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Early mobilization is a crucial component of enhanced recovery after surgery (ERAS) pathways
that counteract the adverse physiological consequences of surgical stress and immobilization. Early
mobilization reduces the risk of postoperative complications, accelerates the recovery of functional
walking capacity, positively impacts several patient-reported outcomes and reduces hospital length of stay,
thereby reducing care costs. Modifiable barriers to early mobilization include a lack of education and a lack
of resources. Education and clinical decision-making tools can improve compliance with ERAS mobilization
recommendations and create a culture that prioritizes perioperative physical activity. Recent advances
include real-time feedback of mobilization quantity using wearable technology and combining ERAS
with exercise prehabilitation. ERAS guidelines should emphasize the benefits of structured postoperative
mobilization.
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Enhanced recovery after surgery (ERAS) is an initiative that aims to improve the quality of care for surgical
patients [1] via evidence-based recommendations (guidelines) to optimize care in the preoperative, intraoperative
and postoperative periods [2]. ERAS guidelines are multimodal and involve multidisciplinary teams of surgeons,
anesthetists, nurses and allied healthcare professionals [1]. The first ERAS guideline was developed for colorectal
surgery (3], and there are now over 20 published ERAS guidelines across multiple surgical disciplines [4]. Despite
widespread adoption, one of the challenges of ERAS implementation is achieving high compliance to several care
elements. However, with good compliance, ERAS pathway implementation is associated with improvements in
important patient and process outcomes, including a reduced risk of complications, hospital length of stay (LOS)
and healthcare costs [5-9]. Early postoperative mobilization is a central tenet of ERAS [1], and several care elements are
also adjuvant measures to encourage early mobilization, including those related to optimal postoperative analgesia
and early removal of urinary catheters [3).

Typically, the goal is to achieve meaningful mobilization as soon as possible after surgery (within the first 24 h).
Early mobilization can include activities such as sitting upright, transferring from bed to chair, rising from a chair,
exercises in or out of bed and walking in the room or hallway. At first, these activities are performed with the
assistance of a physical therapist or nurse and progression toward independent mobilization across the hospital stay
is the ultimate goal. Protocols vary, and there is no standard definition (Table 1), but ERAS pathways often include
specific targets for the total amount of time spent out of bed, the total distance walked or the frequency of periods
of walking. The evidence for the benefit of early mobilization in specific surgical settings is increasing. While the
majority of ERAS guidelines strongly recommend early postoperative mobilization (Table 1), compliance with
mobilization targets can be low [6]. Therefore, this narrative review aims to summarize the current evidence for Futu re"T‘-.;_-_-,..

Medicine ™

10.2217/cer-2021-0258 © 2021 Future Medicine Ltd J. Comp. Eff. Res. (2022) 11(2),121-129 ISSN 2042-6305 121


https://orcid.org/0000-0001-8313-6656

Review Tazreean, Nelson & Twomey

Table 1. Enhanced recovery after surgery (ERAS®) society recommendatio r early postoperative mobilization.

Study (year) Surgical discipline Guideline summary Evidence level Recommendation Ref.
grade

Batchelor et al. Lung surgery Patients should be mobilized within 24 h of surgery Low Strong [7]

(2019)

Debono et al. Lumbar spinal fusion Early mobilization and early physical therapy are Low Strong [8]

(2021) surgery recommended. Patients should be encouraged to mobilize as

soon as they are able

Cerantola et al. Radical cystectomy for Early mobilization should be encouraged. Two hours out of bed NA/Low Strong [9]

(2013) bladder cancer on postoperative day 0, 6 h out of bed on postoperative day 1

Dort et al. (2017) Major head and neck Early mobilization, within the first 24 h after surgery is Moderate Strong [10]
surgery with free flap recommended for patients

reconstruction

Feldheiser et al. Gastrointestinal surgery Achievement of mobilization goals requires a multidisciplinary  NA Weak [11]
(2016) approach. Patients should be given written information setting

daily targets for ambulation in hospital. Patients should be

encouraged to increase their physical activity in the

preoperative period. Patients should use a diary or pedometer

to record their daily physical activity

Gustafsson et al. Elective colorectal surgery  Early mobilization through patient education and Moderate Strong [12]
(2019) encouragement is an important component of enhanced

recovery after surgery programs; prolonged immobilization is

associated with a variety of adverse effects and patients should

therefore be mobilized

Hubner et al. (2020)  Cytoreductive surgery Mobilization and physiotherapy starting the day of surgery (out Low Strong positive [13]
of bed) with goals for >2 h of physical exercises for
postoperative day 2 and >6 h, thereafter should be performed
routinely

