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ERJ Express. Published on July 7, 2016 as doi: 10.1183/13993003.01721-2015

® Tele-monitoring of ventilator-dependent
CrossMark patients: a European Respiratory Society
Statement

Nicolino Ambrosino’, Michele Vitacca?, Michael Dreher®, Valentina Isetta®”®,
Josep M. Montserrat®>, Thomy Tonia’, Giluseppe Turchetti®, Joao Carlos Winck’,
Felip Burgos'?, Michael Kampelmacher'' and Guido Vagheggini' on behalf of
the ERS Tele-Monitoring of Ventilator-Dependent Patients Task Force

RATIONALE:

Increased healthcare consumption and the need to cut costs
The increasing number of HMV patients across Europe
Difficulties associated with hospital discharge

Possibility of remote detection of signs and symptoms of
decompensation

At-distance tailoring and monitoring of mechanical ventilation
and

Education reinforcement for the patient and caregiver.



EUROPEAN RESPIRATORY JOURNAL
@ Eur Respir J 2025; 66: 2500557 e LT

J. VERBRAECKEN ET AL.

European Respiratory Society statement on advanced
telemedicine for obstructive sleep apnoea (e-Sleep)

Johan Verbraecken ©®%2°, Emanuele Amodio?, Ozen K. Basoglu®, Riccardo Bellazzi*®, Matteo Bradicich®,
g

Marie Bruyneel’, Refika Hamutcu Ersu®, Francesco Fanfulla®, Brigitte Fauroux'®, Ludger Grote

11
’

Carolina Lombardi'**3, Walter T. McNicholas @4, Carla Miltz*®, Yiiksel Peker'*:*%"18 sofia Schiza'®,

Monique Carolina Suarez’®, Renaud Tamisier ©?!, Hui-Leng Tan??, Dries Testelmans ©?*, Thomy Tonia %%,
Piet-Heijn van Mechelen®®, Bart Vrijsen®® and Maria R. Bonsignore

24
2,25,26

Telemedicine results in similar or improved compliance when compared with traditional face-to-face
encounters. Telemedicine-based targeted troubleshooting and support based on individual patient
data, and a combination via smartphone apps or coaching websites, are feasible and effective.
Expanding evidence suggests that telemedicine is probably cost-effective.

EUROPEAN RESPIRATORY JOURNAL
ERS OFFICIAL DOCUMENTS

M.L. DUIVERMAN ET AL.
Eur Respir J 2025; 66: 2500094

European Respiratory Society clinical practice guideline on
telemedicine in home mechanical ventilation

Marieke L. Duiverman ®%2, Carla Ribeiro ©** Thomy Tonia ©°, Anda Hazenberg ®2, Stien van Meerloo®,
Hans van Meerloo®, Stefanie Werther?, Christoph Schobel’, Aylin Ozsancak Ugurlu®,
14

Jean-Christian Borel ©%°, Cristina Jdcome ©*, Maxime Patout ®'*:*2, Karen Ward®3, Clare Williams ®4,

Begum Ergan ©5, Christopher Carlin’®, Patrick Murphy ©®'"8 Raffaela Dellaca ®'°,

Michele Vitacca ©*° and Claudia Crimi***?

Despite a growing body of research published since the last ERS statement on telemonitoring of
ventilator-dependent patients, the added value of telemedicine in managing patients with chronic
respiratory failure on HMV remains controversial as the evidence was still very low. Building upon the 2016
ERS statement, new RCTs comparing telemedicine-guided titration and follow-up with standard care (without
telemedicine) were included, providing evidence on tele-titration and tele-follow-up of patients on HMV.
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randomised controlled trial; CPAP:

coronavirus disease 2019.
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EVIDENCE OF TELE-HEALTH IN COPD

Respiratory Medicine (201 5) 109, 11-26

Available onling at www scencedirect com

ScienceDirect

journal homapage: www.alsavier.com/locate rmad

REVIEW

Telehealthcare in COPD: A systematic review
and meta-analysis on physical outcomes and
dyspnea™

Sara Lundell ***, Asa Holmner °, Borje Rehn ®, Andre Nyberg ?,
Karin Wadell *

Crasshark

Interventions: phone calls,

websites or mobile phones,
combined with education and/or

exercise training

Study Comparison  Duration  Outeoms Statistics for each study Difference in means and 95%
Cl

