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Abstract
Introduction  Personalized intervention to increase 
physical Activity and reduce sedentary behaviour in 
rehabilitation after Cardiac Operations (PACO) is a 
smartphone-based and accelerometer-based eHealth 
intervention to increase physical activity (PA) and reduce 
sedentary behaviour (SB) among patients recovering 
from cardiac surgery.
Design  Prospective randomised controlled trial.
Methods and analysis  The present protocol 
describes a randomised controlled clinical trial to be 
conducted in the Heart Centres of Kuopio and Turku 
university hospitals. The trial comprises 540 patients 
scheduled for elective coronary artery bypass grafting, 
aortic valve replacement or mitral valve repair. The 
patients will be randomised into two groups. The control 
group will receive standard postsurgical rehabilitation 
guidance. The eHealth intervention group will be 
given the same guidance together with personalised 
PA guidance during 90 days after discharge. These 
patients will receive personalised daily goals to increase 
PA and reduce SB via the ExSed application. Triaxial 
accelerometers will be exploited to record patients’ 
daily accumulated PA and SB, and transmit them to 
the application. Using the accelerometer data, the 
application will provide online guidance to the patients 
and feedback of accomplishing their activity goals. 
The data will also be transmitted to the cloud, where a 
physiotherapist can monitor individual activity profiles 
and customise the subsequent PA and SB goals online. 
The postoperative improvement in patients’ step count, 
PA, exercise capacity, quality of sleep, laboratory 
markers, transthoracic echocardiography (TTE) 
parameters and quality of life, and reduction in SB and 
incidence of major cardiac events are investigated as 
outcomes.
Conclusions  The PACO intervention aims to build 
a personalised eHealth tool for the online tutoring of 
cardiac surgery patients.
Trial registration number  NCT03470246.

Introduction
The ongoing development in diagnostics, 
drug therapy and invasive procedures has 
improved the management of cardiovascular 
diseases (CVDs). However, in spite of this, 
CVDs still account for a third of all deaths 
remaining the number one cause of death 
globally.1 2 Coronary artery disease (CAD), 
aortic valve stenosis and mitral valve insuf-
ficiency are examples of CVDs with high 
prevalence and mortality.2 The use of specific 
tools, such as interventional or surgical proce-
dures, are essential in order to relieve patient’s 
symptoms, improve quality of life (QoL) and 
reduce mortality, but their costs are remark-
able.3 To maximise the benefits of these 
interventions, there is a need for systematic 
rehabilitation programmes including opti-
misation of the patient’s lifestyle (eg, activity 
profile).4 5

Physical activity (PA) has been found to 
be useful in the prevention of CVD and also 
a low-cost and low side effect treatment of 
CVDs.6–9 The amount of PA before and after 
cardiac operation has been proven to influ-
ence postoperative recovery.5 10 11 However, the 
beneficial influence of objectively measured 
PA in postoperative rehabilitation of cardiac 
surgery patients has been addressed in only 
few novel studies.5

Sedentary behaviour (SB), in terms of high 
total time and prolonged bout lengths, is a 
recently recognised risk factor for cardiomet-
abolic health and CVDs.12 13 On the other 
hand, there are only limited data on the 
association between objectively measured 
long-term SB and the success of rehabilita-
tion after invasive cardiac operations.14 In 
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addition, any reports on the causative impact of reduced 
SB in the rehabilitation after cardiac procedures do not 
exist.

In the most recent studies, device-based measurements 
(eg, accelerometer monitoring) of PA and SB have 
replaced the questionnaires and self-reports tradition-
ally used in the assessment of patients’ PA profile.14 15 In 
addition, novel algorithms, such as mean amplitude devi-
ation (MAD) and angle for posture estimation (APE), 
have improved the analysis of accelerometer data by 
recognising more specific parameters of PA and SB with 
good accuracy.16–18 Despite the development in objective 
measurements, accelerometers have not been exploited 
in the guidance of increasing PA and reducing prolonged 
SB bouts in patients recovering from cardiac operations.