Low et al. (2019) Esophagectomy Postoperatively, early mobilization should be encouraged as Moderate Strong [14]
soon as possible using a standardized and structured approach
with daily targets

Macones et al. Cesarean delivery Early mobilization after cesarean delivery is recommended Very low Weak [15]
(2019)
Melloul et al. (2020)  Pancreatoduodenectomy  Early and active mobilization should be encouraged from day 0. Low Strong [16]

No evidence for specific protocol or daily targets is available for
pancreatoduodenectomy

Melloul et al. (2016)  Liver surgery Early mobilization after hepatectomy should be encouraged Low Weak [17]
from the morning after the operation until hospital discharge

Mortensen et al. Gastrectomy Patients should be mobilized actively from the morning of Very low Strong [18]
(2014) postoperative day 1 and encouraged to meet daily targets for
mobilization
Nelson et al. (2019)  Gynecologic/oncology Patients should be encouraged to mobilize within 24 h of Low Strong [19]
surgery surgery
Temple-Oberle Breast reconstruction Patients should be mobilized within the 24 h after surgery Moderate Strong [20]

etal. (2017)

Wainwright et al. Total hip replacement and  Patients should be mobilized as early as they are able to in Strong Strong [21]
(2020) total knee replacement order in order to facilitate early achievement of discharge
surgery criteria

early mobilization across ERAS surgical pathways and highlight recent advancements and future perspectives on
helping patients move early and move more after surgery.

Evidence for the benefit of early postoperative mobilization

Hospitalization can result in a rapid decline in function, especially in older adults [221. The adverse physiological
effects of prolonged bed rest and immobility have long been recognized as a major cause. Immobilization increases
insulin resistance, impairs gastrointestinal function, results in de-conditioning of the cardiovascular, respiratory
and musculoskeletal systems, and exposes patients to an increased risk of thromboembolism [23,24]. Furthermore,
surgery causes inflammation and other homeostatic disruptions [25]. While the evidence for the harmful effects
of bed rest and the surgical stress response is clear, the evidence for the benefit of dedicated early mobilization
intervention is limited in some surgical disciplines with ERAS guidelines (Table 1). However, early postoperative
mobilization is safe and feasible, and an increasing number of observational studies report associations between a
faster time-to-mobilization or more mobilization (measured objectively using wearable technology) and improved
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health outcomes. For example, after cesarean delivery (where thromboembolic events are a leading cause of maternal
death), patients who developed complications after discharge walked significantly less during their hospitalization
compared with those who did not [26]. Similarly, after major head and neck surgery with free flap reconstruction,
delayed time-to-mobilization (in this case, after postoperative day 2) was a significant predictor of postoperative
complications and a prolonged LOS (>10 days) [27].

There is now evidence from several randomized controlled trials (RCTs), indicating that mobilization benefits
both patients and the healthcare system. In an RCT involving 120 patients undergoing liver tumour resection,
targeted guidance for the early mobilization group resulted in faster gastrointestinal recovery, improved sleeping time
and a shorter LOS compared with a control group [28]. The early mobilization intervention included preoperative
education with patients and their families, daily mobilization activities for early, middle and late periods of the
day, and comprehensive safety assessments before ambulation. Supervised mobilization has also been successful
after major abdominal cancer surgery. Almeida er a/. 29] found that an early mobilization intervention including
supervised exercises performed twice daily was superior to usual care. This resulted in a greater proportion of patients
being able to walk without human assistance by postoperative day 5, as well as improved functional exercise capacity
(determined by the 6-minute walk test). Early mobilization interventions also improve functional exercise capacity
at hospital discharge following cardiac surgery [30]. However, the impact of allocating additional resources to ensure
mobilization is not always clear. For example, in an RCT involving 99 patients undergoing colorectal surgery,
Fiore er al. 311found that although facilitated early mobilization (staff dedicated to assist transfers and walking) did
improve step counts and compliance with mobilization targets, by four weeks after surgery, there was no difference
in the recovery of walking capacity or secondary outcomes, such as postoperative pulmonary function 32]. Others
have suggested that these results show that assisted walking within the confines of the hospital environment may
not be enough of a stimulus to provoke a favourable response [33]. Alongside objective measurements of improved
recovery, patient-reported outcomes are also important. Mobilization can be used to empower patients to play
an active role in their recovery after surgery. Early mobilization protocols reduce pain [28], improve health-related
quality of life, and reduce the incidence and intensity of postoperative fatigue [29].

