition unit 7. The signal conductors may be ultra-
low impedance conductor or fiber optic.
[0025] The data acquisition unit 7 includes connectors 6, 9 for connecting to the

signal conductors 5, 10 so that it will receive all the information from the air tank and the

mask. Then the data acquisition unit 7 transmits the received signals to the computer



tank 11 also includes four electrodes 12, 13, 14, 15 for detecting the
oxygen, carbon dioxide, nitrogen, and water vapor respectively. The signal
conductors 10 transmt the data fromthe four electrodes to the data
acquisition unit 7. The signal conductors may be ultra- |ow i npedance
conductor or fiber optic. [0025] The d%ta acqui sition unit 7 includes
connectors 6, 9 for connecting to the ‘'signal conductors 5, 10 so that it
will receive allléngﬂg ormation fromthe air tank and the mask. Then the
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present thedatatacanisitivhamit T shegmprpiatipn dadledihg by genecompesitibh, cacbat diveideof al |

gases ¢ it10 3 en. the processed dat.a i s,segf che gai nst the
rored darnslibheRtogl conkRlidn BeRE SR s ormasiitie B A4S R Abndl § 1

di seasesbedMed thaethe dirafiio st dath &l lbeHiscwbdell hBRieP Whe e the 3RO dat RGN
operatiqn cones to an end 306. It is noted fromFIG 3 that the stored

dat abas &€ Used ihealenlais dhs velparscempliancerrad aimow sesittance impndthdredgamshmof e

usef ul A i I «h10028],_ Now t here i rovi.d a nore

detail e JH%Z)S%&??% ﬁ‘%ﬁ{lg?. Zlgfegct{h?%ﬁgu 1[r1rlD(ga§<r:%,1ate tWe overa re?atpves of a?fj gases
compositions 303. Then the processed data is searched against the stored database to

determine whether the test person has pulmonary diseases 304. Then diagnostic results
will be outputted 305 and the operation comes to an end 306. It is noted from FIG 3 that
the stored database is continuously updated so that the database will become more useful
when more data is collected.

[0028] Now there is provided a more detailed description of detecting pulmonary
diseases on the basis of altered oxygen consumption and carbon dioxide generation. The
basic assumption is that the composition of expired air from a patient such as a person with
SARS infection is different from that of a normal person. It is further assumed that with an
expired air, (a) its O, content (or % vol.) will be greater (because of less O, consumed from
alveoli) and closer to that of inspired air; (b) its CO, content will be lesser, and more akin
to that of inspired air; and (c) the transfer coefficients for O, & CO, will be lesser as
compared to a medically normal person. Therefore, the mass balance analysis involves (i)

compositions of air breathed in and out; and (ii) consumption or generation of O,, CO, and
H,0. '



di seases on the basis of altered oxygen consunption and carbon di oxi de
generation. The basic assunption is that the conposition of expired air
froma patient such as a person with SARS infection is different fromthat
of a normal person. It is further assuned that with an expired air, (a)
its 02 content (or %vol.) will be gregter (because of |ess 02 consuned
from alveoli) and closer to that of ifspired air; (b) its CO2 content w |
be |l esser, and nore akin to that of inspired air; and (c) the transfer
coeffici B899 for OPorcataaiipn pf hhalesmslenxhale coopopitioes) thare arme ive géneyalnor mal

BT br eat nORPHRAS Y B AT 0T L Biafiio ol e rtd 67 RoBlE: K an

H2O. 8  DReRAboliecofaingpticit iR at Tht BT 088 el ek AhE b&uEoA rath (r e are
a few general assurrptn?pgns: (1) qBr eattx%iLng Rate {BR) (ﬁ@l(gzo%r eat hs/r?n' Kﬁ (2)

PH20 at B7E€) = 227mdagin. (Bhus, 0r expeetbdLompositiensmbthoexpizgt @iraan pacalgtiped= 284

m/mn; ) . ction rate cat BTR) = 227 nl/mn.., Thus, t

expect edﬁjégln%gsali [ r}]1§f1§g Ht%e“‘é&ﬁ?rls%d g an&éﬁlg’b‘”’é S%‘erv@dfla"{%ge l’ftﬂ%ﬁzfl%eﬁ%g

at nospheexpiredi dir QomposRionscad. be-Odlc@¥RAPI6m B weh¥ds b tHangospherid@ir
expected expired air conpositions can be cal culated fromthe nunbers of
the at moSYPWBRi ¢ air colum: [0030] N2 = 393.1 mi [0031] 02 =

104.2-(2 2) = . 0032] C2 = 0.2+(227/12) = 19.12 m [0033]
Total = @géoij?S m 81((%?L) %[931013‘2i Ratio of water vapor/dry gas in the expired
air = 49p6mrHg/ ( 760, #704.29(8d/12) 4B0F3HAB = 6. 94% (2) [0035] Vol ume of water
vapor in the Expir gjzgir = é%) x(2)=492.75 0.0694=34.21 m (3) [0036] Tot al
Expired P32 = [ 1] +§ =442+ ?5434) 21943a0l96 n (4) [0037] Thus the percentage

of the Rgggﬁ corrpopgtgf§4b@.7glﬁgé?z<pi red air can be calculated as foll ows:

[ 0038] 393.1/526.96 = /4. [0039] 02 = 80.52/526.96 = 15.28%
[0034] Ratio of water vapor/dry gas in the expired air = 49.5mmHg/(760-47)
mmHg.=49.5/713 =6.94% (2)

[0035] Volume of water vapor in the Expired air = (1)x(2)=492.75 0.0694=34.21ml
3

[0036] Total Expired air = [1]+[3]=492.75+34.21=526.96 ml O]

[0037] Thus the percentage of the gases components in the expired air can be

calculated as follows:

[0038] N2 =393.1/526.96 = 74.6%;
[0039] 0, = 80.52/526.96 = 15.28%;
[0040] CO, =19.12/526.96 = 3.63%; and
[0041] H,0 = 34.21/526.96 = 6.49%.
[0042] All the numbers of the atmospheric air and expired air are presented in
Table 1.
[0043] Table 1. An exemplary air compositions
[0044]
Respiratory | Atmospheric Air | Humidified Air | Alveolar Air Expired Air
gases mmHg | ml/% mmHg | ml/% | mmHg | mi/% mmHg | ml/%
N2 597 393.1 5633 | 117.8 569 2753 | 597.5 | 393.1
78.62% 78.5% 74.9% 78.62
0O, 159 1042 | 1493 31.3 104 49.3 84 55.3
20.84% 20.9% 13.6% 11.06
CO; 0.3 0.2 0.3 0.09 40 19 29 19.1
0.04% - 0.06% 5.3% 3.82
H,O 3.7 2.5 47.0 0.81 47 22.7 49.5 | 32.5




[0040] CO2 = 19.12/526.96 = 3.63% and [0041] H20 = 34.21/526.96 = 6.49%

[0042] Al the nunbers of the atnospheric air and expired air are presented

in Table 1. [0043] Table 1. An exenplary air conpositions [0044]
Respiratory Atnospheric Air Hum dified Air Alveolar Air Expired Air gases
mH mM/%mHg M/ %mmHMi%mHg mMm§{QO o N2 597 393.1 563.3 117.8 569

275.3 597.5 393.1 78.62% 78.5% 74. 9% 76. 62 02 159 104.2 149.3 31.3 104
49. 3 84-55.3 20, 84% 20.9% 13- 5% 1106 COR 03 0-—2-0-23-0,09-46r19 19.1

[~

0.04% 0. 06% 5. 3%.3. 82 5% 712 5 a7 ©o4ea] 47 24 PH6 & 32 5 003 by

0.54% §. 298 &ab Tpt &0 760 500 7607d®0| 760:0366. J606Q 3663 10099 10090900% 100%
[ 0045] |So far it|has beerogtown that |i 106%e|rat es [ofl0@%ygen consldfipt | on and

carbon dioxide generation are known, the ideal conposition of an expired
air can be calculated fromthe ori %i nal conposition of the atnospheric
ai r. Thilg045% i nporScafar itthas been shoxim thati therrates of oxyagn ganamnpiion apdeaher in

th |y st he PDDS h : . qf .
ot cur atdRgeE RETwalb Aoy o B bR BRI P el cil P el RS, DY
based ORofheRd GriginASRuiPRkitRADS thY dtthdsplferiar € URis RGaipatthad fobthitidlizinpethe

dat abase, nore and nore actual data wl| s]:glg | ement or substitute the
cal cul atsered detabasks bgtansadn & esaly stagashéhe? grﬁrlaYabﬁa'wwﬁn%tz nsrt qfifge

Ccpi oo SEE B PRRRRBERY shiebiur Y B Stk Uk B MR FAPRARELRLE) | (1@

give t hébc? %ﬁfaﬁea%saﬁ@ﬁﬁﬁé. svightlgagadwiiponsenilaticen dOthe iatabagd, mewte and mofbe
rocesse ata of eac as conponents will be co d with t t
hedi cal ashiahdala avill SRDRpRCRIS ﬁulg?'é?iﬁ% fhessgldubateg ones. AS discussed eatly, e szt

analyzer 102 of the present invention can acquire the data of individual gas components of
the expired air from the test person and the CPU can manipulate the data to give the
percentages of each gas component as to the expired air. The processed data of each gas
components will be compared with the stored medical database. If the test person suffers
from any illness that affects pulmonary functions, it is expected that the processed data of
the expired air from a test person will be deviated from that of the stored database for a
normal person. If this is so, the CPU will output the diagnostic results showing that the test
person is probably having pulmonary diseases. Then the test person can seek further
examinations to determine which kind of pulmonary diseases he/she is developing.

