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Abstract

Introduction Early mobilisation has been shown to have a positive impact on patients after cardiac surgery.
However, patients spent most of their time in bed or sedentary. In order to improve mobilisation in these
patients, interventions should move towards more patient-specific strategies. Current activity levels should
be measured objectively to gain insight in the mobilisation status of a patient. This information can be
used to implement a physical activity intervention method. However, extensive literature on physical activ-
ity interventions has shown that the effectiveness of an intervention is dependent on choosing the correct
strategies that match the needs of a specific patient population. Understanding the barriers of mobilisation
or working with a new intervention is important for development of a successful intervention

Objective To optimise and validate an algorithm to objectively measure mobilisation in patients after
cardiac surgery and to investigate the current barriers to mobilisation during hospitalisation and the re-
quirements of an accelerometer-based feedback system according to healthcare professionals.

Methods Using two accelerometers, one placed on the upper arm and one on the upper leg, movements of
patients after cardiac surgery during the practice moments with a physiotherapist were measured. This data
was used to validate and optimise a neural network that can classify activities in six categories: lying, sitting,
standing, cycling, walking, and walking stairs. A qualitative interview study was conducted to investigate the
current problems around mobilisation, how patients are motivated to mobilise and how an accelerometer-
based feedback system can be incorporated to better guide the mobilisation process. Participants were
healthcare professionals at Thorax Centrum Twente. Interviews were transcribed, coded and different themes
were analysed.

Results Mobilisation data from 14 patients postoperatively and 31 patients preoperatively was labeled and
used to train a neural network. This resulted in a trained algorithm with an overall classification accuracy
of 93%. Using only the upper leg sensor an overall accuracy of 89% was reached, however, the algorithm
using one sensor could not adequately differentiate between lying and sitting. Barriers to mobilisation are
patient characteristics and health status, the hospital environment and expectations of hospital stay. Using
a positive approach is of great influence on peoples behaviour. Furthermore, there should be a balance
between stimulating patients but also guarding their boundaries. When incorporation an accelerometer-
based feedback data should be presented as simple as possible, using graphs and colours.

Conclusion Activities of patients after cardiac surgery can objectively be measured using two accelerom-
eters. When implementing an accelerometer-based feedback system this objective information can help
patients gain more insight in their own recovery process, which can motivate them to take more responsibil-
ity over their own health. Healthcare professionals can intervene earlier when having insight in the current
mobilisation status of a patient, and the mobilisation protocol can be adapted to the patients specific needs.

Keywords cardiac surgery; in-hospital mobilisation; neural network; activity recognition; physical activity;
qualitative research; barriers; accelerometer-based feedback
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Chapter 1

General introduction

Approximately 1.5 million people in the Netherlands suffer from a chronic heart- or vascular disease. Ac-
counting for 22% of all deaths, it is the second largest cause of death in the Netherlands [1]. Annually,
15.000 open heart surgeries are performed [2]. These surgeries consist mostly of a coronary artery bypass
graft (CABG), which can either be on- or off-pump, valve replacement or repair, or a transcatheter aortic
valve implantation (TAVI). Furthermore, it is common for CABG and valve surgery to be combined [3].
Although an improvement of surgical and anaesthesia techniques has resulted in a reduction in mortality
rates, postoperative complications are still frequent and have a major effect on hospital length of stay and
quality of life [4]. Early mobilisation is thought to reduce postoperative complications, such as pneumonia,
deep venous thromboembolisms and arrhythmias [5-7]. Furthermore, early mobilisation might lead to re-
duced hospital length of stay, increased functional capacity and a more effective functional recovery [7-12].
Besides physical advantages, early mobilisation can also positively impact mental status. It reduces delirium
[13], anxiety and depressive moods, and the ability to perform physical activity gives people the feeling of
freedom and autonomy [6, 14].

Despite the known advantages of early mobilisation, patients often exhibit inactive behaviour after
surgery, which can lead to reduced cardiac output, deep venous thromboembolism, loss of muscle mass
and strength, and a decrease in the ability to live independently [6]. Patients spent most of their time in the
hospital lying in bed or sedentary, even though most patients have the ability to walk independently upon
hospital discharge [15-17]. Studies investigating barriers to mobilisation have found that patients often do
not understand the importance of mobilisation [18]. The hospital environment is considered to discourage
physical activity, since patients feel that the hospital bed implicates that they are ill and need to lay down,
patients do not associate hospital stay with being physically active, the environment is boring, and because
of the included routines and roles, patients feel dependent on health care providers for instructions and
support. Furthermore, health care professionals report they do not have time to assist patients with physical
activities or to motivate them [14, 18, 19].

1.1 Improving mobilisation after cardiac surgery at Thorax Cen-
trum Twente

At Thorax Centrum Twente (TCT), patients receive physiotherapy on a daily basis. Figure 1.1 shows
the activities patients practice with the physiotherapist on each postoperative day, for patients that have
an uncomplicated recovery. In addition to these training moments with the physiotherapist, patients are
encouraged to mobilise on their own by walking on the ward and, if their condition is sufficient, patients can
use the ergometer on their own, with a maximum of ten minutes each time and up to three times per day.
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Figure 1.1: Activities patients perform with the physiotherapist for each postoperative day, in case of an
uncomplicated recovery.

In order to improve mobilisation and raise awareness on the importance of mobilisation, a poster was
designed by a study called ‘Moving is improving!” [20]. This poster, displayed in Figure 1.2, can currently
be found in every room on the ward and it displays exercises that patients can perform on their own,
and provides information on the importance of mobilisation and how patients can contribute to their own
recovery. Visitors and health care professionals can use this poster to further motivate patients to exercise.
However, a poster is static and does not adapt to a patient specific situation throughout hospital stay.
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Figure 1.2: Mobilisation poster that can be found in every room on the ward at TCT. It informs patients
on the importance of mobilisation and explains what exercises patients can perform. Poster obtained from

[21].
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To further improve mobilisation in these patients, interventions should move towards more patient-specific
strategies. Provided information and exercises should match the patients current functional level. To achieve
this, information about the mobilisation status of the patient should be objectively quantified. In this way,
it can be detected earlier if the mobilisation progress stagnates or if patients are overestimating themselves.
Insight in this information can help healthcare professionals and patients to better guide each individual
recovery. Currently, levels of mobilisation are often monitored by self-reporting of patients and observations
by nurses and physiotherapists. Self-reporting is subjective and shows low validity and reliability [22]. Di-
rect observations by nurses or physiotherapists, such as behavioural mapping, are labor-intensive and have
a considerable impact on the patients privacy. With behavioural mapping, patients are observed during
chosen moments of time, for example one minute every ten minutes [23]. This protocol has a good to excel-
lent inter-rater reliability [24], and can also be used to map the physical and social environment in which
activity takes place. The combination of objective data with contextual data can help in the understanding
of the outcomes of certain interventions [23]. However, this method has several limitations. It can over- or
underestimate amounts of physical activity, since dynamic activities such as walking are often less than a
few minutes, so they might be missed if only one minute every ten minutes is observed. Furthermore, most
studies using direct observation asses physical activity only during working hours and monitoring patients
with this method has a very high workload for the hospital staff. This makes behavioral mapping not feasible
for continuous monitoring of physical activity.

In the past decades multiple devices and wearables have been developed, which can be suitable to monitor
mobilisation objectively. Examples of these devices are pedometers, accelerometers, heart rate monitors,
wristbands or smartwatches [25]. Especially tri-axial accelerometers have gained popularity, due to their
accuracy and ability to capture large amounts of data [25]. Examples of most commonly used accelerometers
are the ActiGraph, GENEActiv, Actical, ActivPAL, Actiheart and Fitbit [26, 27]. These accelerometers all
have different attachment places, such as the waist, wrist or chest, and produce different outcome measures.
These outcome measures include step count, identification of body position or postural transition, physical
activity energy expenditure, and various measures of physical activity intensity [26-29]. The disadvantage
of most commercially available accelerometers is that they are not transparent in their raw data processing,
making it difficult to assess their validity or to change the outcome measures based on the activities of
interest or different body placement. Studies investigating the validity and reliability of accelerometers and
algorithms to detect activities make use of different outcome measures and use different ways of reporting
[30]. Furthermore, the study populations are very heterogeneous and not all algorithms that are tested in
a certain population can be generalised to other populations, due to differences in moving patterns and
walking speeds. Therefore, there is a need for a validated accelerometer and algorithm to detect relevant
mobilisation parameters and activities in patients after cardiac surgery.

1.1.1 Objective analysis of mobilisation at TCT: the MOV MgNTT study

In order to assess mobilisation more accurately and objectively, a study called the Mobilisatie Objectiveren
op de Verpleegafdeling middels Metingen Na Thorax chirurgie in Thoraxcentrum Twente (MOVgMgNTT)
study was carried out at TCT [31]. In this study, two accelerometers (AX3, Axivity) were used to measure
the movements of patients after cardiac surgery. An artificial neural network was developed for classification
of the six most frequently performed activities by patients on the ward. These movements can be divided into
static activities, which include lying in bed, sitting and standing, and dynamic movements, which include
walking, cycling and walking stairs. Before surgery, patients completed a measurement protocol, in which
they performed the six activities mentioned. The measured data was labelled with the corresponding activity
classes and this data was used to train and test the algorithm. Using this data the algorithm reached an
accuracy of 98% using two sensors. When using only the upper arm or upper leg sensor the accuracy was
80% and 95% respectively. However, the algorithm is not yet validated on patients after surgery. Especially
in the first few days after surgery, patients are expected to move slower and differently than before surgery,
which can influence the ability of the algorithm to correctly classify these movements. High accuracy in
classification of activities from a predefined protocol or laboratory setting might not translate into high
accuracy in free-living situations [32, 33]. In Chapter 2 the algorithm of the MOVgMENTT study will be
explained in more detail. Furthermore, the unresolved problems arising from the MOVyMgNTT study will
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be discussed, and a validation and optimisation of the algorithm will be presented.

1.2 Translation of measurements to clinical practice and coaching

Recently, studies have been investigating the use of persuasive technology to motivate people to be more
physically active. These studies have been carried out in healthy persons as well as in different patient popu-
lations, such as patients with obesity, depression, cardiac rehabilitation programs, hospitalised patients and
children. These interventions can range from only giving patients insight in their behaviour, to including all
kinds of behavior change techniques, such as goal setting, self-monitoring, feedback, social support, instruc-
tions, prompts/cues, information, social reward, and action planning [34]. The past years, virtual reality or
serious gaming is also becoming more popular in both clinical and at home setting. Using accelerometers,
continuous data can be measured from patients at the ward. However, not all information is useful and it
should be investigated what healthcare professionals need in order to better guide the mobilisation process.
With the current technological advances it can be temping to try and measure and objectify everything
that is possible, but too much information can also be overwhelming, for both patients and hospital staff.
Therefore, choices need to be made in what information is relevant and what contributes to the recovery of
patients after cardiac surgery. In Chapter 3 expert interviews are conducted to explore the needs and wishes
of healthcare professionals on how such a measurement system should work and look, and their view of what
is best for patients at the ward of TCT.
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Chapter 2

Validation and optimisation of a
neural network to objectively quantify
in-hospital mobilisation after cardiac
surgery

2.1 Introduction

After cardiac surgery, early mobilisation has been shown to have a lot of benefits in the recovery of patients.
It reduces postoperative complications, reduces hospital length of stay, increases functional capacity and is
also believed to positively impact mental status [5-14, 16]. In order to improve mobilisation in patients after
cardiac surgery, it is necessary to raise awareness on the importance of mobilisation and interventions should
move towards more patient-specific strategies that match the patients current functional level. To achieve
this goal, objective information about the activity levels of patients should be obtained. Accelerometers
are widely used to measure activity levels in various healthy and patient populations. The disadvantage of
most commercially available accelerometers, such as the Fitbit, ActiGraph and ActivPAL, is that they are
not transparent in their raw data processing, making it difficult to assess their validity or make changes
in the outcome measures based on activities of interest or to make changes in sensor placement. At TCT
activities of interest are lying in bed, sitting in a chair, standing, walking, cycling and walking stairs, since
these are the activities patients perform on the ward. Most studies using accelerometers to classify activity
of hospitalised patients use only step count, or classify lying and sitting together as sedentary behaviour
[26, 35, 36]. Therefore, a new algorithm needs to be developed that can distinguish between the activities of
interest and this algorithm needs to be validated on the desired patient population.

