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Abstract

Background: Enhanced recovery after surgery (ERAS) programs are aimed at minimizing postoperative stress and
accelerating postoperative recovery by implementing multiple perioperative principles. “Early mobilization” is one
such principle, but the quality of assessment and monitoring is poor, and evidence of improved outcome is lacking.
Activity trackers allow precise monitoring and automatic feedback to the patients to enhance their motivation for
early mobilization. The aim of the study is to monitor and increase the postoperative mobilization of patients by
giving them continuous automatic feedback in the form of a step count using activity-tracking wristbands.

Methods/design: Patients undergoing elective open and laparoscopic surgery of the colon, rectum, stomach,
pancreas, and liver for any indication will be included. Further inclusion criteria are age between 18 and 75 years,
American Society of Anesthesiologists Physical Status class less than IV, and a signed informed consent form.
Patients will be stratified into two subgroups, laparoscopic and open surgery, and will be randomized 1:1 for
automatic feedback of their step count using an activity tracker wristband. The control group will have no
automatic feedback. The sample size (n = 30 patients in each of the four groups, overall n = 120) is calculated on
the basis of an assumed difference in step count of 250 steps daily (intervention group versus control group). The
primary study endpoint is the average step count during the first 5 postoperative days; secondary endpoints are
the percentage of patients in the two groups who master the predefined mobilization (step count) targets,
assessment of additional activity data obtained from the devices, assessment of preoperative mobility, length of
hospital and intensive care unit stays, number of patients who receive physiotherapy, 30-day mortality, and overall
30-day morbidity.

Discussion: Early mobilization is a key element of ERAS. However, enhanced early mobilization is difficult to define,
to assess objectively, and to implement in clinical practice. Consequently, there is a discrepancy between ERAS
targets and actual practice, especially in patients undergoing major visceral surgery. This study is the first
randomized controlled trial investigating the use and feasibility of activity tracking to monitor and enhance
postoperative early mobilization.

Trial registration: ClinicalTrials.gov identifier: NCT02834338. Registered on 15 June 2016.
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Background
“Fast-track surgery”, or “enhanced recovery after surgery”
(ERAS), is a clinical pathway for a variety of surgical proce-
dures. The aim of ERAS programs is to minimize postoper-
ative stress and accelerate postoperative recovery through
the implementation of multiple pre-, intra-, and postopera-
tive ERAS elements (e.g., preoperative fasting and bowel
preparation or antimicrobial prophylaxis, intraoperative an-
algesia and fluid management, postoperative pain and
drainage management, nutritional care, early mobilization)
[1-3]. Nowadays, ERAS is considered standard for the peri-
operative management of colorectal surgical patients in
many centers [4—6]. ERAS protocols have resulted in sig-
nificantly shorter hospital stays and overall complications
[5]. The advantages of ERAS based on the available data
seem to outweigh possible disadvantages, although the
quality of the data does not justify a final implementation
as standard care. Nevertheless, ERAS has produced attract-
ive results and consequently has been used in gastrointes-
tinal (GI), hepatopancreatic, or esophageal surgery with
similar results [7-12]. In recent years, ERAS programs have
also been adapted to major visceral surgery of the upper GI
tract [7-11]. A majority of the ERAS elements are well de-
fined, whereas there is a lack of evidence for early
mobilization protocols and monitoring. Studies on early
mobilization follow different protocols and definitions. For
example, Anderson et al. and Gatt et al. recommended that
patients get out of bed on the day of the operation and
mobilize on the floor on the first postoperative day (POD)
[13, 14]. Interestingly, Anderson et al. included only pa-
tients undergoing left or right colectomy, whereas Gatt et
al. included patients who underwent all kinds of colorectal
operations without consideration of the severity of surgery
[13, 14]. Wind et al. defined enhanced mobilization as get-
ting out of bed more than 2 h on the day of the operation
up to 8 h at the second POD after laparoscopic or open
colorectal surgery [15, 16]. The findings of ERAS programs
on recovery of surgical patients were subsequently trans-
ferred to ERAS programs for liver and pancreatic surgery
[7, 11, 16-18]. Drawbacks of these studies are that “early
mobilization” was not defined consistently and that no dis-
tinction was made between standard and early
mobilization. That is why there is no solid evidence that
early mobilization in the ERAS setting is beneficial. A
recent study done at our center emphasizes the fact that
almost 50% of our patients after surgery of the upper GI
tract do not request enhanced mobilization, indicating that
ERAS principles and the mobilization targets of the avail-
able studies cited above were not achieved [19].
Consequently, novel or innovative methods have to be
evaluated to provide objective and precise monitoring of
patient mobilization, as well as to increase the intrinsic
motivation for early mobilization after major visceral
surgery. One possibility could be the use of activity
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trackers that allow automatic feedback to patients to
enhance their motivation for early mobilization. Techno-
logical progress has fostered the development of wear-
able devices for “self-tracking,” including the tracking of
physical activity [20]. The first cohort study with 150
participants investigating the effect of a modern wear-
able activity trackers upon postsurgical mobility recovery
during hospitalization found a significant relationship
between the early recovery step count and length of
hospital stay in elderly cardiac surgery patients [21].
There are no reports of randomized controlled trials
(RCTs) involving activity tracking of postoperative in-
hospital mobilization. The aim of the present study is to
evaluate the effect of an automatic feedback system
using activity trackers versus no feedback on postopera-
tive step count and recovery after major visceral surgery.