The purpose of the present study is to describe the 
study protocol for ‘Personalized intervention to increase 
physical Activity and reduce sedentary behaviour in reha-
bilitation after Cardiac Operations - the PACO trial’. 
The main objective of the PACO Trial is to evaluate the 
benefits of smartphone-based and accelerometer -based 
interactive guidance to increase PA as an eHealth reha-
bilitation tool for patients recovering from coronary 
artery bypass grafting (CABG), aortic valve replacement 
(AVR) and mitral valve repair (MVR) surgery. The results 
of the trial are expected to facilitate the development 
of interactive tools and PA guidelines for postoperative 
rehabilitation of cardiac patients.

Hypothesis
When compared with standard postoperative rehabilita-
tion programmes, a 90-day personalised and interactive 
rehabilitation guidance (PACO eHealth intervention):
1.	 Increases the daily number of steps.
2.	 Increases daily PA and decreases daily SB.
3.	 Increases the amount of restful sleep.
4.	 Improves maximal oxygen consumption (VO

2
peak).

5.	 Improves serum lipids and other laboratory markers.
6.	 Improves left ventricular ejection fraction (LVEF) and 

other TTE parameters.
7.	 Improves self-perceived QoL.
8.	 Reduces the 12-month incidence of major adverse car-

diovascular events among patients undergoing CABG, 
AVR and MVR procedures.

In addition, we hypothesised that preoperative PA and 
SB are associated with lower incidence of early postopera-
tive/perioperative complications (eg, postoperative atrial 
fibrillation, renal failure, prolonged intensive care and 
acute readmissions) after cardiac surgery.

Methods and analysis
Study population
The PACO Trial will include 540 patients scheduled 
for elective CABG, AVR or MVR open heart surgery. 
The needed sample size was calculated with one-sided 
Mann-Whitney test assuming that the actual distribution 
is normal. The total sample of 148 (74 in control and 
74 in intervention) patients (in each surgery group) is 

estimated to provide 90% power to detect a difference 
of 1000 steps between the group means with an esti-
mated group SD of 2000 at a significance level (α) of 
0.05. Because of the anticipated loss of about 20% of the 
patients, 180 patients will be enrolled to each patient 
group (CABG, AVR and MVR). The mean difference of 
1000 steps was estimated on the basis of exercise special-
ists’ experiences about cardiac surgery patients and 
pilot patients’ in Kuopio. In addition to pooled analyses, 
patient groups (CABG, AVR, MVR) will be analysed and 
evaluated separately, because they have different clinical 
characteristics (eg, age, comorbidities and risk factors). 
A patient who meets the following inclusion criteria is 
eligible for the study: (1) Patient is scheduled for CABG, 
AVR or/and MVR. (2) Patient is willing to wear a hip/
wrist-worn accelerometer. (3) Patient is willing and 
capable of using a smartphone application during 90 
days (is able to use email and/or online bank account 
independently). Patient will be excluded if: (1) Patient 
has any severe disease or functional limitation limiting 
PA (other than CVD). (2) Patient ends up in prolonged 
intensive care (>2 days in intensive care unit). (3) 
Patient’s surgery type changes during the operation (eg, 
surgeon decides to operate tricuspid valve during AVR 
surgery). (4) Patient has a memory disorder (eg, Alzhei-
mer’s disease). (5) Patient does not use accelerometer as 
instructed (25% or more of the accelerometer measure-
ment days without accumulated acceleration data). The 
data will be collected during March 2018–December 
2023 (with follow-up to 2028).

Patient and public involvement
Patients were not involved in designing this project.

Design of the intervention
The PACO Trial is a randomised clinical intervention 
for CABG, AVR and MVR patients conducted during the 
first 90 days of postoperative rehabilitation after cardiac 
surgery (figure  1). The baseline PA, SB, standing and 
sleep profiles will be determined for each patient with 
1 week objective accelerometer measurements (UKK 
RM42, UKK Terveyspalvelut Oy, Tampere, Finland) 
during the last preoperative month.16–19 In addition, 
baseline laboratory markers, VO

2
 and TTE (TTE: the 

patients of Kuopio University Hospital) will be assessed 
in the preoperative ward before the procedure.

