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Abstract

Background: Bronchoscopic methods for achieving lung
volume reduction (BLVR) are presently undergoing clin-
ical triale, and will soon be clinically available. Under-
standing the difterantial effects of surgical volume re-
duction therapy (LVRS) and BLVR on lung and chast wall
physiology will assist physicians in selecting an optimal
approach for patients. Objectives: Determine whether
LVRS adversely affects lung or chest wall physiology at
3-month follow-up relative to BLVA in an experimeantal
model of sheep emphysema. Methods: Twelva mixed-
bresd shesp were tréated with papain to produce ax-
perimental emphysema, and were divided into control,
LYRS, and BLVR treatment groups. Lung and chast wall
impedance was measured at 0, 5, and 10 em H;O pasi-
tivie and-gxpiratory pressure at beseline and 3-month fol-
low-up. Resulfts: Emphysama was associated with ins
creasad @inway resistance, decressed lung tissue re-

sistance and alastanca, and increased chest wall tissue
resistance. Following treatment, equivalent increases in
lung elastance occurred in the LVRS and BLVA groups
compared to controls. LVRAS did not adversely affect
chest wall impedance despite causing extensive pleural
searring. Conclusions; 1| Exparimantal emphysema fal-
lowing prolonged papain exposure progrésses a fler ces-
sation of tregtmeant, (2) BLVA and LVRS produced sguilv-
alemt lung and chest wall impedence responses at
3-month follow-up. (3) LVRS did not adversely affect
chest wall impedance despite being associated with ex-
tensive pleural scamring.
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Introduction

Respiratory svstem impedance recorded in anesthe-
rized paralyzed patients immediately before, and shortly
aftercompletion of Tung volume reduction surgery [LVRS)
indicates that the procedure causes a consistent, acule,
and substantial increase in both lung and respiratory svs-
tem impedance [1, 2]. While lorced expirntory flow rates
improve in & majority of LVRS patients by 3 months, the
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tong-term effects of surgery on respiratory system imped-
ance are unknown. Persistent adverse effects of surgery
on lung impedance could bluni potential improvement
[rom LVRS treatment, and shorten the duration of symp-
tomatic benefit. A better understanding of the extent and
persistence of initial adverse effects ol LVRS on respira-
tory system mechanics would broaden our current under-
stunding of the physiological mechanisms that determine
a favorable response 1o this procedure, This is of particu-
lar relevance since new approaches have been developed
that permit volume reduction to be accomplished non-
surgically [3-5]. In addition to being less morbid and less
costly than LVRS, nonsurgical approgches to lung vol-
ume reduction might have physiological advantages over
surgical treatment, if in fact they can successfully produce
lung reduction without adversely affecting respiratory
svstem impedance,

The present study compares lung and chest wall input
impedance measurements at 3 months following LVRS
and bronchoscopic lung volume reduction (BLVR) in
sheep with moderate, anatomically homogeneous, exper-
imental emphysema. Results indicate that despite exten-
sive pleural scarring following LVRS. chest wall imped-
pnce in LVRS, BLVR, and sham-trested control animals
is similar, indicating that LVRS does not cause any sus-
tamed adverse effects on respiratory sysiem imped-
ance.

Methods

Fxperinental Profocal

Twelve healilyy mised-breed nonpregnunt ewes (weight 57,5 =
4.3 kgh were studied in oceordance with an animal study protocod
approved by the Tulls University School of Yerermar: Medicine
Inatitutional Ammal Care and Use Committes. All animals were
acchimited to the testing facility and wcreened for soonosss prioe to
sitndy. Baseline measuremenis were reconded in endatrachendly in-
tubated, anesthetized animals 1o confirm normal respiratory mes
chanics prior 1o genertion of experimental emphysema. Experi-
mental disgnse was generated via administration of nebulized pa-
pain [4, b, 7). Bascline studies included messurements of:

1§ iotal lung capacity (TLEY and residunl volume (RY) deter-
mined by whale body plethysmography in the prone position;

(2} single breath diffusing capacity (D)0 and alveslir valume
(¥l

(3) spiral CT images of the thorax from the thoracic inlet to
the diaphmgm performed sl 25 ¢m HyO positive end-expirniory
prissure (PEEFE,

(4] lung snd respiniony system imput impedince metsured be-
rween DL156 and B.05 Hz using the optimal venhlalor wavelorm
1OVW) method of Lutchen et al. [8). Chest wall impedance was
calculated as the difference betwoen respiratory svstem and lung
impedance ot each foreing regquency.