Methods/design

Trial design

The Enhanced Perioperative Mobilization (EPM) trial is
a randomized, controlled, single-center trial comparing
the effect of automatic feedback of postoperative phys-
ical activity using activity tracker wristbands after laparo-
scopic and open major visceral surgery. The trial design
is in accordance with the Standard Protocol Items:
Recommendations for Interventional Trials (SPIRIT)
statement (see Additional file 1).

Study population

The study population consists of all patients scheduled
for elective laparoscopic and open surgery of the colon
and rectum (colectomy, hemicolectomy, segment resec-
tion, rectum extirpation, deep anterior rectum resection,
sigmoid resection, proctocolectomy), of the stomach
(total, subtotal, and atypical gastric resections), of the
pancreas (any kind of pancreatic resection), and of the
liver (hemihepatectomy, atypical resection, anatomical
segment resection). Further inclusion criteria are age
equal to or older than 18 years up to 75 years, American
Society of Anesthesiologists Physical Status class less
than IV, and a completed informed consent form. Exclu-
sion criteria are emergency surgery, mental inability to
complete postoperative assessment protocols, or pre-
operatively immobile patients. Dropout from the study is
allowed in cases of nonresectability, postoperative mech-
anical ventilation >12 h, prolonged stay in the intensive
care unit (ICU) >48 h, lack of compliance with wearing
the activity tracker wrist band, or allergic reactions to
the wrist band. All reasons for dropouts will be analyzed,
and these patients will be followed.

The EPM trial is to be conducted in line with either
the Declaration of Helsinki or the laws and regulations
of Germany, whichever provides the greatest protection
to the patients. The study protocol was approved by the
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local ethical committee of Technical University Dresden
(decision number EK226062016). This study is registered
with ClinicalTrials.gov under the unique identifying num-
ber NCT02834338.

Randomization and procedures

Patients are to be screened for eligibility on the day of
admission. After participants give their informed consent
to participate in the study, the International Physical
Activity Questionnaire (IPAQ) will be administered to
assess the preoperative mobilization, and the patients
will receive preoperative counseling before surgery.

To avoid bias due to differences between laparo-
scopic and open surgery, two arms will be built be-
fore randomization: a laparoscopic arm and an open
surgery arm. The study population will be stratified
by surgery type (open and laparoscopic surgery). The
randomization (control group versus intervention
group) will be performed intraoperatively after the
surgeon has confirmed the resectability using a block
randomization with fixed block sizes in a 1:1 alloca-
tion ratio. The randomization sequences will be gen-
erated using the R statistical software package (R
version 3.1.3, R Foundation for Statistical Computing,
Vienna, Austria). Block size will be kept confidential
until completion of recruitment.

The wristband will be worn continuously after the
operation to count the patient’s steps 24 h per day until
the beginning of POD 6. The Polar Loop activity tracker
with FlowSync and Polar Flow software will be used for
activity tracking (Polar Electro GmbH, Biittelborn,
Germany). The device has been approved by the Medical
Devices Act (EU Medical Device Directive 93/42/EWG/
CD 0537) and is recommended for medical use.