After the baseline measurements, the patients will 
be randomly assigned into two groups: eHealth inter-
vention combined with standard care (intervention 
group) or standard care (control group). Randomisa-
tion will be executed by a statistician with a randomised 
block design using centre (Kuopio vs Turku), gender 
and type of surgery (CABG, AVR, MVR, CABG+AVR, 
CABG+MVR) as blocks. At the randomisation stage the 
statistician is blinded from all patient information except 
centre, gender and type of surgery. After the surgery, the 
patients of both control and eHealth intervention groups 
will undergo a standard postoperative rehabilitation 
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Baseline measurements of daily PA, SB, standing, sleep, QoL, 6-min walk test, laboratory markers 
and transthoracic echocardiograhy:
- During the last preoperative month
- Measurements of daily PA, SB, standing and sleep with UKK RM42 accelerometer

Cardiac surgery:
- Rehabilitation in postoperative ward
- Exercise instructions from research nurse

Control group:
- Standard carea

eHealth intervention group:
- Standard carea

              +
- PACO eHealth intervention (90 days after discharge)
     * Personalised goalsb of PA and SB in ExSed app
     * Accelerometer: PA and SB, data transmission to ExSed app 
     * ExSed app: Guidance and motivation to reach the goals
        personally created for the intervention patients
     * 1–4 contacts from research nurse in a month
     * Supportive PA guidance videos from physiotherapist       

a Standard care: Written physical activity guidance provided by physiotherapist.
b Personalised goals: Weekly evolving goals to increase PA and reduce SB designed on the basis of  
patient’s preoperative walking distance in preoperative ward.

3-mo and 12-mo measurements of daily PA, SB, standing and sleep, QoL, laboratory markers, 
6-min walk test and transthoracic echocardiography
- Measurements of daily PA, SB, standing and sleep with UKK RM42

Hospitalisation

Discharge: 
Randomisation

Follow-up from 
3 to 12 months

Figure 1  The implementation of the PACO Trial. PA, 
physical activity; QoL, quality of life; SB, sedentary 
behaviour.

Figure 2  The contacts with the eHealth intervention 
patient and the view of the ExSed application for eHealth 
intervention patients.

programme. According to the normal practice of the 
participating hospitals an oral and written rehabilitation 
guidance including PA guidance, and exercise training 
instructions will be provided to all the patients by a 
physiotherapist in the postoperative ward. Besides the 
standard programme, the patients of the eHealth inter-
vention group will receive an accelerometer containing 
specific algorithms for PA and SB (ExSed Movesense, 
Suunto, Espoo, Finland) together with a smartphone 
application (ExSed, UKK Terveyspalvelut Oy, Tampere, 
Finland). Research smartphones will be provided to the 
intervention patients by the research group. The ExSed 
application is intended to be used during the first 90 days 
of their postoperative rehabilitation after discharge. The 
application communicates with a dedicated cloud system. 
Weekly evolving, daily goals to increase PA and reduce 
SB bouts will be devised personally for each patient in 
the intervention group. A new goal will be sent to the 
patient’s ExSed application from the cloud system at 
the beginning of each intervention week. The initial 
step count goal of the first postdischarge week will be 
personally calculated as approximately 3 × the walking 
distance in a 6-min walk test assessed in the preopera-
tive ward. After the first postdischarge week, the patient’s 
subsequent weekly goals with evolving step counts are 
personally defined as about 10%–15% higher than the 
recorded step count of the preceding week. The step 
counts will be increased progressively so that the target of 
each eHealth intervention patient is at least 10 000 steps 
daily at the end of the intervention. The cloud system 
allows a research nurse to monitor the accomplishment 
of these goals, and if necessary, modify the forthcoming 

goals online to make them more suitable for each patient 
(figure 2).