[0046] As shown in Table 1, it is apparent that the rates of oxygen consumption
and carbon dioxide generation may be derived from the actual measurements of individual
gas components of the atmospheric air and expired air. It is noted that all of the data of
individual gas components can be obtained by the breath analyzer as shown in FIG 2. The
calculated rates can be compared with the stored database to determine whether the test
person is suffering any pulmonary diseases.

[0047] As mentioned earlier, the choice of a breath analyzer 102 for the present
PDDS is limited by its function only. For example, when the lung compliance and airflow-
resistance are used for detecting pulmonary diseases, the breath analyzer 102 may be a
commercially available spirometer. Now referring to FIG 4, there is provided another
functional flowchart of detecting pulmonary diseases in accordance with another
embodiment of the present invention. When the PDDS starts 400, it obtains data from the

breath analyzer 401 (the same as the one shown in FIG 2) to determine the volume breath



fromany illness that affects pul nonary functions, it is expected that the
processed data of the expired air froma test person will be deviated from
that of the stored database for a normal person. If this is so, the CPU

wi |l output the diagnostic results showi ng that the test person is
probably having pul nonary di seases. Th the test person can seek further
exam nations to determ ne which kind of” pul nobnary di seases he/she is

devel opi ng. [0046] As shown in Table 1, it is apparent that the rates of
oxygen coEsigistighol tisdest Rersen 442 canddarthenritact tba pagmetsss bl \PddPZrRan t he
act ual S Ladi v L.coair
and oxpi Caarh a0y, 2o LAt Rme R s RERRNERE A e RO T B8 PR n
conponentvil gabadietocintnit @ ¢b by to et the dasthpasdmdtyrz elf a8 exbravwd paramkferare The

cal cul ated rates can be conpared with the stored dat abase to determ ne
whet her deriddieredmuliy a0 e the M1, WAL $ul VibHavyl bn duiersacd 40807 Hen As

mention Ll P .- - 10 t t

PoDS 1 5 1 e by (DR BE s fPbP Rl AR RO Rl BBl P8, IERRT, e
and ai r f buipnt thesssltedl9 rasubingsbeeddof thepegtanndglul nonary di seases, the
breath anal yzer 10 be a .comercially avail abl e spironmeter. Now
referring®® FIG 4&@?%?%0%& S%mnaéﬁlsfé%%a@? direefinnal wationshipygaeng the

det ect | ngifioklnMBRR%IciSPRRE o ldliBRA L HAREE] 1 t srpodidmnt et the
pr esent inven??%n. Wen It:?lﬁg PORS stg)rEts g‘b?""f"?}‘%ﬁa‘.{bﬁim at a%fyrtom ttf}%g

br eat h abradthzsaly2@las(shbensahiGas RlbeStoshewshbatnlifferefi BeR)ires arddfmetionsnd t he
vol unme breath 10, characteristics.of the test. person 402, and further
extract VA% HEIMMRee e @qnvlgé,a Y fupdamental eq@%tlcgﬁaﬁ%a&@g-{e fme(faIﬁ‘@né%t?‘Sct ed
par anet eflsorath® sAetvntihEIh@ast filtered results 404, the program wll go back
to step 403 to try to get the best paraneters. If the extracted paraneters
are thdo®9%t filtered results 404, then the VTI1, VTI2 and VTI3 will be
determ ned 405. Then the pr%grgmhg | I conduct diagnosis 407 by utilizing
the medical databases 406, 408 a )'&!ﬁo@t the results 409, resulting the
end of the program 410. [0048)PFF@Ba) sRows2d /di=agfGmA.d hustrating the
directional relationships , = i isrent pressures that may be
detected or induced fromt%z%? K

t
r:p]fq?% rates detected by the breath
anal yzer as shown in FIG 2. ‘(él/

shows that different pressures are
functions of time. From tH8# s el wP4ew f undanent al equations that

are the foundation for the algorithmshown in FIG 4:
[0050] Now there is provided a more detailed description of determination of the

volume breath characteristics of the test person 402. In one embodiment of the present
invention, the lung ventilation function is analyzed by means of a very simple model
represented by a first-order differential equation (Deg) in lung-volume (¥) dynamics in

response to the driving pressure (P, = atmospheric pressure - pleural pressure), as shown in

FIG5
[0051] First, the model governing equation derived from the basic equations is as
follows:

RV +V/C=Pyt) -Pet, o =P, + Pjcoswt+ Pysinwt -Puy (D)
[0052] wherein (i) P,, P; and P; are obtained from the given P, (= P, — P, ) data;

(ii) the parameters of this Governing Deq are lung compliance (C) and airflow-resistance
(R), wherein in the equation both R and C are instantaneous valves; (iii) ¥ = V(#) - Vo (the
lung volume at the end-expiration); and (iv) P, is the lung elastic recoil pressure at the
end of expiration and P ,= P, — V/C.

[0053] At end-expiration when ¢ = 07, P, = P,;,. Hence,



[0049] (i) (Pa - PP) - Pei =0 (ii)Pei=(2ah)/R=2TlI r=V/IC+Peb o (iii) (PO
-PO) = R(dv/dt) (iv) PL = Po -Pp (v) R(dV/dt) + VIC = PL - Pei, o [0050]
Nowthere is provided a nore detail ed description of determ nation of the
vol une breath characteristics of the test person 402. In one enbodi nent of
the present invention, the lung vent| ﬁtl on function is anal yzed by neans
of a very sinple nodel represent ed by first-order differential equation
(Deq) in Iung vol une \19 nam cs in response to the driving pressure (PL
= at nospif@¥4lc presBars p% 1l the gaverping pquationd hidwagomes: FI G 5 [ 0051]
First, the nodel governing equation derived fromthe basic equations is as
foIIows: RV + V/C-=PL(t) -Pei, o =Po + P1L COSCOt+ P2 sinest -Pei o (1)
[ 0052] wherein (i) Po, RIVand/@2-Br et dhtcaboed+fPosinbhePgi ven PL (X2R) - PP)
dat a; (ii) the paraneters of this Governing Deq are |ung corrpliance (O

st ant o088V ar vEREE e il BT R Pelr b e B Bl O ieel Tat Tema s
end- explmg)lcanbe TnRePf is\dh fE’(ﬁHh@dhﬁmgfﬁﬁesls&k@gPeLé‘%} hénfa88& WitRr&pestheitdt the
end of expiration and Pei, o= Pel VI C 053] "At end-expiration when cut

= wT, PLVauqgend-expigaiion; Envatignidsiparred re@vr&tep@s follbws; and t he gover ni ng
equation (1) beconmes: RV + VIC=-P1 + Pl coswt + P2 sinwt =P" (2-a)

[ 0055] where the right-hand side represents the net pleural pressure. (P"
=Paten -Pp - Pei, B)+3dRve=—Phi/R-P(Pj SRi)costarct+ (e Riysind 0g; pr REsar €2-6P0 -

Pp) normalized W|th respect to its value at end-expiration. Equation(2-a)
can be rewitten as follows: V+ VR C= P1L /R+ (Pl /R)coswt + (P2 /R
sinwt ,[0638FT (2-byherp08fE] Piheriimicul tdiea Ridplayeli i BRE taia ashusdapedei n FI G
5b is assuned tg be represented by:

represented by:
[0057] Po=984cmH20, Pl =-1.84cm H20, and P2 =3.16 cm H2 O (3)
[0058] If, in equation (1), R, and C, are designated as the average values (R and C)

for the ventilatory cycle, then the solution of equation (1) is given by:

V() ==P1Ca+P;Ca[ (Coswt+w R, C, Sinwt)/(I+a’ R C) ] +P,C,
[(sinwt—w®R,C,coswt)/(1+&’ RS CA)J+ He Ra (4)
[0059] wherein the term (R,C,) is denoted by 7, , and ® = 1.55 rad/s (based on the

data in FIG 5b. If V"= 0 at ¢ = 0, then, putting V (at t = () = 0 gives us:
N H={C,0T/(+0 )} (P,+P,01T) %)

