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COPD Progression and Death
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CLINICAL EPIDEMIOLOGY

{1} A BASIC SCTENCE POR CLINICAL MEDICINE : :

Fletcher et al, The Natural History of Chronic Bronchitis and Emphysema, 1976
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Chronic airflow limitation indicates the reduction in o
maximum expiratory flow that progressively occurs
In COPD and in other pulmonary diseases

Expiratory flow limitation (EFL) indicates that maximal
expiratory flow is achieved during tidal breathing and is
characteristic of intra-thoracic airflow obstruction
(dynamic airway COmpression) PrideNs. in: Hughes & Pride (eds). Lung Function

Tests. London WB Saunders, 1999

COPD

Airway

_ obstruction
Exacerbation

Airway
obstruction

, Exacerbation
Alrway

obstruction

DEATH Vital Capacity



1 Conventional (Hyatt’s) method of £

detecting Expiratory Flow Limitation

Conventional (Hyatt’s) method

Normal subject

~ FEV: _30L COPD patient
n 5 VC ~ 40L
=
g8 | D FEV,
= .
b
L

0| TLC L RV
. 0 25 4
@
i L B
: oo
= Max. exercise Max. exercise
7
c 5

Non Flow-Linited (NFL) <——— Volume (L) —— Flow-Limited (EFL)
Pride NB. In: Hughes & Pride (eds). Lung Function Tests.

London WB Saunders, 1999, p 21.
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TECHNICAL NOTE

A simple method to detect expiratory flow limltation
during spontaneous breathing

M.G. Koulouris*, P. Walta*, A. Lavoie*, C. Corbeil**, M. Chasza**
J. Braidy+==*, J. Milic-Emili*

Negative Expiratory Pressure Technique
(NEP)



IHewpopatikn Avatoin E@eappoyns tng NEP

Koulouris et al, Eur Respir J 1995; 8: 306-13
EVOAALOKTIKG, Y100 TNV aViYVELGT TOL EAIVOUEVOVL TOV

“TEPLOPIGUOD  TNC  PONG KOUTA TNV MNPEUN EKTVON
wpoteivovue TV UEB0OO T™C apvnTIKNG mieons N AAA®G
NEP (Negative Expiratory Pressure) m omoio eivon
amoAAOyuEV amo ovtd To OewpnTikd mpoPAnuata, Oev
arontel TANOLVoUOYPAPO, Elval atAT) Ko un ETepPaTiKn.



I NEP 1r N[
2 1 Exp Koulourls_et al,
N Eur Respir J
2003; 21: 743-8
Patient #12 Patient #21
b Volume, | ’ b Volume, | ’

Eav oce oOykpion pe v KOVipOA, 1N O€DTEPN EKTVON OEV
epeaviCel kaBorov 1N epeaviCel LEPIKN AOENGT TNC EKTVELGTIKNG PONG
aVTO onuaivel "dLVOUIKY] GOUTTOGCT OEPAY®YOV" Kol "TEPIOPICUO TNG
ponc". Avtifeta, ov 1 EKTVELOTIKY] PON TNG KOVIPOA EKTVONC KOL TNG
AUECMC EMOUEVNC OEv ovumintovy KaBOAov o oaoclevic oev  €yet
"dvvauikn countmon aepayoyonv". H texvikn (NEP) sivar oy, tayeio
Kot  OClOTMIOT GTNV  OVIYVELOTN TOL  QPUIVOUEVOL TNG "OLVOUIKNG
GUYKAEIGNC TOV 0EPAYOYDV' 1 AAAMC TOL KTEPLOPIGHOV TNG PONG KATA
TNV NPEUN avamvon 6€ Kabiotn kot VT OEon.



1. Promotes lung damage
2. Promotes dynamic hyperinflation




1. Promotes lung damage
2. Promotes dynamic hyperinflation
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Dynamic Airway Narrowing
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Ordinary
breathing
in COPD

Bronchi collapse

in expiration
because of positive
intrathoracic
pressure

Dynamic compression of the airway
or flow-limitation during tidal
expiration (EFL) Is a factor that

and

necrosis and sloughing of bronchiolar
epithelia

rupture the alveolar-bronchiolar attachments,

Increased number of polymorphonuclear

8 leukocytes (presence of parenchymal
W#a inflammation).