The ExSed Movesense accelerometer will record and 
store all data of accumulated PA, SB, standing and sleep 
(24 hours/day) in 6 s epochs using the same algorithms 
as the UKK RM42 accelerometer used in the preopera-
tive measurements. In addition to this, the patient will 
receive interactive feedback on accumulated PA, SB, 
standing and sleep via the ExSed application. Using the 
information of daily accumulated PA and SB, the ExSed 
application is expected to guide and motivate the inter-
vention patients to accomplish their personalised goals 
(number of steps) each day. Personal guidance and feed-
back are transmitted as illustrative histograms (graphical 
columns illustrate patient’s activity and achievement 
of their daily goals) and motivational pop-up messages 
(figure 2). With these arrangements, the eHealth inter-
vention patients can observe online the accumulation 
and sufficiency of their daily activity by monitoring the 
ExSed application whenever most convenient for them. 
The feedback is online, that is, a patient can monitor 
their daily step count and activity goal. Therefore, the 
time and frequency of personalised feedback depends 
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on the patient’s own activity with their smartphone. 
The patients are encouraged to open the application 
at least once daily, preferably more often. Short pop-up 
messages, informing the patient about their prolonged 
sitting time, will appear on a locked screen if the patient 
has been sitting still for longer than 60 min.

In order to ensure that the patient is motivated, the 
device is operating and the intervention is proceeding 
as intended, the eHealth intervention patients will be 
contacted with a structured contact form once to four 
times monthly by a study nurse via mobile phone and 
provided with supplementary video material via the 
ExSed application (see below). The intervention patients 
with a sedentary activity profile (not meeting their PA 
goals) according to the data in the cloud system will 
especially be contacted to enhance their commitment 
to the intervention. During the conversations, the study 
nurse will also ask about health issues that could limit the 
patient’s PA and help them overcome possible barriers. 
The activity goals are automatically updated to the 
patient’s smartphone.

A follow-up of PA, SB, standing and sleep profiles will 
be conducted to the intervention group with the Move-
sense accelerometer and to the control group with the 
UKK RM42 accelerometer 3 months postdischarge, and 
to all patients with the UKK RM42 accelerometer 12 
months postdischarge. In addition, self-perceived QoL, 
incidence of CVD events, laboratory markers, TTE and 
heart rate variability will be assessed after 3-month and 
12 month follow-ups.

Supplementary video files
Besides the personalised activity goals and interactive 
guidance, supplementary videos containing exercise 
training instructions (eg, instructions for stretching) 
and PA guidance (eg, instructions to use stairs instead 
of an elevator) are provided to the eHealth intervention 
patients to increase their postoperative PA and to reduce 
prolonged SB bouts. The videos include five short files 
(lasting few minutes) to motivate the patients to be phys-
ically active, supporting the interactive guidance given 
by the ExSed application. The content of each video 
depends on the time (weeks) from the surgery and the 
postoperative functional capability (daily steps) of the 
patient. If the patient is performing relatively well after 
the cardiac operation, the first videos with lowest levels 
of activity guidance can be bypassed and the patient can 
move straight to the more physically challenging exer-
cises.

Accelerometer recordings
Tracking of patient’s PA, SB, standing and sleep will be 
conducted with hip-worn and wrist-worn triaxial UKK 
RM42 and Movesense accelerometers. Both accelerom-
eters will be used at the hip when patients are awake 
and at the wrist during sleep. The UKK RM42 acceler-
ometer will be used in all patients preoperatively and 12 
months postoperatively, and in the control group during 

the postoperative 3-month follow-up. The raw data from 
UKK RM42 will be collected to the hard disk for further 
analysis without any patient feedback whereas the Move-
sense accelerometer used in the eHealth intervention 
group transfers the preprocessed data in 6 s epochs via 
the smartphone to a cloud system for analysis. Analysed 
information will be transferred back to the smartphone 
and will be shown to the patient with the interactive 
ExSed application. The research patients will receive 
written and oral guidance about using the accelerome-
ters properly.

