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OBJECTIVE: To investigate the short term effects of high 
frequency chest compression (H FCC) on several indices of 
respiratory system mechanics in normal subjects and ra
tients with cystic fibrosis (CF). 
DESIGN: Comparative physiological approach. Subjects 
were hlindecl to IO randomized HFCC sett ings (5. I 0. 15. 20 
and 25 Hz) with each applied at the lowest and at the highest 
background vest pressure. 
SETTING: Pulmonary runction ,111d lung mechanics labnra
tory. Uni versity ot' Alhcrta. 
PARTICIPANTS: Ten normal mak volunteers (24.2±3.8 
years) and 11 clinically stable CF patients (23.4±(1. 7 years). 
Normal subjects were nonsmokers who had nornwl lung 
function. The CF patients had a wide range of airway 
obstruction. 
INTERVENTIONS: HFCC was supplied hy oscillat ing a 
pneumatic vest that covcrL·d the entire torso. Balloon tipped 
cathl'lers were useJ to measure csorhageal (Pes) and exter
nal chest wall (Pew) pressures. Changes in end-expiratory 
lung volu111e (EE!.V) Juring HFCC were measured from a 

spirogram and were compared with baseline l'unction:il re
sidual capacity (FRC). The HFCC induced air 111ovemcnl al 
the mouth. oscillated tidal volume (Vo.sc). w,1s measured hy 
reverse plethysmography. 
RESULTS: Both normals and CF palient.s had .simi lar 
changes in PL'S and EEL V. At the highest background vest 
pressure and at the higher oscillation frequencies, EEL V 
decreased approximately 30% from the no-HFCC baseline 
FRC. Vose decreased with increasing osc illation frequency 
but normals had higher Vose than CF patients at each 
frequency. Conversion orVosL· to flow (Vose ) revealed that 
the highest Vose occurred between 10 and 15 Hz for both 
normals and CF patients. Also. Vose was dependent on the 
overall airway function . Low furced expired volume in I s 
resulted in lnw Vose, e.,peci;tlly when Vose was 111easurcJ 
during spontaneous expiration . 
CONCLUSIONS: CF patients with moderate or severe airway 
obstruction may gain maximal henelil from HFCC lherary 
wllL'n luw vest pressure is used at an oscillation frequency 
or IO to 15 Hz. The low vest prL'ssurc minimi1cs the de
crease in EELY and 10 to 15 Hz maximi1.c.s V,>sc. ( !1uur 
u ;.,u111l. 1·oir 11ug,· 41 J 
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Effets d 'une compression thoracique a haute 
frequence sur la mecanique du systeme 
respiratoire chez des sujets sains et chez des 
patients atteints de fibrose kystique 

OnJE(;TIF : l~tuJicr ks dkls ;1 cuurl lL'llllL' d'unL· L'llmprcssion 
thoraciquc :1 haute rrequcncc sur plusicurs ind ices de la mccaniq uc 
Ju sysl1.'111c rcspiratoirc che 1.. Jes sujcts sains ct chcz Jes patknls 
allcints de fib rosc kysliquc (FK). 
M oDI\ u : : Approchc physinlogiquc comparative. l~tudc en 
avcuglc sur Jes sujcts snumis :1 IO nivcaux de compression 
thoraciquc ;1 h;1 ute frcqucncc ranJomises (5.10.15.20.25 ll z). 
chacun appliqui: :1 i.J prcssion Jc n:fcrcncc: la plus bassc ct la pl us 
hautc d'un gilet. 
C ON TEX TE : Liboratoirc d · o pl oral ion, i'onL·t iornll'lics cl de 