D’Angelo et al. Low volume ventilation induces peripheral
airways injury and increased airway resistance in normal
open chest rabbits. J Appl Physiol 2002; 92: 949-956.

D’Angelo et al. The fall in exhaled nitric oxide with ventilation
at low lung volumes in rabbits. An index of small airway injury.
Respir Physiol Neurobiol 2008; 160: 215-223



1. Promotes lung damage
2. Promotes dynamic hyperinflation




Old concept but with new
Implications for lung
pathophysiology

Hyperinflation in COPD is not a new idea. In 1837, the
Irish physician William Stokes, whose name Is given to Stokes—
Adams attack and Cheyne—Stokes respiration, published a textbook
entitled “A Treatise on the Diagnosis and Treatment of Diseases
of the Chest”

Stokes W. A treatise on the diagnosis and treatment of diseases of the chest. Part 1. Diseases of
the lung and windpipe. London: The New Sydenham Society; 1837. pp. 168—169.
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Main Symptoms of COPD Patients




Hyperinflation

>

>

>

>

Increase in antero-
posterior diameter
(barrel-chest)

Movements of the chest
wall are symmetrically
reduced, especially
during expiration.
—yperresonant
Dercussion note

Reduced vesicular
sounds




1. Promotes lung damage

2. Promotes dynamic hyperinflation
» Impairs inspiratory muscle function

» Increases work of breathing

» Promotes PEEPI

» Adversely affects haemodynamics

> Contributes to dyspnoea e Fressure, cm HzO warer
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HYPERINFLATION
of the lung Is defined In various ways,

but Is commonly considered to be an elevation above
normal of the resting FRC or EELV or Vr (relaxation
volume). results from destruction
of elastic tissue associated with emphysema, which
alters lung recoil (It is usually a modest contributor of total

hyperinflation).
Chest wall oy - Emphysema lung

Ferguson GT. Proc Am Thorac Soc 100 ~_ ~— Normal lung
2006; 3: 176-179 .
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occurs when patients
commence inhalation before full exhalatlon
has been achieved.

Haluszka et al. Am Rev Respir Dis
1990; 141: 1194-1197

Free outflow

Intrabronchial
pressure low

Bronchi collapse

Dynamic Compression of the Airways= ~Peepi



Pathophysiology of COPD

Air Trapping and

Pathology Inflammatory Cells Vagal Tone Vagal Nerve System Hyperinflation

Breathing at Rest in COPD Patients

IRV

Boehringer Ingelheim GmbH




Pathophysiology of COPD

Pathology Inflammatory Cells

Air Trapping and

Vagal Tone Vagal Nerve System Hyperinflation

Breathing During Exercise in COPD Patients

IRV

Vir

FRC

Increased breathing rate

Boehringer Ingelheim GmbH

EILV ‘
I

EELV




Pursed-lip Breathing in COPD

Ordinary
breathing
in COPD

Pursed-lip breathing in COPD

Bronchi collapse

in expiration
because of positive
intrathoracic
pressure

Resistance to
outflow at lips

Intrabronchial
pressure elevated

Resistance
outflow at

lips maintai
intrabronch
pressure a
slows flow

Bronchi remain open

More air expelled

Bronchi remain

open because of
positive pressure
within lumen and
slower flow rates

AN — Time —
A3




Measurement of Hyperinflation |1

Magnetometers _
Optoelectronic Plethysmography (OEP)

Dellaca et al, Crit Care Med 2001; 29: 1807-1811

l

Mation
analyser

3-D position and
displacement of the
markers

l

Volume
computation

|

Total and compartmental
chest wall volumes

Geometrical models
of the chest wall

Inductive Plethysmography
(RIP)




Ferguson GT. Proc Am Thorac Soc 2006; 3: 176-179



Exercise in COPD

Association of EFL with dynamic hyperinflation

Koulouris et al, JAP 1997; 82: 723-31




Frequency, % of Sample

-1.5 -1.0 -0.5

Change in IC from restto peak exercise, L

O’Donnell DE & Laveneziana P. COPD: Journal of Chronic
Obstructive Pulmonary Disease 2006; 3: 219-232.




