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Background: Terminal lung diseases such as chronic obstructive pulmonary disease (COPD) and pulmonary hypertension (PH) in
progression cause a large reduction in quality of life and may lead to bilateral lung transplantation (bLTx). An artificial portable lung
could provide a bridge to lung transplantation, allowing patients to remain at home and mobile for longer. To advance the development
of such an artificial lung, patient feedback is essential. The aim of this study is to analyze patient acceptance about an extracorporeal
artificial lung and to implement these findings into the development.

Methods: In collaboration with a medical device developer, we presented a portable dummy oxygenator to patients with advanced
lung disease, as potential end users. Data collection in Germany and France was based on two different methods: an online
questionnaire and face-to-face interviews (F2F).

Results: A total of 604 participants answered the online questionnaire and 17 participants were included in the F2F interviews. The
majority of participants (COPD n=140, PH n=17) were able to walk more than 1 km with a mean suffering pressure of 2.87 and 3,
respectively. Six of the 17 F2F participants who could walk <1 km were interested in an assistive device. The statistical value of
Fisher’s exact test for suffering pressure and desire for a portable oxygenator was 0.45.

Conclusion: In patients with advanced lung disease, there is no statistically significant association between subjectively increased
suffering pressure and desire for a portable oxygenator, so market introduction may be difficult. Potential end users should be
implemented early in device development. Data collection via an online questionnaire combined with personal interviews has proven
to be a successful approach here.
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Introduction
Chronic Obstructive Pulmonary Disease (COPD) is a progressive, life-threatening lung disease characterised by breath-
lessness, coughing and susceptible to exacerbations and serious diseases.' The prevalence of COPD has continuously
increased in the last years and mortality continues to rise despite improved treatment options. COPD is the third leading
cause of death worldwide with 3.000.000 deaths annually in 2019, with a prevalence of 251.000.000 patients in 2016."
End-stage COPD patients are greatly affected in health-related quality of life.’ Available medication can only attenuate
and prolong the disease and is very costly at 10.000 EUR per month.*

In severe COPD, hypoxia-related pulmonary hypertension is a prognosis-determining factor. Pulmonary hypertension
(PH) results from restricted flow through the pulmonary circulation due to a pathological increase in pulmonary vascular
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resistance (PVR).? The right ventricle (RV) generates higher pressures in the pulmonary circulation to overcome the
elevated PVR, but cannot sustain this and will ultimately fail.> Many lung diseases such as COPD, interstitial lung
disease and alveolar hypoventilation syndromes lead to PH, compromising group 3 in the recently updated clinical
classification of PH.> Main symptoms are shortness of breath and exertional dyspnea. Around 1% of the global
population is affected.® Despite further advances in medical treatment, bilateral lung transplantation (bLTx) in terminal
end-stages is the only curative option.’

COPD and PH patients face significant challenges with lung transplantation, primarily due to the limited avail-
ability of suitable organs and long waiting lists.** Demand for lungs exceeds supply, resulting in long waiting times
that exacerbate patients’ deteriorating respiratory conditions. This demonstrates the urgent need for solutions to
address the organ shortage and speed up the transplantation process or to develop alternative treatment options.
Research in the field of artificial lungs, although still in its infancy compared to ventricular assist devices, shows
promise.'* 2

Noninvasive ventilation has already been shown to recompensate ventilatory failure in severe hypercapnia and then
lead to improvement in quality of life and exercise capacity. To advance the development and acceptance of artificial
lungs, patient feedback is a fundamental component. Therefore, the aim of this study is to analyze patient acceptance and
their insights towards a dummy of an extracorporeal artificial lung. A particular focus was on the health status and
perceived suffering pressure of COPD and PH patients in general, making the results relevant for other manufacturers as

well.

Methods

Study Design

In cooperation with a medical device developer, we presented a dummy of a specific portable oxygenator, which is still
under development, to potential end-users. The intention was to get initial patient insights before clinical testing starts to
see if there is an overall uptake from potential end-users. The device is an extracorporeal assist device which is intended
to take over the function of the lungs and is supposed to function without a blood pump. For this purpose, the device is
sutured to large blood vessels during open chest surgery and cannot simply be removed or replaced. So far, such products
do not exist.