111ccani4uc pulmonairc de J'Uniwrsitc d' Alberta. 
P ARTICIPANTS : Dix homrncs volonlaircs sains (24.2±3.8 ans) ct 
11 patients allcinls de fibrosc ky.stiquc cliniquemcnl stable 
('.U .4±6.7 ans). Les vo!Dnlaires sains ctaiL'lll des 11011-rumcurs cl 
di:monlraicnl unc fonction pulnmnairc nonnalc. Les patients atlc
inls J c FK prcscntaicnl unc obstruct inn bronchique Jc dcgrc vari 
able . 
I NT ERVE 'TIONS : La compression thoraciquc a haute rrcqucnce a 
CIC appJi(JUCC L' ll llSCillanl Lill gi)L'.I j)lll'.Lllll.lliqUC rL'L'OUVranl Jc 
thorax. Des cathch:rs :1 ex tn:mitc gonlbblc ont etc utilises pnur 
mcsurer la pression oesoph;Jgicnnc ct Jes prL'ssions i.1 l'exlL:rieur de 
la pmoi thoracique. Les changcmenls dans le volume pulmonairc 
en i'in 1J' cx pira1io11 pendant la compression thoracique :1 haulc 
rn:qucncL' ont etc mcsurcs d'aprcs un spirngramme cl L·ompan:s 

H l(ilf FREQUENCY CIIEST COMPRESSIO N (HFCCl lffl'Oln

edly inne:ises mucus clearance in normal animals ( 1-3) 
and in patients with lung di sease (4 -6). In patients . HFCC can 
he delivered by a pneumatic vest tlwt surrounds the thorax. 
The vest is inllated lo ;1 positive haekground pressure over 
which pressure oscillations of 5 to 25 Hz arc superimposed. 
The patient can either breathe spon taneously during continu
llUS HFCC or I !FCC can be activated during expiratory 
hn:athing nKmoeuvrcs. Enhanced mucoci liary clearance has 
been allributcd. at lc;1st in rart , to high osc illated air flow in 
the airways ( 1-3 ). 

The concept or HFCC was first dcsnibed in I LJ66 by Beck 
(4). He described the use or a belt-like bladder that sur
roundc<l the upper ,1hdomen and lnwer thorax which was 
inllatl'll to _1 () cm 1--1:20 and the air osc illatl'd al _,() Hz. ln

nea.,L's in mucus expcL·toration. vital eapacity and maximal 
voluntary ve ntilation ,vere reported for a patient with d1roniL' 
obstructiw pulmonary di sease. Then in the mid-1980,. King 
L'l al ( 1.2) rerorted that HFCC rnhanced tracheal and periph
nal mUL'OL'ik1ry clearance in normal dogs. The cuff and 
pump system used by King ct al produced reak osL·illatory 
cu ff pressures o f up to I 00 cm H10. and 13 Hz was found to 
be the most effective mucus clearance frequency. Since then, 
HFCC studies on cystic fibrosis (CF) patienh have demon
strated increased short tnm sputum production (5 -(i) and 
improwd peripheral ventilation (6) . Furthermore. Warwil'k 
and Hansen (6) rerorle<l improw d lung function in 15 or 16 
CF raticnts a rtcr 22 months or dail y HFCC use. 
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avcc b capacitc rcsiduclk ro11c1iD1111clk (CRI:) de base. Le mouvc
mcnl d'a ir :1 la hom·hL· induit par J;1 L·u111prcssio111hmaL·iquc 11 haulc 
frC:LJUenCC. \'()JUJ11C Cllllrillll ohlL'llU par l>SL·iJJatioll, C[ai\ llle,Ul'C pa1· 
plcthysmographic invn,cc. 
Rt'-S l ' I.TATS : Les palicnts sains L' l ccux alleints dc f-K pn:scn1aicnt 
J es changcmcnls similaircs dans la prcssion o~sophagicnnL' cl 
dans le volume pulmonaire cn fin J'e.xpiration . A la pressil>n de 
rcrcrcnL'C la plus haul.: Ju gilct cl ,JL,x frcqucn ccs d' oscillations lcs 
plus hautes, le volume pulmonaire en fin d'expiration l'i1u1ai1 
;1pprnxirnativrnicrll de J() '/, par rapport :1 la CRF Jc base 11011 
.soumisc it la comprL'ss ion 1llor;1L·iquc de hautc frcqucnce. Le vnl-
11lllL' L'Ouranl ohtenu p;1r 1>sL·iJJ;11io11 L·lrnlail lors 1l'ullL' ;1u~~n1c11ta
tion de la frcquencc Jcs uscillat1011s. l'L'pcndanl. :1 l'i1;14uc 
frcquence. lcs sujcts sai ns presentaicnl 1111 voluni.: u,mant oh1cnu 
par oscillation plus clevc quc cclui des paliL'll\s allcint s LIL' FK. l.;1 
conVL'rsinn Ju volume couranl obtenu par o.scillation en dchil a 
rcvt'lc qu·on ohtrn;1i1 Jc J cbit le plus clcve cntre 10 cl 15 111 i1 la 
J'oi s pour Jes sujct s sains cl L'CUX alleints de FK. De m.:mc le dL' bil 
ohlenu par osc illation ctail dependant de la l'onction rc,piratoirc 
Jans .son cns..:mhle. Un volume cxpiratnirc maxirnum/sccondL' 
L1iblc rcsull ail en un Jcbit nbtcnu par osc illation f'aiblc, en pa1·1icu
li er quand le debit ohtenu par oscillation ctait mcsure au urnrs 
d' unc expiration spnntance. 
C ONCLUSIONS : Les patients alteinls dc: FK Cl pr6sent;111l UllC 
obstruction niod<:r<:c ou grave Jes voics a.:riennes pourraicnl 
largcmenl bi: n<:J'iL·ier d'unc thcrapic par compression thorac ique it 
hautc frcq ucnec lorsque une faible prc:ssion est appliqu<:c it )'aide 
d'un gil et it une fr<:quenL·e J 'osc illalions Jc 10 :1 15 Hz. La f;.iiblc 
prcssion du gilct minimise la chute du volume pulrnonaire en fin 
d'expiralion tandis que I() :1 15 I IL maxirnaliscnl k Jd1it oblcnu 
par oscillation. 