The MOVEMENTT study has made a first step towards achieving such an algorithm [31]. This algo-
rithm uses a feed forward artificial neural network to classify the previously mentioned six activities. Neural
networks try to mimic the function of the human brain, by replicating the structure and behaviour of the
neuron. They consist of an input layer, one or more hidden layers with nodes and an output layer. The
amount of inputs, hidden layers and outputs depends on the classification problem [37]. The the neural net-
work developed by the MOV gMgNTT study has 160 inputs, in the form of calculated features, one hidden
layer with 18 nodes and six outputs, which correspond to the six activities that can be classified.

In the MOV gMEgNTT study the network was trained based on data gathered from cardiac patients prior
to their surgery. They performed a predefined protocol, in which they performed the six activities of interest.
The static activities were performed for a minimum of thirty seconds, and the dynamic activities for at least
sixty seconds. For the static activity ’lying’, patients laid on their back and on both sides. Time was cap-
tured using a stopwatch. Using a leave one subject out (LOSO) validation, an overall accuracy of 96% was

11
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reached. However, when training a neural network, it is important that the training data is representative
of the real situation. Since a neural network is trained to recognise patterns, movement patterns of the
training data should be similar to movement patterns in real life. It has been shown in previous studies,
that a trained algorithm on a specific patient or healthy population does not translate well to other patient
populations, if there are differences in movement patterns. For example, slow walking in elderly patients,
patients with stroke and patients with hip fractures is not detected well [35, 36]. Since patients tend to walk
slower and differently after surgery, it can be expected that training the algorithm with accelerometer data
obtained prior to surgery is not representative of the real situation. Furthermore, studies have found that
high accuracy in classification of activities in a predefined protocols do not always lead to high accuracy in
free-living situations [32, 33]. Since the algorithm in the MOV gMgNTT study did use a predefined pro-
tocol, it can not be assumed that the algorithm works equally well in free-living situations. Therefore, the
algorithm should be tested on patients postoperatively, moving in a non-predefined manner. If needed the
algorithm should be trained with additional data collected from patients postoperatively.

Another question raised by the MOVEMEgNTT study is if it is feasible to classify the six activities based
on the data of one sensor. In other studies often one sensor is used, commonly placed at the waist, sternum
or lower back, since those places make it possible to measure whole-body movement [38]. However, these
places are not suitable for this patient group, since placing of sensors at the sternum would interfere with
the wound area. Placement of the sensors at the waist or lower back would be uncomfortable, since patients
lay in bed most of the time, especially in the first days. Therefore, using one sensor placed at the upper
leg would be more suitable in this patient population. Using one sensor would reduce calculation time, is
more comfortable for patients, and would reduce costs since less sensors are needed. A first analysis made
by the MOV g MgNTT study showed an accuracy of 74% using only the upper arm sensor, and an accuracy
of 92% using only the upper leg sensor. Even though the overall accuracy suggest that using only the upper
leg sensor is sufficient, this should be investigated in more detail and with accelerometer data from patients
postoperatively. Especially the difference between lying and sitting is expected to be difficult to detect, since
the upper leg is in the same position during these static activities.

2.1.1 Study objective

Early mobilisation can be beneficial in the functional recovery of patients, can reduce hospital length of
stay and reduce postoperative complications. In order to move towards more patient-specific mobilisation
strategies, it is important to be able to quantify in-hospital mobilisation objectively. To achieve this goal,
the developed network from the MOV gMgNTT study is tested on patients postoperatively. If needed, the
algorithm will be optimised by additional training of the algorithm using data collected postoperatively.
Furthermore, it will be investigated if the use of only the upper leg sensor is feasible.

12
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2.2 Materials and methods

2.2.1 Study design and population

In this validation study, measurements were performed on patients after cardiac surgery at TCT. Patients
were recruited between November and December 2021. Measurements took place each day during practice
moments with the physiotherapist, starting when patients returned from the intensive care unit (ICU) at
the ward, until patients where either discharged to home or transferred to the referring hospital. Patients
were eligible if they are above eighteen years old, received elective or urgent cardiac surgery, and have a
Katz Index of Independence in Activities of Daily Living Functioning (KATZ-ADL) score above two before
surgery. KATZ-ADL is a widely used instrument to assess the ability to perform basic activities of daily living
independently. These activities include bathing, dressing, toileting, transferring, continence and feeding. A
score of six indicates full function, four indicates moderate impairment, and two or less indicates severe
functional impairment [39]. Patients with an ICU stay longer than 72 hours, patients with post-operative
cerebrovascular accident (CVA) and patients who are mentally incompetent were excluded from this study.
Patients were approached prior to their surgery to provide information about the research and to obtain
written informed consent. Ethical approval was obtained by the Medical Ethics Committee Twente (METC
Twente) and received number K21-13.

2.2.2 Measurements

To measure the activity of patients after cardiac surgery, two AX3 accelerometers (Axivity 1td, Newcastle,
UK) were placed on the right upper arm and the right upper leg, since the MOVyMgNTT study found
these locations to be most optimal for measurements [31]. Sensor locations are visualised in Figure 2.1.

Figure 2.1: Sensor locations: anterodistal on the right upper leg and lateroproximal on the right upper
arm.

To attach the sensors, Tegaderm”™ patches were used. The sensors were attached a few minutes prior
to the practice moments with the physiotherapist and removed a few minutes afterwards. Physiotherapists
provided usual care and followed the general mobilisation protocol. No adjustments to the mobilisation
protocol were made for this research. This is to ensure that collected data represents the normal situation.
In Figure 2.2 the typical route of a patient can be seen, from the moment they are accepted for surgery

13
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to discharge or transfer to the referring hospital. The differences between measurement moments of the
MOVEMgNTT study and the MOV MEgNTT validation study can also be seen in this time path.

Day -30 to -14 Day -1 Day 0 Day 1 Day 2-5 Day 5-6

Depending on the For elective surgery Exclusion if >72 Either to home or

severity hours referring hospital
Up to day -14

Only for elective surgery
For urgent surgery

Outpatient clinic Preoperative ward stay Operation Room Intensive Care Unit Ward Discharge
Protocol labelling Postoperative Postoperative
measurements validation continuous

measurements measurements
MOVEMENTT study
- Patients performed the MOVEMENTT MOVEMENTT study
six activities following a validation study - Activity of patients is
predefined protocol - Measurements during continuously measured
- Minimum of 30 seconds training moments with |  during their stay at the
per activity physiotherapist ward

- 10 seconds of standing
still between activities

Figure 2.2: Typical route of a patient from the moment they are accepted for surgery to discharge, and
inclusion and measurement moments of the MOV g MgNTT and MOV g MgNTT validation study.

The time the measurement was started was noted on an activity form. Each time a new activity (lying,
sitting, standing, walking, cycling or walking stairs) was performed, the time interval was determined using
a stopwatch. If there was a moment of transfer between activities or no clear activity was performed, this
was also noted on the activity form. These moments of transfer included getting in and out of bed, getting
in and out of the chair, climbing on and off the ergometer, and putting on clothes or shoes. These time
intervals and corresponding activities were used to label the data.

2.2.3 Signal processing

Measured data was downloaded as a .cwa file from the sensors using OmGui software (1.0.0.43, Open Move-
ment GUI Application, Newcastle University, UK). This software was also used to start and stop measure-
ments. Data was further analysed in MATLAB (2020b, the MathWorks Inc, Natick, MA). After reading
the .cwa file into MATLAB, the correct time frame was manually selected. Preprocessing steps include a
noise reduction, using a third order median filter and a third order low-pass Butterworth filter with a cutoff
frequency of 20 Hz [40]. Class labels were added according to the activity form. Raw accelerometer data
can not be directly used as an input for neural networks. First, the data needs to be divided into windows
[41]. From these time windows, features can be calculated which can be used as the input for the neural
network. Acceleration data and corresponding labels were buffered into segments of 256 samples with an
overlap of 128 samples. The neural network makes a classification based on these 256 samples, which cor-
responds to 2.56 seconds. This time frame is based on the work of Anguita et al. [40]. In order to capture
walking movements, the time frame should include at least a full walking cycle, which means two steps. The
average person walks with a minimum of 1.5 steps/sec, which means two steps in 1.3 seconds. To be able to
capture slower walking the time frame should be larger than 1.3 seconds. Since signals are also mapped in
the frequency domain, 2.56 seconds was chosen, which indicates 256 samples, so the Fast Fourier Transform
is optimised for power of two vectors [40]. Data segments that included labels from more than one activity
class were excluded from analysis. Furthermore, data segments that were labeled as transfer moments were
excluded from analysis. In this way, only clearly performed activity segments were included in the analysis.

From these windows, features can be calculated. In the field of activity recognition, both time- and
frequency-domain features are used. Frequency-domain features can be used to distinguish dynamic from
static activities. High-frequency components are related to dynamic motion, whereas the low-frequency, also
called the zero-frequency, is related to the influence of gravity, which can be used to identify static postures
[42]. The algorithm in the MOV gMgNTT study is based on an open source Matlab script by Bunkheila
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[43]. The original algorithm by Bunkheila is written for the use of one sensor, and it is trained using a public
domain data set for human activity recognition, which contains acceleration data from 30 healthy subjects
wearing a smartphone at the waist [40]. In order to make the algorithm suitable for the purpose of measuring
activity after cardiac surgery the algorithm was adapted to be able to make classifications based on data from
two sensors instead of one. The original classes of 'walking upstairs’ and 'walking downstairs’ were combined
to 'walking stairs’, and the class 'cycling’ wad added. Furthermore, in addition to the features calculated by
the original algorithm, some additional features were added based on an article written by Janidarmian et al.
[41]. For each segment, time-domain and frequency-domain features were calculated for both sensors in the x-
y- and z-direction leading to a total of 160 features. Time-domain features include mean and median of total
acceleration, the root mean square and standard deviation of body acceleration, and the median absolute
deviation and signal magnitude area of both total and body acceleration. Frequency-domain features include
auto-correlation, spectral peaks and spectral power [43].

2.2.4 Performance of the neural network

The calculated features were given as an input to the neural network developed in the MOV pMgNTT study.
This neural network uses 59 features of the original 160, based on a neighborhood component analysis [31],
and was trained using the data collected from patients preoperatively. Performance of the algorithm was
investigated by calculating accuracy, recall and precision. Accuracy is the total number of correct predictions
divided by the total number of predictions. Recall is the fraction of correctly classified samples divided by
the number of samples that should have been in identified in that class. This is also known as the true
positive rate. Precision is the number of correctly classified samples in a class divided by the number of
samples that are classified in that class. This is also known as the positive predictive value [44]. The formulas
for accuracy, recall and precision can be seen in Equation 2.2.4, 2.2.4 and 2.2.4 respectively. Furthermore,
confusion matrices were made to investigate in more detail where classification errors occur. In Fig. 2.3 a
workflow can be seen that describes all the steps from data collection to performance output.

Number of correct classifications

Accuracy = (2.1)
Total classifications
True positives
Recall = — - (2.2)
True positives + False negatives
.. True positives
Precision = — — (2.3)
True positives + False positives
. Artificial
Acceleration 3 . : Feature
Preprocessing Labelling Segmentation . neural Performance
data extraction
network
* Collect data from * Third order *Add labels based  ® Divide both * Calculate time- * Use calculated *Compare
patients median filter on activity form acceleration data  and frequency features as input predicted and
* Read .cwa filein  ® Third order low- * 1= Walking and labels in to domain features for neural network actual classes
to Matlab pass Butterworth  « 2 = Cycling buffers of 256 * Calculated scores *Calculate accuracy,
filter, cutoff 20 Hz 3 = Walking samples indicate most recall, precision
* High-pass filter, sels * 128 samples probable class and confusion
cutoff 0.8 Hz o 4 = Sitting overlap matrices
* 5 = Standing
* 6= Lying

Figure 2.3: Workflow that describes all the steps from data collection to performance output.
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2.2.5 Optimisation of neural network

After performance of the neural network developed by the MOVEMgNTT study was assessed, it was in-
vestigated if performance could be improved by additional training of the neural network. Training was
done using both the data collected from patients preoperatively by the MOV g MgNTT study, and the data
collected postoperatively as described in section 2.2.2. Performance of the newly trained neural network was
investigated using a leave one subject out (LOSO) analysis, since the neural network is thought to have a
different performance for each subject. This is due to the fact that each person moves differently, which can
cause a change in performance of the algorithm if a person moves significantly different than other individ-
uals. This could be because of the use of walking aids or different posture. Every iteration, the algorithm
leaves one subject out and the neural network is trained based on the remaining subjects. Then the neural
network is tested based on the classification of the data of the left out subject. Accuracy, recall and precision
were calculated and confusion matrices were made.