[0060] Then from equations (4) and (5), the overall expression for ¥ (#) becomes:
V@®=~-PCo+{P;C, (coswt+wt,Sn wt)/(1+ w?t?))
+{ P, Co(Sinwt-wt,Cos wt)/(I+ 0’7’ )}
+H e @ CaTa (Py+ P01/ (1+ @ 25,2 )} (6)

[0061] If dV/dt = 0 at t = 0, implying no air-flow at the start of inspiration, then

equation (6) can be differentiated into:

V=P, Co/(1+ 0t )} (-0Sinwt+ & 7,Cos ©1)

+{P> Cy/ (I+ 0°1,° )}(w cos wt + & 7, Sin Wy



[0057] Po = 9.84 cmH O, Pl =-1.84 cmH2 0, and P2 = 3.16 cmH2 0 (3)
[0058] If, in equation (1), Ra and Ca are designated as the average val ues
(Rand C) for the ventilatory cycle, then the solution of equation (1) is
given by: V(t) =- Pl Ca+Pi Ca[ (Cos (Ot+ wRa Ca Sinwt) / (1 +w2 Ra2
Cat) ]| + P2 Ca [(sinwt - wRa Ca cos&jt) /[ (I +w2 Ra2 Ca2)] + He -t/R a
(4) [0059] wherein the term (RaC0) is'4denoted by Za , and w = 1.55 rad/s
(based on the data in FIG 5b. If y— 0 at [ = 0, then, puttlng V (at t =
0) = 0 gives us: H{ CaO)ta/(r{H@cha/Z()l}Hthﬂi}l((Qthﬂ 3)0)(5;)) [ 0060] {Men
from equations (4) and (5), the overall expression for V (t) becones: V(t)
=- Pl [(0P1Ca (cos cot +0) TaSin_cot)/ (1+co2Ta2)} +(P2Ca (Sin c) t-cTaCos
cot )/ (1+988A12Ta2) } Eremeequationdylcave get B2 = Omt f(’eOtrf@yeby g0 syiistyiag thip (6)

[0061] | St

i nspirat f:ngga‘{ {%elﬁog'e%alﬁ?tg;\lgigé;hg%g%’%gﬂgl 8S£Sé°n &ﬁl“ﬁ}@f‘ tthﬁtgévens)& é'){‘%ltal
/(1+V\/2TaEI)C} 6b), and Slrf’ylﬁg)bdrv\ﬁéfalﬁ%r-ﬁﬂnhﬁca’t(dﬁz tHedn viKolvatuss@f R add)a, c@ﬁvb@ os Ot
+ (t)2 Ta Sin wt) i( [ (1+ Q) 2Ta2 )} CO (P2 + P1 f)2ta)
(7) [006 tefﬁ‘rla?ﬁ eéﬁa& Flase vt)canv@ g@tﬁedvthat theggubstitution of K@ ansy(7aIsatesties

sati sfyl&gl ?) initial condl tion. By matching the above V(t) expression
(6) with the gtven V(t) data (in FIG 5b), and carryi ng out

par amet ejoegajent i f |IdaWva weheni alsovanabytically @saloite B8, @iddCCay saisf¥iag some

det erm ned... As chec it can %G%VEI‘IfI ed that the substitution of a56) and
() “sat | Sitehs RO AuTPo5S 0B ot hsh i 5 T &7 SealaVabie a3

eval uat e;ydas and £9=by sat | 8f yi Bﬂtwr?ﬁof&’@d'ﬁd%%r 9! =t Bz rB?r%sgeet

flrst note that V'is mexi mum ( =Ti dal about =1, )= 1.
6s, i .e.simfwnh=0.62, cos2(chB) rad). 7Nand tdrofw 6 =t 0, 78 Aleed;&‘ofad‘ =\ 4§8etd (and
sm(wt ))=0,62, cos (co t, %) = -0.79 and tan (co t,) = 78. Also, for (O
i, = 2 dgsedgn (fléﬁmlﬂnowsléé&ﬁjo Fhetlﬁégfk%w )ed@%emonmfealrtamgé 6‘% ( imequatiphé)

exponentﬂe%hmiég ( Ic oéier P SARG es§,,??en%eoecog% %%o g?ée& 19(33(0 feneb}g afd d

| ess; hence, we € t0 neglec

putting V = ( in equation. (7), we obtain:

tan (W t,)=(Pa+ 0T P1) /(P1—Pr 1) =-0.78 (8)

[0064] Upon substituting the values of P; and P; from equation (3), and putting ®

=1.55rad s, we obtain the value of 7, = 0.26s. We can also put V' =0 at t=0.58 or wr=93
and obtain a similar value for 7 Then, we also note that at 1, = 1.6s ( for which dv /dt =
0), V = 0.6] . Hence upon substituting for cos(w t,) = -0.79 and sin(w t,) = 0.62 in

equation(7), and again neglecting the exponential term we get the following algebraic
equation:

—P;Ca—(0.54P; C,/D)+ (0.94P,C,/D) = 0.6; 9)

[0065] wherein D=1+ &’z , w = 1.55 rad/s, and T, = 0. 26s; this equation
can hence be rewritten as:

Ca (~1.54P; +0.94P,)=0.7 (10)

[0066] We can substitute, therein, the values of P; & P, from equation (3), and
obtain the value of C, = 0.12 L (cm H; O)"" . Since we have computed 7, = 0.26 s,
therefore R, =2.20 (cm H; O) s L™ . These are the average values of resistance- to —

airflow and lung compliance during the ventilatory cycle shown in FIG 5b.



tting V=0 1in equation. (7), we obtain: tan(c) tv)=(P2+a)'raPl)
P1-P2cn'ca) =-0.78 (8) [0064] Upon substituting the values of Pl and P2
om equation (3), and putting CO = 1.55 rad s we obtain the value of r,,
0.26s. W can also put V=0 at t 1.58 or wt=93 and obtain a simlar
alue for z Then, we also note that at ,t, = 1. 6s ( for which dv /dt = 0),
= 0.61. Hence upon substituting for s(o) tv) =-0.79 and sin(wt,,) =
.62 in equation(7), and again neglecting the exponential termwe get the
|

—h\-o
= ~C

ol | owi ni§0&dlgebr ai %IHCQb,uag dowease- witll infende e valtiePdf Rand ®)these(naran984er92 Ca /
0. d = 0.

Ths. Ui ensiR ppRRed bo HhEhHetule Jigaios; ol Meheeldd e FadobinpRyseRighpy) -

0.7 (10)ddsBQ68in Ml"luﬁ%ﬂsﬁiéhﬁwvédﬁttﬁe am@ngdsuuc&dﬂ@mv)% S&apRdnt E’dng&aﬂ?d?héﬂcem

equati on (3) and tain the val ue of (cm H2 . Since we
have corfsstlésdinzalareey. 2fuesof Ct hepghoretheee is igcreded airwiag reé)lstsnd_e—@ dihdse are

th I t f
he ventrapspt & s SRBUR' A ardia B Wil iRy BROe AR T

i nf | uenc@efmbRn¥abetaserDfhe BlvaoH thickéhasEhddas ﬁﬁﬁgtcﬁﬁl§11a§c% ae&eﬁbpymis bp
di agnose_l ung di seases. For instance in the case of enphysens,

dest r uctdemaping ghegnormekans @amwngmféh@p@ametprsdﬁ mcb@, we ean empbwrﬁ;hus ant

l ung, a ger val e of t her

| ner eas o Gle FERHoh foladl foP HR (R diaeR0siEon e R ROV rdGle it 1 o
around tde ﬁd)r[-\dayamdn’al founitesite @irvé e d usmﬂaﬁo(k}e peffofaamRemdeet MEEN(té he

al veol i thicken and,_hence |ung conpliance (C) decreases. Thus by

det er m rﬁhﬁbachﬁ'éeﬁ?}?tﬁﬁpryaﬂ‘ﬂﬁ%qrge%ed ranges of the parameters R and C, we
can enploy this sinple Lung-ventilation nodel for differential diagnosis.
Let us, however formulate just one non-di nensional nunber to serve as a

venti | atﬁT&Wﬂﬂﬂmmmtjmte\/ihld')ﬁqu = @BR)Zt66f | z@1yentil atory function),
as: VIII=] (Ra Ca) (Ventilatory rate ins-) 6012 = 2 (BR)2 602 (11) where
BRis the breathing rate. Now, |let us obtain its order-of-magnitude by

adopt i ngy errsmfzs%segfe%é%ﬁmgaﬂa@mw 132 18 B eaiR it B I Bha il ad 5 eRRBrRS At €S-

Let us ta e the a
representative values of R, and C, in normal and disease states. Let us take the above

computed values of R, = 2.2(cm H,0) s L™ and C,=0.12 L(cm H;0) ™" and BR = 12m” or
0.25", computed for the data of F ig(1) and equation(3). Then, in a supposed normal
situation, the value of V'TI; is of the order of 9.75. In the case of obstructive lung disease,
(with increased R, ), letustake R, = 3em H, O s L., C, = 0.12 L (cm H; 0)'1 and BR =
0.3s ; then we get VTI, = 42. For the case of emphysema (with enhanced C,), let us take
R, =20cm H,Os L, C,=0.2 L( cm H;0) " and BR = 0.2s” ; then we obtain VTI; =
23.04. In the case of lung fibrosis (with decreased C, ) , we take R, = 2.0cm H,0 s L™, C,
=0.08 L( cm H0) " and BR = 0.25°! ; then we obtain VTI; = 3.7. We can, hence
summarize that V'TI; would be in the range of 2-5 in the case of fibrotic lung disease, 5-15
in normal persons, 15-25 for the case of emphysema, 25-50 in the case of obstructive lung
disease. This would of course be needed to be verified by analyzing a big patient
population.