The control group will wear an activity tracker
wristband with a display covered with adhesive tape so
that the step count cannot be read. The study nurse will
verify the covered display a few times daily. The inter-
vention group will receive an unblinded wristband. The
handling of the activity trackers will be explained to the
patients, and a predefined mobilization endpoint (step
count) for the first 5 PODs will be targeted. The target
step count was set at the 85% quartile on the basis of
results a previous pilot study (Table 1). Patients older
than 75 years of age were excluded from the analysis in
the pilot study. The median age of this group was 60
years (IQR 52.5-70.5 years). A major pancreatic resec-
tion was performed in 35% of the patients, a major liver
resection in 30%, a colorectal resection in 25%, and a
gastric resection in 10%. A surgical fellow or a study
nurse will assess and monitor the patient twice daily,
between 9:00 a.m. and 11:00 a.m. and between 3:00 p.m.
and 5:00 p.m., throughout the patient’s hospital stay to
read the step count, to ensure its proper use and
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Table 1 Mobilization targets in steps per day

POD1 POD2 POD3 POD4 PODS5
Open surgery arm (n = 20) 500 620 800 1400 1400
Laparoscopic arm (n = 5) 1900 2300 2900 3400 3400

POD Postoperative day
Data are presented as 85% quartile based on n = 25 patients (results of a
pilot study)

functioning, and to communicate the automatic feed-
back results. The study flowchart is shown in Fig. 1.

Study aim and objectives

The aim of the study is to increase the postoperative
mobilization of the patients by giving them continuous
feedback on their step count using activity-tracking
wristbands. The primary endpoint of this study is the
average step count in the first five POD in the interven-
tion and control groups. Secondary endpoints are the
percentage of patients in the two groups who master the
predefined mobilization (ie., step-count) targets, assess-
ment of the activity data obtained from the devices
(distance, activity time, inactivity, calorie consumption,
compliance), assessment of preoperative mobility with the
IPAQ [22], length of hospital and ICU stays (from the first
POD until day of discharge), number of patients who re-
ceive physiotherapy, 30-day mortality, and 30-day overall
morbidity according the Clavien-Dindo classification [23].

Statistical considerations and sample size calculation

The sample size estimation was based on our results in a
pilot study with 30 participants, 25 of whom were ana-
lyzed to collect data about standard mobilization on the
first 5 PODs following major visceral surgery. Based on
those data, an increase in the daily step count by 250
steps/day with an SD of 290 steps/day was estimated. To
achieve 80% power with a two-sided P value <0.05 and a
dropout rate of 12%, the total sample size calculated
with a two-tailed, unpaired ¢ test was 120 patients with
30 patients in each group.

The statistical analysis will be done on an intention-to-
treat basis and will be performed with Statistical Package
for Social Science software version 18.0 (SPSS, Chicago,
IL, USA). The Mann-Whitney U test will be used to com-
pare continuous variables, and Fisher’s exact test will be
used for categorical variables. Two-sided P values will al-
ways be computed, and a difference will be considered sta-
tistically significant at P < 0.05. The primary outcome is
the average step count over the first 5 PODs of the pa-
tients in the intervention and control goups, separated
into the laparoscopic and open surgery arms, respectively.
Statistical testing of the outcome parameter will be per-
formed using a regression analysis of repeated measures.
In addition, the increase of mobilization within the groups
will be analyzed using the repeated measures ANOVA.
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Fig. 1 Flowchart. EPM Enhanced Perioperative Mobilization trial, POD Postoperative day
A\

Logistic regression analyses will be computed to identify
factors determining the patient cohort that achieved the
mobilization targets (secondary endpoint). The following
variables will be considered for the regression analysis: age,
sex, body mass index (BMI), operative time, oncological
versus nononcological indications, type of surgery (pancre-
atic, liver, intestinal, gastric), preoperative IPAQ score, and
technique of surgery (laparoscopic versus open). Factors
that are significant in univariate analysis will be further
considered for a multivariate regression analysis.

Study implementation

Patients will be assessed daily by a surgical fellow or a
study nurse throughout their hospital stay. The whole
team, including nurses and physiotherapists, is trained
for the mobilization with the study patients and assists
the patients on the arm without the activity-tracking
device to avoid bias. The data obtained from the activity
tracker will be synchronized automatically at POD 6
according to the user manual. The team will also follow
the patients after their discharge and perform all data
collection in an attempt to minimize observer bias. All
outcome parameters will be recorded before the operation

and on PODs 1, 2, 3, 4, and 5. At a follow-up visit on
POD 30, data on all endpoints and patient characteristics
will be gathered. Figure 2 shows the study implementation
in accordance with the SPIRIT statement.

Documentation and data handling

All protocol-required information collected during the
trial will be entered into the case report forms (CRFs).
The completed CRFs will be reviewed, signed, and ana-
lyzed by the investigator or by a designated subinvestiga-
tor. During the trial, patients will be identified solely by
means of their year of birth and individual identification
code (screening number, randomization number). Trial
findings will be stored in accordance with local data pro-
tection law and International Council for Harmonisation
good clinical practice guidelines, and they will be handled
in the strictest confidence. For the protection of these
data, organizational procedures will be implemented to
prevent the distribution of data to unauthorized people.