2.2.6 Use of only upper leg sensor

Finally, it was analysed whether using only the upper leg sensor can generate similar results compared to
using both the upper leg and arm sensors. To investigate the use of only one sensor, the algorithm was
adapted to calculate only the eighty features of the leg sensor. The neural network was adjusted, so it has
eighty inputs. The new network was trained using only the acceleration data from the upper leg sensor,
and tested using the LOSO validation method as described in 2.2.5. Performance was again assessed by
calculating accuracy, recall and precision, and by inspecting the confusion matrices.

2.2.7 Statistical analysis

In order to assess if the patient groups from the MOVEMgNTT and MOVEMgNTT validation study are
comparable, statistical analysis on patient characteristics was performed using IBM SPSS Statistics for
Windows, version 28 (IBM Corp., Armonk, N.Y., USA). Continuous variables are presented as median with
interquartile range (IQR), and nominal variables are presented as numbers and percentages. Continuous
variables were tested for normality using the Shapiro-Wilk test and by visually inspecting the histograms
and skewness and kurtosis. Based on the distribution, the continuous variables were compared using the
unpaired t-test or Mann-Whitney U test. Nominal variables were compared using the Fishers exact test.
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2.3 Results

2.3.1 Patient demographics

After including 18 patients in the validation study, measurements were performed on 14 patients. One
patient was excluded due to a postoperative CVA. One patient was excluded due to surgery unsuitability.
Another patient was excluded due to an ICU stay longer than 72 hours. Finally, one patient could not
be measured due to stay at the coronary care unit. Baseline, perioperative and postoperative patient
characteristics from both the MOVgMgNTT and the MOVgMgNTT validation study can be found in
Table 2.1, Table 2.2 and Table 2.3 respectively. Patients from the MOVEMgNTT validation study had
significantly more recent myocardial infarctions than patients from the MOV gMENTT study. Furthermore,
patients from the MOVEMEgNTT validation study had significantly more urgent surgery instead of elective
surgery than patients from the MOVEMENTT study. Other baseline characteristics were not significantly
different between the two groups.

Table 2.1: Baseline patient characteristics; data are medians [IQR] or numbers (percentage).

MOVMegNTT MOVEMgNTT validation

(n=29) (n=14) P-value

Age (years) 70 [64-74] 71 [66-75] 0.84
Sex Male 22 (76%) 11 (79%) 100

Fomale 7 (24%) 3 (21%)
Body Mass Index (kg/m?) 27 [25-29] 27 [26-29] 0.52
Body Surface Area (m?) 2.0 [1.9-2.1] 2.0 [1.8-2.2] 0.62
Diabetes 6 (21%) 3 (21%) 1.00
Multivessel disease 12 (41%) 8 (57%) 0.52
Recent myocardial infarction 2 (7%) 6 (43%) 0.01
LeftPng?tilg(;l%}ar Ejection Fraction 4 (14%) 0 (0%)

’ 12 (41%) 4 (29%) 0.22

Moderate, 30-50% 13 (45%) 10 (71%)

Good, >50% ¢ ¢
COPD 1 (3%) 0 (0%) 1.00
Extracardiac arteriopathy 3 (10%) 0 (0%) 0.23
Neurological dysfunction 3 (10%) 1 (7%) 1.00
Previous cardiac surgery 0 (0%) 0 (0%) 1.00
NYPIIA class 12 (41%) 7 (50%)

I 7 (24%) 6 (43%) 019

I 10 (34%) 1 (7%) '

v 0 (0%) 0 (0%)
Urggll:g;ive 23 (79%) 3 (21%) <0.001

Urgent 6 (21%) 11 (79%)
Euroscore I 3.5 [1.5-6.0] 3.3 [2.1-5.5] 0.85
Euroscore I 1.3 [0.9-2.2] 1.3 [0.9-1.4] 0.74

COPD = Chronic obstructive pulmonary disease. NYHA = New York Health Association. EuroSCORE = European
system for cardiac operative risk evaluation.
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Table 2.2: Periprocedural patient characteristics; Data are medians [IQR] or numbers (percentage).

MOVEMENTT MOVEMENTT validation

(n=29) (n=14) P value
Typrer :Vflsurgery 0 (0%) 1 (7%)
CABG 15 (52%) 11 (79%) 0.08
Valve surgery 9 (31%) 2 (14%) .
CABG + valve surgery 5 (17%) 0 (0%)
S“rgl"\‘f.ay approach 4 (14%) 2 (14%)
ini sternotomy 25 (86%) 12 (86%) 1.00
Median sternotomy 0 0
Cardiopulmonary bypass 22 (76%) 10 (71%) 1.00
Cardiopulmonary bypass time (min) 100 [87-143] 80 [65-101] 0.13

TAVI = Transcatheter Aortic Valve Implantation. CABG = Coronary artery bypass graft.

Table 2.3: Postoperative patient characteristics; data are medians [IQR] or numbers (percentage).

MOV ;MyNTT MOV zMgyNTT validation

(n=29) (n=14) P value
ICU stay (days) 1 [1-2] 1[1-1] 0.05
Surgical ward stay (days) 5 [3-6] 5 [4-5] 0.59
D‘SC}}I‘;‘)‘;gee to 23 (79%) 11 (79%) ”

6 (21%) 3 (21%) '

Referring hospital

2.3.2 Data set

In total, 15195 samples of 2.56 seconds were collected. This corresponds to a total of 648.3 minutes. Table
2.4 shows how these samples are divided over each activity. It can be seen that not all classes are equally
divided. Especially walking stairs does not have much samples compared to the other classes.

Table 2.4: Amount of data samples per activity class. Each sample is 2.56 seconds.

Activity Amount of samples (n=14)
Lying 2229
Sitting 4852
Standing 1809
Walking 3181
Cycling 2860

Walking stairs 264

Total 15195

Fig. 2.4 displays the distribution of samples per postoperative day. On the first day mostly lying and
sitting is measured, on the second day standing and walking increases. On day three to six, no lying is
measured. Cycling and walking stairs start at day three. This corresponds to the protocol described in
Chapter 1. The amount of participants that is measured per day is also displayed in Fig. 2.4.
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Figure 2.4: Amount of samples per activity class per postoperative day, including the number of patients
measured during each postoperative day.

2.3.3 Performance of original and optimised neural network

The left side of Table 2.5 shows the performance of the neural network developed by the MOVgMgNTT
study, tested with the validation data measured during the practice moments with a physiotherapist. An
overall accuracy of 87% was found. Notable are the low recall for walking (67%), and the low precision for
standing (67%) and walking stairs (49%). Fig. 2.5 shows the confusion matrix. The confusion matrix shows
that walking is often misclassified as standing or walking stairs.

Table 2.5: Performance of the neural network developed in the MOV gMgNTT study, tested with the data
measured postoperatively (left) and performance of the neural network with additional training using both
preoperative and postoperative data (right). Data are in percentages; mean [min max]

Algorithm MOV yMgNTT Algorithm MOV g MgNTT validation

Recall Precision Accuracy | Recall Precision Accuracy
Lying 100 [96 100] 77 [0 100] 77 [0 97] 97 [74 100] 86 [0 100] 84 [0 100]
Sitting 84 [8 100] 98 [50 100] 83 [3 100] | 90 [52 100] 97 [78 100] 88 [52 100]
Standing 95 [59 100] 67 [4 100] 65 [3 99 92 [38 100] 85 [61 100] 79 [38 100]
Walking 67 [42 99] 97 [0 100] 66 [0 99] 91 [77 100] 95 [88 100] &7 [76 100]
Cycling 99 [97 100] 96 [0 100] 95 [0 100] | 99 [98 100] 99 [0 100] 98 [0 100]
Walking stairs 88 [67 100] 49 [0 100] 46 [0 93] 86 [71 100] 75 [0 100] 67 [0 96]
Overall 89 [67 94] 81 [4186] 87 [7396] | 93 [73100] 90 [56 100] 93 [77 100]
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Figure 2.5: Confusion matrix for the performance of the algorithm developed by the MOV g MgNTT study,
trained with the data collected preoperatively and tested with the data collected postoperatively. The outer
column on the right displays the precision in green, and the false discovery rate in red. The bottom row
displays the recall in green, and the false negative rate in red. The cell in the bottom right of the matrix
shows the overall accuracy.

The right side of table 2.5 shows the performance of the neural network, after training the network using
both the data collected preoperatively by the MOVEMEgNTT study and the data collected postoperatively
by the validation study. The neural network now reaches an overall accuracy of 93%. Furthermore, the
recall for walking increased to 91%. The precision for standing and walking stairs increased to 84% and
75% respectively. Fig. 2.6 shows the confusion matrix. This confusion matrix shows that walking is still
misclassified as standing sometimes, but less often than in the original neural network. Furthermore it can
be seen that walking is also less frequently misclassified as walking stairs.

Fig. 2.7 displays an example of P09 on postoperative day two. This is the first time the patient starts
walking after surgery, meaning they are likely to walk slower than prior to their surgery. The figure shows
the algorithm developed by the MOV MENTT study on the left, and the newly trained algorithm on the
right. It can be noted that the original algorithm often switches between standing and walking, whereas the
new algorithm correctly classifies the activity as walking.
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Figure 2.6: Confusion matrix for the performance of neural network trained with data from patients pre-
and postoperatively, and tested using the LOSO validation. The column outer column on the right displays
the precision in green, and the false discovery rate in red. The bottom row displays the recall in green, and
the false negative rate in red. The cell in the bottom right of the matrix shows the overall accuracy.
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Figure 2.7: Comparison of the previously developed algorithm on the left vs. the newly trained algorithm
on the right.

2.3.4 Performance of neural network using only the upper leg sensor

Table 2.6 shows the performance of the algorithm when using only the upper leg sensor. Using only the
upper leg sensor an overall accuracy of 89% is reached. However, the recall and precision for lying, decrease
from 97% to 79% and from 86% to 75% respectively. The recall and precision for sitting decrease from 90%
to 84% and from 97% to 90%. The recall and precision for walking stairs decrease from 86% to 69% and from
75% to 69%. The recall and precision for standing, walking and cycling using one sensor are comparable to
using two sensors. In Fig. 2.8 the confusion matrix for the performance of using only the upper leg sensor is
shown. The confusion matrix shows that especially lying is misclassified as sitting, and sitting is misclassified
as lying more frequently than when using two sensors. Furthermore, walking stairs is misclassified as walking
more often then when using two sensors.

Table 2.6: Performance of the neural network with additional training using only the upper leg sensor.
Data are in percentages; mean [min max].

Recall Precision Accuracy
Lying 79 [31 100] 75 [0 100] 63 [0 100]
Sitting 84 [31 100] 89 [51 100] 76 [31 100]
Standing 92 [48 100] 88 [56 100] 82 [50 100]
Walking 93 [76 100] 93 [0 100] 89 [0 99]
Cycling 99 [95 100] 98 [0 100] 98 [0 100]
Walking stairs 69 [17 100] 69 [0 100] 52 [0 96]
Overall 86 [72 100] 85 [57 97] 89 [74 100]
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Figure 2.8: Confusion matrix for the performance of the algorithm developed by the MOV g MgNTT study,
trained with the data collected preoperatively and tested with the data collected postoperatively, based on
only the upper leg sensor. The column outer column on the right displays the precision in green, and the
false discovery rate in red. The bottom row displays the recall in green, and the false negative rate in red.
The cell in the bottom right of the matrix shows the overall accuracy.
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2.4 Discussion

This study aimed to test and optimise an artificial neural network to objectively measure mobilisation during
hospital stay of patients after cardiac surgery. This was done by collecting data from patients postoperatively
and investigate the performance of a neural network trained with data collected preoperatively. This led
to an overall accuracy of 87%, with problems in correctly differentiating between walking and standing.
Optimisation of the neural network was achieved by additional training, using data from patients collected
postoperatively in addition to the data collected preoperatively. This led to an overall accuracy of 93%,
with improvements in classification of walking, standing and walking stairs. Another aim of this study was
to investigate the feasibility of using only one sensor, in order to reduce costs and calculation time, and to
increase patient comfort. Adaptions to the neural network to function using one sensor, led to an overall
accuracy of 89%. However, recall and precision for classifying lying, sitting and walking stairs decreased
considerably.