M Lower  Upper P-

{m) limit limit value Weight Comparator
Bowbean, THCwsC 12 aLWT -3.0 -8.1 2.1 0.248 66.16% .
2003 imonths Ordinary care
Mield, THC vz C 4 weeks aMWT 0.1 -62.8 3.0 0997 1.15% Less than
2012% telehealtheare
Carrieri- THC vs C & wecks OMWT 4.0 -11.2 19.1 0.609 —I— 16.79%
Kohlman,
15996 Equal &
Nguyen  THC vs C 6months  6MWT  -57.4  -1180 32 0064 e 1.24% e
2009 telehealtheare
Maltais, THCvs C 12 GIWT 5.0 11.4 214 0.551 —— 14.67%
2008 maonths
Owerall -1.3 -5.1 5.5 0708 ‘ 100 Y

80 40 0 40 B0
Favors Favors THC

Heterogenity: ) = 4.65, df (0} = 4; P

14% (p = 1.325), Eppers

2021 (p=0.813)



Eur Respir J 2009, 33 411-418
DO 10.1183/09031936.00005608
Copyright@ERS Journals Lid 2009

Tele-assistance in chronic respiratory failure
patients: a randomised clinical trial

M. Vitacca*, L. Bianchi*, A. Guerra*, C. Fracchia®, A. Spanevello’,
B. Balbi* and S. Scalvini®
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Respiratory Medicine (2013) xx, 1-10

Available online at www.sciencedirect.com

SdenceDired B0y r.iEI.'n-::l-.f

journal homepage: www.elsevier.com/locate/rmed

A home telehealth program for patients with
severe COPD: The PROMETE study

G. Segrelles Calvo **, C. Gdmez-Suarez °, J.B, 10- JTelemedicine
E. Zamora ¢, A. Gonzalez-Gamarra®, M. Gonz: |-| IConventional care
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Randomised crossover trial of telemonitoring
In chronic respiratory patients (TeleCRAFT trial)

M Chatwin,' G Hawkins,' L Panicchia,’ A Woods," A Hanak,' R Lucas,' E Baker,?
E Ramhamdany,® B Mann,? J Riley," M R Cowie," A K Simonds'

Philips Motiva system :heart rate monitoring, finger
pulse oximeter, weight scales and blood pressure

monitor.
'“H L]

2nd generation system Thorax 2016;00:1-7.


http://www.informationweek.com/philips-seeks-bigger-role-in-healthcare-market/d/d-id/1278924?image_number=1

Patients Home

Philips Motiva system (modified)

Daily: SpO,, HR and
symptom questionnaire
Weekly: Weight and BP
Monthly: Healthcare visits

Data to be inputted by 12.00

Data was reviewed by healthcare
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Randomised crossover trial of telemonitoring
In chronic respiratory patients (TeleCRAFT trial)

M Chatwin,' G Hawkins,' L Panicchia,’ A Woods," A Hanak,' R Lucas,' E Baker,?
E Ramhamdany,® B Mann,? J Riley," M R Cowie," A K Simonds'

Table 1 Baseline demographics

COFD Non-COPD All

Mean (5D) Mean (50) Mean (50)
Age (years) 65.3 (7.6) 58 (14.4) 61.8 (11.9)
FEV1 (L) 0.9 (0.5) 0.7 (0.5) 0.9 (0.5)
FVC (L 2.1(0.9) 1.1 (0.6) 1.7 (1)
Pa0; (kFa) 8401.2) 82 (1.4) 83 (1.3)
PaCO; (kPa) 6.4 (1.3) 69 (1.3) 6.7 (1.3)
Sp0; (%) 92 (3) 89 () 90.4 (4.9)
MRC dyspnoea scale 4(1) 4(1) 4 (1)
Gold (stage) 3 WA (MA) MA (MA)
Height {cm) 167 (8) 160 (12) 164 (11)
Weight (kg 85 (26) 83.1(38.2) 84.4 (31.9)
EMI [kg.fmz} 31 (9) 339(14.3) 32 (11.5)
HADS anxiety score 8(4) 10 (4) 9 (4)
HADS depression score 7(4) B (4) B (1)
EQ-50 scale score 57 (16) 57 (21) 57 (18)