The data collection was based on two different methods, an online questionnaire and face-to-face (F2F) interviews.
The online questionnaire was conducted to get insight in the patients’ suffering and mobility. F2F interviews were
conducted in Germany and France to determine the extent to which patients suffering from COPD or PH would accept
a portable oxygenator and their wishes for changes. The study protocol was approved by the Ethics Committee at the
RWTH Aachen Faculty of Medicine, Germany (Red. No. EK126/19) and the Ethics Committee in Strasbourg, France
(CPP Est IV Ref SI. 19.06.06.57116 IDRCB 2019-A01478-49). This sub-study was part of project “20664 RAS-Q:
Bringing care home for COPD patients” that has received funding from European Institute of Innovation and Technology
(EIT) Health. EIT Health is supported by the European Institute of Innovation and Technology, a body of the European
Union receives support from the European Union’s Horizon 2020 Research and innovation programme. EIT Health had
no role in study design, data collection, data analysis, data interpretation or writing of the study report. The study was
conducted in accordance with the Declaration of Helsinki.

Setting

The online questionnaire was distributed in Germany and France and was available from 10.05.2019 to 01.11.2019. In
Germany, it was distributed by snowball sampling. An e-mail containing a short summary of the objective, the link to
reach the survey, a request to forward the information about the online questionnaire, with an information flyer for
printing was sent. Additionally, we advertised the online questionnaire in German social media. An internet search was
conducted to locate the e-mail addresses of the target group. In France, patients of an ambulatory care service named
“AGIR & dom” based in Grenoble were asked to participate in the online questionnaire.
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The recruitment for the F2F interviews occurred, in Germany, in the Clinic for Pneumology and Internal Intensive
Medicine (Medical Clinic V) at the University Hospital RWTH Aachen. In France patients had been informed about the
content of the interviews by the care service AGIR & dom.

Participants
Inclusion criteria for the online questionnaire were either COPD patients, PH patients or family members of both patient
populations. Participants had to be at least 18 years old and able to speak either English, French, German or Dutch, as the
questionnaire was available in these languages. This patient population was chosen to support the results of the F2F
interviews and to get an overview of the suffering and desires of the patients and family members.

Inclusion criteria for the F2F interviews were: participant suffered from COPD or PH, possible end-users of
a portable oxygenator, at least 18 years old and French or German native speaker, as the interviews were conducted in
French or German. One participant suffers from both COPD and PH, since the PH disease was caused by the COPD
disease, he is counted as a PH patient in the results section.

Data Sources/Measurements

The online questionnaire was created with the software LimeSurvey. First, the age of the participants was asked, because
they had to be at least 18 years old. Then, the questionnaire was divided into three categories in order to create patient
group categories: COPD patients, PH patients and family members each patient group. Further questions were:
demographic data, mobility, smoke status, suffering pressure. Most of the questions were designed as single choice
questions. The question regarding their average level of suffering should be rated with a scale from one to six, with one
being the lowest and six being the highest level of suffering. The suffering pressure is intended to represent the
respondent’s individual level of suffering, from low to high, in relation to their current condition. Before evaluation,
a plausibility check was performed to exclude out-of-norm records. By submitting the questionnaire, consent was given
to anonymous data processing.

In order to conduct semi-structured F2F interviews in which participants are encouraged to speak freely, pulmonol-
ogists and researchers developed an interview guide to increase the interviewer’s flexibility.'® Participants were asked
about the average walking distance, feedback on the dummy of the portable oxygenator and their average level of
suffering, which they were asked to indicate on a scale of one to five, with one being the lowest and five being the
highest. In Germany, as soon as patients fulfilling the inclusion criteria were admitted as hospitalized, the treating
physician informed the patient about the study and waited for consent. In France patients were informed about the
content of the interviews by an outpatient care service. After given informed verbal consent and approval that the data
would be processed anonymously, the interview started. Informed consent for the study was obtained from the treating
physician as part of routine clinical practice. Considering that the interview was conducted in a completely anonymous
manner, preventing any inferences about the patient’s identity, the ethics committee recommended the implementation of
an informed verbal consent procedure. The consent provided by the participant was duly recorded in their medical
records. During the interviews, a dummy of a potential portable oxygenator was shown, and the potential functioning was
explained. The dummy corresponds to the original size, weight and carrying system of the oxygenator which is currently
being developed. During the interviews, it was possible to touch, lift and wear the dummy, to improve the evaluability of
the device. The interviewer explained how to wear the device as well as its exact functioning. The system requires
a direct, permanent link to the blood system. The connection to the body is made via cannulas or vascular prostheses,
which are sutured to the blood vessels. Consequently, the blood circulation is expanded outside the body. The device
should be worn in front of the abdomen using the carrying system (see Figure 1). The system weighs about 2 kg.