Pist-BLVR anmd LVES Respiratory
Impednmes

Sheep received 900 TU &g of nebulieed popain delivered during
mechangcal ventilation once pér week For 1 conseoutivie weeks,
Treatmients involved delivers of nebulized papnin over 30 min s
ing o dual pebulizer system connected in-line with the mechanical
ventilator [9], Each animal received 5 puffs of albyterol sulfate
prioT 10 papiin treatment to minimize bronchospasm.

After 4 weeks, animals were restudied in identical fashion, and
randemized to one of threg (rgatments (n = 4 in cachl; shan-hron-
choscopy (conteody BLVR, or LVRS, Treatmenis werg performed
within 2 wiscks of mndomization.

Control animals underwent bronchoscopy following adminis-
tration of anesthesin and placement of an endotracheal tube, but
received no BLVR treatments. BLVR animals received BLVR
treabment, performed as previously described [4], at 0 sabsegmen-
tal sites throughow! the lungs, Sinee o subsegmen) communicaies
with approximaiely 1.5-2.00 of wial lung volume, BLVR treai-
men’ts were intended to produce n | 3=20% lung valume reduction
i cach animal. LYRS was performed by a board-certified thorcic
surgeon {aither S.1.0M, ar M T L) through a trmnsverse sternal tho-
rcotomy, Cienernl anesthesia, mechanical ventilator support, and
contingows  cardiopulmonary  moniloring  were  maintained
throughiut the procedure [7]. Staple phication was performed a1
between 5 and B sites in the crinl and upper regions of the candal
lung lobes using o US Surgical T35 Endostapler o remove up 1o
B0 g of lung tissuie dn amounts sufficient to produce a 153009 -
duction in overall lung volume. Bilatersl 34 F chest tubes wene
placed following the procedure, and attached 1o Heimlich valves,
Sterile ocelusive dressings were apphed 1o the stemal wound 10
prevent infection. Animals received analpgesics {Buprenorpliine
0.01 mpkg 1v, every B h and Banamine 2 madke Ly, every 13 Wi,
and prophylsctic amtibiotics (Ceftiofur & medke 1m.) for the first
week following trentment. Chest tubes were removed an postop-
erative day 3.

Three months following treatment, cach groap was restudied as
previously described. Following completion of physiological mea-
surerments and CT imaging. animals were euthanized with intrve-
nous pendobarbital { 100 mg'ke i.v.land sutopsied, Notable findings
were documented photographically at the tme of autopsy, A sche-
avadic of the protocol is shown in table |,

Skrrie Liorg Phoadodogy wnd CT Scan Densiiompey Aiseomgng

The severity and distribution of experimental emphysema in
tiesl animals were assessed following the development of experi-
mental emphysema (EMPH time point) by comparing TLC, RV,
Dy, DAV, and CT densitometry mensurements 1o baseline
vialues.

TLEC was defined ns the lung volume at 30 em H-O¥ transpal-
monary distending pressure calealuted by finting deflation quasi-
suitic pressure-volume curves 0 the exponentinl expression of
Salazar and Knowles [ 10]. Functional residual enpacity (FRC) was
mssessed by whole body plethysmogrephy during spontancous
breathing, The pressure ut FRC, which was used 1o fix (he end-
exprratory pressure point for these messurements, was jissessed
from esophageal balloon recordings at passive exhalation with
gnimals prone and lightly anesthetized. RY was defined as the
volume of gas remaing in the lung when airway opening pres-
stire was measured s equeal to 25 em HiD during glaw with-
drawal of gas from the lung using s 3-liter syringe starling from
FRC. Dy, was measured by the single breath carbon monoxide
absorhance test, and ¥V, by the single breath helinm dilution test,
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Takde 1. Provocol summary