2.4.1 Baseline characteristics MOV yMgNTT and MOV ) MgNTT validation study

From the statistical analysis it can be concluded that the patient groups of the MOVyMgNTT and the
MOVEMgNTT study validation are mostly comparable. There was, however, a significant difference in the
amount of recent myocardial infarction and urgency of the surgery, with the validation group having more
recent myocardial infarction and more urgent surgeries. There is a simple explanation for this finding. The
validation study was carried out during the COVID-19 pandemic, in the period that hospitals were down
scaling their elective care. Instead of the normal capacity of approximately four surgeries each day, there
were only one or two. Due to this limited capacity, most surgeries were performed on patients that were
hospitalised due to a myocardial infarction and had to stay in the hospital until their surgery. These patients
often had complaints of angina pectoris or dyspnea during their admission to the hospital, but some were
symptom free during the time they were waiting for surgery. It is not expected that this difference between
the two groups leads to differences in movement patterns, and therefore it is not expected that this difference
will have an influence on the validity of this study.

2.4.2 Performance of the neural network

When testing the neural network developed by the MOV g MgNTT study, it was noted that especially in the
first two days after surgery walking was often misclassified as standing. This can be seen in the confusion
matrix in Fig. 2.5 and in the example in Fig. 2.7. It is also reflected by the low recall of walking and the
low precision of standing. After surgery, patients walk considerably slower, often due to pain and fatigue.
Later in their hospital stay these misclassifications decrease, as walking is more similar to the preoperative
situation. Another problem that was noted was that when patients were starting to walk more normally,
walking was sometimes misclassified as walking stairs. This can also be seen in the confusion matrix in
Fig. 2.5, and is reflected by the low precision of walking stairs. This can be explained by the fact that
patients start to lift their feet more, which the network recognises as walking stairs. When using both the
preoperative and postoperative data for training of the network, these misclassifications decrease. Since the
data collected postoperatively includes samples of patients that walk slowly, the network learns to recognise
that slow walking also belongs to walking and not to standing.

It is notable in Table 2.5 and 2.6 that the range of the precision sometimes ranges from zero to hundred.
This happens because not all patients have performed all activities during their stay. For example, if a
patient is only measured at day three and four, lying is not measured in that particular patient. If then one
sample is misclassified as lying, precision will be zero. This needs to be taken into account when interpreting
the ranges for precision and recall.

In this study it was tested whether using only the upper leg sensor would provide similar results to using
two sensors. Using only one sensor would reduce calculation time and is more comfortable for the patients.
Using only the upper leg sensor an accuracy of 89% was reached compared to an accuracy of 93% using two
sensors. Although overall accuracy still seems good, looking further into the performance of the algorithm
shows that especially the performance of classifying lying and sitting decreases when using only one sensor.
Using only the upper leg sensor the recall and precision for lying are 79% and 75% respectively, compared
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to 97% and 86% when using both sensors. For sitting the recall and precision are 84% and 89% using only
the upper leg sensor, compared to 90% and 97% when using two sensors. These results are as was expected,
since the upper leg is in the same position during sitting and lying. A review investigating the validity
and reliability of accelerometry to identify lying, sitting, standing and purposeful activity in adult hospital
inpatients has also found that accelerometers placed in isolation on the thigh could not differentiate between
lying and sitting positions [29]. Other studies have used different placements when measuring whole-body
movement, such as the waist, sternum and lower back [38]. However, these placements are not suitable in
the hospital setting since patients lie in bed often. When placing sensors on the lower back or waist, this
could lead to discomfort for the patients. Placement of the sensors on the sternum is not desirable, because
of interference with the wound area. Another strategy would be to place the sensor at the ankle, since
the ankle is in different positions during sitting and lying. However, the ability to differentiate between
standing and sitting would then decrease, since the ankle is in the same position during these activities.
Furthermore, the ankle is expected to generate more irrelevant movement, which could negatively influence
the classification of movements and postures. Since on the first day mobilisation consist of sitting on the
edge of the bed or sitting in the chair it is important to be able to correctly distinguish between sitting and
lying [8]. Furthermore, patients are encouraged to spent less time in bed during the course of their hospital
stay and spent more time in an upright position. Since this is such an important part of the mobilisation
process, it is recommended that both sensors are used to be able to correctly identify whether patients are
lying in bed or sitting in a chair.

2.4.3 Comparison to relevant literature

Comparing the results of this study to the results of other validation studies is quite challenging, since there
is no consensus in literature on measurement protocols and performance metrics. There is a lot of variety
in patient populations, types of accelerometers used and placement of the accelerometers. In addition, the
activities that are classified differ per study. Most studies classify lying and sitting together as sedentary
behaviour and other activities are classified as dynamic activity, rather than specifying which activity is being
performed. While in this study accuracy, recall and precision are used to describe the performance of the
algorithm, other studies use metrics such as sensitivity, specificity, percentage error, mean difference or the
F1-score, which is a measure that combines precision and recall. Finally, not all studies transparently describe
how their algorithms work, which makes it difficult to compare results and explain possible differences.

Valkenet et al. investigated the validity of three accelerometers (ActiGraph GT9X Link, Activ8 profes-
sional, Dynaport MoveMonitor), each with a different wear location (hip, upper thigh, and lower back) to
detect lying, sitting, standing and walking [23]. They included twelve patients, of which only two inpatient
subjects, which performed a predefined protocol. Patients were only included if they could perform all ac-
tivities included in the protocol. Video recordings were used for reference. They showed good to excellent
validity of all three sensors to detect walking (81% to 99%). However, the positive predictive values for
standing, sitting and lying were lower, ranging from 19% to 74%, 28% to 57%, and 0% to 100% respectively.
These ranges can be explained by the different wear locations. For example, during standing the DynaPort
MoveMonitor registered sitting in 84% of the samples, due to placement at the lower back, which is in the
same position during standing and sitting. By combining two sensors, as is the case in the MOV gMgNTT
validation study, the positive prediction values (precision) become higher overall, meaning static positions
are better distinguishable. The ability to detect walking in the study of Valkenet et al. is comparable to this
study, with outcome measures above 90%.

In a study performed by van Dijk-Huisman et al., an classification algorithm for assessment of physical
activity in hospitalized patients was optimised and validated [35]. They used an adjustable activity classi-
fication algorithm previously developed by Bijnens et al., which has been shown to be able to discriminate
between dynamic, standing, and sedentary (lying/sitting) behavior in elderly persons using a decision tree
[45]. The algorithm can be optimised by for other target populations and locations where the sensor is
worn by adjusting algorithm parameters, such as data segmentation window, amount of physical activity
threshold, ans sensor orientation threshold. Van Dijk-Huisman et al., measured patients that were admitted
for elective total knee or hip arthroplasty, or were aged seventy or older and acutely hospitalized. They
measured acceleration on the upper leg during physical therapy sessions using a MOX Activity logger and
used recordings with a held hand camera for reference. Total sensitivity, specificity and accuracy were 89%,
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95%, and 93% respectively. Total accuracy is comparable to the accuracy found in this study. However, sen-
sitivity (which equals recall) for standing was 65% (34% to 77%), which is comparable to the recall found in
this study before additional training of the network. When looking at only the acutely hospitalized elderly
patients, sensitivity drops to 35%. They suggested that the difficulty with correctly classifying standing
could be due to the patients’ slow gait, which makes it more difficult to select an appropriate threshold to
distinguish between standing and walking. This found difficulty of detecting slow gate is comparable to the
finding in this study, when performance of the algorithm was assessed before optimisation. The advantage of
using a neural network instead of the decision tree used by van Dijk-Huisman et al., is that the network can
be trained to recognise patterns, omitting the need to choose one threshold for all different patients. The
improvement in recall of walking with additional training of the network shows this advantage. Furthermore,
for the particular patient group of patients after cardiac surgery, the first one or two days after surgery, mo-
bilisation consists mostly of getting out of bed and sitting in a chair. Therefore, classifying sitting and lying
together is not desirable.

Fridriksdottir and Bonomi developed an algorithm for recognizing activities typical for hospitalized pa-
tients using a deep neural network. The advantage of using a deep neural network over an artificial neural
network is that it can automatically extract features from raw input instead of using predefined features.
Twenty healthy subjects completed a protocol that consisted of activities typical for hospitalized patients,
wearing a accelerometer attached to the left side of the trunk. All activities of the protocol were classified in
to six activity classes; lying, upright (sitting/standing), walking, stair ascent, stair descent and wheelchair
transport. They reached an overall accuracy of 95%, which is comparable to the result in this study. Further-
more, they also found that slow walking and walking up/down the stairs are the most challenging activities
to classify, which is in line with the findings of this study.

2.4.4 Limitations

One of the limitations of this study is that testing of the neural network is done based on practice moments
with a physiotherapist. Even though patients move in a natural manner, meaning they can stop walking if
they want to or are not told to sit perfectly still for example, the activities they perform are based on the
mobilisation protocol that physiotherapists follow for patients after cardiac surgery. This explains why no
lying is measured on postoperative day three to six. On these days, patients are often already sitting in a
chair when they are visited by the physiotherapist. Transfer moments between activities were excluded from
analysis and data was only labeled when patients were clearly performing a certain activity. This was done
because it is unclear under what class these transfer moments belong. During free-living, these moments of
transfer between activities or when patients walk for a second and then stop for example will be classified
as well. This could have an influence on the performance of the neural network. To be certain about the
performance of the network during free-living, a patient should be recorded the entire day and data should
be labeled according to what is seen. This was not done in this study, because this takes a lot of time and
video recording a patient the entire day would be a serious invasion of their privacy. To be able to correctly
label all the activities, it should be determined to what class these transfer moments belong, or an additional
class ’transfer’ should be added. These transfer moments, however, are expected to occupy only a small part
of all the activities that are classified, meaning that they are not likely to have a significant impact on the
global mobilisation status of the patient.

Another limitation was that in this study time intervals to label the accelerometer data were measured
with a stopwatch and the corresponding activities were noted on a form. KEach time a patient switches
between activities the stopwatch is pressed to obtain a round, which gives the time interval an activity is
performed. However, the reaction time needed to press the stopwatch after change of the activity could
introduce small errors. Furthermore, patients sometimes move in unpredictable ways. For example when
walking, some patients stop for a second and then start walking again. These small interruptions of certain
activities are difficult to capture with the stopwatch. These errors were aimed to be diminished as much as
possible, by excluding the intervals in which no clear activity was performed or during moments of transfer
between activities, for example getting on the ergometer. To obtain more precise time intervals the gold
standard, which is video recording, could be used. However, this is more invasive of the privacy of patients
and is more time consuming. Since the algorithm makes a classification based on 2.56 seconds, the reaction
time to press the stopwatch is not expected to have a significant influence, since this is only a fraction of the
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time window. Additionally, activities are often performed for a longer period of time, which means that all
the other segments after the transfer will be correctly labeled.

In neural network training it is often recommended to include approximately the same amount of samples
for every class. In this study, the amount of samples per class is not evenly distributed. Especially walking
stairs has few samples in the validation study compared to the other classes. This is due to the fact that
patients only walk stairs on day four or five. For some patients these days were missed, because of weekends
or transfers to referring hospitals. However, since walking stairs is only performed once and under direct
supervision of a physiotherapist, this is considered to be representative of the realistic situation. Walking
stairs in never performed by patients themselves, and therefore it has more consequences for clinical practice
if the algorithm has low precision than low recall. The optimised neural network, which has less training
samples that include walking stairs, increases the precision for walking stairs, so it is expected that this is
beneficial for clinical practice.

2.4.5 Clinical relevance and recommendations for future research

Based on the results of this study and in comparison to other literature, it is believed that the performance of
the algorithm is sufficient for its intended use. A point of improvement could be to implement a smoothing
step in the algorithm. Sometimes, the algorithm classifies a single segment as another activity than the
surrounding segments. Especially when patients are not lying completely flat, the algorithm tends to switch
between lying and sitting. Since it is likely that patients perform activities for a longer period of time, a
majority voting algorithm could be implemented to reduce the errors produced by these misclassifications.
Even without this adjustment, this validation study shows that mobilisation of patients after cardiac surgery
can be objectified accurately.