We conducted a nonsystematic search of databases (PubMed® and Web of Science™) from September 2011 to
September 2021 to get a snapshot of the past decade of research on early mobilization. We used combinations of
key terms including ‘mobilization’ and ‘ambulation’ (modified by ‘early’ and ‘postoperative’) alongside ‘ERAS.” For
relevant publications, we hand-searched the reference list. Articles were also recommended by the senior author,
who is an acknowledged expert in the field.

Barriers to early mobilization

There are several factors that can lead to delayed mobilization and low compliance with ERAS mobilization recom-
mendations. First, delayed mobilization may be unavoidable if caused by delirium or early surgical complications
and returns to the operating room. Several preoperative risk factors also predict delayed mobilization, including
advanced age, physical/performance status and malnutrition [6]. It is well understood that early removal of catheters,
intravenous lines and optimal pain management (opioid-sparing with adequate pain control) facilitates early mobi-
lization. Strategies that result in improved pain control (such as pumps that continuously deliver a local anesthetic
medication) and specific surgical techniques that result in less pain (minimal access surgeries) can be expected to
improve postoperative mobilization. If compliance with the related discipline-specific ERAS recommendations is
good, poor compliance with early mobilization targets may be primarily due to a lack of awareness and education
about the benefits of early mobilization, resource limitations or a culture that does not prioritize physical activity
during hospitalization. Fortunately, relatively simple interventions involving education and clinical decision-making
tools can dramatically improve adherence to the ERAS mobilization recommendations [27].

Even if the clinical team understands the benefits of early mobilization and considers the benefits to outweigh the
perceived risks, there can still be significant barriers such as technical difficulty (multiple tubes and drains and the
complexity of specific surgical sites), and insufficient staff or time to mobilize patients (4. A lack of staff to assist
with out-of-bed activity is consistently highlighted as a barrier to mobilization (35]. In particular, mobilization can
depend on the availability of physical therapists. In a prospective observational study conducted by Garzon-Serrano
et al. [36], a patient’s ability to mobilize was significantly higher with a physical therapist present. Additionally,
physical therapists achieve a higher level of mobilization, particularly with critically ill patients, compared with
nurses. Ideally, especially in high-acuity postoperative settings, support from physical therapists should be a part
of usual care, starting within 24 h after surgery. After hepatopancreatobiliary surgery, the main barriers to early
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postoperative mobilization were pain, followed by lethargy or giddiness and a lack of inclusion of early mobilization
in postoperative instructions [37]. After cardiac surgery, patients reported that alongside pain, the main barriers
to ambulation were insecurity and demotivation (38]. Some patients may have been influenced by the historical
belief that limited activity or complete bed rest is necessary for the body to recover after surgery (391, and this
might be responsible for low motivation when nurses attempt to mobilize patients. Therefore, preoperative patient
education is invaluable, and this can be linked with patient motivations, such as ‘to do whatever it takes to get
home earlier’ [40). Interviews with patients who had been mobilized immediately after abdominal surgery indicate
that patients experienced mobilization as an important part of their care and that it had an impact on recovery
and overall well-being [40]. In general, the nursing team plays a crucial role in the postoperative mobilization of
patients and must be supported through dedicated training and sufficient staffing to allow time to help patients
with symptoms (such as pain and fatigue) and concerns who might otherwise be highly motivated to get moving.
For example, in adults aged over 75 years, the main concern preventing mobilization is a fear of falls (35], and
patients are unlikely to walk without assistance. However, systematic implementation and high compliance with
ERAS pathways lead to a decrease in nursing workload [41].

Recent advancements

Educational strategies to increase postoperative mobilization

Novel education delivery methods have shown potential for improving patient outcomes. Jones ez a/. [42] developed
an educational presentation that included animated visualizations of physiological processes (reduced heart rate,
blood circulation and lung function). The visualization showed deleterious processes when immobile, contrasted
with improved processes when mobile. The presentation also included video footage of patient actors on the hospital
unit and challenged lay beliefs about bed rest with an explanation of better patient outcomes within ERAS pathways.
Patients were then provided with specific mobilization recommendations and were asked to discuss examples of
how they could include exercise in their routines both in-hospital and once discharged [42]. In comparison to usual
care, the intervention resulted in increased step counts after hospital discharge and a more positive perception of
the quality of recovery after surgery. However, there were few differences when the intervention was compared with
an active control group and no between-group differences in self-reported exercise.