In, inv or its reported ellcctiveness and the availability or 
a commercially avai lable dniL·c . the clinical use or HFCC is 
li kely to increase. Howevn. st udies investi gating the ,hort 
term effec ts of HFCC on re spiratory system mechanics in 
human subjects haw not been rcrortcd. 

We studied nmmal su bjects and CF patients to determine 
the effects of HFCC on external chest wall pressure (Pnv). 
pleura l pressure, end-e xpiratory lung volume (EEL V ). oscil 
lated tidal volu me (Vose) and oscillated air flow (Yosc). 
Some important differences were found between no rmal sub
jects and C F ratients. 

PATIENTS AND METHODS 
Subjects: This study wus approved by the local ethics com
millee and signed in formed consent was obtained l'rom all 
subjects. Tl'11 normal subjects :md I I CF patients were stud
ied. T he normal subj ec ts comprised nonsmoking volunteers 
24.2±3.8 years old with normal lung function. The C F pa
tients averaged 23.4±6.7 years. with forced cxriratory vol
ume in I s (FEY t) rang ing from 21 to 11 I 'k of rre<lictcd 
va lues (7). !\II of the CF patients were in a L'iiniL·al ly stable 
phase or the ir disease an<l daily routine and medical treat
ments were unaltered for this study . 
Lung function: Pulmonary runction tests were done within 
I h before the HFCC study. Baseline lung function, whid1 
incl uded spirometry and lung volumes. was detenninc<l in all 
subjects. For the CT patients. lung volumes were measured 
with both the he lium <lilution and body rkthysmugraph 
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TABLE 1 
Anthropometric and baseline lung function for all 
subjects* 

Cystic fibrosis 
Normals atients 

Age (years) 24. 2±3.8 23.4±6.7 

Height (cm) 177.3±4.8 175 0H 1 

Weight (kg) 78.2±8.7 63.9±6.8 

FEV1 (% predicted) 100.8±10.7 63.7±26.9 
(range) (85-123) (21-111) 