17 heslify Haseline recordings’ P wkn off Faperimensal &t Prs-iresiment’
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TLE = Todal lung eapacity; RY = residual volume; Dy, = dilfusing capacity; @ = lung impedance; £y =
chest wall impedance: BAS = haseline time point; EMPH = emphysema time point: TX = post-treitment.
! Time points sl which experimental data were collected,

as previpwsly diescribed (4], Each individua! data point reprosenis
ihe average of wo sequential measires,

CT densitometry wasd pecformed by digiinl anabsieof thoracie
prmages recorded vsing & spinil imoging technigue with the lung in-
Amted 12 =20 em HzD trunsrespirstory pressure. A compulerized
plgorithm was used o define the border between lung and chest
wall, wath lung difined as any tissue with an HU of = 130 L, Cal-
culntions were performed for sections ol 1-cm intervals. Dala for
each animal are summarized as p single whale-lung average for pll
thirty image cuts, and reselis are summarized gs mean value = the
slomdmrd deviation,

fpil fmpesfance Wiesiirenienis

Measurcmonts of input impedance of the lung and respirmiony
svstem were performed in anesthetized sheep receiving sufficient
angsthesi to gchieve apten for =2 min, Animals were nol para-
Iyeed, however. Impedance determintions sere made by record-
fng airwiy fow and volume delivered through an endotracheal
tube with thietip positioned 6—8 cm above the cnrine, airwny pros-
sure spmpled throueh o catheter positioned 2 em beyond the dis-
tid end of the endotrichen] tube, and esophageal pressure spmpled
using a balloon catheter positioned beyond the thormcke inlel. Re-
cordings were made with animals positioned prome in o specially
destgned cart with o central opening and cushipmed-Seppar thai
minimizes impimgement of abdominal contenis on the diaphragm
Heart rate and arterial saturations were monltoned (hroughout
Lesking

Flera amad wolume were deliversd aocording to 2 wserapecihed
profile by & computer-controfled prewmatic ventilator with saffi-
cient power ie deliver physkologheilly rebevumt thdal volumes over
g hroad fregquency rnge (10 mlfkg), Airway and esophageal pres-
sure recordings were mmide using celibrated variabie indocior pres-
sure transducers (Oelescn + 25 em HAD transdusers) with a com-
mon mode refection ratio of < 1%, Flow was measured with o Hans-
Rudoll screen presmolachometss linear over the flow mnoges
stuchied, and & calibrated linenr pressure tensducer (Celeseo =
2 em H 0 erunsducer)

Tpsit forcing wis perfirmied accirding to the optimal ventilator
wavedorm method [8]. This method uses an nput wavelorm com-
posed of cight superimposed sine waves, in which peak flow rates

408 Respiration 2005 T2:406-417

are maintained below the turbulent mnge, and e freguencies of
the differen) waves ane seleoted o provide impedonee estiniles
vver a Broad range (0.1 56-8,05 Hx) while simultaniously minimie-
ing the potential for hnrmonc disiorton.

Impedanee results for bath the respiratory systeo and lung were
interpreted by fitting the frequency donsin data 1o o single-por
two-gompartment model of the general form:

Pk Y {jur) = R # |G — Flfa®™ + lug

where P is pressuns, Vs flow, Bis Mewtoman sesisanee. G is the
cocffcren of tssee dissipation (proportional to tissee resistance),
H s il coelicient of tissse elstonce (proporonal e dynamie
clostanced, 1 is inertance, w s pngular fregquency = (o 2ol and s
the unit imaginacy numberegual o, - 17117 Parmmetor estimages
were obtained by fitting the real and imaginary gars of the mea-
sured impedanee obtaimed From Fourier pnilvsis 1o the model using
it fEral e wehieme @ minimize the mot mean aquared crmor be-
pween meisurcd and estimated impedance values, expressed in
termis of model paramcters B, Go | and H Chest wall fits were per-
formed omitting the inertanee lerm, sinee chess wall inertance has
bien consistently shown o be negligikle [12, 13]. Only value for
wiich the eoherence of madel fits with the measured datn was bet-
ter than .95 were included in the resulis