[0068] Now, all of this analysis requires pleural pressure data, for which the patient
has to be intubated. If now we evaluate the patient in an outpatient clinic, in which we can
only monitor lung volume and not the pleural pressure, then we have to develop a non-

invasively obtainable Ventilatory index.



conputed values of Ra = 2.2(cmH20) s L-1 and Ca =0.12 L(cm H2O -1 and BR
=12m 1 or 0.2s 1, conputed for the data of Fig(l) and equation(3). Then,

in a supposed norrmal situation, the value of VTII is of the order of 9.75.
In the case of obstructive lung disease, (with increased Ra ), let us take
Ra = 3cmH2 Os L"1, Ca =0.12 L (cm 0)"1 and BR = 0. 3s1l ; then we get

VTIl = 42. For the case of enphysema (W th enhanced Ca), let us take Ra =
2.0cmHOs L-1, Ca =0.2 L( cmH20O -1 and BR = 0.2s 1 ; then we obtain
VTII = %696)4 | n rdertedopnulpierigndn-invasvely deferingble rVensitaorzandex figmt ake

obt ai n #@P@ e 3}\26&% red%e% %teel—tgg %Hfggram%nﬁat g’*?%%fhc&% l}ﬁ%r @gnﬁﬁtri]&t%ﬁe range

of 2-5 lprotdfthlre:aﬁ) ok thake abé of Ithin dolibwiagseatubes1fomi the nolurat-tiper 8anso 15- 25
for theu‘qg::ag1 e of enphysema, 25-50 in the case of obstructive lung disease.

Thi s wouRelifre exlyasion g thecfollewingdhise ppeameterad By Chr(&e 2 PPhTh bi g pati ent

popul at i [ 0068] W, al l, of glhis I.S_requi eur a ress

dat a, o[re&v\h ch th%{\lgatl entj 6Eghas‘g| ?‘e%’ 'nt %Qf’ég‘ydﬁd?n“o 5\%10 \7‘2? EFéYrt{ ®t he

pati ent d afiéh @ykpatient clinic, in which we can only nonitor |ung vol une

and not e pleural pressure, then we have to devel op a non- invasively

obt ai nat{P@”i/entl latory index. 14 [0069] In order to fornulate a

- non-invasively determ nable Ventilatory index from equation (1), we need
to redesi gnate the nodel te d thei r i dentificati,Qn
procedure. So we nake ustaﬁ)gtg)?nﬁ {)%PI 0 F%‘é?&tres f(% t he vol urTy—Z?i me

data to facilitate evaluation of the foIIovm ng three paraneters: : (P1 O,

(P2 © and r: [0070] At t =,t, = 1. 6s &wt, = 2.48, Vis max & dv/dt = 0;

hence wgoomyrite Agguatikpn X 9> @s hel[l&ol?}l]d1ﬂ°@8nt1atlng equation. (7) without the

((oty)=-0. 78D&P2+0)tPI)/(P1 P2cot) (12) [0072] At t =to V = 0 ; hence

by dlff@lxgﬂ@q Itggneteabiebin. (7), without the exponenti al "term we obt ai n:

(Pi +C(WV\/§ fO;\LWﬂPIC(-#a{sg@q}M ép’ %szn(a)tpf?%fé(éyfmﬁ)l no)w3 R {,_,,Bl)a( ﬁf)?f)%’)ne t")

ie. tanwt, =(-P;+ wt Py /(P 0T+ P;) (13)

[0073] Att = Is &wt=n/2, V=V, (whose value is obtainable from FIG 5b); this
condition yields (without the exponential term):

Vi=-(PiC) — {0 T (P,O)/(1+ 0°T)} +{ (P, C) /(I+ 0*D)} (14)

[0074] Att=2s & wt=m/2, V =V, (Whose value is obtainable from FIG 5b); this
condition yields (without the exponential term):
V= -(PiC) — {(P1O/1+ 0’ 7T)) +{wt (P2 C) /(1+ 0°T)) (15)

[0075] Att=03s & wt=270, V= "V; gives:
| Vs=-(P1CQ) — { 0t (PLO/(1+ 0*T)} -{ (P, O) /(I+ 0°T)}  (16)
[0076] From equations (12) & (13) and any one of the equation(s) (14-16), we can

only obtain the values of @ 7 (or of 7 , since @ = 1.55) and of (P; C) & (P, C) but not of
P; & P; by themselves. On the other hand, by also fitting equation (6), (without the

exponential term) to the V(t) data, we obtain:

-1
7= rad s ; BC= L, PC= L 17)



[0073] At t =1s &t = n/2, V = V1 (whose value is obtainable fromFIG
5b); this condition yields (vmthout t he exponential term: V1 =- ( P1C
) - (wr (P1C)/ (1+(02)) +# (P2CQ /(1 + w2TI)} (14) [0074] At
t =2s &wt=7r/2, V = V2 (whose value is obtainable fromFI G 5b); this
condition yields (w thout the exponentjI | term: V: -(P1O) - ((P1O/ (1 +
(02r2)) +(w (P2 C) /( + w2T2)} (15) ?0075] At t =0.3s & (ot =270 , V=
V3 gives: V3 = - O { 0), PLO/(1 + w2 T1)) { (P2.C /(1 + (0 2
T1)] (16077 0076] Wreo?ﬂnelwéfth%lﬁgs %Omlyla&e engherapap- @ﬁ@slmlﬁ-d@fermn@ gt i on( s)

and of . (BRSO RIRTIACE (VPSR S sle bkl s B TREL Do Rl

hand, byasfoHow§i tting equation (6), (without the exponential term to the
V(t) data, we obtain: r=rad s ; P1C=L, P2C= L (17) 15 [0077] W can
nevert hdO®%8 formul ate another non-i nvasi vel y-det er m nabl e non- di nensi onal

ventilatory index (VT L 2 e ters. (wz, Pl C and P2
C as foll ows: [0078] & f %gtcf%ﬁ’?#%@ﬁ?@@i O (P2 O (18) (3,

(RO (T VY 2 //c Pl P2 [0079] is seen that VTI2 can in fact be
expressed in terns of P1, P2 a%la!f( © (THKi/ER/Pr2 i ndex can be eval uated by
conputing the values of z, alongwith (Pl C & (P2 C) as given by equation
(17). THeeiolafter dvialseet ithuy WIIT daf ih dictderenpieeseddh t@reisseiB,, Paladd Rpatients
its di st,lc Won can nabl us, to categorize_ and _di ffer ential | d| a%nose

pati ent s. 4 1DFY R qfi}’ﬁ afgdbyy ‘iﬂ’é‘?@“‘&ﬁ&hedY%é%;@z alepgwighel{ 1t %l ndi ces

VTl 1 I ration
of sugjn cejackésg{lé\} ?i{:‘%gﬁzﬁbe@ﬁ) "\ijpe{%}[ H?%?? %r%altuggﬁ%or det s, 36 ?38@16)?} %tlh&%@nss %H(\%e have
adopt ed paltlentawts dasgmbmlymlcan enadleies to(Kat@adzR@d dlffeﬁuﬁal@Eﬂ;aglmzd @htignay Wikt er s.