FEV1/FVC (%) 82.3±5.8 55.2±16.3 

FRCHe (% predicted) 118.4±12.3 123.9±14.5 

RVH,o (% predicted) 89.0±181 122.4±51.5 

TLCHo (% predicted) 101.0,:J.4 1040±173 

TLC p1 (% predicted) 11 9.8±43.6 

'All subjects were male. Data presented as mean-:, SO. FEV1 Forced 
expiratory volume in 1 s; FRC Functional residual capacity; FVC 
Forced vital capacity; He Helium dilution; Pl Body plethysmography: 
TLC Total lung capacity. Predicted values are from references 7 
andB 

methods, but only helium dilut ion values were obtained for 
the normals. A Gould 2400 PFf system and a Gould 2800 
Autobox were used (Gould, Ohio). Baseline heli um dilution 
funct ional res idual capacity (FRC) measure me nts were taken 
in triplicate with at least 5 rnins between measurements. T he 
average of these three values was used to determi ne the 
EELV during HFCC. Anthropometric and base line lung 
functi on data for the two study groups arc prese nted in Table 
I with normal values fo r spirome try and lung volumes ob-
tained from Morri s ct al (7) and Crapo ct al (8) , respec tively. 
HFCC system: The ThAIRapy system (American Biosys
tems. Minnesota) was used for HFCC. The system contains 
an air-pulse generator consisting of a high vol ume regenera
tive blower that provides a constant background pressure and 
a rotary valve that produces alternati ng pos itive and zero
gauge pressures. These pressures are applied to a pneumatic 
vest via two nexible hoses. The det1ated vest covers the ent ire 
thorax and extends to the iliac crest. In this study. the vest was 
fitted to each subject by having the subject inhale to total lung 
capacity and then securely fa stening the vest in place. Th is 
allowed for subjects tu take deep breaths without being re 
stricted by the noncompliant vest. 

The vest' s background pressure can be regulated and the 
frequency of the pu lse pressures is controllable between :'i 
and 25 Hz. Ten of a wide range of pLlssi ble pressure :.ind 
frequency combinations were investigated: 5. I 0. 15, 20 and 
2.5 Hz osc illation frequencies and the lowest (LP) and highest 
(HP) background pressure sellings. Activation of the HFCC 
system is controlled by a 'dead man' s' switch designed for 
control by the patient. but in thi s study it was controlled by 
the investigator. 
Lung mechanics measurements during HFCC: To study 
the short term e ffects of HFCC, a system capable of simulta
neous ly measuring several indices of respiratory system me
chan ics was devi eel (Figure 1 ). These included Pew, 
esophageal pressure (Pes), changes in EEL V, spontaneous 
tidal volu me (V1-). spontaneous breath ing frequency (I) and 
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Figure I) Diugrwn of the system used to 111ea.m re si111u/w11eously 
extemal chest 1rnll pressure ( Pcu). esophageal pres.111rc ( Pes). 
oscillated tid,if 1•ol11111e ( Vose). e11d-expirotury l1111g 1·o l11111e ( l:"f::I. VJ. 
tid,il \'o/11111e ( Vr) a11d/1·equrncy (j) . Tl1e 7hAfH"l 'Y air pulse gc11<'!"·· 
uror is 1101 .1/w11"11 hut co1111ects tu the \'<'SI , ·ill !lrn/le.rible hoses 

the HFCC inuuced volume change at tile mouth . Vose. Both 
pulse pressure (amplitude of the pressure wave ) and mean 
pressure (pressure at midpulsc) were obtained for Pew and 
Pes (Pew-pp. Pes-pp. Pcw-m, and Pes-m. respec tivel y ). All 
measurements were recorded on a four-channe l Gould strip 
chart recorder and val ues fo r Pew, Pes and EELV were 
obtained at the end of a spontaneous expiration. Two meas 
ureme nts of Vose were made during HFCC for each of the IO 
frequency-pressure combinations: one Vose was measured at 
the middle of a spontaneous insp iration and the other was 
measured at the middle of expi rat ion for the same spontane
ous breath to ensure a constant lung volume for the two 
measurements. 