Discussion
To our knowledge, the EPM trial is the first RCT to
compare the effect of wearable activity tracker devices to
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STUDY PERIOD

Enrolment | Allocation

Post-allocation Close-out

Day before
surgery
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INTERVENTIONS:
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[demographic and X
clinical data]

[Operation X
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[step count]

[activity data from
the devices]

[Length of hospital
and ICU stay]

[30 day mortality
and overall
morbidity]

Fig. 2 Study implementation of the Enhanced Perioperative Mobilization trial. ICU Intensive care unit, POD Postoperative day

enhance patients’ motivation for early mobilization in
the ERAS setting. Cook et al. completed the first cohort
study using a mobility tracker with 150 patients after
cardiac surgery. The study showed that there was a
significant relationship between the number of steps
taken in the early recovery period, length of stay, and
dismissal disposition [21]. However, in this setting, only
the relationship between step count and length of hos-
pital stay was investigated, and there was no automatic
feedback to the patients. Our present RCT will be the
first study addressing surgical patients with the aim of
enhancing patients’ intrinsic motivation for more post-
operative mobilization through an automatic feedback
mechanism. Martin et al. showed in an RCT that an
automated mobile health intervention with a tracking
device and a texting component can increase a patient’s
physical activity, and it was successfully used as a behav-
ior change driver in ambulatory cardiac patients [24]. A
problem was that only the text-messaging component of
that study increased the physical activity. Chan et al. used
pedometers to increased physical activity in a sedentary
population of 106 participants. They suggested a count of
10,000 steps per day as an effective target for prevention
of disease and promotion of a healthier lifestyle [25]. Bed
rest is associated with several complications, such as

pneumonia, but solid data for visceral surgery are lacking
[26, 27]. However, self-tracking can be used in chronic
disease cases as well. Authors of a recent meta-analysis of
activity monitor-based counseling studies concluded that
there are beneficial effects derived from self-tracking on
physical activity, blood glucose, systolic blood pressure,
and BMI in patients with diabetes [28]. In patients with
chronic obstructive pulmonary disease and chronic heart
failure, the benefit was unclear owing to limited or nonex-
istent data [28]. There is still a lack of evidence in other
chronic diseases [29]. The problem with early mobilization
of surgical patients is the imposed immobility by devices
such as drains and catheters [19]. Even in the ERAS setting,
an increase of early mobilization is difficult to implement
[30]. For example only 20-28% of patients were mobilized
on the first POD after liver surgery, despite targets such as
“four times daily” [11, 31, 32]. Our first pilot study indicated
a discrepancy between ERAS targets and actual practice in
patients with comorbidities undergoing major visceral
surgery. The data underlined the need for a prompt redef-
inition of ERAS mobilization targets [19]. The use of activ-
ity trackers can be useful when defining these mobilization
targets, monitoring postoperative patient parameters, and
helping to implement the ERAS principles by increasing
the patient’s intrinsic motivation.
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The present trial includes many types of operations,
including hepatopancreatic, GI, and colorectal surgery,
which might have a different impact on the patients’ post-
operative physiology and ability to ambulate. This broad
range of operations was intended to increase the applicabil-
ity and generalizability of the study. As a result, minor ef-
fects of the activity-tracking feedback that might be
confined to only one type of surgery might be missed.
However, our pilot study, although not powered for this
endpoint, showed no significant difference in the achieved
postoperative step counts between the different operations.

The present study further includes patients within a
broad age range and associated fitness level. Differences
in functional abilities naturally occurring with aging
[33] and that might be aggravated after surgery can fur-
ther bias the study, but they might contribute to the ap-
plicability of the results. In addition, the potential for
discrepancies between the self-reported preoperative
mobility assessed by the IPAQ and actual quantitative
mobility cannot be excluded. In addition, the IPAQ was
not designed for patients in a hospital setting (i.e., inpa-
tients). Nevertheless, the IPAQ is considered an appro-
priate tool to assess physical activity in daily life, and
results derived from it will be analyzed as a secondary
endpoint in the present trial [34].

Trial status
Participants are currently being recruited. The first patient

was enrolled in July 2016.

Additional file

Additional file 1: SPIRIT checklist: description of the trial design in
accordance with the SPIRIT statement. (DOC 120 kb)
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