N (%) N (%) N (%)
Males 20 (B3) 9 (32) 29 (48)
NIV 27 (84) 25 (89) 52 (87) ]
Lot 19 (59) 19 (68) 38 (63)
Lives alone 9(28) 10 (36) 19 (32)

BML body mass inde:; HADS, hospital arcdety and depression score; LTOT, long-term
oxygen therapy; MRC, Medical Research Coundl; NIV, non-invasive ventilation.
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Manuela Zamith' Telemonitorizagcao domiciliaria de insuficientes

ITEr;:fMC:tfdc'j"z respiratorios cronicos graves e de doentes asmaticos
sa las

Maria Joao Marques Gomes*

Home telemonitoring of severe chronic respiratory
insufficient and asthmatic patients

Quadro IV — Caracteristicas dos insuficientes respiratorios

Diagnosticos
DPOC Ay
Sequelas de TP 12
Cifoscoliose A Dados recebidos diariamente, doente 1/Daily data, patient 1 Electrocardiograma/Electrocardiogram
Fibrose pulmonar 4 :
S. obesidade-hipoventilagio 1 ‘ M| ——omoen sammton v m—
; = - E Heart-rate (beats per minute)
- ; o - 1204
f """""""""""""""""" o
| 1524 10
. o AR NS | T 100
- - | ot bt TAS ; [V~
o —————— = 704 W ba¥

Dados recebidos diariamente, doente 2/Daily Data, patient 2 Oximetria/Oximetry

REVISTA PORTUGUESA DE PNEUMOLOGTIA 385

Vol XV N.? 3 Maio/Junho 2009



MONITORING HOME NONINVASIVELY
VENTILATED PATIENTS

Remote home-based monitoring
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Fig. 3 — Comparacio do numero e duracio dos internamentos no grupo de insuficien-
tes respiraténos seguidos pela equipa de Lisboa, durante os nove meses de telemo-
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dada ao equipamento: correcta, razoavel ou incorrecta.




TELEMONITORIZACAO DE DOENTES COM
INSUFICIENCIA RESPIRATORIA CRONICA

Remote home-based monitoring

Dificuldades na transmissao dos dados da oximetria

Zamith M, Rev Port Pneumol 2005
Reality project funded by EU
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Videophone system improves pediatric
Home Respiratory Assistance-Miyasaka K, Pediatrics 1997

Figure. Videophone system used In this study. A cam-
era for remote operation (at the right side of the video-
phone) was used in addition to the fixed-focus camera
right above the liquid crystal display screen. The same
setup was used in the patient’s home. A separate mon-
itor {on top of the personal computer) Is used at the
hospital for additional viewers. The picture belng trans-
mitted is the front panel of a home care ventilator (Pup-
py 2; Origin Medlcal Inc, Tokyo. Japan).

2of 6 \-’]])]E()I’['l(l))l\)l\l\S FOR PEDIATRIC \l 'NTILA’ ]()lR\ C: \li fr>l 1OME
X cdard

nloaded from www pediatrics.org at Hospita ispano on April 5, 2006



Journal of Telemedidne and Telecare
2014, Vol. 20(B) 441449

Trial of telemedicine for patients on home © Th Autror 2014

4 ™ eme eprints an p.ermlssrnns: -
ventilator support: feasibility, confidence Sgepubcokfoumatamisions
in clinical management and use in medical gs*:éE“‘
decision-making

David W Casavant', Michael L McManus', Susan K Parsons?,
David Zurakowski® and Robert ]| Graham'

Web Based N= 14 (8 NMD; 5 adults; 7 invasive MV)
Results: Telemedicine encounters supported
clinical decision-making, especially in
patients with active clinical problems or when

Videoconferencing
software (Vidyo

Corporation, the patient was acutely ill.