Hyperinflation appears to be the
main determinant of exercise capacity and
the magnitude of resting IC (a well
recognized marker of Hyperinflation), the
best clinical predictor.



Treatment of Hyperinflation |

Dynamic hyperinflation is a
temporary and reversible increase In
EELYV, therefore it is amenable to
therapeutic Iinterventions.

Up to date, bronchodilators are the
main pharmacological means for

Improving dynamic hyperinflation.



Bronchodilator-Induced Changes in IC

O'Donnell (Chest 2006)

Peters (Thorax 2006)
VanNoord (Chest 2006)

Maltais (Chest 2005)
O'Donnell (ERJ 2004)
O'Donnell (ERJ 2004)

DiMarco (ERJ 2003)

: NYA\=1D,
Celli (Chest 2003) LABA
Newton (Chest 2002) - scvere

moderate | IS—ABA+ IC

O'Donnell (AJRCCM 1998) _ |
00 01 02 03 04 05 06 tiotropium

Change in IC (L :

O’Donnell DE, Munich, 2006 geinIC (L) tio+LABA
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“Pharmacological lung volume reduction”

Air trapping X hyperinflation

O G 5

Peripheral airway net diameter




Pharmacological Volume Reduction by

DEFLATORS

ﬁ‘-TLC

FRC

IC

Lung Volume
(Yopredicted TLC)

Adv Ther (2010) 27(3):150-159.
DOI 10.1007/s12325-010-0017-6




A Other treatments of Hyperinflation ==

Table 2  Effects of other interventions on hyperinflation, exercise endurance, and dyspnea in patients with chronic obstructive
pulmonary disease

Baseline Change in Increase in Increase in

FEV, Static IC* Dynamic  Exercise Change in
Intervention Study Year N (%) (mL) ICt (mL)  Endurance Dyspnea P Value
Oxygen Somfay et al>” 2001 10 31 -31 3304 618 sect ) <0.05 vs. room air
Exercise training  Porszasz et al®®* 2005 24 36 MM 133 696 sec MM <20.05 vs. before
trainin
LVR surgery Fishman et al*® 2003 608 27 NM MM Improved =10 W% NM =0.02 vsg.‘ no
surgery
Appleton et al®® 2003 29 28 NM NM 126 m (survivor | <0.01 vs. baseline
group) (dyspnea only)
Miller et al®* 2005 093 15-40 NM NM 45 m NM <0.05 vs. baseline
Heliox breathing  Palange et al** 2004 12 37! —80 (NS) 200 288 sec 1 <0.001 vs. air
Pecchiari et al®®* 2004 22 41-61 +20 NM NM NM NS
Bronchoscopic LVR Hopkinson et al*® 2005 19 28 NM 170 131 sec | 0.03 vs. no surgery
for endurance
only

FEV, = forced expiratory volume in 1 second; heliox = helium-oxygen; IC = inspiratory capacity; LVR = lung volume reduction; NM = not measured;
NS = not significant; | = decrease.
*IC measured during body plethysmography as total lung capacity minus functional residual capacity.
fIC measured at isotime during constant load submaximal exercise.
*Measured with 50% inspired oxygen concentration.
*0n incremental exercise testing.
ICalculated on the basis of predicted value.

Cooper Ch B. AMJ 2006; 119: S21-S31



Many studies have shown that Pulmonary Rehabilitation (PR)
reduces dyspnea on exertion,increases exercise capacity and
Improves health-related quality oflife (QOL) in COPD patients.
Symptomatic individuals with COPD who have lesser degrees of
airflow limitation who participate in pulmonary rehabilitation
programs derive similar improvements in symptoms, exercise
tolerance, and quality of life as do those with more severe disease.
However, little is known on the effect of a PR program in EFL and
NFL patients, who substantially differ in terms of COPD severity
and hence exercise capacity and dyspnea.

Aim of the study

Therefore, the aim of this study was to investigate the effectiveness
of a PR program on EFL status and DH in stable COPD patients
both at rest and during exercise.
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Table 1
Anthropometric and lung function data of NFL and EFL patients.