Tigie Srevenfogy

Animals were guthanized with pentobarbiinl, exsanpgumoied,
and the hean and lungs were removed en bloe. The right lung of
anch animal wis cannulated, and the lungs were infloted to 25 cm
distendiing pressine with 0% bufTered oomalin, After 30 min, the
right mainstem hronchus was ted off, wsd the lung was immersed
i fnrge volume of 109 bufTered formaling After complete fslion
(=1 week), the hings were removed, 10 modom samples were hor-
vested, and tisswey were subnmitted for paraffin embedding and he-
mataxylin and sosin stoining: Mean near miercept For sack didmal
was determined from measures on 4 snndomiy chosen fiedds of 2
sliddes Froam ench mamal. A beabthy gnimnl lung, prepened end ans-
lyzed im identical fashion, was ased 1o provide sofmal reference
conird valuds;

IngenitodTsalMentzer Taklicsch/ Reilly!
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Table 2. Fliysiologic and mdwological

: Aozl X Time TLE RY Dy, L ETFL S CT deity
chamacterization of emphysemn model Rl icte Rien sty il i AU
BL 178=047 .40 £0.24 182+£3.7 550049 _Ti2+40
EMPH ab, (W £ [ .64 £0,38 =232 }JIBE0EY TORIT
p valee® 0.07 .03 01,0003 ik 4 (.00

* Comparisons performed by paired b est.

Table 3. Mcan hinear inlercept of healthy and experimental emphiy-
semm lung tisste

Grniig Mzin Mean W  value
lingsas incresss fnam ANOVA v
intdicept Pealthy lung  oormaal fung

Healihy lung w9z1l4 = y

Sham treatmient 9l.E+ 150 5 0017

BLVR A8+ 10,3 45 {0,026

LYES EEEE154 48 (.02

Table 4. Effects of volume reduction intervention on TLC, BV, and

DL|.l.l
Contral BLVE LVES

TLE, New
L. 1724012 Jhd40 42 032064
EMPH 61 %035 4012 041% 455 =083
TX 300040 IR =058 195107
RV, firen B

. BL 023 *[.31 042 +0.42 057 £0.54
EMPH Q30+0,23 L52+0,17 1,12 0,52
TX (0.52+030* 41 xi11 (&8 £0,54
f:?;u. I'J-Jlr_l"HHr.hlrﬂ;lm H'g .
BL 156153 I7.3%3.2 17230
EMPH 11.7%]49* HOE2.0% Xt ="
TX BN el AR E N [23+2 30

* Significantly different from baseline value for that test group
by ANOVA for repeated measuses.

Srartsticad A vy

Results for each physiological outcome parnmeter are deseribied
s mein 2 siandard deviations Statistical sigmibicance was defined
s poc (05, Ssatistically sigmificant differences betwesn differeni
treatment growps it different time poinis were assessed by mulii-
fnctorial ANOVA for repeited measures, in which treatment and
time wiere considered the independent Fectors, DH{Terences Tor con-
tinuous variables occurring bebweéen bascline and EMPH time
paints were identified by paired @ teg analvs,

Post-HLVR and LYRS Resprratory
Impedanoe

Results

Characterization of Extent of Emphysema in the

Papain Modef

The papain dosing used in this study produced an ex-
perimental model of emphysema that wis more severs
than the models generated wsing prior treatment proto-
cols [7, 14]. Physiological (TLC, RV, Dy, Dy /V,) and
radiographic {chest CT density measurements at 15 cm
H;0 transpulmonary distending pressure) parameters
used 1o characterize the extent of disease in the model are
summarized in table 2.

Nebulized papain caused a 7.5% increase in TLC, 60%
increase in RV, 36% reduction in Dy, and 12% redue-
trom in CT scan density. These changes confirm hyperin-
lation and tissue destruction consistent with moderite
emphysema.