Analysis of the accelerometer data
The analysis of the triaxial raw acceleration data is 
based on novel validated MAD and APE (MAD-APE) 
algorithms.16–18 MAD represents values of the resultant 
acceleration of the three orthogonal acceleration compo-
nents and will be determined in 6 s epochs according to 
our standard procedures. MAD values have been found 
to be valid indicators of incident energy consumption 
during locomotion.16 17 As recently recommended, 
MAD values will be converted to metabolic equivalents 
(MET=3.5 mL/kg/min of oxygen consumption) for each 
epoch.20

Patients’ mean daily number of steps and PA will be 
recorded, and PA will be classified into three categories 
in terms of METs: light PA (1.5–2.9 MET), moderate PA 
(MPA=3.0–6.0 MET) and vigorous PA (VPA >6.0 METs).21 
In addition, MPA and VPA can be combined into moder-
ate-to vigorous PA (MVPA=3.0 or more METs).

SB is defined as time spent in seated or reclined 
position with less than 1.5 MET energy consumption. 
Standing still is not included in SB, but it will be analysed 
separately.22 The classification of the body posture into 
lying, sitting and standing is based on the APE algorithm 
in combination with analysis of MAD, which has shown 
about 90% accuracy in free-living conditions also.18 In 
addition, the number of breaks in SB (SB bout ending 
with vertical acceleration and change in body posture) 
will be assessed.

Sleep characterised by accelerometer primarily 
represents a sustained lack of wrist movement when the 
participant reports being in bed.23 The sleep algorithm 
monitors the change in wrist orientation between consec-
utive epochs and calculates the time interval between 
changes that exceed five degrees. The sleep is classi-
fied into three categories (awake, restless and restful) 
according to the abovementioned time intervals between 
the changes.

Because the acceleration data are collected contin-
uously during the 24 hours circadian cycle, several 
parameters describing patients’ daily PA, SB, standing 
and sleep profiles can be assessed. For PA, SB and 
standing, the total times, and number and accumulated 
times of the following bout lengths (eg, >30 s, >1 min, >3 
min, >15 min) will be analysed. In addition, the mean 
and maximum numbers of daily steps will be calculated 
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for each patient. The daily mean and peak MET levels 
will also be determined.12

Primary outcomes
The primary outcome variable of the trial is the change 
in mean daily step count between the baseline (preop-
eratively) and at 3 months from hospital discharge. The 
mean daily number of steps will be assessed with 7-day 
accelerometer recordings of PA for each patient at base-
line and after 3 months of rehabilitation as well as 12 
months postoperatively.

Secondary outcomes
The secondary outcomes of the trial are:

1.	 Increase in mean daily step count between baseline 
and 12 months from hospital discharge.

2.	 Increase in the mean daily total time and number 
of light PA and MVPA bouts between baseline and 3 
(and 12) months from hospital discharge.

3.	 Decrease in mean daily total time and number of SB 
bouts between baseline and 3 (and 12) months from 
hospital discharge.

4.	 Increase in the portion of restful sleep between base-
line and 3 (and 12) months from hospital discharge.

5.	 Improvement in VO
2
 peak between baseline and 3 

months from hospital discharge.
6.	 Improvement in self-perceived QoL (QoL; The 15D, 

Patient Health Questionnaire 2, Seattle Angina 
Questionnaire 7+, Rose Dyspnea Scale and EuroQoL-
5D) between baseline and 3 (and 12) months from 
hospital discharge.24 25

7.	 Improvement in LVEF and other TTE parame-
ters between baseline and 3 months from hospital 
discharge.

8.	 Decrease in the incidence of major cardiovascular 
events assessed after 12 postsurgical months.

9.	 Improvement in the laboratory markers between 
baseline and 3 months from discharge.

10.	 Improvement in heart rate variability between 
the baseline and 3 months from discharge among 
patients undergoing PACO eHealth programme as 
a part of their postsurgical rehabilitation.