Pew was measured via a 120 cm long and 0.20 cm inner 
diamete r catheter wi th a latex balloon covering its tip. The 
balloon was 4 cm long and 2 cm in d iameter and partially 
in fl ated with 1.5 mL of air. The cathete r was taped to the 
external chest wall so that the balloon was 2 to 4 cm below 
the lc rt pec tora l muscle and under the vest. A Validync MP 
45 (±50 cm H20) (Validyne Eng ineering Corp, Cali fornia) 
pressure transduce r was used and the frequency response of 
the chest wall balloon system was flat through 25 Hz. 

Pes was measured using the method described by Milic 
Emil i et al (9). An esophageal balloon was connected lo a 
Validyne MP 45 (±50 cm H20) transducer via a lJ() cm long 
and 0.15 cm inner diameter catheter. T his was then cunncctL'd 
to a 60 cm long 0.50 cm inner diameter catheter. The re
sponse of the Pes measure ment system was frequency de
pendent and correction factors were used to account for this. 
The correction fal'lors ranged from 1.00 to I. I :'i at S H/ and 
15 Hz. respec ti ve ly. 

T he immediate HFCC induced changes in EEL V, Y.r and 
f were measured by a rebreathing system (Figure I) with 
separate inspiration and exhalation pathways (Ohio 840, 
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TABLE 2 
Short term ventilation response to HFCC 

Vr,b (Ll Vr,HFCC (L) __ fb (beats/min) _ fHFCC (beats/min) VE.b_iUmin) VE,HFcc (Umir_!) 

Normal subjects 0.59,:0.04 0 66±0 11 15.3! 0 .7 16.4±1.3 8.2±0.5 10 O:l: 1 8 

Cystic fibrosis patients 0.95±0.06 1.08±0.06 11.3±0.4 11.9+0.7 10.1 +0.7 12.2±1.0 

P value <0.001 <0.001 <0.001 <0.001 <0.001 <0.01 

Data presented as mean ± SD: n= 100 for both groups. b Baseline (no HFCC); f Frequency: HFCC High frequency chest compression: VE Total 
ventilation: VT Tidal volume 

TABLE 3 
Mean values for the various measurements during HFCC 

Pcw-m (cmH20) Pew-pp (cmH20) Pes-m (cmH20) Pes-pp (cmH20) EELV(%FRC) Vosc1 (ml) VoSCE (ml) 

LP HP LP HP LP HP LP HP LP HP LP HP LP HP ----
Normals n=10 n=10 n=10 n=1 0 n=10 n=10 n=10 11=10 11=10 n=10 n=10 11=10 11=10 11=10 