Stereology (table 3) indicaled significant tissue de-
struction relative to normal lung. Mean linear intercept
values for sham control, LVRS. and BLVR animals were
significantly larger than those of healthy lung. Represen-
lative histology of normal lung, sham treatment, BLVR,
and LVRS tissue is shown in figure 1,

Lung Volumes, Iy ., and CT Tissue Density

Sellowing Volume Redueiion Intervention

The effects of sham treatment, LVRS and BLVR on
TLC, RV, and Dy, at 3 months are summarized in table
4. Both LVRS and BLVR caused a reduction in lung vol-
ume, while volumes in control animals tended to stay the
same or increased over time, suggesting worsening em-
physema,

Dy o dechined relative to baseling at the EMPH in each
group, and remained unchanged thereafter,

Lung and Chest Wall fnpur Impedance following

Development of Experimensal Emphysema

Papuin exposure produced changes in airway resis-
tance (R, ), tissue resistance (G ), and tissue elastance
(Hy ) from bascline that were similar to those observed in

Reapiration 200572 647 400



Fig. 1. Representative histopathology from healthy sheep lung (a) and damoged areas of sheep lung with experi-
mentul emphysema (bh Sections from sham-treated, BLY R (e}, and LYRS (d) ammals pre shown.

humans with advaneced emphysema, and similar to those
previously described in animal models of experimental
emphysema [1, 14-16]. Airway resistance increased 1.6-
tar 2.0-fold from baselineg at the EMPH time point follow-
ing papain (fig, 2a), Lung tissue resistance and elastance,
expressed as Gy and Hy. both decreased following de-
velopment of experimental emphysema [14, 17, 18],
from baseline were most evident ar 5 and 10 em
H,0 PEEP (fig. 2b, ¢). Chest wall tissue resistance (Gey)
also increased at EMPH compared to baseline {fig. 5h).
Al baseline prior to development of emphysema, the
relitive contributions of lung and chest wall to total re-
spiratory svstem impedance measured in healthy, anes-

410 Hesparatiom 20057141417

thetized sheep were similar to those reported in other
animals, and in healthy humans (fig. 4) [19=212],

Following development of emphysema, the overall
qumitudn of respiratory system impedance, equal to
TR o+ Gy + {1 40— Hyfur') wats not significantly dif-
ferent from baseline, although specific changes in indi-
vidual components of impedance were observed:

(1) R,, increased relative to baseline (p < 0.01), due 1o
an increase in R, (p<0.001)

(2} G, wits unchanged relative to baseling (p = NS), as
reductions in Gy (p < 0.001) were offset by increases in

Ingenito/Tsai Mentzer/ Jakhtsch/Reilly/
Lutchen/Mazan/Hoffman
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(3} H,, was reduced relative to baseling (p=(L18, M5)
ga Hy decreased {p = (L02) following papaim treatmend,
while Hew was unchanged (p = NS

Effect of BEVE and LVRE Treatment oan Lung andg

st Wall Impedarnce

Responses 1o sham treatment, BLVE, and LYERS
m experimental emphysema are summarized i fig-

Pasi-BLYE and LVYES Resprralors
Im pedance

1.1
"7 [ nassiine I EMPH

i
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o .-I.I - l | i
ol - | l
a 5 1
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| Basedine Il EMIM

i Ba W

| Basstine Il EMPH

I | : ‘] | I
£ A—t— |l S5
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Fg. 2. Compansom of baseline and post-papam (EMPH) bang bin
redance paramelers lorall 12 sheep 18 presented at G, 5 and 18 ¢n
H-Cy PEEP. Al the EMPH tlme poini, airsay resistance (K. (&)
inerensed significantly, and tissee resistance (G ) (h] and elastince
(M) (e} decreased signiticantly af oll PEEF levels.