All patients MFL patients EFL patients
n 42 26 16
Gender M:36, F:6 M:24, F:2 M:12, F:4
Age, yrs 65+ 8 66+ 8 62+8
Ht, cm 167 +7 168 +7 166+ 6
BMI, kg/m? JBELE 2045 284+ 4
FVC, Zpred 80+ 23 93+23 82 + 21
FEV,, ®pred 50+ 25 Le+ 27 35+10
FEV, /FVC, % 43 +15 49+ 15 3447

Values are means £+ 5D; n: number of subjects; M: male; F: female; BMI: body mass
index, Ht: height; FVC: forced vital capacity; FEV: forced expiratory volume in the
1s.




Pre-rehabilitation at rest

/i Expiration
|

Volume L



All patients followed a PR program for a period of 12—-15 weeks, 2
sessions per week, each session lasting 120 min. The minimum and
maximum number of sessions per patient ranged from 24 to 30,
with an average of 27 per patient.

The quality of life was evaluated by the Saint-George’s Respiratory
Questionnaire (SGRQ) before and after PR completion.

Chronic dyspnea was rated according to the Modified Medical
Research Council (mMMRC) dyspnea scale.

Expiratory flow-limitation (EFL) was assessed using the negative
expiratory pressure (NEP) technique described in detail by
Koulouris (Koulouris et al., 1995)



Exercise tests

» Before starting the PR program all subjects underwent a maximal
Incremental symptom-limited exercise test on an electrically braked
bicycle ergometer connected to an automated exercise system
(P.K.Morgan, Kent, UK).

» The following ventilatory variables were recorded breath-by-
breath through a pneumotachograph: minute ventilation (VE), tidal
volume(VT), inspiratory time (T1), expiratory time (TE), respiratory
drive (VT/TI), and breathing frequency (f).Immediately before and
after the PR program, each subject was studied sitting on the cyclo-
ergometer in steady state conditions at rest and at 30%, 60%, 90% of
their WR max.

» In each experimental condition, EFL and operational lung
volumes were evaluated by NEP application and measurements of
Inspiratory capacity (IC).

»Within the first week of admission to the PR program a 6 MW test
was performed. The 6MWT was repeated at the end of rehabilitation
program
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Results

E.P. Theodorakopoulou et al / Respiratory Physiology & Neurobiology 238 (2017)47-54 51
Pre-rehabilitation at rest Post-rehabilitation at rest
H 11 V A

/i Expiration
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Fig. 1. Atypical COPD patient, who was EFL at rest before the commencement of the PR program (left). The same COPD patient became NFL immediately after the completion
of the PR program (right). Solid arrows indicate application () and removal (¢ ) of negative pressure.




Table 2
Lung function data and patient-centered outcomes data between EFL and NFL patients pre- and post-PR.

Parameters Patients Pre PR Post PR paired t-test % Change
FRC, %pred All(n=42) 122431 118+29 NS
EFL (n=16) 136436 11720 P=0.02
NFL(n=26] 113423 11834 NS
[-test p=0.013 NS
IC, %pred All (n=42) 88 +28 91+23 NS
EFL (n=16) 13£16 83+19 P=0.008
NFL(n=26) 97 £30 96424 NS
[-test p=0.008 NS
mMRC All (n=42) 2341 1.7+1 P<0.001 26%
EFL (n=16) 2641 21+1 P=0.014 17%
NFL(n=26) 2041 15+1 P<0.001 25%
EMWT, m All(n=42) 202 £66 339+54 P<0.001 15%
EFL (n=16) 270 £ 68 32743 P<0.001 21%
NFL(n=26] 306 +62 34660 P<0.001 13%




Table 2
Lung function data and patient-centered outcomes data between EFL and NFL patients pre- and post-PR.