B 0 0 0 0 -4 .8 -4.8 0 0 100 100 0 0 0 0 

5 Hz 14.0 28.3 11.0 19.2 - 2.6 - 1.6 4.9 7.5 91.4 82.6 53.8 78 .0 38.8 61.9 

10 Hz 14.2 31 .2 6.3 10 9 - 2.7 -0.4 3.7 6.5 91.1 83.4 33.6 42.3 29.0 42.5 

15 Hz 16.7 38.7 8.4 12.7 -2.6 0.5 4.2 69 91.3 79.9 23. 5 26.8 19.5 22.9 

20 H1 22.0 43.0 8.8 13.3 - 2.3 0.4 4.4 6.3 88.3 79. 1 12.3 165 10.7 14.6 

25 Hz 23.2 46.0 8.2 10.9 -2.6 0.3 4.5 5.7 88.2 78.2 8.8 10.4 8.3 9.3 

CF 11=11 11=11 11=11 n=11 n=7 n=7 n=7 n=7 n=11 n=11 n=11 11=11 Tl=11 n=11 

B 0 0 0 0 -2.7 -2.7 0 0 100 100 0 0 0 0 

5 Hz 13.0 31.5 12.4 2 1.6 0.4 2.5 5.8 9.4 91 .3 84.5 42 .9 62.2 30.9 30.1 

10 H7 16.6 37.2 8.2 14.0 0.6 4.0 4.6 7.5 91.1 80.5 24.3 33.7 14.3 17 4 

15 Hz 20 .4 41 .5 8.9 14.3 0.5 4.3 4.6 7.4 88.8 79.9 17.0 22 .6 10.6 9.5 

20 Hz 22 .9 51.5 9.? 12.7 0.9 3.9 4.3 5.9 87.9 78.9 11.2 12.7 5.5 4.6 

25 Hz 25. 1 53.4 8.3 11 2 1.8 5.2 3.2 5.3 87.9 76. 5 7.9 9.7 4.4 4.4 

B Baseline: BTPS Body temperature, ambient pressure and saturated with water vapour; CF Cystic fibrosis; EEL V End-expira tory lung volume; 
FRC Functional residual capacity: HFCC High frequency chest compression; HP Highest HFCC background pressure: LP Lowest HFCC 
background pressure; Pcw-m Mean chest wall pressure; Pes-m Mean esophageal pressure; Pew-pp Chest wall pulse pressure; Pes-pp 
Esophageal pulse pressure. Vose, Oscillated tidal volume (BTPS) during spontaneous inspiration. VoscE Oscillated tidal volume (BTPS) during 
spontaneous expiration 

Ohio i'vkdical Prnducts. Wisconsin). Carbon dioxide was 
rrnwvcd and the inili;tl fraction llr inspired oxygen (F102) 
wa., .,cl al appmximall'l y 0.5 lo allow several minutes of 
rdircalhing. Each or 1he IO combinal ion s or had;ground 

11ressure and nscill;11ion frequency re4ui red 3 rnins of re
hrL' ath ing wilh the F10 2 resto red between each combination . 
Oxyge n saturation (O hmeda Biox :1700. Ohmeda. Colorado) 

was monito red as a sarety measure in lhe CF patients bu t 
oxygen saturalion remained hclWL'L' n l)7 and I 00'1< in all 

pali ents. 
T he subjects brealhed for I min from the closed ci rcui t 

without .superimposed HFCC to obta in the baseline spirn .. 
gram. Then. when HFCC was sta rted. the increased exlernal 
chest wall pressure caused a shirt in the spirogram 10 a new 

and stable position which was measured as EEL V. HFCC 
conlinucd ror 2 mins. EELV du ring HFCC (exp1nscd as 
r;cFRC ) was ohlamed by use of the baseline helium dilutilln 

FRC and the HFCC induced change in EELV. 
The exhalation pathway ,1l'ted as a low pass filter so lhal 

rapid volume changes at the mouth caused by HFCC (Vo.,cl 
could be recorded a.s pressure changes in a 20 L isothermic 
chamber located nl:.ar the mouth (Figu1t· I). The Vose meas
uremen t was frequency dependent and correction l'actllrs 
were used to obtain lhe true Vose. These correction faclors 
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ranged from 1.00 to I .'i'i al 5 Hz and 25 Hz. respcl'livcly. The 
correct inn J'al'lors wne nb1aincd hy osL·illaling the isolhcrmic 
chamber with a Malrix mcillatm urnnected L'.ilhn al the 
mouth piece or dircc lly lo lhe L·lwmlw r wilh a shorl piL' L'C or 

wide bore tubing. Airflow throu gh llll' brca1hi11g system. 
eilher inspiration or L'xpiralion. had no ellccl on VosL· meas
urement. 

Since Vose apprnximaled a sinusoidal wave. th e mean 
Vose durin g HFCC was cakulaled hy multiplying lhe Vose 
by half the oscillalion rrequency ,11 whil'l1 it was measured. 

Correlation nicllicients were L',ilrnlalcd and analysis or 
variance (ANOVA ) lesls were done lo lcsl for differences 
lx'lween groups and within grnups. Posl-hoc comparisons 
were then done using lhe least signil.icanl difference test. 
Signil'icanl diffe rences were t.1kcn al the Pdl.O:i level. 

