Ultrasonic measurements of CO, during quiet breathing may diagnose degree of airway obstruction
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ABSTRACT METHODS ANALYSIS RESULTS/CONCLUSIONS

Patients with airway obstruction might be identified and Study Design Molar mass & Volume Sta‘_tiStica_l A'_"a_|VSiS | In the table 3 are the separate discrimi-
categorized as to Severity with measures of CO, and Spi- Patients and healthy volunteers at the pulmonary function labo- The speed of sound in a gas | ' Linear Discriminant A_n_aIY§|S _ nate analyses. Almost 80% of the patients
rometric flow patterns during quiet breathing. Molar mass ratory at LDS Hospital in Salt Lake City, Utah, USA is proportional to the molar T — 1.Compare % Classification using Volume-%CO; L :
. 4 4 ] were separated into normal or disease.

measures were compared to CO, measurements made with mass of the gas. Molar 7 parameters vs. Volume-Molar Mass parameters to _

. . i< direct] d t - biect Overall, no difference was found between
a mass spectrometer. Sixteen healthy subjects and twenty N=65 (35 Men, 30 Women) Mass IS directly measure | categorize subjects | 3 the mass spectrometer %C02 vs. volume
patients were tested in our pulmonary laboratory. They Mean Age: 48.4 (range 18 to 81) from the average sound velocity. Accuracy of mo- 2.Incorporate Age, Gender in addition to Molar '

. . C | ts is 0.034%. Table 1 sh - : parameters and the molar mass vs. volume
breathed quietly for 5 minutes on an ndd ultrasonic spi- armass measurements is . 0. 1dbIe 1 ShOWS Mass parameters to categorize subjects arameters to correctly classify patients into
rometer (ndd, Zurich Switzerland). CO, was simultane- Measurements: an example ot molar mass for room air. 3.Categorize to "Normal” or "Any Obstruction” tph e simple “normal” ory “any obsl’?ru ction”
OuSIY measured Wlth ad 1mass SpeCtrOmeter (mspeC) and eSti— SplromEtl’y (FVC, FEV]., PEF and FEV]./FVC rat|0) Table 1: Examples of calculation of molar mass (room air & typical alveolar gas) RES“ItS gI’OUpS. The MM parameters were more
mated with molar mass (MM) determined from the ndd spi- DLCO (only in scheduled patients) P g o Ml Average values for FEV1 and FEV1/FVC in each dis- consistent in their classifications.
rometer. Volume/time, %CO,mspec and %CO,MM were Mass spectrometer (%CO, Measurements) CabonDide 00003 Py oot ease category are listed in table 2, along with mean pa- Classifying patients into their correct level
sampled at 200 Hz throushout each respiratory cvecle. Com- Ultrasonic flow sensor (Volume, Molar Mass Measurements) e o e rameter values. There is excellent correlation between : 0

p g p y cycle. Mean Wolar mass of Arat % Humicity 28,95 : of obstruction was less accurate. For %CO2
osite capnograms (%CO,mspec vs. Volume) and (% 5 the parameters (1-4) derived from the mass spectrome- d mol bout 60% of th tient
p pnog 2MSP . _ 8 TR TE 5 and molar mass abou o of the patients
ConM VS. VOlU.IIlG) WCTIC CreatGd fOI' eaCh SlleGCt by aver- g 7 /J g 7 Mean Molar mass of alveolar gas 29.78 ter measured /OCOZ VS. VOIume CL:rveS and the UItra_ were CIaSSIfled |nt0 the|r CorreCt ObStrUCted
aging the %CO,mspec concentrations at matched exhala- %’g / 50 f;?g%?fi?»s;{-edrznloi)ag(?qgass;s;zvf gngzlcu{)\;e_sl:z (_Zorre- level (mild, moderate or severe) or normal