Fig. 3. Comparison of Baseline and post-papain { EMPH ) chest wall
impedance parmmecters for all 12 sheep s prosented af O 3 and
Liverm H=L) PEEP, A the EMPPH time poanl, chest wall Psewlioaian
resasiance | Kvis—y, Ennlogous (o K. in the lung) () lended Lo -
crense, but this was not statistically signsheant, Chest wall {issuoe
resastanee (Cicw ) (B mereased sipniftcantly folbow N pEpain cupo-
4 [ e Cus) Iwo=selLy A SOV A o repenled msasures). £ Jnesi wenll
elastinee [Mew ke did not chang

ures Su-. Following shom treatment, chonges in respiri-
(ory system impedance conssstent with progression of
emphysema were observed. Adrwiy resistance frended
upwiard and lung tissue resistance and elastance downe
ward, although svalues at the F=month follow-up time
point were nol signiheanthy different from those mei-
surcd ai the tme of treatment (Le. EMPH],

Respirutiom 200572406417 4]
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Fig. 4. Stucked bar chari showing the relative contributions of chist
wall pnd lung 1o fotal sedpiotory svatem impedange compianents al
bpseling (BL) and fallowing developmant of experimental emphy-
serma (EMPHY Chest will Newtoninn resistunee (B vigey ) contrib-
uted abour A0-45% of Mrequency-independent ceislanoe a1 base-
ling, and plrway resisiance (R b the remander, with ne PEEP ef-
fect dmy, The chest wall contribation 1o both frequency. a Dis-
tribution of Bviscw between lung and chest wall fa, e Lung and
chest wall contributions of G, (b and H, (e]as o et al [PTEEF,

Following BLVR. airwiy resistance continued (o in-
crease, and lung tissue resistance continued to decrease,
in a manner similar to that observed in sham-lreated an-
immals. Lung elastance, which continued to decling in con-
teo] animals at nll levels of PEEP, increased at higher

g]2 Raspiemisan Mt T2 4068407

PEEP levels following BLVR treatment, although the in-
cregse was nob statistically significant,

Following LYRS, airway resistance ineredsed, and
lung tissue resistance decreased in a2 manner similar 1o
control and BLYR treatment groups. Lung elastance
showed PEEP-dependent increases post LVRS similar (o
those in BLVR treatment animals. Despite having under-
gone a thoracotomy, animals treated with LVRS did not
demonstrate any increases in chest wall impedance.

Negropsy Findingy = Plewural Scarring Reociions i

Control, BLVE, and LVRS Animals

Mecropsy findings in sham-treated emphysema ans-
mals revealed gprossly normaolappearing lungs in 2 ani-
mals, and 2 small *hlebs’ on the lung surface of the remain-
ing 2 animals. There were no pleural space adhesions, and
no other visceral or parietal pleural lesions noted,

Three of four BLVR-treated animals demonstrated in-
folding on the visceral pleural surfoce and underlying pa-
renchymal scarring at the sites of BLYR treatmen
throughout the lungs. consistent with previously reported
findings [4]. There were no pleural space adhesions, and
ng other viseeral pledral lesions noted,

All animals treated with LVRS demonstraied exten-
sive pleural scarring (he 6). Tn 2 animals, where surgical
treatment involved more candal Iocations, adhesions di-
rectly involved the thoracic surface of the costal portion
af the digphragm.

Discussion

The present study, performed in sheep with experi-
mental emphveema, compares lung and chest wall imput
Impedance measurements at normal breathing frequen-
cies following volume reduction therapy performed vii
either a nomsurgical, endobronchial approach or a stan-
dard open surgical approach. Based upon prior ahserva-
tions and reports. it was hypothestzed that changes in lung
impedance following the two volume reduction treat-
ments would be nearly equivalent, while chest wall im-
pedance would be higher in animals treated with the open
surgical approach due to plevral scarring and chest wall
distortion [T, 23], 1t was further postulated that an in-
crease in chest wall impedance would adversely aflect
responses to surgical lung volume reduction by imposing
a restrictive phyvsiological delicit that was not present pre-
aperatively. This would tend to increase respiratory $ys-
tem work of breathing, pariially negating the benefits as-
sociated with lung volume reduction,

Inpenito/ TsuiMentier/ Jaklimch/Heilly/
LutchenMazian/Hollman
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tor décrease further ar lngher levels of PEEP

from EMPH 10 TX. while BLVE ond LVRS

nrimeils demonstraled the cpposiie (@nden- L
CY, |'lII.."1IJI|'I".J|'l'|:| I FesyEhEsE [0 INCOTmEnL.
Rvitew and Hiw did nist change inany con- 4 18
siatenl manner [hroeehoot the course af e
sy, Ciyw. however, incroased wigniheant-
by from BL to EMPH, and decreased from
EMIPH 1 TX vme pomits v all treatment
proups, m K. post treatment. b Gy post
treniment. & Hy post freatment.

