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Collaborative Occupational
self-management therapy
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9 0 Skill Acquisition 0 0

Exacerbation Knowledge Interdisciplinary Long term supervised exercise

Management Unsupervised exercise Supervised excrcise OR maintenance programme

I8 IN3zFF Increasing support

Feasible for most hospitals?



Differences In content and organizational aspects
of pulmonary rehabilitation programmes

Returned surveys First global survey: PR in 2011

(n=481) —

Excluded surveys (total: n=51):

e Missing data for one or more

> questions (n=37)

e Two or more surveys from same
pulmonary rchabilitation programs
(n=11)

¢ Pulmonary rehabilitation program
startcd only 1in 2012 (n=3)

o8
'y 1
1

5 = 1)

g

Analysed surveys (n=430)
e Africa (n=1)
e Asia (n=10)
e FEurope (n=188)
¢ North America (n=187) om o
¢ Oceania (n=36)

¢ South America (n=8)

Eur Respir J 2014; 43: 1326-1337



Heterogeneity of COPD & Pulmonary Rehabilitation
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Heterogeneity of COPD & Pulmonary Rehabillitation
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Heterogeneity of COPD & Pulmonary Rehabilitation
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Stable COPD: 97.4%
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Heterogeneity of COPD & Pulmonary Rehabilitation
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Heterogeneity of COPD & Pulmonary Rehabilitation

Frequency %
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Interventions

ECT/ADL: energy conservation techniques/activities of daily life

BE/PLB: breathing exercise/pursed lips breathing Eur Respir J 2014; 43: 1326-1337



The EASI model: A first integrative computational approximation to
the natural history of COPD.

Exposure Module

1. Age of smoking onset, yrs.

2. Maximal exposure (packs/day)

3. Time to max. exposure, yrs.

4. Age of quitting, yrs.

5. Time to complete quitting, yrs.

Activity Module

6. Activity trigger, pack/day

7. Slope to maximal activity

8. Persistence after quitting, % Activity

Severity Module

9. Normal rate of FEV decline, ml/yrs.

10. Activity trigger, % epithelial apoptosis

11. Slope to maximal severity

100

Exposure (%) = Activity (%) == Severity (FEV1,|) == Impact (%)

12. Maximal rate of FEV, decline, ml/yrs.

13. FEV, at 20 yrs. of age, liters

Impact Module

14. Impact trigger, % reference FEV;,

15. Slope to max. Impact

£
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= =,
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>
= 1t
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X 1t
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0,5
U
30 40 50 60 70 80 90 100
years
Cross-section Exposure Activity Severity Impact Colour map
at age (FEV1, % ref)
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30
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60
70
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PLoS One. 2017 Oct 10;,12(10):e018550_2.



The EASI model: A first integrative computational approximation to
the natural history of COPD.

(1) Continuous smoker (2) Susceptible quitter @ 45 yrs. (3) Susceptible quitter @ 65 yrs.

s EXpOSUIE (06) s Activity (95) s Severity (FEVL |) === impact (%) e ExpOSUre (06) s Activity (%) === Severity (FEV1, ) === |mpact (%) s EXPOSUNE (Vo) e Activity (%6) === Seventy (FEV1, [) s==|mpact (%)
100 0 100 45
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(5) Continuous smoker with (6) Continuous smoker with

(4) Persistent inflammation after quitting abnormal lung development poor perception of symptoms
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20 20 20
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B0 80 80 % bad

PLoS One. 2017 Oct 10;12(10):e0185502.



Weather and

Fatigue/ impact on
recovery breathing

Mobility

problems Physical

Limitations of
COPD

Frustration/

disappointment Psychological
distress

of COPD

Embarrassment

Personal
barriers

Lack of Motivation
drive

Older age

REEERLRE Attitudes/
perceptions

Underestimation
of Importance

of PA Learned
helplessness

Barriers / Enablers for Physical Activity

Personalised pulmonary rehabilitation in COPD

Positive
attitude
of mind Positive
perception
of PA

Attitudes/
perceptions

Self-set
goals

Routines

SEINE
regulation Personalised

exercise
regime

Personal
enablers

Pacing
yourself

Achievement

Enjoyment

Controlled Autonomous of PA

motivation motivation

Socialising

Caring
responsibilities

Eur Respir Rev 2018; 27: 170125



An Integrated Approach for Personalized Management
of Patients with COPD

9. Disease 10. Mood 11. Acceptance | 12. Smoking 13. Labor
cognition problems and processing cessation reintegration

Treatment modules
6¢. Start up very

low load daily life
activity

5b. 6b. Individual

Exacerbation | training of self-
treatment care

2b. Hydro
therapy

5a. Extensive 6a. Extensive 7a. Medication
exacerbation functional adherence
management training training

1a. Physical | 2a. Individual 3a. Abnormal | 4a. Extensive
fithess outdoor body composition dyspnea
additional | physical activity | /comorbidities | management

8a. Partner
therapy

Specific burden-assessment-driven modules

6. Functional 7. Medication 8. Environment

training of patient

3. Healthy
nutritional
patterns

1.Physical | 2. Daily outdoor 4. Dyspnea | 5. Exacerbation

management management

and inhalation

- hysical activit
fithness 2ATL y therapy

Basic modules

Clin Res Pulimonol, 2015. 3(2): 1034.