Maximal oxygen consumption
A 6-min walk test will be conducted for all patients in 
the preoperative ward at baseline and after 3 months of 
postoperative rehabilitation and 12 months after surgery 
according to the guidelines of the American Thoracic 
Society (ATS).26 The VO

2
 peak will be calculated for the 

patients according to the ATS statement.

Major cardiovascular events
The major cardiovascular events include the following 
postoperative events: all-cause mortality, any rehospi-
talisations due to CVD (including acute readmissions), 
repeat coronary revascularisation, non-fatal myocardial 
infarction and stroke. The incidence of CVD events 
will be recorded from the patient records and from the 
national registry of hospital admissions and discharge 

diagnoses maintained by the National Institute for 
Health and Welfare. Deaths and causes of death will be 
recorded from the patient records and from Statistics 
Finland a national registry of deceased patients including 
the causes of death.

Laboratory markers
Laboratory markers: Low-density lipoprotein (LDL) 
cholesterol, oxidised LDL cholesterol, High-density lipo-
protein (HDL) cholesterol, oxidised HDL cholesterol, 
total cholesterol, triglycerides, haemoglobin, leucocytes, 
thrombocytes, glucose, glycated haemoglobin (HbA1c), 
potassium, creatinine, pro-brain natriuretic peptide 
(proBNP) will determined in participating hospitals in 
the preoperative ward at baseline, and 3 months and 12 
months after discharge. In addition, 5 mL of plasma and 
3 mL of serum will be sent to the freezer for further anal-
ysis of inflammatory markers (eg, interleukins).

Transthoracic echocardiography
Transthoracic echocardiography (TTE) will be 
performed at baseline and 3 months and 12 months after 
the operation. For measurement of LVEF, the modified 
biplane Simpson’s rule will be used. Left Ventricular (LV) 
end-diastolic volume and LV end-systolic volume are 
obtained from the apical four chambers and two cham-
bers.27 Transmitral inflow includes the peak early filling 
(E wave) and late diastolic filling (A wave) velocities. The 
E/A ratio, deceleration time of the E wave and E velocity 
divided by mitral annular E’ velocity (E/E’) are used to 
assess left ventricular diastolic function. Right ventricular 
systolic function will be assessed using tricuspid annular 
plane systolic excursion (TAPSE).

Statistical analysis plan
Between-group differences from baseline to 3 months 
and baseline to 12 months will be analysed with analysis 
of covariance or generalised linear models depending on 
the distribution of the outcome measure. Additionally, 
the data will be analysed longitudinally using three time 
points (baseline; 3 months and 12 months) with gener-
alised linear mixed models.

Ethics and dissemination
The trial has been registered with ​clinicaltrials.​gov 
register (NCT03470246). The research will be conducted 
by following the guidelines of good scientific practice and 
provisions of the Finnish Medical Research Act (Decla-
ration of Helsinki). All the study participants will sign a 
written informed consent before participation.

The results will be published in 10–15 articles in high-
level journals of cardiology, cardiothoracic surgery, 
general medicine and exercise medicine.

Discussion
The PACO Trial is a pragmatic prospective randomised 
controlled clinical intervention, designed and conducted 
in collaboration with two university hospitals in Finland. 
As far as we know, the trial will be the first one investigating 
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the effectiveness of personalised interactive accelerome-
ter-based eHealth guidance to increase PA and reduce 
SB in the postoperative rehabilitation of patients recov-
ering from open heart surgery. In addition, as secondary 
end points we explore whether the eHealth interven-
tion improves patients’ physical capacity and QoL, and 
reduces adverse cardiovascular events. For the first time, 
patients undergoing elective cardiac procedures will 
receive evolving personalised activity goals on a weekly 
basis as well as online accelerometer-based feedback of 
their PA to their personal smartphone. There is a lack 
of device-based evidence indicating the virtual effects of 
online PA tutoring on the patients’ recovery after cardiac 
procedures.