Ho C wll th l , that R il
pe\r,\ﬁ\zggs ‘(?élroy‘}s 3’??}‘5‘3% ?Dfdlwg’\ﬁﬁz?sﬁf r gv?’\cef“\‘/)th o %%’%FF%&EV%MX)%@ % p VéFatc?‘Ele "

repr esendnilbp ﬂ16 one that enables more distinct separation of subjects with different ventilatory
disorders.
[0080] Thus far, we have adopted the average cyclic values C, and R, for our DE,

model parameters. However, we expect that C will vary with lung volume (¥) ,and that R

will perhaps vary with the airflow-rate or (V ) or even . Hence, for a true representation
of the lung properties C & R, let us determine their values'for different times during the
ventilatory cycle, and compare them with their average values C, & R, ,s0 as to make a
case for a non-linear ventilatory-function model.

[0081] Let us hence compute the instantaneous value of compliance (C) at mid-
inspiration at (f = ¢m ), and compare it with that of its average cyclic value of C, . For this

purpose let us differentiate equation (2-a) , giving :

[0082]
RV +V/C=- P, aSinwt+ Py wCoswt (19)
[0083] Now at about mid-inspiration, when ¢ =0.87 sand w t = w t,, = 1.32 rad or

78", V =0 and V = 0.5 L/s (based on figl). By substituting for V and V in equation (19),
we obtain, C = 0.14L/cm H>0 (compared to its C, value of 0.118). Now, in order to also

compute R at @ £, =1.32 we substitute V = 0.5 L/s and V = 0.3L (from the figl data) into

equation (2-a), to obtain:



of the lung properties C& R let us determne their values for different
times during the ventilatory cycle, and conpare themw th their average
values CQ & RQ, so as to nake a case for a non-linear
ventilatory-function nodel. [0081] Let us hence conpute the instantaneous
val ue of conpliance (C) at md- inspirgtion at (t =tm), and conpare it
with that of its average cyclic val ue C,,. For this purpose let us
differentiate equation (2-a) , giving : [0082] RV + VIC= PI

WSi ncot #89¥dCoswt (19) [0083] Now at about md-inspiration, when t - 0.87
s and wt = wtm=1. a 8_ V= = B. s (based on 40 1) .
By substituting for \%/%ajré]dqvcvﬁn/équaﬁgnp( ?@‘g# We 6%Fz8n,£cg‘§eo. 14gd3m H20

(conpared to its val.ue of 0.118). w, in order to also compute R at CO
tm =1. 329 subst i aYVeSh:}Cf‘:gélf@ %/%J-afﬁgg\ﬁ’- L4lgfemHy @ rvemolbtaia B40(emdk04¥ i nt o

53 5in 76 = g oBa P gE A slme gt b greenStgpadig o R ST, (2 o,

we obt aiif doahafifaitdAdir averbgelvalu€OOpar BRI We c5idld alsé-e£Pect TatSmBLYi§Siraéidn SONe
i dea of the order of magnitude of R & C, in conparison to their average

val ues .8 b Igher than disuraluepisendeipspicatian, avheni the ilungpisrfutly dnflated Alsohwgher
than its value at end-inspiration, when the lung is fully jnflated. Al so,
we coul auikggett thidofv-eristars oitentaxiinanba nigXhdpiraricd, whed-7 nsplakiaddlon, when
Vis maximal. [0086] We can hence represent |ung conpliance (C and
resistarP®8 R) as Y&IrBRence ipprosent lungcompliange)(h and Esistince Rl asfollgysy) ) |
(21-a) V22 or R=ResV (21-b) [0088] wherein V can al so be varied by
having the Subjects breathe at different tidal volunmes (TVs) and

ventil ation frequegcyn(w)™[-0089]orVWe 2@t ed4) per the conventi onal(zl_a)
formul ation of conpliahce, given by equati'on(ii) in FIG5b as: Pei’ = VIC +

Pei, o, (22 5 s
(22) R=sV, or R=ReV (21-b)

AT

[0088] wherein ¥ can also be varied by having the subjects breathe at different
tidal volumes (7V) and ventilation frequency (@)
[0089] We note as per the conventional formulation of compliance, given by
equation(ii) in FIG 5b as:

Py =V/IC + Pgy; (22)

[0090] In the above formulation, we assume that C and E(= 1/C) remains constant
throughout the ventilation cycle. However at the start of inspiration, C = C, at t= 0, and it
decreases as the lung volume increases, based on the lung (static) volume vs pressure
curve. So let us improve upon this equation(22) model, by making P.; to be a non-linear

function of volume, as follows:

[0091]
kv
F,=F,,+Ee (23)
[0092] Employing the above format of compliance, the governing DE, (1)
becomes
[0093] RV +Eo & =PL(t)-Pao=PotPicos0t+P, sin 0t-Peo (24
[0094] Again at end-expiration, P, o = intra-pulmonary pressure =(Py + Pj).

Hence equation.(24) becomes:



[0090] In the above fornulation, we assune that C and E(= 1/C) remains
constant throughout the ventilation cycle. However at the start of
inspiration, C=COat t=0, and it decreases as the |lung vol une
i ncreases, based on the lung (static) volunme vs pressure curve. So |let us
i nprove upon this equation(22) nodel, maki ng Pei to be a non-linear
function of volunme, as follows: [0091]'kv Pei Pel,o +Eoe (23) [0092]
Enpl oyi n% t he above format of conpliance, the governing DEq (1) becones
[0093] HOS Eo e kV = PL (t) - Pei, o = P+ PL cos CUt + P2 sin (1) t -
Pei, o (24) [0094] L Again at end-expiration, Pei, o = intra-pul nonary
pressure =(Po + PI2 V+H@a@é”e-quap;o+n E;&igcbﬁ@ aoyl [0095] RV @sko ekV
= -P1 + Pl cos cot + P2 sincot (25) [0096] vvhose RHS is simlar to that
of equation(2-a), and the values of P1 & P2 are given by equation(3) for
the FIG 5b data. [0097] In order to evaluate these paraneters k & EO , we
agai n br[oogs]t o beawhdRHSid dimilaotd thikaif equatn-h))apd thetvales of F & Prart ,
=1.6 s (f.or which co._t t,, = 2. 48 rad, sincot, =0.62 &cos (ot,
0. 79), gien Wac@aon3hfos e KIGSQMaR =TV = 0.6 L. Hence, from fi g (1) data
and equ $H's (3 6 7 9] Let
us now gbrr?al oy thegI\r/I(?)(§ )dﬁrewgegtaggt%{ﬂr%ts © ggg\aﬁlerﬁg\f%é 5&7'9 rg% gng%@ bgzgsrg[gg
di f f er erdifuatien ‘élquatelndﬂnipﬁﬁ)lontfor oktai=. 6 § 01 08]chf ¥=t £e- K 48 rodd, smuHLW sin
((ot) + Péj&o cos (O)V\f&]) 27) [00101] Fromthe Fig (1) data at about
mdlnsplp %505 Oy .,, = 0. 87s & wt,,, =1.32 =78 with cos
co (tm 02&5|n((otrr) 0.98) vvehaveV-O V =0.5

V =0 and V = Vo =TV = 0.6 L. Hence, from fig (1) data, and equations (3 & 25), we

obtain;
[0098]

Ey "% = 875 (26)
[0099] Let us now employ the volume data point at which V =0. For this purpose,

we differentiate equation (25) , to obtain:

[00100] RV + Eoke"= -Piosin(wt) +Pw cos (0 1) (27)
[00101] From the Fig (1) data at about mid-inspiration, for whicht =1, = 0. 87s &

Win=132=78  with cos (@ ty)= 0.2 & sin (@1,) = 0.98), we have V=0, V =0.5
Ls™, V=03 L, from fig(1) data. Substituting these values into equation.(27), we get :

[00102]

Ey e®* = 38 (28)
[00103] Now from equation(s) (27) & (28), we get:

e 7F =138 (29)
[00104] Jor which, k = 1.07 and (from equation 26 or 28) Ey = 2.75 (30)
[00105] Hence, by employing the non-linear formulation,
kv
P,=P, +E e

[00106] we obtain the following expression for lung compliance (or elastance):

[00107]




Ls ', = 0.3 L, fromfig(l) data. Substituting these values into
equatlon (2 ), we get : [00102] Eo e 0.3k = 3.8 (28) [00103] Now from
equation(s) (27) & (28), we get: e -0.3 k = 1.38 (29) [00104] for which, k
= 1.07 and (fromequation 26 or 28) Eo = 2.75 (30) [00105] Hence, by

enpl oying the non-linear fornulation, % Pel =Pel o+E,, e [00106] we
obtain the follow ng expression for lu conpliance (or el astance):

[00107] 18 dPI =Ekekv=2.94el.ow (31) 1 =E=C a dV [00108] Based on this
expression, we obtain for t cﬂ’e,t &1V = 0x3 @16‘1&/0 = 4.06cm HZO/{:éd and C
=0.25 L/cmH2 O (32) [001 q@aTE«JI‘ﬁ(Sg an now provide us a Ve
realistic characterization of lung corrpllance as follows: At t=0 and V =

0, we c E=1/ and C.= 0 a L. m=0. 87s & V= 0. 3L,
E= 1/ C= BZB@E‘]eanol cBase%"E IS SRHTESS)G0, 'E’V'etoft}alll ‘g ALY @t_G{ZiandEzll C=5.6 and
C=0. 18, mhiIah=Cco0605HOAS  taadide oV HendfT, 62 . [00110] CQur non-| gmar
formul ati on of lung conpliance, as depicted by equation. (31 &

Start i RaOP: i on heROfRS ER AR TtpHaR e e IEMIE chinaerization of ung .
0. 18 cmddtpliande astfolltnes:end of inspiration. What this also tells us is that
the ventil at del equation, (1) gi correct reading of the

conpl i anttia W_% gomHFteE:ﬁd}pns{)P?é{"i% 6ri; 047 con e /i nes of

i nspiration and EXES! rati on, the Ca paraneter underestimtes the

i nst ant afbbadn val-8& of 1KGrg.3L E= 1/C=4.06, and C=0.25. 33)

At t=t,=16s & V=06L, andE=1/C=56 and C=0.18
which corresponds to the value of C,, .