RESULTS 
Esophageal pressure was ohtai1ll'd for ;tll or lhL' normal 

subjects hul rm only seven or till'. l l CF palie nt s. Four 

patients were unable lo tolerate the esophageal balloun. In 
this study. a wide range o r pres., urcs was delivered 10 the 
chest \Vall due 10 the differe nt backgrnuncl pressure .,et tings 
(LP and HP) and the five different oscillation frequencies 

used. 
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Figure 2) Ejfecr.1· a/111eu11 che.11 \\'all pressure (l'rn·-111) A 01111ww1 
1'so1,lwgeaf pr<'s.rnre ( f'l's -111), and B 011 e11d-npirn111n· lung n1/11111e 
( t,ELV). 0 Nor111a/.,· (N): 0 Crsri,· /ilm1.1i.1 (CF) t"11ic111.,: FRC 
Fu11crio1111/ residual c1111uciry 

TheeffectofHFCC on Y.r. fanJ total ventilation (Y1::) arc 
shown in Table 2. The CF patients hrcathecl with significantly 
larger Y.1. lower frequencies and larger ventilation rates than 
the normal subjects. and HFCC caused significant increases 
in all or these variables in both normals and CF patients. The 
HFCC data represent the mean for all IO pressure-frequency 
comhinations hut the changes in hreathing pattern were si mi
lar for all uf the combinations. 

Tahlc 3 shows the mean values for the other measure
ments made bet'on.:' and during HFCC. ror all subjects, the LP 
setting resulted in Pcw-m hcing approximately half the value 
obtained during HP. Compared with LP at the same oscilla
tion frequency, HP always resulted in higher values for Pew
pp and Pcs-pp, more positive Pes-m and lower EELY. In the 
normal subjects . Vose was always higher during HP, regard
less or whether Vose was measured during spontaneous in
spiration or exp iration. For the CF patients, Vose was al so 
higher during HP when it was measured during spontaneous 
inspiration, hut the differences in Vose between LP and HP 
were insigni!'icant when it was measured during spontaneous 
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rurcd 11·i1/1 11·arer l'u/,011r 

expiration. For buth normals and CF patients . Vose dl'
creased exponentially as frequ ency increased. 

The transmission or pressure from outside the chest tu the 
pleural space is shown in Figure 2A. At FRC, without HFCC, 
Pes-m averaged-4.8 cm H20 in the normal suhjccts and - 2.7 
cm H20 in the CF patients. During HFCC, the changes in 
Pes-111 were sim ila r for the normals and C F patients, averag
ing 0.092 cm H20/cm H20 and 0.103 cn1 H20/cm H20. 
respectively. 

As expected, increasing Pcw-m decreased EELV (Figure 
28 ). EELV decreased s imilarly for both normal subjects and 
C F patients. T he lowest EELV seen in the normal group was 
66% of the pre-H FCC FRC and in the CF group it was 50%. 
In both instances the lowest EELV ocrnrrcd at !he HP 25 Hz 
setting. The lowest six values for EELV, seen in Figure 28. 
came from the same CF patient. 

The ahility lo transmit HFCC pulse pressure~ through the 
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chest wall to the pleu ral space is indicated in Figure 3A. 
Increasing Pew-pp was associated with higher Pes-pp in both 
the normal and CF groups . On average for the IO experimen
tal HFCC settings, Pes-pp was 50:±69'0 of Pew-pp in norma ls 
and 50±5% of Pew-pp in CF patients. Each of the regressions 
in Figure 3A was signi ficant (P<0.00 I) but they were not 
significantly different from each othn. 

The effects of Pcs-pp 011 V osc are shown in Figure 38. 
Although there was a large scatter of points for both the 
normal subjects and C F palirnts the linear regressions were 
signilicanl (r=0.48 and r=0.29. respectively). For a given 
Pcs-pp the Vose. measurL'.d during spontaneou s expiration. 
was approximately three times greater in normals than in CF 
patients. 

The effects or oscillation fre4uem:y on oscillated tidal 
llow rate in normals and CF pal ienls during spontaneous 
expiration arc shown in Figure 4. Although the normals had 
much higher Vose than the CF patients, the highest Vose 
occurred at 10 H1 in both groups. A similar pattern was seen 
for Vose measured during spontaneous inspiration except 
that Vose peaked at 15 Hz and that Vose. like V0sc. was 
higher during spontaneous inspiration than during expiration. 
especially for the CF patients. 