tion yolumes. Maximum slope and the volume where the ‘2;4 . g i Volume measurements are made simultaneously 00, a2 3 0_966 , P2: - =0.961, P3: r" = groups.
maximum slope occurred were calculated from the com- 23 - 5, — using the transit time differences between up- edy T D T IR There were only three restricted patients
posite curves for each subject. In addition, slope of phase S 2 / s, —C02 stream and downstream ultrasound pulses. The Table 3:  Discriminate analysis usm: only COZ measurementsfrom masszpectrometer and the discriminant analysis generally cate
I1I was calculated. Linear discriminate analysis was used R / S difference in the transit times is initially used to ﬁé" dCVaILeﬁg/Sglggzg Claﬁs%izge\sittlr{ gorized these into a normal pattern.
to compare percentage of correct classifications using T 0 o4 o6 os o measure mean gas velocity in the breathing tube. %C0O2|  Molar Mass
CO,mspec data and the CO,MM data. Additional analyses Volume [L] ~ Volume[l] | F|0V\_’ is calculated as velocity (cm/ sec).x Cross- Spirometry: 68.8 78 1
were performed USIHg Only the molar mass data and addlng Severe Obstruction Pattern Normal Spirometry SeCEIOna| darea (Cm ) Of the tu be and g|VeS ﬂOW NOrmal
age and gender to the discriminate analysis. A final classi- Protocol f)CbTa |/ r??/cc;))l Sr;(emrzzeagt rerina”y, flow is integrated to Spirometry: 90.0 80.0
: ' . - Any Obstruction
ﬁiatfg\? anali/,?ls WaAS peggrrtnedt.catigor}zmti SUbSTt only . Subjects seated using nose clips Parameters extracted from composite curves Overall: 790 790 CONCLUSIONS
gl tO ormal or —Any UDSITUcCuon - using thc molfar mass . Relaxed breathing for 5 minutes P1: Maximum slope of the volume-gas curve Correctly Classified
dala. . SIOW Vital CapaCity W|th|n fiI‘St and IaSt minUte Of teSting Eg \S/?Iumefw?]ere tnle r??;(lmurln S|Ope OCCUrs The information Contained in the molar mass derived 1. MO ar mass measurements are
. Mass spectrometer calibrated prior to each test - 210pe Of phase 1l o1 Ihe vVOiime-gas Curve arameters can correctly categorize 79% of pulmonar simple and correlate well with
Results: The %CO,MM measurements accurately tragked . Signals digitized at 200 samples/sec P4: Volume at beginning of Phase || P fente. Wh gll dg ddo y tp the d _y tional ¢
the %CO,mspec. %CO2mspec data correctly categorized - - - i i paticnts. <N age and gender are added 1o the dis traditional measures of CO2
olLL,MSPEC. 7ot p y g . Tidal breaths over 5 minutes are combined for analysis into : criminante analvsis 82% of the patients were correctl
72% of the subiects into their spirometric “Normal’ or _ Parameter Extraction Example Y 0 p Y 2.Molar mass measurements may
0 © subj P two composite curves (CO; vs. Volume and Molar Mass vs. ' . . . classified. q fFort-ind dent
“Obstruction” category. Molar mass data correctly catego- Volume) | provide an €ffort-indcpenaen
rized 67% of the subjects. Adding Age and Gender, molar . T | test that will diagnose the_
mass data correctly categorized 78% and finally molar Spirometry g | - Slope of Phase | | Table2 | Normal Moderate | Severe presence and degree of airway
mass data correctly classified 83% into either “Normal” or Standard spirometry was done on all subjects, except one, 8 | | Maximum Siope _ FEV1 (L) 3.39 1.65 1.47 obstruction
“Any Obstruction” prior to performing the quiet breathing on the ultrasonic molar e e | FEVI/FVC (%) 79,2 51.5 44.4 . In the future, these may add
mass device. PFT measurements of FVC and FEV1 and percent S | L@ @ ! MAX A %CO2/L |55.2 44.3 35.4 additional information to
Conclusions: Molar mass measurements may provide an ef- predicted values (using NHANES III reference equations) were _ Maximum | | |Volume at Start of Phase Il | Volume at Max traditional spirometry from the
_ cast | 9 _ ence Vaxime Volume at Max |0, 122 0.123 0.142 Y
fort-independent test that will diagnose the presence of and obtained and used to categorize the subjects into normal, and - 7 / | | | Slo;e Phg 0 shape of the molar mass vs.
degree of airway obstruction. Molar mass data may add ad- mild, moderate or severe obstruction or restricted. - : .4 o - - 1.97 +.73 4.49 volume curves
ditional information to traditional spirometry. Exhaled Volume (fiters) volume at Phase 0,174 0.176 0.197