[00110] Our non-linear formulation of lung compliance, as depicted by equation. (31
& 33) , indicates that compliance decreases from 0.34 cm H, O /L at start-inspiration to
0.25 cm H, O /L at about mid-inspiration, and then to 0.18 ¢cm H, O /L at the end of
inspiration. What this also tells us is that the ventilatory model equation.(1) gives the
correct reading of the compliance at V. , i.e. at end-inspiration. At other times of
inspiration and expiration, the C, parameter underestimates the instantaneous value of lung
compliance. Now how about obtaining an analytical solution of equation(25) for V(t), and
fitting the expression for V(t) to the lung volume data, to evaluate the parameters (i) R, E,
& k for an intubated patient and (ii) R, E, k & P; & P, for a non-intubated patient in the out
patient clinic.

[00111] Finally, while it is important to determine the normal and pathological

diagnostic ranges of C, & R, , or better still of the parameters (Ey & k) of the C vs ¥V and R

Vs V relationships, it would be more useful to construct and employ a non-dimensional
ventilatory index We have already formulated VT I; & VT I in equations (11) & (18),
respectively. We will now formulate yet another index :
[00112]

VTI; =[60 (R,/C, ) (BR) (TV)*)/ P, P, 34

[00113] wherein (i) BR (the breathing rate in #/sec) = 0.5 @/ 7 (i) and | P; P, | is
the absolute value of the product P; P, (because of P; being negative). For the fig (1)



conpl i ance. Now how about obtaining an anal ytical solution of equation(25)
for V(t), and fitting the expression for V(t) to the lung volune data, to
eval uate the paraneters (i) R Eo & k for an intubated patient and (ii) R,
E,, Kk & P 1 & P2 for a non-intubated patient in the out patient clinic.
[00111] Finally, while it is irrportant@to determ ne the normal and

pat hol ogi cal diagnostic ranges of Ca , or better still of the

par anmet ers (Eo & k) of the Cvs Vand R vs V relationships, it would be

nave af rditigs faidh Iieéaﬁ”ﬂﬁ?ﬁxé%Wéquzfﬁ“ﬁnaglﬁ"f%h%g%g@h% eowex :)
EeRZp?C& ﬁ%&gyﬁfﬁﬂﬁ??‘o lef%é%?%ﬁﬁkwg()l?w &hﬁferéee?ﬁﬁ%*[, Igcgq%ﬂlﬁé br eat hi nEJ

rate in decideseliph indexSenables rus(tb ibettandifferd?itiaPR diaghsse fubfecabwith veatilatlryie of

the pro dJCt Pl P2 (because of Pl being negative). For the fig (1) 19 (3)
clini calTAESS of BR 0.25, with TV=0.6L & 1Pl P2/ = 18.1, and for the

comput e e of ween
compt it o NEICR B G s ot syl ML S et

differe rnatlamts,ywej cagnbmenﬁmbﬁ’mmis"zwand hvmetaahmt evaluatd iR & A asdenﬁcﬁﬁttatdc] Now,

| et t h d hat t uhat ed atients,
we. canndt b B fP0ek ) Havess o cusliaitin Duleloy indsiin bepasey i s e Bn
denmonst rigfa8fladdph (1{’ PP Ehd t(Pg 0068 .- thl:'kﬁ’{&l\éﬁﬁysfté?ﬁ B@féﬁlek@& 128 cYERbiel BERLY | ndex

in out-patient clinics, can infact adopt C and (P2 C) to be the
model - syleliapatpdrinnk906ps to a[ﬁﬁ%]va%a@@ thivesn a@pt dbe mwemwsweriy{db@{i@a}blt 0

00 e adopt o) asi vel t ai nabl e

Vent i1 acSroERRy PETHBLE Pask VA B R Fal i 8ot on 18): [o0115] vmi2 =
30coz( TY@H8er (Pl O (P2C); co=2i r(BR)(| n#sl) = 60 (BR(R'C (TV)2/(PIP2) =
VTI3 (35) [00116] which is noted to be the same_expressign as for index
VTI 3 , except thatVi{: =c3haseTEN &1y éd (i Ehout 2HBEDERIHG t he patient.

Hence, it would be even nore useful to
=60 (BR)(R/C) (TWZ/(P1P2)= VT I3 (35)

[00116] which is noted to be the same expression as for index VTI; , except that it
can be evaluated without intubating the patient. Hence, it would be even more useful to
determine the distribution of VT, for patients with a wide range of lung pathologies and
ventilatory disorders. Then, we can delineate the normal and pathological ranges of this
index, and employ this information to diagnose patients into different disease categories.
[00117] Now referring to FIG 6, there is provided a more detailed description of the
functional configuration 600 of the disease identification software system and databases in
accordance with one embodiment of the present invention. When the user 610 inputs all
the parameters through the GUI 620 into the computer processor, the inputs will be queued
in the query module 640. Then, when the parameters are transformed into indexes as
discussed above, the indexes will go to the disease identification software system 650
through the intelligent DBMS to obtain the matched diseases; the indexes at the same time
are compared with the expert DB 630 to verify the diagnosis. The final diagnosis will be
output 105 as shown in FIG 1.

[00118] Now referring to FIG 7, there is provided a more detailed description of the
performance 700 of the disease identification software system as shown in FIG 6. The
index 710 first fires up numerous search engines in finding the best match diseases in the

intelligent DBMS 720; the search engines will search the disease identification software



determne the distribution of VTI2 for patients with a wide range of |ung
pat hol ogies and ventilatory disorders. Then, we can delineate the nornal
and pat hol ogi cal ranges of this index, and enploy this information to

di agnose patients into different disease categories. [00117] Now referring
to FIG 6, there is provided a nore detfdled description of the functional
configuration 600 of the disease identg9tication software system and

dat abases in accordance with one enbodi nent of the present invention. Wen

t he usersystE (IS$) 381 | Thet PESSoeandates masy typasofidischrss GO, B0 77hwdereniae
Comput et HIBEEITEL NS APHL B B ABHEHEdoa SR SUSR, R 6 4

Then, when ers are ssed above,
t he i nde@esay Mbdul@P80.0Thdre isH psibaith den thdré kahdre thanQink WRfc ki REbLERY
through the intelligent DBMS to obtain the matched di seases; the indexes at

the sameSuspesied. aPtatistinpbancans afet wred fie detepaine Wik Bothe desianitch dissascdioagnosi s.
The fin i Sl A 0 s sh in_Fl . w
referri ﬂ%’el{ék?gP%%?,sdu}tﬂ%éegree&?tsﬁtp#%e\%?é eté nge & reg (f?ga?)gﬁ Séfategetécf#t%%i]%lﬁéeo t he
per f or masussibilfies 340t h&hen sleaserifiete dtdghbatd teanlts afill War sutpytsioeti agesROON 1 N
FIG 6. The index 710 first fires up numerous search engines in finding the
best natBPughdieGEE7P% the intelligent DBV 720; the search engines will

search t | seasey/ i fi I . Dl SS
cont ai nd0BS 52T OWHETS blebdth 1Da6h HABHE S es A Rt f el

w | | seamsbodiibntshi withbe vaflediondathets thenembodimehtstdie iBesaracike nagd uhitstheo t he
Query Mdul e, 780. There i i a pos‘gl bility that there js nore than one type
of di sedB¥LU9R;SEPe WA SeiEicds; Akeraiivearmbediments o thepigsend IRfepEPRIHE whi ch
is the i : i | 107 Ji 4 +dl seases
to the exsarf hEcfil EEMONCHATNE chiRiy KIIPHE gt & nith R pREE ickuily O
Then t hepevteimisf iSewdh ditergpatesembodimentk ase ednsldebsd to lteptompassék wither th Gpirit
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limted. Alternative enbodi nents of the present invention will becone
apparent to those having ordinary skill in the art to which the present
invention pertains. Such alternate enbodi nents are considered to be