Figure 5 shows the effect of airway obstruction, as as
sessed by FEV1, on Vose at HP and 15 Hz. Regardless of 
whether Vose was measured during spontaneous inspiration 
or spontaneous expiration. decreasing FEY 1 decreased Vose. 
Thb e ffect was larger during spontaneous expiration even 
though the measurements were made al the same lung vol
ume as during spontaneous inspiration. A similar effect of 
FEY I on Vose was observed for all or the olhL'r HFCC 
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pressure and frequency comhinalions investigated m this 
study. 

DISCUSSION 
We found that both normal subjects and CF patients had 

decreases in EEL V during HFCC. At HP and al the higher 
oscillation frequencies. EELV decreased to less than 80% of 
the baseline FRC. We also found that transmission of HFCC 
induced pulse pressure across the chest wall to the pleural 
space was similar for normals and CF patients. However. 
conversion of Pes-pp to Vose and lo Vmc was less efficient 
in CF patients than in normal suhjccts, especially during 
spontaneous expirali<lll. 

Patients with airway obstruction tend lo hreathe al an 
elevated FRC, which minimizes the degree of airway closure 
( 10) and it is generally considered undesirable rm them to 
decrease EELV . Since HFCC decreases EEL V one might 
expect widespread airway closure in CF patients who have 
significant airway obstruction. Although we did not observe 
a decrease in arterial oxygen saturation during short term 
HFCC. it should be recall ed that F102 was kepi al approxi
mately 0.5 during the studies. Typically. HFCC treatments 
arc conducted over 30 mins ,vhile the patients breathe room 
air so it is possible that hypoxcmia could develop in that 
instance. On the other hand . Vr increased during HFCC and 
it is possible that. at end-tidal inspiration, any airway closure 
is overcome and gas exchange may be reasonably well pre
served . Also. HFCC, especially al the lower rrequencies 
where Vose i.~ highest. may be beneficial lo gas exchange 
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( 11, 12 ). I lowcvcr. animal studies sugges t that any bcndicial 
effects or chest wall oscillation on gas L'xchange require 
larger, anu nol srnaller. lung volumes ( 11 ). Studies uuring 
HFCC should be done to determine whether the decreased 
EELV causes any signiric1nt e!Tecls on gas exchange. 

We shmVL'J ( FigurL' 4) that Vose, measured during spon-
1ancm1s expiration, was consiuerabl y lower in CF patients 
than in normal subjects and there was a iL'ss well defined ·best 
frequency" ror Vose in the CF patients. We be lieve this 
difference in Vose bt:tween the two groups is related to the 
higher airway resistance in CF patients. Increased airway 
rL' .,istancc causes a larger time constant and. at a given Pes
pp , Vose will be lower. The decrease in EELY would be 
cxpeclL'U to cause ;1 i'urther increase in time constant ( 13) and 
this m;1y contrihutL' to the lown Vose that occurs with in 
creasing HFCC rrL'LJUL'ncy in both normals and CF patients 
(Table 3). 

Figure 5 .shows that Vose changes with FEY I anu with thL' 
phase or spontaneous breathing. During inspiration Vose 
was , without exception , higher than during expiration for 
both norma ls and CF patients . Also. the lower the FEY I the 
greater was the disparity in Vose bL'tWeL'n inspiration and 
expiration. We bclil'.ve this illustrates the influence or pleural 
pressure on airway resi stance. 'fhe measurements in Figure 5 
were obtained at the midpoint, or inspiration and ex piration 
when lu ng volume and elastic pressure were similar. There
fore. diffen:nces in pkural press ure between midinspiralion 
and midexpiralion represent the pressure required to over
come resistance ( I..J.). For inst;1nce, at high background lll'L'S
surc and at 15 Ht, this resisti ve pressure. obtained from 
Pes -111. aVL'ragcd 5.l) cm H20 in the rwrmal subjects and 
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