The next step to implement this algorithm in the clinical setting and for the algorithm to have clinical
relevance, would be to translate these measurements to useful information. Even though the measurements
can already objectively measure the physical activity of patients after cardiac surgery, the way it is measured
now is not of direct use to the patient or physiotherapist. Implementation of these measurements can take
many forms, from just collecting data and showing this to patients and physiotherapist, to more complicated
interventions such as serious gaming. For a system like this to be of added value in daily practice it is
important to understand the needs and barriers of the hospital staff and patients to work with such sensors.
In Chapter 3 expert interviews will be conducted to investigate these needs and barriers.
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2.5 Conclusion

This study shows that mobilisation of patients after cardiac surgery can be objectively quantified with two
accelerometers worn at the upper thigh and upper arm. Using data collected from patients preoperatively and
postoperatively, a neural network is trained, leading to a total classification accuracy of 93%. The importance
of using two sensors in order to correctly differentiate between static activities including lying, sitting and
standing has been shown. Future research should focus on the translation of objective measurements to
interventions that can be implemented in clinical care, leading to a more patient-specific mobilisation strategy.
A first step would be to explore the wishes and needs of hospital staff working with patients after cardiac
surgery.
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Chapter 3

Translation from objective
measurements to coaching and better
guidance of the individual
mobilisation process: Expert
interviews

3.1 Introduction

The benefits of physical activity, both inside and outside of the hospital have been investigated on a large
scale. Since the middle of the 20*" century it has been recognised that physical activity is a major determi-
nant of health [46]. Studies focusing on early mobilisation protocols in hospitalised patients have found that
physical activity can reduce postoperative complications, reduce hospital length of stay, can increase func-
tional capacity, can lead to a more effective functional recovery, and has a positive impact on mental status
[7—14]. However, in hospitals it has been shown that patients spent most of their time in bed or sedentary,
especially in the afternoon [15-17, 31]. Even in the healthy population almost half of the population does
not meet the recommended amount of physical activity [47]. Even though wearable technology is rapidly
expanding, which makes it possible to objectively measure physical activity, there is no consensus on how to
use these measurements in the guidance of increasing physical activity and reducing sedentary behavior.

In order to increase physical activity and reduce sedentary behaviour, it is necessary to change peoples
behaviour, which can be quite challenging. Research on physical activity interventions is extensive and very
broad, leading to the existence of umbrella reviews of reviews on the literature [48]. From all these interven-
tions it is quite challenging to determine what predicts a successful outcome and why certain interventions
work for some groups, but not for others [30, 48]. Interventions often incorporate multiple features, without
looking at the effect of each individual component, which makes it difficult for clinical practitioners to choose
the correct features for a specific group. For example, a review investigating which behaviour change tech-
niques work in increasing older adults’ physical activity found that many techniques that increase physical
activity in younger adults, such as goal setting, providing feedback on performance, providing information
about others, when and where to perform behaviour, and self-monitoring, may not be as effective in older
adults [49]. Most of the interventions aiming to increase physical activity in patients are used in the outpa-
tient setting for the management of chronic diseases, such as diabetes, since promoting physical activity is
one of the fundamentals of treatment [50]. When looking more into the subgroup of cardiac patients, most
studies have focused on rehabilitation, rather than the hospital setting [51-53].
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Studies investigating interventions to increase physical activity of hospitalised patients are less common.
A recent meta-analysis by Taylor et al. aimed to determine if and what behaviour changing interventions
are effective in hospitalised patients [54]. They found that goal setting and providing feedback on perfor-
mance were independently associated with an increase in physical activity [54]. The effect of providing
accelerometer-based feedback on physical activity in hospitalised patients has been investigated in different
patient groups. A study by Peel et al. found that providing daily feedback, in addition to goal setting, to
patients and therapists using an accelerometer in geriatric rehabilitation increased walking time compared to
only goal setting [55]. Kanai et al. found an increase in physical activity, exercise expenditure and duration
of activity time in hospitalised patients with ischemic stroke using accelerometer-based feedback [56]. On
the contrary, Mansfield et al. found no difference in walking time, number of steps, longest bout duration,
or number of long walking bouts for inpatient stroke rehabilitation using accelerometer-based feedback as
part of a goal-setting process compared to patients that received no feedback [57]. An augmented feedback
intervention was also not associated with an increase in time spent walking [58]. These differences might
be explained by the way that the feedback is delivered. While Mansfield et al. and Dorsch et al. used a
more passive approach, Kanai et al. asked the participants to actively note their accelerometer data on an
activity calendar. There were also different methods of goal-setting, where the study of Kanai et al. used
initially low targets that were easily accomplished. This explanation is supported by a review of Gormley et
al., which found that goal-setting is effective, but having too many or unrealistic goals can be demotivating
and stressful. Furthermore, they state that the timing of feedback and how feedback is delivered has impact
on the effectiveness of the intervention [48]. A review by Baldwin et al. found that it is not clear wearable
devices can impact physical activity or sedentary behaviour change across a range of inpatient settings.
Studies that did report a positive effect on physical activity and sedentary behaviour included principles of
thorough assessment and goal setting [30]. These discrepancies between studies underline the importance
of understanding the needs, capacities and environment of the patient population that the intervention is
applied to.

In order to correctly implement an intervention it is important to understand barriers and needs of
healthcare professionals. Since they are the ones that see the patients daily, they can provide a lot of insight
in the current problems regarding mobilisation of patients and how to overcome these problems. Earlier
studies investigating the barriers and solutions for improving physical activity in hospitalised patients have
found that key barriers are: differences in how physical activity is defined by healthcare professionals, the
extend of freedom of choice and autonomy of patients, lack of time and knowledge from both patients and
healthcare professionals, role expectations, expectations and characteristics of patients, physical status of
patients, and the hospital environment [14, 18, 59]. These findings are supported by a review by Lee et al.
investigating factors that influence physical activity after cardiac surgery. They found that patients with
higher self-efficacy and positive attitudes or feelings about exercise were more physically active. Furthermore,
support from family and peers, and incorporation of monitoring and personal recommendations for behavioral
changes instead of general recommendations lead to more participation in rehabilitation [60]. Identified
barriers were: uncertainty about the benefits of physical activity, and health related factors such as pain,
injury, illness, comorbidities or depressive symptoms. However, the studies investigated in this review were
focused on the participation in rehabilitation, rather then physical activity in the hospitalised setting.

3.1.1 Study goal

The effectiveness of interventions aiming to increase physical activity is dependent on different factors,
including the setting and patient population. In order to set up a successful intervention it is important
to understand the needs, barriers and wishes of the patient population and the situation that they find
themselves in. Therefore, this study aims to answer the following research questions: What are the current
problems around mobilisation of patients after cardiac surgery at TCT, how can patients be motivated to
mobilise, and how can accelerometer-based feedback be incorporated to better guide the mobilisation process
of patients according to healthcare professionals at the surgical ward?
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3.2 Materials and methods

3.2.1 Study setting and design

This qualitative study was conducted at TCT, which is one of the top five thoracic centers of the Netherlands.
The nurse to patient ratio at the cardio-thoracic surgery ward is 1:4 during daytime and 1:8 at night. The
ward has one physiotherapist per day that sees every patient at a daily basis, until they have completed
the entire mobilisation protocol. Completion of the mobilisation protocol is a prerequisite for discharge to
home. Furthermore, there are two nurse practitioners per day that take care of the patients. One-on-one
semi-structured interviews with healthcare professionals were held, aiming to investigate their views on the
current daily practice and problems regarding mobilisation of patients after cardiac surgery and gain insight
in how they believe physical activity can be promoted in this patient group. It was specifically of interest
how they thought an accelerometer-based feedback system could be implemented, what the requirements for
such a system would be, and how mobilisation data should be visualised. Ethical approval was obtained by
the Ethics Committee Computer & Information Science of the University of Twente (number RP 2022-36).
Written informed consent was obtained from each participant, prior to the start of the interview. Each
participant was given a subject number. Audio recordings and transcripts of the interviews are anonymised
using this subject number and saved on a secured disk.

3.2.2 Participant selection and recruitment

Healthcare professionals were selected to ensure heterogeneity in professions, age, sex and work experience.
A physiotherapist with previous experience in conducting research in mobilisation of patients after cardiac
surgery was asked for input on which healthcare professionals would be fit to participate in this study.
Participants were required to be a surgeon, physiotherapist, nurse or nurse practitioner at TCT. Participants
were invited for the interview by an email, including the participant information letter and a brief explanation
of the objective of the study. This explanation was held short, in order to minimise the influence of this
information on their answers in the interview. Inclusion of participants ended when no new answers were
given to the asked questions and no new information was obtained.

3.2.3 Data collection and processing

The interviews were conducted between April and May of 2022 at the thoracic ward of TCT. In depth
face-to-face interviews were conducted either in an empty patient room at the cardio-thoracic ward or in
the office of the participant. During the interviews, only the researcher and the participant were present so
the participants were encouraged to speak freely. The interviews were aimed to last for approximately 30 to
45 minutes. Interviews were conducted in Dutch, since this is the native language of all participants, and
we believe that participants can speak more freely and authentically in their own language. Questions and
quotes presented in this report are translated to English for readability. To be able to get answers to the
research questions stated in 3.1.1, a semi-structured interview guide was used, which can be found in Table
3.1.

Table 3.1: Interview guide

Topics Questions

How standardised is the mobilisation protocol?

How is the patient involved in this process?

What are problems that you currently experience regarding the mobilisation process?
What is the best way to motivate patients to mobilise, how do you do this?

What are differences between colleagues in this process?

Would it be valuable to give patients insight in their own mobilisation process using objective data?
What activities do you want to be able to measure?

What would be a hindrance for patients to use such a system?

What would be a hindrance for healthcare professionals to use such a system?

How accurate should this system be?

During what time would you want to measure?

What information is important to improve patient mobilisation?

How should this information be visualised?

Current mobilisation practice

Previously set requirements
for objective measurement system

Feedback system
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These questions were discussed with one of the supervisors of this study prior to the start of the first
interview to ensure correct formulation of questions and adjustments were made accordingly. Questions
were formulated as open as possible to encourage participants to talk openly and go in the direction they
want to. Based on the answers of the participants follow-up questions were asked to increase understanding
and explore different topics more in-depth. All interviews were recorded using a mobile phone, and these
audio fragments were later saved on a secured disk using the subject number given to the participant after
obtaining informed consent. Data was transcribed using the Listen N Write software (Version 1.30.0.10,
Softonic, Barcelona, Spain). Listen n Write is a tool which includes a media player and text editor, so the
user does not need to switch between two separate programs. It also has the ability to automatically pause
the audio fragment when the user starts typing, and starts playing when the user stops typing.

3.2.4 Data analysis

Transcribed interviews were analysed using ATLAS.ti Windows (Version 22.0.6.0). Atlas is a qualitative
research tool that can be used for coding and analysing transcript data. Initially, interviews were read
thoroughly to get familiar with the data and get a first impression of preliminary characteristics and patterns.
After that, data was read again, and relevant phrases and sections were labelled with codes. When finished
with initial coding, it was investigated if codes were overlapping and if multiple codes could be grouped
together to form categories and subcategories. From these categories the main reoccurring themes were
identified, which will be described in the result section.
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3.3 Results

3.3.1 Participants’ characteristics

A total of eight healthcare professionals were included in the study. The participants consisted of physio-
therapists (n=3), nurses (n=2), nurse practitioners (n=2), and a surgeon (n=1). The duration of interviews
ranged from 30 to 48 minutes, leading to a total of 4.5 hours of interview data. Details can be found in
Table 3.2.

Table 3.2: Participant characteristics

Interview duration

Participant code Sex Profession .
(minutes)
S1 Female Physical therapist 46
S2 Male Physical therapist 46
S3 Male Physical therapist 30
S4 Female Nurse 34
S5 Female Nurse practitioner 38
S6 Female Nurse 48
S7 Male Surgeon 33
S8 Male Nurse practitioner 30

When analyzing the data from the interviews, a few themes related to physical activity in patients after
cardiac surgery stood out. These themes included patient characteristics and health status, environment
and expectations, own responsibility of patients, the use of a positive approach and way of communication,
and stimulating patients versus guarding their boundaries. These themes will be explained in more detail in
sections 3.3.2 to 3.3.6. Furthermore, the outcomes of the more specific questions regarding the requirements
of an accelerometer-based feedback intervention will be presented in section 3.3.7.