enconpassed within the spirit and scope of the present invention.
Accordingly, the scope of the present invention is :




described by the appended clains and is supported by the foregoing
description. 21 CLAIMS Wat is clained is; | . A pulnonary di sease
detection system for detecting breathing deficiencies of a test person,
‘conprising: a breath analyser for analysing the inhale and exhal e airs of
the test person; a conputer processor for receiving fromthe breath

anal yser the information and processing the received analysis data to give
values to different paraneters of the inhale and exhale airs of the test
person; wherein when the different paraneters are volunme conpliance and
air-flow resistance, the conputer procesé@r,is enbedded with an al gorithm
for processing the information fromthe breath anal yser; wherein the

al gorithmcal cul ates the vol une conpl @AIdMS&and air-fl ow resi stance of the
test person fromthe conposition values and pressure val ues derived from

t he inhal e a%gﬁéat .and exhal e air rate; and a nedi cal database for storing
different par psetamegispr eat hs of the public and normal ranges faor
heal t hy persons; thereby the conputer processor conpares the val ues of
different parameters of the inhale and exhale airs of the.test person with
the ones stoded i# pubmonamgycii sabe dildotion SEst&R for Aetedtifg ﬁkﬁﬂlﬂlg%e%ﬁ@xﬁlgﬁers% dleky Of
whet her the ggé&lggﬁson Is suffering breath deficrencires. 2. e pul nonary
di sease. detection §§§P§N1of claim1l1, wherein the breathing deficiencies
may be caused by bheﬁtbanﬂ}setﬁiﬁﬁély%thé!hﬁxéﬂeaﬁd‘éxﬁﬁ&hx?s“ofﬂﬁ’e;})é&;pgg(lm.I njuries
and cancer. 3. Thelgulnnnary di sease detection systemof cFaim’l, wherein
the breath anal yshfompshrocsaser for eqeiking dront the draathanlyserrthe infamdtiomattdh of

the test" per probessig d recbiveddndiyéis': . deliverv.of fresh air_and
mninizing the, | gss of the ex ALyt Sgﬁg@%“g’g&%‘%%’t diffrept e %ﬁ‘Pf]fﬁ‘é hale
measur abl e afff ra3fs| efifhe test pexsonyt Wherninswhenathel differant uiasieteroire Wolvme
el ectri cal | yeongptaset-84 aiitiod L& S d the air tank,s s.to receive all
the infor mat} on fromthe air t_anE -aﬁlg%?'ﬂgutﬁ%%essﬁrzls embedded With an algorithm
or processing the information from the breath analyser; wherein the algorithm calculates
the volume compliance and air-flow resistanice of the test person from the composition
values and pressure values derived from the inhale air rate and exhale air rate; and
v a medical database for storing different parameters of breaths of the public and
normal ranges for healthy persons; ' '
thereby the computer processor compares the values of different parameters of the
inhale and exhale airs of the test person with the ones stored in the medical database so as

to y.ield-'a test result of whether the test person is suffering breaih deficiencies.

2.  .The pulmonary disease detection system of claim 1, wherein the breathing

deficiencies may be caused by bacterial infection, viral infection, physical injuries and
cancer.

3. The pulmonary disease detection system of claim 1, wherein the breath analyser
comprises: .
a mask for covering the nose and mouth of the test person so as to maximizing the
delivery of fresh air and minimizing the loss of the exhaled air;
an air tank for supplying measurable and congrollable air to the mask; and
an acquisition unit electrically connected with the mask and the air tank so as to ,
receive all the information from the air tank and the mask.



4.. The pul nonary di sease detection systemof claim3, wherein the mask
conprirses a group of electrodes including an oxygen el ectrode, a carbon
dioxi de gas electrode, a nitrogen el ectrode, a water vapor -el ectrode, an
inspired air flowrate electrode and an expired air flow rate el ectrode;
wherein each el ectrode detects each designated conponent of the inhale and
exhale airs. 5. The pul nonary di sease detection systemof claim4, wherein
the conputer processor is further enbedded with an al gorithmfor
processing the information fromthe breath analyser; wherein the algorithm
cal cul ates the breathing rate, oxygen condunption rate and carbon dioxide
generation rate fromthe conposition information of the inhale and exhale
airs of the fest B¢ BYmonydisedsy detontiar Sysignt dfelaim 8 osherdin the enatlesdmppisesson

w th the one t, 4 I cal t ahase ,so as, to,.concl ude whet her the
test person |§_§0 'uﬁggﬁdnoge%g@ﬁggeéﬁﬁx’g%ﬁ e??%’f?g‘?’eas?a’%".“ df%&]epﬁ‘fsnﬁﬁcéﬁpge’cﬁ sease
det ection systtegenflectradenadyatevreaper Blethiede; QARKEpREd aiP FIOWGEE Wlectrddd Wi &ET
enbedded wit prg&g%l rithm fcgrpé)'r cessing the information fromthe breath.
anal yser: wh&FRISE Ao R et iersin sactielectradecdsingls saohidssignatad rempeient he
exhal e air bfthmidhak adexesd dilson val ues of the inhale air and the assuned
‘normal rates' including breathing rate, oxygen consunption rate and carbon
di oxi de generation rate; thereby conparing the conposition values. of the

exhale air wsih thge pARfchadl @%’sf@&e! &ddifon 'r%gr?:gf a%ﬁxal{)%%raﬁ).tﬁ%&%ﬁg@ﬁc' ude

whet her the test person is suffering any crenciles
pul monary di BRs&eos fagher smbedded avithain algmithm For pbeessiignthé orgetion frdmphessur e

val ues inclu I . : | veol ar. pressure. 8. The pul nopary
i sease dot ooty Bhash dCuphind Rl &4 B3bheins onimtp cPamER Ay
ai r-flow rest andcsarban dioxide@ahcxition rate fivmn the compaaition infJimation dfthé mbale aMdT| |

(Ra Ca ) (Vengilat te . ins ) 60.12 = c2 R)2 602 wherein VI'li is
denot ed -as Céeir}ll%% I_ag){t%)(ér'f?/liae ptgsrt#) %%?r%ﬁ%eéel n°d’@%PF"eé E?r‘?tﬁﬁf&- person with thegmes:  and
R as air-f| ovoreddi deanedical datdbaskies es o Gackide whathéy the d@?e%atieaxfmnga@y

an

aver age val C) for the ventilatory cycle, BR i s the breathing
rate. 23 9%%%%@%%ﬁe)§‘ry di sease detection systemof claiml1, wherein

(roc),- (Pl © and (P2 C) are calculated so as to conpute V T 12 as
follows: - ¢

‘The pulmonary disease detection system of claim 4, wherein the computer
. processor is further embedded with an algorithm for processing the information from the
breath analyser; wherein the algorithm calculates the composition values of the exhale air
from the composition values of the inhale air and the assumed normal rates including
breathing rate, oxygen consumption rate and carbon dioxide generafion rate; thereby
comparing the composition vélues of the exhale air with the'bnes stored in the medical

database so as to conclude whether the test person is suffering any breath deficiencies.

7. The pulmonary disease detection system of claim 1, wherein thé derived pressure

values inc}ude pleural pressure and alveolar pressure.

8. The pulmonary disease detection system of claim 1, wherein the volume
compliance and air-flow resistance are calculated so as to compute VTI; as follows:
VT = [ (Ra C, )(Ventilatory rate in s™") 60 I = (BR)* 60°

wherein VTI; is denoted as ventilatory performance index; C as lung-volume

compliance; and R as air-flow resistance; and wherein R; and C, are designated as the

average values (R and C) for the ventilatory cycle, and BR is the breathing rate.