Pulmonary rehabilitation at home guided by telemonitoring

and access to healthcare facilities for respiratory

complications in patients with neuromuscular disease

G. GARUTI 1, 5. BAGATTI 1, E. VERUCCHI 2, M. MASSOBRIO 1, L. SPAGNOLATTI 1, G. VEZZANIL 3, M. LUSUARDI 1

Parameters:
SpO02+Modem
(check points
twice daily and
full night
weekly), RR,
HR, Symptoms
(Respicard)

Intervention:
PR on
demand

Combined

treatment { 199%) Evaluation and

follow-up (17%)

) Training
Active (29%)
muscular
exercise

(4%

In
exsufflator

(24%)

Postural drainage
(34%)

Figure 1.—Respiratory therapist’s interventions divided by percent-
age.

N=13

10 on MV (5
invasive)

8 MD, 1 Pompe,
1 Post-Polio, etc
NO ALS

Results:
Significant
reduction in
Hospital
admissions

Eur J Phys Rehabil Med 2013: 51-7



A pilot study of nurse-led, home monitoring
for patients with chronic respiratory failure
and with mechanical ventilation assistance

M Vitacca™, G Assoni’, P Pizzocaro™®, A Guerra™, L Marchina’,

S Scalvini®, F Glisenti’, A Spanevello®, L Bianchi*, L Barbano™,
A Giordano® and B Balbi**

Utilidade da oximetria para titulacdao da OLT, VMD e estabilizacao de
exacerbacoes

Figure 1 Patient at home with the portable pulse oximeter (left) and care-giver sending a
recording by modem (right)

Journal of Telemedicine and Telecare 2006; 12: 337-342
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oo T D b ORIGINAL ARTICLE

Telemonitoring in chronic ventilatory
failure: a new model of survellaince,
a pilot study

S. Bertini, M. Picariello, M. Gorini, T. Renda, A. Augustynen, G. Villella,
G. Misuri, N.M. Maluccio, R. Ginanni, D. Tozzi, A. Corrado

NMD (7 in 16) MD n=4 (2 IMV, 2 NIV) ALS n=3 (2 IMV, 1 NIV)

120 ~—

0o
800

@ PEEP (cmH20)
B0 [rmam e PRPSEEe o — . —

0.0
4
00
200

150

00
336
000

20

00
220

00
1000

0
170
090
620

000

Fig. 4. -

pe Freq resp. (opm)

sl Adherence to the protocol study was good In

> Vol, corr esp. (ml)

e Q16 (56%); Emergency visits were avoided in

A 090372010 22 41 - 10/0372010 06.59 A

Ventilazion e minuio (Ymin )

Flusso max esp (misec)

i e et . —_

Vol. corr.insp. (mi)

Insp/Esp

20000 233000 00) 62.5% Of cases
- _ -
Fm: resp. (bpe) - = - . ;Q

husomu insp. (mifsec) —
Press maxinsp. (cmH20)
insp/Esp
G000 000 10000 13000 20000 23000 30000 33000 40000 42000 50000 53000 60000 6300 7.00%0
Examples of the recorded traces with the Sally System: in panel A traces of patient in Invasive Mechanical Ventilation, in panel B traces

of patient in Noninvasive Mechanical Ventilation.



WIRELESS REAL TIME OXIMETRY TELEMONITORING-
PILOT STUDY 2006
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" Wireless home oximetry m'nitoring In patients with hig
ventilatory dependence

Joao Carlos Winck 12 Miguel R Goncalves'2, Nuno Silva®, Tiago Pintol
Gongalo Belo 4, José Belo ¢

1-Service de Pneumologia, HSJIEPE; 2-Servico de Preumologia, EMUP; 3-Linde Home Gare; 4-Vitalmobile — UltraPonto
Porto, PORTUGAL

or the whole polaﬁon, culeave mean sp02
was 93.9%z= 2.6%, with 12.1%z% 15% of the time

spent under 90% (T90) of spO2. Four patients had ® ACUDADE REMEDICINA
T90=20% (one bulbar ALS, one MAS, one non- BRTARA L - -
compliant transverse myéifis and one cerebral 8 Eibedisth

inde Sogds,l vutalmobge

palsy. Progressive decreases in spO2 urged
increasesichanges in ventilatory support (Fig 5 and

6). 2 ALS pafients under 24 h/iday NIV had to be We inglded 26 pvggm 20 ynder me

tracheostmized due fto progressive bulbar nordnyasive venfilation and, 6 Lpg,q invasive
dysfunction. veniilation Mean ane was 55 7+15 3 vears _and

Progressive decreases in spO2 urged increases/changes in
ventilatory support (like 2 ALS patients that had to be
tracheostomized due to progressive bulbar dysfunction). Severe
desaturation (due to secretion encumbrance) activated home
mechanical in-exsufflation in 4 patients under continuous NIV
av0|d|ng hospitalization.