Personalised pulmonary rehabilitation in COPD

Baseline assessment Patient tailored programme Outcome

Determine degree of complexity Determining the combination of treatment modules and
consequently the required combination of therapies

activities

Knowledge and
self-efficacy
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Efficacy of a cell phone-based exercise program for COPD
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Physical Activity Is the Strongest Predictor of All-Cause Mortality in
Patients With COPD:

A Prospective Cohort Study

1,0 e
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COPD patients perform daily arm activities less intensively than healthy subjects but
require more muscle effort
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COPD patients perform daily arm activities less intensively than healthy subjects but
require more muscle effort

Relative effort AU 2. Arm elevation AU Z  Arm intensity AU 2 Sensor placement

— P Cleaning the window l
. ; Writing on a board Borg score 1
B E‘_ A~ i Cleaning the sink l
f i ; Pouring water and drinking Start
ol O = protocol
I-,_:_ E Stretching arms 1
L@ — . 4<% .
S ti s 3 ?‘ Shaking hands Borg score 2
(M 4> (D ,
3 o E 3 o 3 o Drawing a picutre 1
- 'L - -
~ b _, _, F Folding towels Rest (60 sec)
k F Put towl on top shelf
= = = MVE
= ! = T E Walking (with aid] < >
—
o ;- o~ o~ F Face care
Abbrivation: MVE: maximal muscle effort.
. . R —-‘ Sweeping the floor

Relative effort = elevation + intensity

Eur Respir J. 2014 Jun;43(6):1631-41



A Novel Remote Rehabilitation System with

the Fusion of Noninvasive Wearable Device and Motion Sensing for Pulmonary Patients
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Computational and Mathematical Methods in Medicine Volume 2017, Article ID 5823740



A Novel Remote Rehabilitation System with
the Fusion of Noninvasive Wearable Device and Motion Sensing for Pulmonary Patients
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Smart Vest for Respiratory Rate Monitoring of COPD Patients Based on
Non-Contact Capacitive Sensing

----------------------

I Sensing unit

Communication unit

|
|
|
|
|
|
|
Processing unit :
|
|
|
|
|
|
|

b) Prototype implementation

e 2
13 ¥ 5

Colpitts LC oscillator

Cbody

d) Signal conditioning stage

c) Electrode system

Sensors 2018, 18, 2144; doi:10.3390



Smart Vest for Respiratory Rate Monitoring of COPD Patients Based on
Non-Contact Capacitive Sensing

Capacitive: &
Accelerometer: N#R#R
Radar

Inductance: & & 45 [B]
Impedance: E[HEL

Sensing unit

Processing unit

Communication unit

................... ]
AN V' A
| FBG: i
) / Z=4
PPG: BBIFEARE 1L
b) Prototype implementation EMGdi: '2lRHlE &

Ref. Method Average Error CI Protocol Communication Processing
This Capacitive —0.14 —0.68-0.4  rest (after exercising) Bluetooth Embedded

19]  Accelerometer —-0.21 —2.32-1.89 rest (sitting) Wired PC (MATLAB)
28] Radar —0.14 —1.1-0.86 rest (lying) Wired PC

[82] Inductance 1.6 —0.03-3.17 rest Bluetooth 4.0 Embedded
26 Impedance 0.13 -1.5-1.7 rest (lying) - Embedded
25 FBG —0.01 —2.1-2.1 rest (lying) Wired PC

32] PPG 0.21 ~1.1-15 rest (lying) Wired PC (MATLAB)
29 EMGdi 0.01 —2.39-2.41 rest (sitting) Wired PC (MATLAB)

d) Signal conditioning stage |

c) Electrode system

Sensors 2018, 18, 2144; doi:10.3390



Pedometers to enhance physical activity in COPD
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Using step counters to promote physical activity and exercise capacity in
patients with chronic obstructive pulmonary disease: a meta-analysis

A. Step counter use vs UC Step counter use UC

Source N Mean SD N Mean SD SMD (95% CI) Weight (%)
Altenburg er al. 2015° 22 537 1741 18 431 1221 0.07 (-0.55, 0.69) 6.46
Altenburg er al. 2015° 21 1002 2733 22 -814 2881 0.65 (0.03, 1.26) 6.52
Demeyer er al. 2017 140 870 2550 140 -678 1687 0.72(0.47,0.96) 9.37
Hornikx er al. 2015 12 084 1208 15 1013 1275 -0.02 (-0.78, 0.74) 5.49
Hospes er al. 2009 18 785 087 17 -1367 1149 2.01(1.19,2.84) 5.08
Mendoza et al. 2015 50 3080 3255 47 138 1950 1.09 (0.66, 1.52) 8.01
Moy et al. 2016 154 270 2254 84 163 2331 0.05 (-0.22, 0.31) 9.21
Tabak er al. 2014 13 -163 852 16 -639 848 0.56 (-0.19, 1.31) 5.57
Vorrink er al. 2016 68 -593 1956 64 -833 1965 0.12 (-0.22, 0.46) 8.68