H e

(For fgare 3d-1 sor next poge. ) L

Since both surgical and nonsargical approaches 1o vol-
ome reduction will likely be available soon for climical
pse, defining physiological differences in response (o
these two approaches may be imporiand in assisting ¢lini-
clans with procedural selection. By not adversely affect-
ing chest wall impedance, endobronchial lung volume re-
ductin could, in theory, confer greater physiological ben-

Posi-BLVR indd LY RS Respiratory
Impedance

{E1o W5 [0

’"M[ﬂ |

BL EM#FH TE EMPFH TE

BLVR LVRS

didd

EMPH TH

Caomrol

|

EMPH El EMPH TH 2}

efit than suwrgical lung volume reduction foran equivalent
reduction i lung volume.

Serial measurements of respiratory svstem inpul am-
pedance heforg and after BLVR and LVES bave noi been
passible in humans. Therefore, an experimental model of
emphysemia was used in which detailed physiological
measurements and mmagmg studies, similar 1o those com-
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monly used i clinical practice, were meisured o chir
acterize the model and assess responses 10 treatment.
seasurements indicate that the experimental sheep T
¢l emploved here represenls moderately advanced, homio-
peneous emphysema, The model, resulting from long-
term high dose exposure 10 nebulized papain (total dose
af 900 Uike over 10 weeks), possesses histological, radio-
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graphic. and physiological leaturcs of emphysema ob-
cerved in human patients [1, 14, 24, 25], In assessing the
relevance of the observation deseribed in this study (o
clinical medicine, it s important o recognize that, de-
spite <howing significant physiological changes from
baseline, the emphysema n this sheep model is not as
severe 48 in patients who are presently considered candi-
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Fig. 6. Photographs taken ai the time of necropsy for 3 of 4
surgical treatment animals-are shown, Extensive pleorml scir-
rimg s demonstrated with fibrows hands extending both mdi-
ally between viscernl and parictal pleural susfsces, and cir-
cumierentially arcund the visceral pleura] surface, Theése fi-
ures depici the exten) of scarring thar was pssocuted with
LY S [reatmaont.
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Fig. 7. Respiirace pard tioning = abdominnl and chest wall maotson,
The frigtsn of wadal chest wall movement eeniribuigd by abgkonm-
il mation {s slewn for each tremiment group. Tidal valumes were
pientical 1o those used during OVW measerements (U3 literk In
encli trentment group and for sach lost condition, positive pressang
ventilation produced tidal hreashing in which the majoriny of clesd
wall excursion maotian wits abdomennl

dates for volume reduction therapy, Furthermore, disease
m this experimental model is more homogeneous than
in the majority of paticnts referred for LVRS, Thus,
changes in lung mechanics followimg either BLVR or
LYRS treatment are not hkely 1o be the same as those
observed in patients. Nevertheless, the pattern of change
reporied hore is likely 1o be similar 1o that anticipated mn
humans. and allows assessment of the differential effects
of BLVR and LVRS on lung and chest wall imped-
L} i

In the present study, coincident with the development
of emphysema, chest wall tissue resistance incrensed.
This change, while statistically significant, was small in
relation to the magnitude of toal respiratory system im-
pedance, which is equal 1o RelZ ) + Im[Z,). Thus, if
is oot expected 1o have physiological consequences dur-
ing normal breathing.