Our telemanagement system gives a more precise
picure of the spO2 profie in these patients,
permits an earlier detecion of respiratory
complications and monitors interventions in real
time.

Figure 4-12 hour graph in an ALS pafient under 24
hiday NIV (volume ventlator, with mouthpiece

Profomd dessanratlons with secrefion
encumbrance acfivated home MLE in 4 pafiens

R T BB = PT Winck JC et al ERJ 2009; 34 (suppl 53): 131s



WIRELESS VENTILATORY MONITORING SYSTEM
(VITALMOBILE® AVM)
FOR LONG-TERM MECHANICAL VENTILATION: AN IN-
FLIGHT PILOT STUDY
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Oxygen or ventilation during flight for patients
with neuromuscular disease?

J C Winck, M R Gongalves and N Silva

Thorax 2010 65: 370-371
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TELEMONITORING IN ALS

Home telemonitoring of non-invasive ventilation
decreases healthcare utilisation in a prospective
controlled trial of patients with amyotrophic

lateral sclerosis

N=40

Anabela Pinto,"? José Pedro Almeida,’? Susana Pinto,> Jodo Pereira,”
Antonio Gouveia Oliveira,* Mamede de Carvalho®®

J Neurol Neurosurg Psychiatry 2010,81:1238—1242.

Table 3 Results of the primary outcome—healthcare utilisation

Incidence density

{% person days)

Incidence
Group 1 Group 2 rate ratio 95% CI p Value
Office visits 9.01 3.02 0.336 0.293t0 0.384 <0.0001
Emergency room visits  0.58 0.1 0.194 0.099 to 0.373 <0.0001
Hospital admissions 0.37 0.06 0.173 0.066 to 0.407 <0.001

Cls and p values were calculated by applying exact Poisson statistics.

Table 5 Survival analysis

Group 1 Group 2

{(n=20) {(n=19) p Value
Survival with NIV 334 865 0.13
Survival from onset 1457 =3108 0.14
Survival from 1st visit 1092 1645 0.13

Values are median days.

Survival with NIV is the number of days from NIV adaptation to death; Survival from onset is
the number of days from symptom onset to death; Survival from first visit is the number of

days from diagnosis to death.
NIV, non-invasive ventilation.



—Bi-direccional comunication

— Visualization pressure/flow waveforms
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Analysis period :

Start date : 11/01/2010
End date : 13/03/2010
Perind : 2months 2days

Compliance :
Compliance (h/d): 4n4Smin

% Time with interface disconnected : 0%
% Time without respiratory cycles : 0%

Respiratory Cycles :
Average respr. rate : 16.1bpm
% Average spontaneous Cycles  41%
Average UE ratio : 1/2.0(37%)

% Time at real pressure

EP-" all pressures under £F - 1emHIO
EF- allpressures over EF = 1cmHZ0

Synthesis report.

Sex: Weight : kg BMI: —kg/m2 :I
Age: Size: cm

Last settings of the period
(1 setting change)

IPAP : 19.0 cmH20

EPAP : 5.0 emH20

Ramp : 0 min (3.0cmH20)
1Sens 1

ESens:1

pressure rise time(rt) : 2
Backup f.: 14 bpm

VE ratio - 1/1.5 (40%)

% of total cycles by respir. rate
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Respiratory Medicine (2014) 108, 1387-1395

Awailable online at www.sciencedirect com

ScienceDirect

journal homepage: www.elsevier.com/locate/rmed

Initiation of home mechanical ventilation at ®cmssm,k
home: A randomised controlled trial of
efficacy, feasibility and costs

A. Hazenberg *"*, H.A.M. Kerstjens **, S.C.L. Prins €,
K.M. Vermeulen ¢, P.J. Wijkstra =*®

Table 1 Baseline characteristics. Fiourae 1 Setun of the telemanitarino saiinment at hame
Hol Hospital H
pome gowp powisee® Single centre