Statistics

The data of the online questionnaire were evaluated descriptively with the SPSS software (V26, 2019). P-values below
0.05 were considered statistically significant. Continuous variables were reported as means + standard deviation.
Comparison between suffering pressure and acceptance of the device was performed with one-sided Fisher’'s exact
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Figure | Person (1.54m height) wearing the dummy.

test. Therefore, values of suffering pressures between one and three were categorized as low and values between four and
five as high.

The data of the F2F interviews were evaluated following the Framework analysis by Green and Thorogood.'* After
familiarization with the data, identifying themes, data coding, organizing codes and themes the data were merged and
mapped and interpreted using Microsoft Excel (Microsoft 2010).

Results

Participants

Online Questionnaire

The link to the online questionnaire was sent by email to 99 self-help groups, 306 pulmologists, to all German
professional associations of pulmologists and to 606 lung sports groups in Germany.

During the collection period, the online questionnaire was accessed n=609 times. After a plausibility check of the
given answers five records were removed, resulting in a total sample of 604 participants. Participant characteristics are
provided in Table 1. Family members were not asked about their weight or height, thus reducing the total for the height
and weight data by n=71 participants. Most of the questionnaire participants were female (55.79%), living in Germany
(54.47%) and diagnosed with COPD (65,23%).

F2F Questionnaire

The F2F interviews involved 17 participants in total, five COPD and two PH patients in Germany and four COPD, six
PH patients in France. All participants answered the height, weight, and age questions, the mean values of which are
shown in the characteristics table (see Table 1).

Walking Distance and Suffering Pressure
In total 93 COPD patients and 13 PH patients were able to walk <200 m, with a mean suffering pressure of respectively
4.27 and 4.62.

In total 74 COPD patients and 14 PH patients were able to walk between 200 m and 500 m, with a mean suffering
pressure of respectively 3.72 and 3.71.
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Table | Characteristics Table

Etiology Online Questionnaire F2F Questionnaire
(n=604) (n=17)

Demographics

Age (Mean * SD) (n=543) 59.58 (+ 11.87) 63.65 (£ 9.65)
Height (Mean * SD) (n=459) 167.92 (+ 9.28) 162.53 (+ 11.37)
Weight (Mean * SD) (n=451) 75.92 (+ 20.31) 68.88 (= 15.68)
Gender

Female (n, %) 337 (55.79%) Il (64.71%)
Male (n, %) 188 (31.13%) 6 (35.29%)
Not given (n, %) 79 (13.08%) -

Country of residence

Germany (n, %) 329 (54.47%) 7 (41.18%)
France (n, %) 173 (28.64%) 10 (58.82%)
Other (n, %) 22 (3.64%) -
Not given (n, %) 80 (13.25%) -

Questionee status

With COPD (n, %) 394 (65.23%) 10 (58.82%)
With PH (n, %) 52 (8.61%) 7 (41.18%)
Relative (n, %) 71 (11.75%) -
Not given (n, %) 87 (14.40%) -

Current smoking status

Smokes currently (n, %) 78 (12.91%) -
Currently non-smoker (n, %) 335 (55.46%) -
Not given (n, %) 191 (31.62%) -
Number of current non-smokers who smoked in 287 (85.67%) -

the past (n, %)

Notes: Headings and Categories in Bold. The Table Shows Mean * SD (Standard Deviation) of Demographics.

In total 69 COPD patients and 9 PH patients were able to walk between 500 m and 1 km, with a mean suffering
pressure of respectively 3.52 and 2.22.

In total 140 COPD patients and 17 PH patients were able to walk >1 kilometer, with a mean suffering pressure of
respectively 2.86 and 3.