As recently suggested in a position paper of the 
European Association of Preventive Cardiology, exer-
cise training should be promoted among patients with 
CVD and especially type 2 diabetes mellitus to enhance 
the patient’s lipid profile, exercise capacity and other 
cardiovascular functions.28 There is solid evidence indi-
cating that physical exercise as a part of the rehabilitation 
programme increases PA and improves exercise capacity 
in patients with CAD and other CVDs.9 29 30 The most 
encouraging results suggest that exercise interventions 
could be effective tools in reducing the incidence of CVD 
rehospitalisations and even mortality among the patients 
with CAD.9 31 32 Exercise intervention has also been 
reported to improve cardiorespiratory fitness in patients 
recovering from valve surgery.33–35 However, in these 
studies training was conducted in a laboratory environ-
ment with a bicycle ergometer or other aerobic exercises 
supervised by healthcare personnel. Thus, implemen-
tation of these supervised face-to-face PA interventions 
requires remarkable amount of labour and financial 
support as well as patient’s time, which induces a great 
challenge for both public healthcare and the patient. It 
would be of benefit if the training programme could be 
employed at home or at work as a part of daily life.

So far, there is no definite evidence that home-based 
online PA interventions during rehabilitation from 
cardiac surgery can improve the patient’s QoL, functional 
capability and especially, prognosis.36 37 However, some 
previous prospective studies have found online inter-
ventions potentially beneficial in improving patients’ 
VO

2
 peak and weight loss, and preventing rehospitalisa-

tions during the postoperative rehabilitation of cardiac 
patients.4 5 If the effectiveness of online PA guidance will 
be further improved by using personalised training goals 
and interactive feedback, the rehabilitation programme 
could be strengthened and the cost-effectiveness of inva-
sive CVD therapy might be developed.3 38 In addition, 
instead of focusing only on PA, the causative influence 
of replacing SB bouts with standing and light PA has not 
been investigated among patients with a cardiac proce-
dure.

In the PACO Trial, objective measurements of PA and 
SB will be conducted with triaxial accelerometers. As 
previously reported, accelerometers are more sensitive 

tools for assessing patients’ activity and for revealing asso-
ciations between PA and SB with CVD biomarkers than 
self-reports.15 21 However, objective measurements have 
rarely been adapted in postoperative cardiac patients.14 
In the PACO Trial the accelerometer data will be anal-
ysed with novel, validated MAD and APE algorithms.16–18 
The algorithms have been exploited in our recent studies 
investigating objectively measured PA and SB in high 
CVD risk subjects.12 39 By means of these algorithms, 
we are able to determine more specific parameters of 
PA and SB than the commonly used total times, such 
as numbers and accumulated times of different PA and 
SB bout lengths (eg, 1 min, 30 min), and use them to 
improve guidance for patients. In addition, breaks and 
different postures in SB can be evaluated.18 Previous 
studies have most commonly applied proprietary count-
based algorithms in the analysis of raw acceleration data. 
However, because of the variations in cut points and algo-
rithms, count-based data are not comparable between 
various devices used in previous studies. The MAD-APE 
algorithms are universal and applicable in all devices 
collecting triaxial acceleration data in raw mode and thus 
provide comparable results irrespective of accelerometer 
brands.16

Due to the device-based nature of PA and SB measure-
ments, the change in mean daily step count represents 
objective information about the effectiveness of the 
PACO eHealth intervention. The daily step count is also 
practical and easy to understand for all the patients, 
which is why it is used in providing goals and activity guid-
ance in the ExSed application. In addition, according to 
previous literature, we hypothesised that the influence of 
the PACO eHealth intervention might be strongest, when 
it comes to patients’ habitual activity.36 37 Therefore, the 
change in mean daily step count was selected to be the 
primary outcome parameter of the PACO Trial. Return 
to work was not included in secondary outcomes due to 
the fact that, in Finland, significant proportion of cardiac 
surgery patients are pensioners.