3.3.2 Patient characteristics and health status

One of the main things participants pointed out as being either a facilitator or barrier to mobilisation was
the patient characteristics. The patient population at the thoracic ward is very heterogeneous, ranging from
fifty year old patients with a blank history that are very physically active in their daily lives, to eighty year
old patients with multiple comorbidities that already have a walking aid and home care before their admis-
sion to the hospital. Not only age is a limiting factor in mobilisation after surgery, there are also younger
adults that are not physically active or have a bad lifestyle prior to their surgery. Participants described that
they notice a great diversity in attitudes from patients towards their own health. Some patients are very
motivated to do everything in their power to be as healthy as possible, whereas other patients just simply
do not seem to care, with the latter group being hard to convince to change their attitudes and behaviour.
Participants described patients with positives attitudes towards physical activity and their health prior to
surgery as being more motivated to be physically active after surgery. The IQ of a patient plays a role in
understanding the importance of mobilisation, with people that have a better understanding being easier to
motivate.

Some patients are very involved with their health, they are concerned about how their health will be after
the procedure, but other patients just do not care, they will say things like: ”You know what, it does not

matter. It is my disease, but you have to fix it.” Those patients often fall back into bad habits. (S7)

The nature of a person also plays a role, one is more motivated while the other thinks: ”I’'m just operated,

not now.” (85)

It is very strange to say, but it sometimes depends on the I1Q of a patient as well. If someone just knows
that health is important, then they know that they must mobilise immediately after the operation. (S6)
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Participants mentioned culture as well as being a barrier to physical activity. Especially patients from
Twente were described as being care avoiders. This means that they often wait too long before they go and
see a doctor, meaning their condition has already suffered more than it could have. Participants described
other, mostly non-western, cultures as being very careful when people are ill, making the patient rest. The
family does everything for a patient, so the patient does not have to do anything or get out of the hospital
bed. One participant mentioned that pain complaints being the reason for inactivity is also seen more in
non-western cultures.

It also depends on the patient or the culture. They think: "I have something, I have had surgery, I'm
lying in the hospital, so I am going to lie in bed.” (S8)

In some cultures, when you are sick, you wear pajamas and lie in bed with a washcloth on your head.
You are doing nothing and the food is shoveled into your mouth because you are sick. (S4)

You see it a lot with people from non Western backgrounds. If those people are admitted, you notice that
they have a lot of pain complaints, above average when compared to people with a Western background. (S7)

While participants stated that they often see that patients who are physically active before surgery,
are more active after surgery as well, this is not always guaranteed. A barrier to mobilisation that was
mentioned frequently was the patients current health status. Sometimes patients experience postoperative
complications, such as a CVA, delirium, and arrythmias. This makes it very difficult, if not impossible, for
patients to mobilise. Furthermore, patients often experience edema, pain, nausea, fear, and fatigue. Some
of these barriers can be solved. For example, pain can be made more bearable using the right medication.
Therefore, participants mentioned it is always important to ask a patient why he does not want to move or
be out of bed, since often there is an underlying problem that needs to be solved.

Starting the conversation about why someone doesn’t want to move. If pain is a limiting factor, I can do
something about it. (S5)

People can get arrythmias. That feels like they have just ran a marathon. They sweat a lot and feel awful.
Then we tell them to rest and not to mobilise. (S6)

Somebody that has been in the ICU for a long time, that might have had a delirium, maybe have muscle
weakness, there you should maybe be a little more reserved. (S7)

3.3.3 Environment and expectations

Participants mentioned the hospital room as being a barrier to physical activity. With the bed being in
the room all day, it is tempting to go lie down. Patients get bored, because they do not have much to do,
and because of this boredom they go to sleep to make the time pass faster. Initiatives mentioned to make
the ward more attractive to mobilise are the ergometer including a television screen so patients can cycle
through their neighborhood or a different country. There are signs on the wall that indicate how far you
have walked, and there has been experimented with a 'move board’. This is a whiteboard that has coloured
magnets to indicate what patients can do with or without supervision, so it is directly clear for family and
healthcare providers when they visit the patients room. There was also an option to eat in a different room
with other people. However, due to COVID-19 restrictions this never took off. One participant stated
that an intervention like this is hard to implement, since it takes too much time and adjustments from the
personnel. An intervention that has already been implemented and was mentioned by every participant as
being motivating for patients and family is the poster designed by the 'Moving is improving’ study, which
can be seen in Figure 1.2 [20]. The advantages of the poster are that it is always there for patients and
family to see, so patients are reminded to do their exercises, and healthcare personnel can always refer to
this poster to support their explanations.
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It is very tempting, the bed is in the room the entire time. If you are at home, you go downstairs and
you do not have the bed that close. Here, the bed is just always there. There are also only two chairs in the
room, so if there is family visiting, patients lie in bed, because their visitors need to be able to sit as well. (S4)

Patients say: "I'm bored, so I'm going to sleep.” But that is of course the wrong way to think about it. (S6)

Participants also mentioned expectation management as a point to improve mobilisation. It is important
to prepare patients for what is expected of them before and after the surgery. If patients understand that the
better their condition is before surgery, the better their recovery will probably be, they might be triggered
to work on their condition. Furthermore, patients are encouraged to bring good shoes, so they can walk
more stable than when wearing slippers. If patients have heard information about the mobilisation protocol
prior to surgery, this will help them better understand the information when it is repeated to them after
surgery. Participants also considered family and their expectations as a barrier to mobilisation, however,
they believe family can be turned into a facilitator as well. Family members are often really worried and
protective about their loved ones, slowing the patient down and telling them to take enough rest. They will
get everything for the patient, so they do not have to get up and out of bed. By involving family members
in the mobilisation process, by telling them the importance of mobilisation and changing their expectations,
they can become a motivator for patients to mobilise. Some participants mentioned that if a patient is hard
to motivate, including family members and making them talk to the patient can be really helpful.

I think maybe the family is the most limiting factor. If family visits, patients often lie in bed. The family
often thinks of heart surgery as a really big surgery, so they tell the patient: ”Take it slow.” I think 75% of
family leaving the patients says something like that. (S2)

3.3.4 Positive approach and communication

Using a positive approach and the way information is communicated is of great influence on patients be-
haviour, according to the healthcare professionals. Healthcare professionals also stated there is a difference
in communication between colleagues and professions. They mentioned that it is beneficial to focus more on
communicating in a positive way. Instead of telling a patient what they are not allowed to do, focus should
be shifted to what they can do. Knowledge and schooling of healthcare personnel plays a key role in this.
There should be more consensus about what patients are allowed to do, so everyone communicates the same
information to patients, preferably using a positive approach. Contradicting information and explanations
can be confusing for patients. Pointing out achievements to patients, even the smallest ones, was also con-
sidered motivating for patients.

Especially when there is new personnel, they will say things like: ”You can’t do this, and this, and this.”
That is unfortunate. We should say more of what they can do, instead of what they can’t. (52)

You should always approach people in a positive way, that what they do, they do very well. That they will
realise: I am making progress.”... You should stimulate people and approach them positively, that makes
them grow. That is very important. (S6)

3.3.5 Responsibility of patients

Although healthcare professionals understand the importance of physical activity and diminishing seden-
tary behaviour, there is a limit to which extend they try to motivate their patients. For some, this limit
is reached earlier than for others. Participants believed that patients should take their own responsibility
when it comes to their health. They mentioned that when a person is really unmotivated, they will try to
start a conversation about it. They will ask them why they do not want to mobilise and try to solve the
underlying problem. For example, if the barrier is pain, medication could be given. If the limiting factor
is fear and insecurity about their ability to move, they will work on regaining trust. They will try to make
them understand the risks of being inactive, and make people realise that their actions have consequences
for their health and recovery. However, they also stated that if this does not work, it feels like a waste of
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time and they believe that patients are responsible for their own actions. If a patient is not cooperative,
participants stated that they rather invest their time in somebody that wants to be helped.

Then I think: ”This is where my influence ends and if you do not want to and you are not motivated,
then it is your own problem.” (S1)

I try it once or twice, depending on the time I have. But I believe: "It is about your own health and if
somebody does not want to guarantee their own health, why would I invest time in that every day? You want
to do the best for somebody, but if somebody is not cooperative...” (53)

If somebody decides they are not going to mobilise, I am not going to make them. They are here for them-
selves, not for me. If they do not want to work on their recovery, even though I explained the consequences,
then I am not the one that tries to motivate them very hard. (S4)

3.3.6 Stimulating patients versus guarding their boundaries

Another thing that stood out during the analysis of the interviews, was participants mentioning difficulties
with finding the balance between stimulating patients, but also guarding their boundaries. For most patients
it is difficult to know what their own boundaries are, since they have never been in a similar situation before.
Some patients are scared to move because it might hurt, and therefore they move less than they are able to.
Other patients might feel very good the first two days after surgery, leading to them overestimating them-
selves and doing more than their body is capable of, resulting in a so called ’dip’ on the third day. Then they
will feel overwhelmed, tired and might experience muscle soreness. Participants mentioned this phenomenon
multiple times. Not only for patients this balance between rest and activity is difficult to determine, for
healthcare professionals this can be a challenge as well. There is a risk in patients going beyond their ca-
pabilities. Healthcare professionals stated that when patients are pushing themselves too much, there is a
risk of arrythmias and patients can end up feeling even worse, which can lead to a prolonged hospital stay.
One participant mentioned this as a pitfall of the poster. The poster states 'Moving is improving’, resulting
in patients thinking that doing more is always better and the more they move the faster their recovery is.
However, the human body also needs time, rest and energy to heal.

Then they will get muscle soreness. Of course, that does not help either. That does not give you confi-
dence in your body. (S4)

On the second day, the drains will be removed, they make the first steps, and that makes them very happy.
"Well, I will go walk again.” But then on the third day they think: ”Well, I might have done too much.” (S3)

If a colleague mentions to me: ”"Well it is a day two patient and he is doing really great.” I will tell
them: ”You have to be really careful with that and saying that. Because you will always see... They will get

a setback.” (56)

3.3.7 Feedback system
Hindrance for patients and/or caregivers

Since the effectiveness of an intervention is also dependent on the willingness of patients and healthcare
professionals to work with it, possible points of hindrance were investigated. All healthcare professionals
stated that they do not think wearing the accelerometers would cause significant discomfort for patients.
Most participants had previous experience working with the sensors from the MOV pMgNTT study [31], and
stated that they did not receive complaints about the sensors. There were, however, some points that were
brought to attention as possible burdens, which need attention when implementing the use of accelerometers
in clinical care. Participants stated that it could be a burden if a lot of action is required before being able
to mobilise, for example if patients have to think about applying or taking off the sensors before walking,
showering or going to bed. There is a risk of decubitus, especially for patients not being able to get out
of bed or patients with insufficient nutritional status. The sensors could be uncomfortable when lying or
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sleeping. Placement of sensors should not interfere with wound healing or other types of care, and nurses
should be able to apply a blood pressure band. Some participants expressed concerns regarding privacy of
patients and patients willingness to be monitored at all times. However, they believed that when explaining
the importance of monitoring the willingness of patients could be improved.

I wonder how many patients would be willing to wear sensors for their entire stay. I don’t know if people
want that. Sometimes when patients wear telemetry, they say things like: ”"They are able to see everywhere
that I'm walking to...” (S1)

They might feel like they are being watched too much, maybe it has something to do with privacy. (S3)

Burdens for healthcare personnel that were mentioned had mainly to do with time. Participants ex-
pressed concerns with the time it takes to attach the sensors, and if they have to be taken off every time a
patient wants to shower. If they come loose easily this could take up too much of valuable time. Further-
more, it would be burdensome if it would take a lot of time to get insight in the data. Another point of
discussion was whose job it would be to attach the sensors and show patients how to use them. Nurses stated
that they already have a lot of tasks, and it can not just be expected of them to add this to their tasks as well.