Online Questionnaire

A total of 101 participants (90 COPD patients, 11 PH patients) were not able to walk 200 m, with an average suffering
pressure of around 4.26 (SD=0.85) for COPD patients and 4.73 (SD=0.45) for PH patients (see Figure 2). Participants
(n=84, 72 COPD patients, 12 PH patients) who could cover a walking distance between 200 m and 500 m had an average
suffering pressure of 3.72 (SD=0.89) for COPD patients and 3.92 (SD=0.86) for PH patients. Participants (n=75, 67
COPD patients, 8 PH patients) who could cover a walking distance between 500 m and 1 km had an average suffering
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Figure 2 Walking distance in relation to the mean suffering pressure.

pressure of around 3.55 (SD=0.90) for COPD patients and 2.38 (SD=1.12) for PH patients. Most respondents, around
25.33% (n=153, 139 COPD patients, 14 PH patients), could overcome a walking distance of more than one kilometer and
have an average suffering pressure of around 2.87 (SD=1.10) for COPD patients and 2.86 (SD=1.12) for PH patients.
This question was answered by 413 participants.

F2F Questionnaire

A total of five participants (3 COPD patients, 2 PH patients) were able to walk less than 200 m, with an average suffering
pressure of 4.67 (SD=0.47) for COPD patients and 4 (SD=1) for PH patients (see Figure 2). Participants (n=4, 2 COPD
patients,2 PH patients) who could cover a walking distance between 200 m and 500 m had an average suffering pressure
of 3.5 (SD=0.5) for COPD patients and 2.5 (SD=1.5) for PH patients. Participants (n=3, 2 COPD patients, 1 PH patient)
who could cover a walking distance between 500 m and 1 km had an average suffering pressure of 2.5 (SD=0.5) for
COPD patients and 1 (SD=0) for PH patients. A total of four respondents (I COPD patients, 3 PH patients) could
overcome more than one kilometer and have an average suffering pressure of 2 (SD=0) for COPD patients and 3.67
(SD=0.94) for PH patients. One participant did not answer the question about the walking distance but indicated an

average suffering pressure of 3.

Suffering Pressure and Average Need of Help from Relatives Perspective

Relatives who participated in the online questionnaire were asked to rate the suffering pressure of their COPD or PH
relative on a scale of 1 to 6. They were also asked how often the relative needs help in everyday life on average per
week, with 1 being the lowest and 6 being the highest. Of the relatives, 25.35% participants (n=18) indicated that
their relative did not need regular help and the level of suffering pressure was estimated to be around 2.39 on
average (SD=1.11) (see Figure 3). There were 12.68% (n=9) of the participants who indicated that their relative
needed help 1 to 2 days per week and the average level of suffering pressure was estimated to be around 4.11
(SD=1.07). There were 7.05% (n=5) of the participants who indicated that their relative needs help 3—4 days per
week and has an average suffering pressure of 4.00 (SD=0.63). Another 26.76% of the relatives (n=19) indicated
that their relative needs assistance every day with an average level of suffering pressure around 3.68 (SD=1.34).
A total of 9.86% participants (n=7) indicated that they cannot leave their relative alone and the average level of
suffering pressure was reported to be around 4.71 (SD=0.88). 18.31% of the participants (n=13) did not answer the
question about the frequency of help. Of these, 10 participants gave an indication of the average suffering pressure,
which is on average 4.20 (SD=1.66).
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Acceptance of the Device
The overall participants mean level of suffering in the F2F Interviews is around 3.29. The study participants were asked
whether they could imagine having the described medical device inserted and undergoing the corresponding surgery.
Participants who were interested in an assisting device had a mean suffering pressure of around 3 (SD=1.15) (see
Figure 4). The suffering pressure of people who are not interested in an assisting device is on average around 3.33
(SD=1.33). Out of four patients who have reported a suffering pressure of five, three are not interested in an assistance
system, one participant answered maybe. The Fishers exact test regarding the correlation between suffering pressure and
the desire of an oxygenator is statistically not significant, p=0.45.

Of four patients able to walk more than 1 km, three of them were interested in the concept of the portable oxygenator
and one is not, but at “a last resort” the patient would accept such a system (see Figure 5).
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Figure 4 Mean suffering pressure in relation to the answer if they would undergo the surgery for the implantation of the oxygenator.
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Figure 5 Walking distance in relation to the answer if they would undergo the surgery for the implantation of the oxygenator.

Of three patients able to walk between 500 m and 1 km, two of them were interested in the concept of the portable
oxygenator and one is not. One patient answered: “it is making think about the illness a lot”.

Out of 17 participants interviewed, nine rejected the device, because they perceived it as too heavy (n=2), have not
commented their answer (n=2), because of the anaesthesia (n=2), the level of suffering was not yet high enough (n=2) or
felt they were too old (n=1).