Following intervention, impedance values differed
amang the three test groups. In sham-treated animals, the
physilogical changes of emphysema progressed sponta-
neously over time out 10 3 months in the absence of fur-
ther papain trentments, Airway resistance continued to
increase, lung Lssue resistance and elastance continued
i decrense, and chest wall parameters remained un-
changed from protreatment emphysema vifues, At 3
muonths following treatment, both BLVE and LVRS were

associated with changes in lung clastance indicative of

volume reduction therapy, AL PEEP levels representative
of sormal breathing (=5 cm Ha0), lung elastance was

40h s piration 2005 72406417

unchanged from EMPH values, while ot higher levels of
PEEP (14l cm Hs0), increases in elastance were observed
in BLYR and LVRES groups relative to pretrentment val-
ues (p < 0.05 by paired analysis for both groups relative
to 0 PEEP values), consistent with changes in static elas-
tic recodl that have been reponed following volume reduc-
tion therapy in humans [26).

Meither BLVR nor LVRS treatment altered the time
course of change in airway or lung lissue resistance com-
pared to that observed in sham-treated animals, however,
Airway resistance continued to increase, nnd lung tissue
resistance continued to decline, following both forms of
volume reduction thempy.

Neeropsy findings (g, 6) demonstrated extensive
pletral scarring in LVRS-treated animals. Despite this,
there were no differences in chest wall impedance values
among the three treatment growps at the 3-month follow-
up. AL necropsy in LVRS animals, pleural scarring with
Abrous Lissue extending circumferential around the vis-
ceral pleura, and radially between the visceral and par-
etal pleura was observed over large portions ol the pleural
surface, However, these anatomical changes had no phys-
iological effects. Lack of complete plearal symphysis and
failure of the adhesions 1o completely involve the hemi-
thornx may, in part, have accounted for this. However,
the primary reéason for the lack of a physiological elfect
appears o relate to tidal breath partitionimg between rib
cage and diaphragm motion during positive pressure res-
piration. 1t was observed that during recordings of input
impedance. rib cage excursion was small in relation 1o
diaphragm motion, To further evaluate the partitioning
of ehest wall motion between nb cage and abdomen dur-
ing positive pressure ventilation, Respitrace recordings
were performed during passive ventilation applying tidal
volumes and PEEP levels identical to those used during
inpul impedance measurements performed vin the OVW
technigque, These additional studies, summarized in fg-
ure 7, confirm that during positive pressure ventilation,
approximately 80% of chest wall motion mt PEEP levels
between Dand 10 em H-0 s dinphragmatic (e abdom-
inal} in all three treatment groops, with only 20% of the
motion resulting from rb cage expansion, These data ex-
plain why surgical treatment hiad minimal effects on chest
wall impedance despile causing impressive searmringof the
upper thoracic plearal surface. Because rib cage motion
during positive pressure ventilation is small relative to
diaphragmatic excursion, ‘chest wall” impedance meo-
sured in this study predominantly reflects impedance ns-
socinted with abdominal rather than b cage motion. Dh-
aphragmatic breathing is likely to occur in patients (ol-
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lowing LVRS as well, sugpesting that, except in those
instances where pleural scarring directly impedes dia-
phragm motion, as might oocur following LVRS trel-
ment of lower lobe disease. the pleural scarring associated
with LVRS is not likely 1o be physiologically significant,

Iin conclusion, the present study confrms preyvious ob-
servalions regarding the effects of LVES and BLVE on
lung mechanics, and provides new information concern-
ing how the two treatments affect dynamic respiratory
svatem impedance at physiologically relevant breathing
frequencies and PEEP levels. The results demonstrate
that 10} weeks of papain in sheep produces experimental
emphysema of moderate sevenity in which 30-60% in-
creases in mean lincar intercept are nssociated with sig-

nificant gas trapping and reductions in difTusing capncity.
Phyvsiological changes following treatment with nebubzed
P progress over Lime even in the absence of contin-
ped papain treatments. Both LYRS and BLYVR produced
PEEP-dependent increases in lung recoil, but had no ef-
fect on airway or lissoe resistance values, Despite causing
extensive pleural scar formation, LVRS had no adverse
cffects on chest wall or overall respiratory svstem imped-
ance when compared to BLVR.
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