Strategies to facilitate a culture shift to prioritize helping patients move after surgery, having open discussions
about barriers within specific surgical disciplines and taking an integrative team approach may improve mobilization
and, ultimately, patient outcomes [57,43]. Even at the peak of the COVID-19 pandemic, some institutions have been
able to demonstrate the long-term sustainability of early mobilization improvement strategies that empower nurses
and patients. For example, Chan ez /. [44) found that a perioperative management and prehabilitation program
for patients undergoing major hepatopancreatobiliary surgery resulted in high compliance (79%) to mobilization
recommendations (sitting out of bed for >6 h on postoperative day 1 and walking >30 m on postoperative day 2).

Wearable technology within ERAS

A significant challenge for research on early postoperative mobilization is getting an accurate measurement of
the quantity of mobilization without causing undue burden to the clinical team [45]. Finding ways to increase
patient self-adherence to mobilization targets without increasing the workload of the clinical team are of particular
interest, and wearable technology is one option. Wearable technology are devices worn on the body that can provide
continuous accelerometry-derived data on physical activity (e.g., step counts, distance walked). There is already
evidence that objective measurements of postoperative mobilization are linked with improved clinical outcomes.
Daskivich ez al. 146] found that the quantity of ambulation on postoperative day 1 is important: a higher number of
steps were linearly associated with a decreased probability of a prolonged hospital LOS (up to a step count of 1000
steps). Furthermore, walking more in hospital is predictive of a shorter LOS and lower morbidity after laparoscopic
colorectal surgery, and lower risk of readmission to hospital after major cytoreductive cancer surgery [47]. In one
of the first RCTs on the topic, Wolk et 4l 48] found a wrist-worn activity monitor with continuous patient
feedback resulted in a significantly increased mean step count on postoperative days 1-5, in comparison to usual
care. Although these results could not be confirmed in an open surgery arm, these early findings highlight the
potential of wearable technology for improving mobilization in ERAS settings. It may be the presence of an activity
tracker and real-time feedback that improves mobilization because Waller ez a/. (49 did not find differences in
daily step counts in patients who had undergone colorectal surgery when comparing activity trackers with and
without tactile and auditory alarms to remind patients to move. Two important considerations regarding the use of
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wearable technology within the inpatient postoperative setting are user experience and data accuracy [45]. Wearable
activity trackers may be feasible after major surgery, but clear instructions must be communicated to both the
patient and the nursing team [s0]. Data accuracy differs depending on the device (e.g., commercially available or
research-grade), and step count accuracy may be reduced for altered or slow gait patterns [s1] (particularly relevant
to the postoperative settings).

Physical activity & exercise as part of perioperative care
Once patients achieve meaningful mobilization (within 24 h after surgery, if possible), structured and progressive
movement that helps patients accelerate toward independent mobilization is also crucial. Including resistance
exercise to regain lost muscle mass or strength, and improve overall function, may make the transition to recovery at
home easier. Tanaka ez a/. 52) found that bodyweight resistance exercises in the early postoperative period increased
functional walking capacity (distance walked in the 6-minute walk test) at hospital discharge in geriatric patients
who underwent laparoscopic surgery for gastrointestinal cancer. Schram et a/. [33] evaluated tailored resistance
training in 40 patients undergoing colorectal resection within an ERAS pathway. In the early postoperative period,
patients were stratified according to their functional ability and encouraged to take part in either in-bed, seated
or standing resistance routines. Patients performed exercises under the supervision of a kinesiologist once per day
for the duration of the hospital stay and were advised to continue with the resistance training (up to 30 minutes
per day) after they were discharged. The results showed that patients are willing and able to participate in light—
moderate resistance training (tailored to individual needs) after colorectal surgery. It is also important to note that
a proportion of patients were unable to ambulate during postoperative days 1-3 but were able to participate in
resistance training, which may prevent such patients from remaining entirely sedentary early after surgery [33].
There is growing interest in the role of exercise prehabilitation as a part of ERAS-guided care [53-59]. Cancer
prehabilitation has been defined as: ‘a process on the continuum of care that occurs between the time of cancer
diagnosis and the beginning of acute treatment, includes physical and psychological assessments that establish a
baseline functional level, identifies impairments and provides targeted interventions that improve a patient’s health
to reduce the incidence and the severity of current and future impairments’ [54]. Although exercise prehabilitation
is safe and feasible, the role of preoperative exercise for enhancing mobilization and improving outcomes within
ERAS has not been extensively studied. Au ez al. [55] found that home-based exercise prehabilitation versus
usual care significantly increased objectively measured physical activity on postoperative day 1, following radical
prostatectomy. However, larger studies are needed to determine the impact on clinical outcomes. In a retrospective
analysis, Ploussard ez al. [s6] highlighted the synergistic effect of ERAS and prehabilitation, including physical activity
workshops delivered by a physiotherapist and several other elements. Following implementation, the combination
of ERAS and the prehabilitation program for patients undergoing radical prostatectomy was associated with shorter
hospital stays and reduced costs. Prehabilitation involving individualized exercise programs for patients undergoing
liver resection has also been shown to reduce complications and improve social/family well-being [571. There is
clearly potential to further optimize the postoperative course of patients treated within ERAS pathways through
the addition of exercise prehabilitation.