Suboverall (F°=81%) 0.54 (0.20, 0.89) 64.38

B. Step counter use + PR vs PR Step counter use + PR PR

Source N Mean SD N Mean SD SMD (95% CI) Weight (%)
Altenburg ef al. 2015° 22 547 841 15 =211 1759 0.59 (-0.08, 1.26) 6.10
Cruzeral 2016 13 3279 2392 13 -187 740 1.96 (1.01, 2.90) 4.36
de Blok er al. 2006 8 1787 1113 8 1220 683 0.61 (-0.39, 1.62) 4.07
Kawagoshi e al. 2015¢ 15 3540 4395 12 849 1760 0.77 (-0.02, 1.56) 5.29
Nolan er al. 2017 63 272 833 59 155 967 0.13 (-0.23, 0.49) 8.57
Holland er al. 2017 25 520 1765 33 -160 1772 0.38 (-0.14,0.91) 7.23

Suboverall (F°=64%) 0.64 (0.19, 1.08) 35.62

Overall (I°=75%) 0.57 (0.31, 0.84) 100.0

Effect size was calculated using a random-effects model.

-0.50 0.0 2.5

Effect sizes of step counter use on physical activity

Ther Adv Respir Dis. 2018 Jan-Dec;12:1753466618787386.
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Using step counters to promote physical activity and exercise capacity in
patients with chronic obstructive pulmonary disease: a meta-analysis

A. Step counter use vs UC Step counter use ucC

Source N Mean SD N Mean SD SMD (95% CI) Weight (%)
Altenburg er al. 2015° 22 10 32.7 18 3.2 29.5 0.22(-0.41, 0.84) 4.65
Altenburg et al. 2015° 21 23 37.7 22 3.5 43.7 0.48 (-0.13, 1.08) 491
Demeyer et al. 2017 150 12.7 459 149 -0.81 43 0.30 (0.08, 0.53) 22.35
Hornikx er al. 2015 12 67 84 15 64 59 0.04 (-0.72, 0.80) 3.24
Hospes et al. 2009 18 22.5 11.3 17 10 19.1 0.80 (0.11, 1.49) 3.87
Mendoza et al. 2015 50 12.4 34.6 47 -0.7 244 0.44 (0.03, 0.84) 9.97
Vorrink er al. 2016 68 4.8 36.6 64 3.3 25.5 0.05 (-0.29, 0.39) 12.95

Suboverall (F°=1%) 0.29 (0.14, 0.44) 61.95

B. Step counter use + PRvs PR Step counter use + PR PR

Source N Mean  SD N Mean SD SMD (95% CI) Weight (%)
Altenburg et al. 2015° 22 17.2 50.9 15 24.5 56.1 -0.14 (-0.79, 0.52) 4.24
Cruzertal 2016 13 54.1 20.2 13 53.5 13.9 0.03 (-0.73, 0.80) 3.17
de Blok er al. 2006 8 46.6 258 8 13 16.8 1.54 (0.41, 2.68) 1.50
Kawagoshi er al. 2015 15 76 36.7 12 63 36.7 0.35(-0.41, 1.12) 3.19
Nolan et al. 2017° 63 90 77.8 59 75 88.9 0.18 (-0.18, 0.54) 12.16
Holland er al. 2017 72 294 67.6 76 4.7 68.2 0.50 (0.17,0.83) 13.79

Suboverall (F°=42%) 0.32 (0.01,0.62) 38.05

Overall (FF=15%) 0.30 (0.16, 0.45) 100.0

Effect size was calculated using a random-effects model.
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Effect sizes of step counter use on Exercise Capacity

Ther Adv Respir Dis. 2018 Jan-Dec;12:1753466618787386.
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The likelihood of improving physical activity after
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Respiratory patterns by muscle impedance changes
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Respiratory Patterns during 6 Minute Walk Test
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The Effect of Complex Interventions
on Depression and Anxiety in Chronic
Obstructive Pulmonary Disease
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The Effect of Complex Interventions
on Depression and Anxiety in Chronic
Obstructive Pulmonary Disease
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Identifying clinically important COPD sub-types using data-driven approaches
in primary care population based electronic health records.
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Jaccard index: 92%
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Identifying clinically important COPD sub-types using data-driven approaches
in primary care population based electronic health records.
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Identifying clinically important COPD sub-types using data-driven approaches
In primary care population based electronic health records.
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