I think sometimes a lot is put on our plate. It should not be and this, and this, and this, and... And
that we are asked: ”Would you also put on the app for the patient or...” We already have a lot to do, you
understand? (S6)

Accuracy, moments of measurement and activities of interest

All but one participant stated that a global impression of what a patient is doing would be sufficient for
clinical practice. One participant stated that error margins should be as small as possible.

It is about the bigger picture. If someone is going home, it does not matter if they can walk 10000 steps
or 9500. It is about reaching a certain minimum. (S1)

For me it is very simple, if a patient walks it should be measured that he walks, if he stands still that
should be measured as well, otherwise you can not make a statement. (S7)

The algorithm described in Chapter 2 makes a classification based on 2.56 seconds. Increasing this
time interval could decrease calculation time. In order to gain a global impression of the mobilisation
status, the participants said that a measurement interval between ten en thirty seconds would be sufficient.
Furthermore, the majority would measure the whole stay, including the night, since this provides the most
insight. However, this is dependent on the goal you want to achieve. When only interested in mobilisation,
measuring during daytime would be sufficient, but nighttime can include other factors such as good night
rest. If only daytime is measured, participants suggested to measure from seven a.m. till eleven p.m.

The algorithm described in Chapter 2 has six activity outputs, including lying, sitting, standing, walk-
ing, cycling and walking stairs. We investigated if participants considered all these outputs important and
if they felt this was complete or if they were missing certain activities. Four participants mentioned that
the type of movement was not necessarily important, but rather that a patient is moving. According to
those participants, the classes walking, walking stairs, and cycling can all be considered movement, so they
could be grouped together in one class. There might be patients that really do not like cycling, so they
might be advised to walk more instead of cycling. Patients that have problems walking, for example due
to claudication, might prefer cycling over walking. In this way, the mobilisation schedule is adapted to the
personal situation of each patient. Healthcare professionals stated that they think it is important to get
patients out of bed more and into the chair, emphasizing the importance of correctly differentiating lying
from sitting. To verticalise patients is one of the main mobilisation goals, especially in the first few days
after surgery. Therefore, it is important to correctly classify when patients are sitting instead of lying.
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But if it is walking or cycling, well, somebody is moving. (S1)

Because if you are cycling, walking stairs, or doing exercise behind the bed, to give an example, that is
all movement. So basically that is all good. (S3)

I think if someone moves, then it is good. Whether it is on the chair with a exercise bike, that he makes
a pedaling movement or just is out of bed, as long as he moves. (S8)

If you can see the difference between lying on the bed, or being on the bed, let’s call it that, or sitting,
moving, that makes a big difference in practice for us. Ultimately, we want to have people in bed as little as
possible and as much as possible just sitting or moving. (S5)

Use of mobilisation goals

Opinions were divided on whether it is possible to integrate standardised mobilisation goals in the feedback
intervention. Half of the participants believed setting goals would be feasible and they mentioned advan-
tages such as that it is motivating to have goals, it provides patients something to hold on to so they know
what they can and are allowed to do. Other participants stated that it would not be feasible to incorporate
standardised goals. Their argumentation was that since every patient is different, it would not be desirable
to set standardised goals for everyone. If goals are too easy, patients might not do enough, and if goals are
too hard, patients will feel demotivated. According to them the protocol exists, but needs to be adapted to
the personal needs of each patient, so standardised goals are not realistic. Suggestions that were made to
incorporate goal setting would be to divide patients into categories, based on age and physical status before
and after surgery. Furthermore, goals could be put as a reference, but it can be explained to patients that
goals are adaptable and for each patient they need to figure out what is feasible. If goals are not met by
patients for a good reason, goals could be set lower.

I think it is very difficult to set movement goals, because an eighty year old is different than a 65 year
old. And some fifty year old people, they might be less physically active before surgery than a 75 year old, so
I think that is very difficult. I think a goal is patient dependent. If I say: "you have to walk five minutes,”
and if a patient did that, even though he can do more, he might think: ”Well, I have achieved my goal, so it
is fine.” So I think you have to set goals per patient. (S2)

There are always deviations from the protocol and every patient is different, and if someone is very nau-
seous then he does not have to walk three times a day according to me. Then I am already glad if he can
keep down his food. (54)

If I look at myself, and if I see on my smartwatch that I have to walk the stairs three times, then I won’t
go to bed, I would first want to walk the stairs three times. That is motivating, if you do not set the bar too
high, if you set realistic goals. You can not expect somebody here to reach 10000 steps. (S5)

Data visualisation

Participants stated that visualisation of mobilisation data should be as simple as possible. It should be clear
for everyone in one glance what the mobilisation status is. Patients already got a lot on their plate and
they get a lot of information before and after surgery. Participants expressed doubts about how much infor-
mation is actually remembered and understood by patients. Especially the morning is hectic for patients.
The nurses get them out of bed, the nurse practitioner or surgeon does their round, the physical therapist
comes to exercise with them. This can be exhausting for patients. Therefore, data on mobilisation status
should be kept simple, as to not further overwhelm patients with information. Since all patients already
have a personalised iPad in their room, participants suggested to make a dashboard for data visualisation
that could be presented on this iPad. They suggested to make use of simple graphs with colors, and to
use as few numbers as possible. For example, to display the amount of minutes patients perform a certain
activity would be too hard to interpret. It is easier to use graphs with percentages, so the proportion of time
certain activities are performed can be seen immediately. It was suggested that by incorporating the course
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over the days, patients and healthcare professionals could in a straightforward way see whether there was
progression, which is motivating for patients. If there is stagnation in the progress, healthcare professionals
can earlier intervene and investigate if there are underlying factors which cause this stagnation. Another
suggestion was providing insight in the division of activities per part of the day. If patients are, for example,
very active in the morning, but inactive in the afternoon, this could be a sign for physical therapists to
change the mobilisation schedule. Giving patients insight in their data might give patients the feeling of
more autonomy over their own recovery, rather than just being told what to do or what not to do. Finally,
one participant suggested to make it interactive, meaning that patients can also indicate how they feel dur-
ing certain activities, for example if they are short of breath or tired, because this would provide even more
insight for healthcare professionals.

I would make it very visual with not too much information. Just one, two or three items. That’s it. As

simple as possible, graphical. That motivates patients. That they can see: ”There is an upward trend. In the
beginning I could do nothing, now I can already do this.” (S8)
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3.4 Discussion

This interview study aimed to gain more understanding of the current practice regarding mobilisation of
patients after cardiac surgery and how an accelerometer-based feedback system can be used to improve mo-
bilisation in these patients. Main problems regarding mobilisation of patients were the patient characteristics
and health status, the hospital environment and expectations of the hospital stay. Using a positive approach
and the way information is communicated is of great influence on peoples behaviour and mindset. Healthcare
professionals mentioned having difficulties finding the balance between stimulating patients, but also guard-
ing their boundaries. Accelerometers were considered not to be a burden for patients, however concerns were
expressed about how much time it would take for the personnel to work with such a system and whose job
it would be. If a feedback system is implemented, data about mobilisation should be presented as simple as
possible, with the use of simple graphs and colours. Healthcare professionals believed that providing patients
and healthcare professionals with insight in mobilisation data is motivating for patients, and would help the
healthcare professionals to detect problems in an earlier stage.

To our knowledge, this study is the first to focus specifically on problems regarding physical activity of
patients after cardiac surgery in the hospitalised setting. However, many of the findings in this study are com-
parable to outcomes of earlier interview studies investigating barriers to physical activity in a more general
patient population. Patient characteristics and background, such as age, lifestyle, culture and pre-admission
physical activity levels were also found as barriers to physical activity by Koenders et al. and Geelen et al.
[14, 59]. In this study, healthcare professionals believed that patients who had a more active lifestyle prior
to their admission, were also more likely to be more active during their hospital stay, provided that they
have no other postoperative complications. Seemingly this positive effect towards activity contradicts de
Klein et al., who found that patients believed that their pre-admission activity level did not influence their
hospitalised activity level [18]. Patients interviewed by de Klein et al. all considered themselves inactive
during admission. However, in their study it is not specified what those patients mean by inactivity, so
patients perceptions of inactivity may differ. The finding that the patients current health status is a main
barrier to physical activity as well is supported my multiple studies [18, 61, 62]. If patients need support with
walking or getting out of bed, they are dependent on healthcare professionals, who might not always have
the time to help them. If drains are still in, or if a patient is still connected to other medical devices, going
for a walk can become quite challenging. Being tired, experiencing pain and fatigue can also lead to patients
being inactive and rather staying in bed. When applying an intervention aiming to increase physical activity,
these underlying reasons of inactivity should be taken into account. If patients simply cannot mobilise by
themselves, it is questionable if objectively measuring their activity will be helpful. Even if they would want
to move more, they are not able to. However, in a patient group that is able to mobilise by themselves, if
objective measurements detect low activity levels, underlying reasons for inactivity can be detected earlier
and healthcare professionals can try to solve these problems with the patient.

The finding of this study that patient expectations and the hospital environment play a major role
in the lack of physical activity is supported by other studies [14, 18, 59]. By explaining to patients the
importance and advantages of mobilisation prior to their admission, their expectations of the hospital stay
might change. Some participants in this study mentioned that including family members in this process
is important as well, which is in correspondence with the findings of Geelen et al.[59]. By often repeating
information to patients, they start recognising and better understanding the importance of mobilisation. By
preparing them so they know what is expected of them during the hospital stay, they will be more likely to be
cooperative after surgery. This finding is supported by a previous study, that found that patients who have
been admitted to a hospital before were more aware of the importance of mobilisation, since they personally
have experienced the downsides of excessive bed rest [63]. At TCT patients are prepared for surgery during
the preoperative screening conversations. During these conversations it is mentioned to bring good clothes
and shoes. Healthcare providers believe that patients who are in pajamas all day are more likely to be
inactive, so patients are encouraged to get dressed in the morning if they are able to. The participants in the
study of de Klein et al., also confirmed that patients wearing pajamas all day were in bed more, regardless of
their physical status [18]. The bed being the main object in the room was also described as being a barrier
to physical activity by participants in this study. This finding is supported by Geelen et al. and Koenders
et al., who state that having the bed as a centerpiece, where everything is brought to them on the bed, adds
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to the patient’s expectation that they never have to get out of bed [14, 59]. At TCT adaptions to the ward
have already been made to make it more tempting to move for patients, for example by placing an ergometer
with television screen that patients can use at all times. Furthermore, signs have been placed on the wall
that indicate the amount of meters that patients walk. In this way, they can see their progression and this
makes it easier to understand the instructions given by the physical therapist. An attempt to implement
a 'move board’ and giving patients the opportunity to eat outside of their room has not succeeded, due to
COVID-19 and the amount of change it requires from healthcare personnel. From this previous experience,
it can be concluded that for an intervention to be implemented, it should be easy to use and it should not
interfere with the workflow of personnel in a disproportionate extend.

A finding from this study, that has not been explicitly described by other literature, is the participants
mentioning the use of a positive approach and the importance of pointing out improvements to patients.
By telling patients what they are allowed to do, instead of what they are not allowed to do, they are likely
to do more. By pointing out even small improvements, patients will regain trust in their body and this
will help them obtain a more positive mindset. This will motivate patients to work more on their recovery.
Nevertheless, it should be kept in mind that more is not always better. Finding the balance between activity
and rest is difficult for both patients and healthcare professionals. This finding is supported by Koenders
et al.[14]. Other studies do not mention the importance of rest. This could lead to the misconception that
moving more is always better, but this is not true. Statements such as 'Moving is improving!” might give
patients the impression that if they move more, they will recover faster. However, participants in this study
frequently mentioned a dip on the third day post surgery, especially if patients were going beyond their
boundaries on the first two days. When implementing an intervention aimed to increase physical activity,
this should be taken into account. By objectively measuring the activity of patients, it can be detected
earlier if patients seem to overestimate themselves, and healthcare professionals can intervene before other
complications arise. However, the line between doing enough and doing too much is different for every
patient. There is no consensus between healthcare professionals on what patients should do on a particular
day. The mobilisation protocol is adjusted per patient, but the adjustments are based on the expertise of
the physical therapist that is working that day. That there seems no consensus on what a patient should
do each day, is also illustrated by the fact that half of the participants in this study claimed that it would
be feasible to use standardised mobilisation goals, whereas the other half of the participants stated that this
would not be feasible. Since the success of goal setting is mainly dependent on the ability to set challenging
but realistic goals [48], it is recommended not to use standardised goal setting in this particular patient
population. First, more research needs to be done on what realistic goals for these patients are, and there
needs to be consensus on what is expected of patients on each day. Healthcare professionals should be trained
using this knowledge, so information that is given to patients is not contradictory or confusing for patients.