Future perspective

The future of measuring, monitoring and prescribing mobilization after surgery lies in the use of wearable technol-
ogy that syncs seamlessly with the electronic medical record and provides data to both patients and clinicians in
real-time. We envision wearable technology being used to help identify patients who are not meeting mobilization
targets within the context of busy clinical workflows. In addition, the use of wearable technology can be used as
a motivational tool for patients, and it could help overcome a key barrier to exploring the impact of postopera-
tive mobilization within ERAS: the unnecessary burden placed on many nursing teams to accurately document
mobilization in the hospital wards. Despite the recognition of its value by the ERAS® Society, the definition of
mobilization differs across ERAS guidelines (Table 1) and interpretation of the less precise recommendations is
currently specific to individual hospitals where the recommendations are implemented. Other authors have also
highlighted that mobilization and ambulation are not synonymous, and it is the latter that is more relevant to
patients’ physiologic function and return to daily activities [44]. As our understanding of the dose-response rela-
tionship between ambulation quantity and clinical outcomes improve, we anticipate that recommendations will
become more exact. There is also a role for machine learning in ERAS to allow predictions about the most bene-
ficial elements of ERAS based on large datasets without explicit programming [s8]. For example, machine-learning
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algorithms have been used to determine which subset of ERAS is most impactful on postoperative outcomes [27,59].
In line with our summary of current evidence, Olson ¢z 4/. [59] found that early mobilization, alongside multimodal
pain management, were the elements most protective against a prolonged LOS. In the future, preoperative clinical
data and data collected by wearable technology could be used for decision-making in operative planning and
postoperative care [58]. The potential role of ERAS to help minimize healthcare disparities also deserves in-depth
attention [60]. Finally, the success of ERAS is not only due to its multidisciplinary approach and high standard,
evidence-informed method to guideline development [61). It is also dependent on the involvement of patients and
the ability of the healthcare team to engage patients to take an active role in their preparedness for surgery and
recovery in the hospital. Therefore, understanding patient experiences of ERAS-guided care, involving patients as
partners in ERAS research [62], and creating opportunities for patients to take on a collaborative role across the
perioperative period, are essential to the continued success of ERAS.

Executive summary

e Early mobilization is a crucial component of enhanced recovery after surgery (ERAS) pathways that counteract
the adverse physiological consequences of immobilization and surgical stress.

e Evidence from prospective randomized controlled trials comparing early mobilization interventions to usual care
in several surgical specialties is convincing and continues to accumulate.

e Early mobilization reduces the risk of postoperative complications, accelerates the recovery of functional walking
capacity, positively impacts several patient-reported outcomes and reduces hospital length of stay, thereby
reducing care costs.

e Several modifiable barriers to early mobilization include a lack of awareness and education about the benefits, a
lack of resources and a lack of culture that prioritizes physical activity after surgery.

e Fortunately, relatively simple strategies such as education and clinical decision-making tools can dramatically

improve compliance with ERAS mobilization recommendations.

Recent advances include improving the measurement of mobilization quantity and providing real-time feedback

to patients via wearable technology, adding exercise across the perioperative period (including exercise

prehabilitation) and using animated visualization to improve recovery.

ERAS guidelines in new surgical disciplines and updates to existing guidelines should emphasize the benefits of

structured mobilization by providing targets for the quality and quantity of mobilization (such as time spent out

of bed, ambulation distance and frequency in the early postoperative period) alongside a target for the
time-to-mobilization (within 24 h). Although there may not yet be evidence supporting specific protocols,
collaboration with physical therapists who help mobilize patients within specific surgical disciplines will aid
prescription.

Collaboration with clinical exercise physiologists and physical therapists in the development of patient resources

for online/virtual exercise prehabilitation provides an opportunity to improve outcomes within ERAS pathways.
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