TTE parameters, representing cardiac systolic (eg, 
LVEF, TAPSE) and diastolic (eg, E/A ratio, E/E’) func-
tions are used as secondary outcomes of this trial due 
to the previous findings of the influence of exercise 
training on cardiac function.40 There is no definite 
information on the specific mechanisms of the influ-
ence of exercise training on cardiac function. However, 
it has been noted that exercise training decreases heart 
rate and blood pressure at rest, which could lead to 
decreased oxygen consumption in the myocardium and 
further improved cardiac systolic and diastolic func-
tions.41

There is evidence that low preoperative PA is associated 
with higher incidence of perioperative and postoperative 
complications.10 One potential hypothesis is that good 
cardiorespiratory fitness speeds up recovery from cardio-
pulmonary bypass. Therefore, recovery from operation 
and complications including acute and late readmissions 
will be addressed in the PACO Trial.
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Associations between high habitual PA and improved 
plasma biomarkers (increased HDL cholesterol, and 
decreased total cholesterol, triglycerides, glucose and 
HbA1c) have been stated in populations with different 
CVD risk profiles.42 It has also been noted that exercise 
training is able to reduce oxidised LDL cholesterol.43 In 
addition, high PA is stated to be associated with lower 
concentrations of cardiac biomarkers (proBNP) in a 
population-based sample.44 However, there is little infor-
mation on the influence of PA interventions on plasma 
biomarkers among cardiac surgery patients. Therefore, 
we included these biomarkers to secondary outcomes of 
the PACO Trial.

In addition to exercise interventions, individualised 
interventions and telephone follow-ups have been used 
to facilitate the rehabilitation process after cardiac 
surgery. For example, interhospital cooperation has been 
used to improve postoperative QoL and activities of daily 
living among cardiac surgery patients with promising 
results.45 Furthermore, telemedicine interventions have 
been found to be beneficial in improving patients’ exer-
cise capacity.46

The PACO Trial has several strengths of which the 
inclusive samples of cardiac surgery patients is one of the 
major one. Diverse markers representing the outcomes 
of the intervention, objective measurements of patients’ 
PA and SB, and state-of-the-art analysis algorithms for 
accelerometer data are also major assets of the present 
study. However, the most essential novelty of the PACO 
Trial is the eHealth intervention based on an innovative 
combination of accelerometer, interactive smartphone 
application and cloud system, which has not previ-
ously been adapted to the rehabilitation programme of 
patients with a cardiac procedure.

Limitations
The PACO Trial has limitations also. The fact that base-
line PA and SB may differ from patients’ normal habitual 
activity profiles, because they are scheduled for major 
cardiac operation, is one of them. This might overstate 
the change between preoperative and postoperative 
step counts. The operation type may change during the 
surgery resulting in patient exclusion. Furthermore, 
many patients have comorbities (eg, respiratory infec-
tions) during their postoperative rehabilitation, which 
will affect their ability to constantly reach their daily step 
count goals. In addition, seasonal changes in weather 
influence patients’ ability to exercise outdoors, which 
affects their daily steps. In addition, unlike Movesense, 
the UKK RM42 accelerometer is not supposed to be used 
in water, which might lead to loss of a small proportion 
of PA data.

Conclusions
In order to improve patient’s postoperative recovery, PA 
interventions should be more feasible than the standard 
postoperative methods today and they should be exploited 
in the rehabilitation of cardiac surgery. However, it is 

challenging to incorporate supervised PA interventions 
in clinical settings, which is why online PA guidance 
should be effectively developed. The PACO eHealth 
intervention introduces a novel tool for postoperative 
activity guidance of cardiac surgery patients. Accurate 
objective measurement of PA and SB, daily evolving goals 
to replace PA and SB, and the motivating feedback for 
fulfilling them will be provided to the patients using a 
combination of smartphone application and accelerom-
eter. A novel cloud system will be used to monitor their 
activity profiles and personalise the goals more suitable 
for each patient. As far as we know, the PACO Trial is the 
first one investigating the effectiveness of personalised 
interactive eHealth guidance on improving PA, cardiore-
spiratory fitness, laboratory markers and TTE parameters, 
and reducing SB and cardiovascular outcomes in the 
postoperative rehabilitation process of cardiac surgery 
patients.
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