During the interview, 11 patients described the device as too heavy. One participant commented: “It’s very heavy,
cumbersome, and this weight I would carry it if I had to, for 1h. Without doing extraordinary things”. Another participant
answered that he “would put it nearby as soon as possible”.

In total 14 participants want more flexibility in how the device is carried: that the device can be carried in another way
(n=10), that it can be removed for sleeping (n=1), that it would be hidden inside the body (n=2), that it can be turned
down (n=1). The back was often mentioned as an example of other forms of carrying, comparable to a backpack that you
can take off for sitting or attach to a trolly or wheelchair.

Feedback for the Manufacturer

As a final question, participants in the F2F interviews were asked for any feedback for the manufacturer of the product
with requests for changes; for better clarity, the responses have been summarized in Table 2. In total, six participants did
not have a recommendation.

Table 2 Feedback for the Manufacturer of the F2F Participants (Headings and Categories in Bold)

Feedback for the Manufacturer of the F2F Participants

Size and weight

The device should be smaller, less impressive and lighter.

“Carry on in that direction”. Wish for a more flexible system. Current main fault is its size.

Reduce at most the size.

Reduce the weight of the device.

The weight is disturbing, and the tubes are too big. Everything smaller would be nice.

Desire for a more compact and lighter device.

(Continued)
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Table 2 (Continued).

Feedback for the Manufacturer of the F2F Participants

Carrying method

To be able to put the device aside and to remove it completely.

No scratch, but instead: pockets or bags. “If it improves everyday life, design is secondary”.

Maybe a side carrying would be better.

Safety aspects

Protection of the tubes and less large tubes is required.

Provision of safety measures in case of panic or accidental disconnection of the tubes.

Other

“There is a market for it, but it most become a torture, not too heavy, must be combined with another support system, the device must support

the patient and make him fitter, it is worth remembering that this device may have a cooling effect”.

“It evokes me the end of life. It’s an ultimate solution. Because there is no more autonomy with this device there”.

Discussion and Conclusion

The aim of this study is to analyze the acceptance of patients and their attitude towards an extracorporeal artificial lung
using a tool suitable for this purpose. In general, the current state of health and the classification of the individual
suffering pressure is very individual. But in average the suffering pressure is higher, the more the ability to move,
especially their walking distance is limited. This is true for the participants of the online questionnaire as well as for the
F2F questionnaire. The relatives also support the assumption: the worse the general condition and the more help is
needed, the suffering pressure is estimated to be the highest. However, it could not be shown that increased suffering
pressure and limited mobility automatically lead to a willingness of the participants of the F2F questionnaire to undergo
surgery for a portable oxygenator. The invasive surgical procedure tended to have a deterrent effect on participants.
Participants engaged very actively with the questionnaire and indicated many requests for changes that would lead to
greater acceptance of the oxygenator. Despite statements like “if it improves everyday life, the design is secondary”, the
design seems to play a major role. The most important result of the questionnaire and the F2F interviews is that it would
be difficult to bring the presented device to the market. The manufacturer should redesign the device, into one that is
lighter and removable.

A limitation of the study is that the online questionnaire was only sent to those e-mail addresses that were available
on the Internet and in some cases were no longer active. Furthermore, we do not know to what extent the questionnaire
was distributed by the snowball effect as planned. In France, only one ambulatory care service was commissioned to
distribute the questionnaire.

Further, the size of the F2F survey was limited and the questionnaire was conducted in two different languages. Also,
the participants did not confirm the correctness of their information after transcription and mapping.

When comparing the two questionnaires, there is the limitation that the online questionnaire asked about distress on
a scale of one to six and the F2F questionnaire asked on a scale of one to five.

A lot of research has already been done to develop the dummy, but patients should have been involved in the
development of the device at an earlier stage.

In planning the F2F interviews and online questionnaire, we unsystematically searched for comparable studies. In
planning these interviews and the survey, we did not find any comparable examples reporting that potential end users had
been involved this early in the medical device development process in general, but we were able to show that this would
be necessary. If this were the case, the very expensive and time-consuming development process could be carried out
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more efficiently and in a more targeted manner, and, if necessary, could be adapted to the needs of potential end users at

an earlier stage. There is still a need for research in this area.
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