Parameters Patients Pre PR Post PR paired t-test % Change
WR max, watts All (n=42) 18416 87428 P<0.001 10%
EFL(n=16) 60+£19 81422 P<0.001 17%
NFL (n=26) 84+29 01431 P=0.03 8%
SGRQ All (n=42) 47414 34414 P<0.001 28%
EFL(n=16) 5647 3447 P<0.001 30%
NFL (n=26) 44416 13416 P<0.001 25%
Borg scale - Dyspnea (S90% WR max) All (n=42) 5743 37436 p<0.001 35%
EFL(n=16) 6142 4042 p<0.001 33
NFL (n=26) 4843 2812 p<0.001 42%
Borg scale - leg Fatigue (S0% WR max) All(n=42) 49+3 ENEY. p<0.001 35%
EFL (n=16) 5E42 2942 p<0.001 50%
NFL (n=26) 4342 2842 p<0.001 35%




Table 5
Changes in breathing pattem pre- and post-rehabilitation according to EFL or NFLstatus at rest and various stages of exerdse,

Tepes  Tpposts  Pualue e Teposts  Pualie  Trpepres  Tppposts  Pvalie  FpreRR(brfmin)  FpostRR (brmin)  Pvalue

Rest EFL-NFL(n=6) 220404 271404  P=003 129404 146403  P=0025 355406 424505  P=0.021 1743 1342 P=(.035
NFL=NFL(n=36) 227407 253408 P<OO01 139403 151404  P=0043 404+10  P<0001 1945 1746 P= 0007

PEWRmax  EFL-NRL(n=9) 128404 156404 P=004 103:04 120404 P=0002 232406 285:05  P=0.006 2444 2+4 P=0.03
NFL=NFL(n=33) 132405 154405  P<0001 119404 130505  P=0007 252408 292408  P<0.001 2546 2th P<0.001

GEWRmax  EFL-NL(n=12) 105405 121405  P=002 094403 110403 P=0.006 199407 P<O00T 2945 - P< 0001
NFL=NFL(n=30) 111404 132404  P<0001 110403 125403  P<0001 224406 250406  P<0001 2847 RSV P<0.001

WYWRmax  EFL-NL(n=16) 085405 102404 P=0013 082402 101403  P<0001 166406 203406  P<0001 3244 B P=0.002
NFL-+NFL(n=26) 090404 116404  P<0001 104203 117403 P=0019 196206 231406  P<0001 3047 EY: P< 0001

Values are means + SD; n: number of subjects; NS: not statistically significant difference; EFL: expiratory flow imitation; NFL: nonexpiratory flow limitation; Ty: expiratory time; T, inspiratory time; Tyor: total time; f: frequency;
RR: res piratory rate; brf min; breath per minute; WR max; maximal work rate.




Conclusions

Before PR, 16 patients presented with EFL at rest and/or during
exercise. After PR, EFL was abolished in 15 out of those 16 EFL
patients who exhibited a significant increase in IC values. These were
mainly accomplished through a modification of the breathing pattern.
In the 26 NFL patients no increase was noted in their IC. However,
both NFL and EFL COPD patients improved exercise capacity and
patients centered outcomes undergoing the same PR program.



All patients were studied in eight different positions: seated erect (pos.1), seated
erect with arms supported (pos.2), seated leaning forward (pos.3), on hands and knees
(pos.4), prone (pos.5), supine (pos.6), left (pos.7) and right lateral decubitus (pos.8).

In 13 COPD patients was found that:

1. EFL is promoted not only in supine (9/13) but also
In prone position (10/13)

2. EFL was abolished in hands and knees position
In almost all COPD patients studied (8/9)

3. EFL was abolished in most patients (6/9) in both
lateral decubitus posititions (can be easily adopted).

Dimitroulis et al, AJRCCM 2001; 163: A410 (Abstract)



During mechanical ventilation

{
Hans Rudolph valve
Vacuum cleaner”

Valta et al, AJRCCM 1994, 150: 1311-7
Armaganidis et al, Crit Care Med 2000; 28: 3837-42
Koutsoukou et al, AJRCCM 2000; 161: 1590-96

Koutsoukou et al Crit Care Med 2002; 30: 1941-49
Alvisi et al, CHEST 2003; 123: 1625-32




Conclusions

Reducing hyperinflation in patients with COPD Is a key
mechanism for improving their dyspnoea, exercise tolerance
and activity

It Is now possible to achieve sustained lung volume
reduction not only by pharmacological means but with
programs of Pulmonary Rehabilitation, which abolish almost
completely the cause of hyperinflation in COPD patients, I.e.,
expiratory flow limitation by changing the pattern of
breathing

What remains to be clarified is whether the application of
long term pharmacological lung volume reduction and other
Interventions will alter the natural history and mortality of
this disease



Thank you!