Male 0 25 Largest group (35%): ALS (4 bulbar)

E? Home Initiation of HMV: improves ABG and QoL not
1 inferior to in-hospital initiation. Start of HMV at home, Et]itetr?t
with telemonitoring: safe, feasible and cheaper. s

adjusted (patient or care giver).
Transcutaneous monitor 6 h on HMV. The

next day the measurements of the
] transcutaneous monitor and ventilator

were evaluated (telemonitoring)

1000+

Minutes

g

Contact Travel time Total

Figure 4 Time spent during initiation of home mechanical

J0
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. TeleMotiNIV set-up
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Contact was
health care
professional
initiated or
patient
initiative

Indication of HMV
Day-hospital NIV set-up

\/

Delivery of equipment
to the patient home (a30

with oximetry and compliance
modules)

Home set-up and training

N

4th Day

- Download ventilator data
- Remote Re-titration of
ventilator parameters if
necessarv v

7th Day
- Nocturnal oximetry under NIV
- Remote Re-titration of ventilator parameters if

necessary \1/

1st Month
- - Nocturnal oximetry under NIV
- Remote Re-titration of ventilator parameters if

necessary i

2nd Month
- Download ventilator data
- Remote Re-titration of ventilator parameters if

nnrncc:\r\ll \ll

32 Més
- Hospital visit

Average
Time
needed

Total time for Home
stet-up & training:
48min per patient
Total download time:
7min per patient
Total Phone call
time: 23min per
patient

Total remote
retitration time: 1,6
min per patient

MD analysis time:
10min per patient

If ventilation
efficacy criteria
were not met
remote titration of
ventilator was
made coupled
with
compliance/oxim
etry download
with the same
periodicity until
3M

(1 week)



Telemonitoring

Patient
compliant
(>=6h) and well
adapted

A 4

High leakage*
(visual inspection
of leakage trends;
high leakage for >

20% of time)

Patient complain

A 4

A 4

Patient complain

Positive feed-back
telephone call

Contact patient
Consider home
visit

:High Pressures Difficulty getting Mask discomfort
into sleep Leakage
\ 4 y A 4
Check leakage Check leakage
. Correct adjustment
Consider home Use ramp ) )
visit Consider changing
mask
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Multiparameter analysis (including integrated oximetry with ventilator data)
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Detalhes diarios do ventilador
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Média de horas de uso

Compliance at 3 Months (n=31)

12,00

10,00

8,00

6,00

4,00

2,00

0,00

T p=0,003

TCC (Telemonitoring) :
mean hours of usage 6,91h
UCC (Usual care) :

mean hours of usage 5,53h

TCC uccC

Grupo a que pertence

Moreira J et al, Rev Port Pneumol 2014; 20 Suppl 1: 110



WHEN TO START TELE-MONITORING IN
VENTILATED DEPENDENT PATIENTS

During initiation/implementation (Harzenberg A et al Respir Med
2014; Moreira J et al ERJ 2014 Abstract )

To modify/retitrate therapy (Harzenberg A et al Respir Med 2014,
Moreira J et al ERJ 2014 Abstract e Borel JC Thorax 2015)

To detect earlier exacerbations (Vitacca M, ERJ 2009, Zamith
RPP 2009, Borel JC Thorax 2015)

For weaning (Case report: Vitacca M et al TeleMed J E Health
2007)

To monitor travel (Winck JC Thorax 2010)

To support palliative care (Vitacca M et al, J Med Pers 2009)



WHEN TO START TELE-MONITORING IN
VENTILATED DEPENDENT PATIENTS

* To avoid hospitalizations (Winck JC, ERJ 2009, Miyasaka K,

Pediatrics 1997, Casavant JTT 2014)



BASIC PROTOCOLS

Initiation/titration: Oximetry, capnography, Thoracic belts, Built-
in software

Detection of exacerbations: Built-in software, ?
To modify/retitrate therapy: Bi-directional communication

Follow-up: Oximetry, capnography, Thoracic belts, Built-in
software
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Technology alone is not enoUgh—lt needs to be
combined with innovations in processes to have the

greatest effeot

Lancet 2012; 380: 507-35




CurActiv

Are we ready for Europe’s
e-health revolution?
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