V T 12= 60.(on) (T V)2 /2ac (Pi OQ(P2 C) =30 w(RC (TV2I/nPi P2
wherein VT 12 is denoted as ventilatory performance index; C as
l'ung-volune conpliance; and .R as air-flow resistance; and wherein TV is
tidal volunme; P1& P2 as pleural pressures and on. 1.0. The pul nonary

di sease detection systemof claim1, wherein all the required paraneters
i nvol ved are calculated so as to conpute VT 13 as follows: VT 13 = [60 (R
/ C ) (BR (TV)21/ P1 P2 wherein VTI3 is. denoted as ventilatory
performance index; C as |lung-volune conpliance; and R as air-flow

resi stance; and wherein TV is tidal volu®8; and Pl1& P2 as pleural
pressures. 11. A method of detecting a pul nobnary disease of a test person
by investigaPi ng Theepulinoweay Hisetest idefeetion 9steaf oftchémtiewherfia&ON(P; Kiand (Bt hod

conprising t st uirin he_informati on of inhale and exhale airs
of rrPhe tegt gg?fsc?ﬁ@‘fﬁﬁ%ﬁf%a%ﬂsa@n e&'ﬁiﬁ)@éf? Bows; ocessi ng the acqui red
information to give vayqrq%w(aﬁygrm’gﬁ SRB halpg pand exhal e

airs of the test person; wherein the prg%esm ng?srls e ute W|th| n a
conmput er pr ocessdvhereiatV T Lasidenioted ameﬂnlatnrsaj)egfonnadcmrfdox Qrp bmgsiohgpet he

i nformation ¢ V\/ner Li.th a ates the
vol ume conpl |(<{irﬁr%g{e£h‘tééjﬁ gllf?é%lfgl\gv%}r% e’i‘*ﬁéé&%é’?@&?’ #’%kﬁﬁe
conposi ti on Metrakyesswes gudcasur e val ues derl ved fromthe inhale air rate.
and exhal e air rate; and conparing the cal cul ated values with the ones
stored in a nedical database so as to conclude whether the test person is

suf feri ng any0. pul TRNGilsobirs CBSRSe dét%emﬂﬂ sf@?x’i BPGlaﬁ:E 1S bk fGnl du twweﬁﬁixém t he

breat hi ng defici encLes may ‘be caused bacterial - i nhfection, viral
i nfection, REEReELS “}VH}"G?F@%H’G@@%G%W compute FHE Lyns followrsof cl ai m 11,

wherein the breath anal yser \epfpe @e@ R?ﬁﬁh rp,covering the nose and
nmout h of the test persaon so as to[ma I'm Zi n% o]e? \fery of fresh air and
m ni mi zi ng the | J¥%rein YHS isxdenpted 9§|Yentllf§tormlp|erf0mm0ﬂ‘ indexs P s Junggyolume
measur abl e - %ﬁlpﬁgﬁuer Ad I@% ﬁr—ﬁb{v s %Ei%re?tpq'ﬂ'g %1u§rlet %mlliwf’z as

electrically connected with the nas| al r tan SO as
pleural pressures.

11. A method of detecting a pulmonary disease of a test person by investigating the
- breath deficiencies of the test person, said method comprising the steps of:

acquiring the information of inhale and exhale airs of the test person from a breath
analyser;

processing the acquired information to give values of designated aspects of the
inhale and exhale airs of the test person; wherein the processing is executed within a
90mpute‘r processor that is embedded with an algorithm for processing the information
from the breath gnalyset; wherein the algorithm calculates the volume compliance and air-
flow resistance of the test person from the composition values and pfessurc values derived
from the inhale air rate. and exhale air rate; and .

comparing the calculated values with the ones stored in a medical database so as to

conclude whether the test person is suffering any pulmonary diseases.

12.  The method of claim 11, wherein the breathing deficiencies may be caused by

bacterial infection, viral infection, physical injuries and cancer.

13.  The method of claim 11, wherein the breath analyser comprises:



receive all the information fromthe air tank and the mask. 14. The net hod
of claim13, wherein the mask conprises a group of electrodes including an
,oxygen el ectrode, a carbon dioxide gas el ectrode, a nitrogen el ectrode, a
wat er vapor electrode, an inspired air flowrate el ectrode and an expired
air flowrate electrode; . wherein each el ectrode detects each desi gnated
conponent of the inhale and exhale airs. 15. The method of claim 11,
wherein the processing is executed within a conputer processor that is
further enbedded with an algorithmfor processing the information from the
breath anal yser; wherein the al gorithm cadftcul ates the breathing rate,
oxygen consunption rate and carbon dioxide generation rate fromthe
conposi tion i nf ord@askdar evering theinokradnd-raoth efthetest paisos swds to exingging fher son;

t her eby conpgdiivas Lof. t.he t.est per.so ith the ones stored in the
medi cal dat ag‘gisvgg'sdgﬁgssﬂﬁ@%@%@g&ﬁ}ﬁé’?qﬁg}' eglﬂr’ person is suffering
any breath defi ciaraiitesk fof Supplyie meistrable @hd ednabitablehir toile meisky shdhe processi ng
is executed within a c.o.rtBut ey . processor that .is further enbedded with an
al gorithm for prd<SangoR jpiteleetsically copnested with theanask and theAinfapk 89 25 Qher ei n
the al gori t hreceind allha informiation AOMRRSAE 28R aNPthti@gskof the exhale air from the
conposition values of the inhale air and the assuned normal rates including
breat hi ng rate, oxygen consunption.rate and carbon di oxi de generation rate;
thereby conpari nghet i 1] A Saaf.. | | ones
stored in the nedical %gg{a;g%dsdg g%]’.%gésrgﬁothgonﬁ%fe&3@9\%@&%&?#;%}%%{8&&r son
is sufferi ngmﬁlﬁ@né P g¥yEed eleptrader bazleon didxide Fas electmddbachitndgen ekectode;la wattrer ei n
t he derived . . eyr al ressure and.al I .
prossar e, - 16 PR achiidt il e 65 Al one BT R BB sbmds

ai r-fl ow r esvwhereincech elscodeadetastsnelddsipnaied tampmnen of the iAhile aad eftmldaives: 25
VI.!, =] (Ra CQ(Ventilatory rate in s 1) 6012 = ? (BR)2 602 wherein VTl z
is denoted as ventilatory performance index; C as |lung-volune conpliance;
and R as ai rl¥| owWhegsétbedotezinait, wheatiaithe Prcessing iCexeented drthigaabmgutas t he

aver age val . or the ventilatory cycle, and BR.is the:hreathing
Tre Do riiOecit A i b ontopdacd(n o HEpomES: mresr e Bk npration tare
cal cul at ed dbedgedth analyspytwheveih ik Agofidhl @WiBulates the breathing rate, oxygen

consumption rate and carbon dioxide generation rate from the composition information of

. the inhale and exhale airs of the test person; thereby comparing the rates of the test person
with the ones stored in the medical database so as to conclude whether the test person is

sufféring any breath deficiencies.

'16.  The method of clai-ﬁx_ 11, wherein the processing is executed within a computer
processor that is frther embedded with an algorithm for processing the information from

 the breath ahalyser; wherein the algorithm calculates the composition values of the exhale
air from the composition values of the inhale air and the assumed normal rates including -
breathing rate, oXygen consumption rate and carbon dioxide generation_rate; thereby
comparing the composition values of the exhale air with the ones stored in the medical

database so as to conclude whether the test person is suffering any breath deficiencies..

+17. The method of claim 11, wherein the derived pressure values include pleural

pressure and alveolar pressure.

18.  The method of claim 11, wherein the volume compliance and air-flow resistance

are calculated so as to compute VTI| as follows:



VTI12=60 (arc) (TV2 /2X (Pl OQ(P2 C =30 w(RC (TV2/aPi P2
wherein VT 12 is denoted as* ventilatory perfornmance index; C as
| ung-vol une conpliance; and R as air-flow resi stance; and wherein TV is
tidal volune; P1& P2, as pleural pressures and on. 20. . The mnethod of
claim1l, wherein all the required paraneters involved are calculated so
as to conpute VT 13 as follows: VI 13 =[60 (Ra/ C ) (BR (TV)21/ PI P2
wherein VTI3 is denoted as ventilatory performance index; C as |ung-vol une
conpliance; and R as air-flow resi stance; and wherein TV is tidal volune
and P1& P2 as pleural pressures. ~ 25 -
- VII = [ (Ra Co)(Ventilatory rate ins™) 60 ' = (BR) 60°
wherein VTZ; is denoted as ventilatory performance index; C as lung-volume
compliance; and R as air-flow resi'stande; and wherein R, and C, are designated as the

average values (R and C) for the ventilatory cycle, and BR is the breathing rate.

19: The method of claim 11, wherein (wt), (P; C) and (P, C) are calculated so as to
compute V T I, as follows: v
V T L= 60 (@) (T V)* /25 (P, C )P, C) =30 0 (R/C) (T V) /P, P, _
wherein V T I, is denoted as ventilatory performance index; C as lung-volume

compliance; and R as air-flow resistance; and wherein TV is tidal volume; P1& Py’ as
pleural pressures and wr.

20.  The method of claim 11, wherein all the required parameters involved are
calculated so as to compute V T I; as follows:
VT1; =[60 (Ra/Cy ) (BR) (TVY/ P P,
wherein VTI3 is denoted as ventilatory performance index; C as lung-volume
compliance; and R as air-flow resistance; and wherein TV is tidal volume and P1& P, as

pleural pressures.