Based on the answers given by healthcare professionals about the sensors, not much hindrance is expected
when working with such a system. The most important thing to consider is time investment. When a task
is very time consuming, it is more likely not to be completed [64]. Sensors should stay on when attached,
and data extraction should be made easy and fast. The sensors that are currently used are the AX3 Axivity
accelerometers. These sensors are not wireless, meaning that every time data is extracted, sensors needs to be
taken off and put back on again. This is considered burdensome by the healthcare professionals. Therefore,
it is recommended to use wireless sensors for further research, to limit the time needed for applying the
Sensors.

This study adds to the believe that the algorithm developed in Chapter 2 is sufficiently accurate for its
intended use. Most participants stated that a global impression of a patients activity status is sufficient.
Even if the system not 100% accurate, it can still give a good impression of a patients mobilisation status.
What is notable in this study, is the fact that most participants state that the type of movement is not
particularly important. It is easier to detect movement, than to divide movements in to different classes.
However, we believe that since the algorithm is good at differentiating between the different activity classes,
the activities can be classified separately. When implementing the feedback system, it can be chosen to first
show the dynamic activities together as movement, and if a patient or healthcare professional is interested
in what activities made up these movement times, this can be further inspected. If then it is noted that a
person does not walk much, but cycles more often, the mobilisation protocol can be adapted to the wishes
of a patient. In this study the importance of differentiating lying from sitting is mentioned as well. As
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described in Chapter 2, many studies investigating physical activity of patients classify lying and sitting
together as sedentary behaviour [35, 36]. The current findings add to the believe that since getting out of
bed is such a crucial part of in-hospital mobilisation, these two classes should be measured separately. We
believe that with the current algorithm using two sensors, we are able to correctly distinguish lying from
sitting. However, the headrest of the bed can be put upwards, which means that patients can sit in bed
instead of in a chair. The accelerometers can not differentiate between sitting in bed and sitting in a chair,
since the position of the accelerometers is the same in both cases. In order to know for certain whether or
not patients are in bed or in the chair, a pressure sensor could be added under the mattress or on the chair.

When and how feedback is delivered plays a role in how effective the intervention is [48]. This study
found that healthcare professionals state that data should be visualised as simple as possible, using simple
graphs rather than numbers. This finding is supported by a study of Houts et al., who found that pictures
can help patients better understand and remember information, especially in patients with low literacy [65].
Western et al., investigated the understanding and interpretation of technology-enabled multidimensional
physical activity feedback and found that participants acknowledged an enhanced understanding of physical
activity in response to receiving personalised feedback. Participants experienced a discrepancy between their
own perceptions and the objective data [66]. This underlines the importance of objective measurements.
They found that healthcare professionals were sceptical about the ability of patients to self-monitor without
support, whereas patients felt that they could effectively self-monitor their own behaviour without support.
Based on the results of the interviews at TCT, were healthcare professionals stated as well that it is very
hard for patients to find a balance between moving and resting, we advise that patients are guided in this
process. Since physical therapists see patients daily, we suggest that the mobilisation data of the day before
is shown to the patients by them during their visit. This can help the physical therapists to make a plan
for the day, and can help patients better understand their own activity patterns. It should be taken into
account when designing a feedback system that patients should not be given the impression that more is
always better.

3.4.1 Limitations

A limitation of this study is that the interviews have been conducted by only one researcher. Qualitative
studies are sensitive to interpretations and subjective opinions of the researchers. When conducting semi-
structured interviews, there is an opportunity to ask follow-up questions based on the answers participants
give. However, the interviewer decides in that moment what they notice as interesting answers and what
follow-up questions they want to ask. Therefore, it could be better to have multiple researchers conduct
the interviews. On the other hand, having all the interviews conducted by the same interviewer provides
consistency. The analysis of the data was also performed by only one researcher. In qualitative studies it
is common to have two or more researchers independently analyse and code the data, to see if the same
codes and themes emerge. In a consensus meeting codes, categories and themes can be redefined, and
differences and unclear quotations can be discussed. This will lead to the analysis being less subjective to
the interpretations of only one researcher.

The second limitation is that the interviewer had no previous experience in conducting interviews. In-
terviewing is a skill that needs to be developed by experience. It is quite difficult to ask open questions and
not already mentioning some possible answers. The questions were discussed with one of the supervisors
beforehand, and adjustments were made to make the questions as open as possible.

Another limitation of this study is that it includes only healthcare professionals and not patients. Health-
care professionals have a lot of experience in their field, and every profession has a different outlook and
different connection to the patient and the mobilisation process. Because of their experience, they can give
a good indication about what they think would be feasible in practice and what would not be feasible. Nev-
ertheless, the intervention is aimed to increase physical activity in patients, so it would provide more insight
when patient perspectives are included as well. However, based on the results of this study, patients are very
different from each other, so interviewing them will probably lead to a great variance in answers given to
the questions. Since this study is very exploratory in nature, we believe that including patients in this stage
might lead to too much contradictory information. In a later stage, we consider it to be beneficial to include
patients opinions, since patient adherence is important and if they are not content with an intervention, they
are not going to use it.
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3.5 Conclusion

This study aimed to investigate current problems regarding mobilisation of patients after cardiac surgery,
how patients are currently motivated to mobilise, and how a accelerometer-based feedback system can help
to better guide the mobilisation process. Main barriers regarding mobilisation are the patient characteristics
and health status, the hospital environment and expectations. Using a positive approach can help motivate
patients, but healthcare professionals also state that patients should take their own responsibility. Extra
attention should be paid to guarding patients boundaries, as this can be difficult for themselves. When
implementing a feedback system, it should be taken in to account that it would not cost much time for the
personnel to work with it. The use of standardised mobilisation goals is not recommended for now. The
feedback system should be used to inform patients and healthcare providers about the mobilisation process,
and data should be visualised as simple as possible. By seeing objective mobilisation data, healthcare
professionals gain better insight in the mobilisation process, and they can intervene earlier if a patient needs
more stimulation or needs to be slowed down.
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Chapter 4

General discussion and
recommendations for future research

This study aimed to validate a neural network developed to objectively measure mobilisation in patients after
cardiac surgery, and investigate how to use these measurements to better guide the mobilisation process.
Mobilisation of patients after cardiac surgery can be objectively measured using two accelerometers worn
at the upper thigh and upper arm. The neural network developed in this study can detect walking, sitting,
standing, lying, cycling and walking stairs with an overall accuracy of 93%. The neural network is trained
based on data collected from patients pre- and postoperatively, to include the different movement patterns
from patients directly after surgery and when they gain back their normal movement. The interviews with
healthcare professionals revealed that the most important barriers to mobilisation were the patient charac-
teristics and health status, the hospital environment and patient expectations. Using a positive approach
motivates patients, but there is a limit to the motivation by healthcare professionals. They believe that
patients should also take their own responsibility. Objective mobilisation data should be visualised as simple
as possible, by using simple graphs and colours. Progression over the days should be visualised as well, and
insight in the division of activities per part of the day can be helpful and indicate if there is a need for
adaptations in the mobilisation protocol.

Based on the results of this study, we currently suggest to first start by implementing only informative
information on the mobilisation status of patients. This can be done by making a graph that shows the
division of time spent doing the different activities. There have been previous studies investigating feedback
strategies using goal setting. For example, Western et al. used traffic light colours to show patients and
healthcare professionals if goals are being met [66]. Patients and healthcare professionals found this informa-
tion very clear and motivating. While incorporating goals in a feedback system can be useful, this requires
the use of challenging but realistic goals. This study has shown that there is not yet a consensus on goals.
Having goals that are too easy will not be challenging enough, but having goals that are too difficult can
be stressful and demotivating [48]. In current practice, physical therapists sit with the patient each day to
talk about the mobilisation plan for the day. This is also goal setting in some way. The use of objectively
measured data can help them in this process, and the following day physical therapists can check if goals
are being met. If this is the case, they can tell this to their patients, which will give them more positive
feelings towards mobilisation. If the mobilisation data shows that patients are mobilising inadequately, or
are specially inactive during a particular part of the day, this can be incorporated in the strategy for the
next day.

We also suggest that when starting with the implementation of the accelerometer-based feedback, it is
important to include patient opinions as well. There might be differences between perceptions of healthcare
professionals and patients in what information is clear and what is not. In the current stage of the research,
we believed that including patients might be too early, since it is still very broad and patients opinions might
differ even more than those of healthcare professionals. In a later stage, designs should be checked with a
variety of patients for clarity and readability. It is also worthwhile to investigate which patients would benefit
from such an intervention. Based on the results of the interviews, we concluded that patient characteristics
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play a major role in the mobilisation process and their willingness to cooperate. When patients do not seem
to care about their health and do not listen to the advises of healthcare professionals to get out of bed and
start moving, it is questionable if they would be willing to wear the sensors. Some patients, even though
they understand the risks of being inactive, do not take responsibility for their own health. Therefore, it
might be a challenge to get this type of patients to make an attitude shift. One way to address this problem
could be to focus on interventions that are targeted specifically at this group and how to get them on board
even before they are admitted to the hospital. Another group of patients that might not be helped with an
intervention like this, is the group that is not able to ambulate by themselves. If patients are dependent
on other persons to get out of bed or to move, showing to them that they are inactive will not change the
situation. Even if they wanted to do more, they are not able to do so. It might even be frustrating for
patients to see how little they do, but not being able to do something about it. This believe is supported by
a study by Dall et al. investigating a technology assisted physical intervention among hospitalised patients
[67]. They found that across all included patients, which were patients admitted to a pulmonary ward, visual
feedback provided no statistically significant improvement in time spent out of bed compared to a control
group without visual feedback. However, when doing a subgroup analysis, it revealed that patients with
independent walking ability spent statistically more time standing and more time out of bed when receiving
visual feedback compared to no feedback. A similar trend was seen towards time spent walking, but this was
not significant. Therefore, it should be determined what patients would benefit from such an intervention,
and which patients will probably not benefit from a physical activity intervention.

Although previous studies have reported an association between physical activity and shorter hospital
length of stay, this finding was not supported by a large review by Taylor et al. investigating what behaviour
change interventions can increase physical activity in hospitalised patients [54]. They found that even
though physical activity increases, hospital length of stay did not decrease and it was not associated with
mobility-related function. Patients after cardiac surgery generally stay for five days, unless there are other
complications. Therefore, it should be investigated if an intervention increasing physical activity will lead to
better outcomes. It could be that an intervention period of approximately five days is insufficient to promote
changes in other outcomes, such as hospital length of stay. However, by focusing on the importance of
physical activity and being out of bed during the hospital stay, patients might be triggered to keep working
on their physical status when they are discharged to home, which can lead to them being in a better condition
when the rehabilitation start.

Currently, there are approximately six weeks between discharge from the hospital to the start of a reha-
bilitation program, because this is the time needed for the sternum wound to heal. Physical therapists have
mentioned that sometimes when they see patients again after those six weeks, their physical status has not
improved, and sometimes is even worse. Recently, guidelines have been developed at TCT so patients are
better informed about what they can and are allowed to do when they are at home. However, patients do
not get guidance in this process. This guidance only starts at the start of the rehabilitation. Accelerometers
can be used in this case to help patients get more insight in what they do, and how this is related to the
guidelines that have been developed. By implementing such an intervention, people can better self-manage
their recovery, which has been shown to lead to better outcomes in physical activity [51]. This might lead
to patients being in a better condition when rehabilitation starts, which might lead to better outcomes.

Finally, we suggest that patients are informed about the sensors and the feedback system prior to their
surgery. It has been proven that patients after cardiac surgery often experience cognitive impairment or
delirium [68], which makes it harder for patients to understand information. This has also been mentioned
by participants in this study. Since expectation management is important as well, providing patients with
information about the sensors and the feedback prior to their surgery will prepare them for what is expected
of them after surgery. Using this approach people can be informed and expectations can be managed at the
same time. If they have already seen how the sensors work and what the importance of the sensors is, they
will be more likely to be cooperative afterwards. This might lead to better adherence and acceptability of
wearing the sensors.
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