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ABSTRACT OF THE DISSERTATION 

 

 

Adult Ambulation Protocol for Extracorporeal Membrane Oxygenation Patients 

 

 

by 

 

 

Valentina Obreja 

Doctor of Nursing Practice 

University of California, Los Angeles, 2021 

Professor Lynn V. Doering, Chair 

 

Background: Early mobility and ambulation of the extracorporeal membrane oxygenation 

(ECMO) patients has shown to decrease mechanical ventilation time, delirium, Intensive Care 

Unit (ICU) length of stay, and improve physical functioning. However, few ECMO centers use a 

protocol to guide mobilization and ambulation practices. Objectives: To improve the current 

practice in ambulating ECMO patients by examining the feasibility of an evidence-based 

ambulation protocol (AAP4ECMO; Adult Ambulation Protocol for ECMO) compared to historic 

controls on patient safety, number of ambulation sessions, time standing, ambulation time, and 

distance. Methods: Implementation of the protocol in a 24 bed ICU to determine the feasibility 

and safety in ECMO patients ≥ 18 years of age and compared to an age and gender matched 

historical control group who ambulated without the protocol. Demographic and clinical outcome 
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data were collected prospectively in the protocol group and retrospective chart review for the 

control group (safety events, ambulation outcome measures). Results: From January to March 

2021, 13 (28%) ECMO patients utilized the developed AAP4ECMO protocol compared to 35 

(10% 2019; 15% 2020) historic controls who ambulated without the protocol. There were no 

statistical differences in all ambulation measures with minimal adverse events. Conclusion: The 

AAP4ECMO protocol is feasible and safe to use in V-A and V-V ECMO patients deemed ready 

for ambulation. Despite an increase number of ambulation sessions in the protocol group, further 

prospective evaluation of the protocol is needed in a larger sample to verify findings and patient 

outcomes.   
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Chapter One: INTRODUCTION 

Extracorporeal Membrane Oxygenation (ECMO) therapy is performed using an ECMO 

machine connected with the patient to a vein and an artery (V-A ECMO) or one or more veins 

(V-V ECMO) using various cannula types. The patient's blood "bypasses" the heart and lungs. 

The ECMO machine performs the gas exchange, allowing the heart and the lungs to rest and 

heal. ECMO represents an invaluable modality for patients with severe cardiac and pulmonary 

dysfunction, unable to be managed using a conventional treatment (Makdisi & Makdisi, 2017). 

Veno-venous (V-V) or veno-arterial (V-A) ECMO with central or peripheral (femoral, axillary, 

or internal jugular) cannulation as a “bridge to recovery” (BTR) or “bridge to transplant” (BTT) 

in selected patients may improve functional status related to the end-stage heart or pulmonary 

disease or cardiogenic shock (Aleef & Labib, 2017). The survival (to discharge or transfer rate) 

varies from 29 percent for Extracorporeal Cardio-Pulmonary Resuscitation (ECPR) cases to 44 

percent on cardiac cases to 60 percent for pulmonary cases (ELSO, 2020). Extracorporeal Life 

Support Organization [ELSO] (2020) reports 61,193 adult cases, including pulmonary, cardiac, 

and ECPR cases benefited from ECMO therapy in four hundred sixty-three ECMO centers 

worldwide.  

The benefits of early mobility and ambulation of the patients receiving (ECMO) therapy 

in intensive care units (ICU) are extensively studied and documented in the literature (Eden et 

al., 2017; Bailey et al., 2018). The early mobility including ambulation benefits include: 1) 

improving overall physical functioning (Abrams et al. 2014; Ko et al., 2015), 2) decreasing the 

duration of mechanical ventilation (Aleef & Labib, 2017), 3) decreasing the incidence of 

delirium (Liu et al., 2018), and 4) decreasing the length of stay (Chavez et al., 2015; Rehder et 

al., 2013). 
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Problem Statement 

Mental and physical recovery is impeded as ECMO therapy restricts patient mobility by 

prolonged sedation, neuromuscular blockade, pain medication administration, site requiring 

immobilization of the leg to prevent cannula dislodgement, all leading to physical deconditioning 

(Wells et al., 2018). This deconditioning process places the patient at risk for further 

complications such as sepsis, bleeding, hemodynamic instability, or even death (Makdisi & 

Wang, 2015). Although ECMO historically has been contraindicated to physical rehabilitation 

including early mobility and ambulation, studies from case report to small cohorts demonstrated 

that early mobility with the goal of ambulation in patients receiving ECMO therapy is safe and 

improves clinical outcomes (Mangi et al., 2010; Garcia et. al., 2011; Rehder et al., 2013). 

The challenges of ambulating these patients include safety and physical tolerance (Koons 

& Siebert, 2020). Few transplants medical centers that offer to bridge with V-V ECMO to lung 

transplant have adopted structured programs utilizing different cannulation strategies addressing 

the type, size, and placement that allow for ambulation (Garcia et al., 2011; Boiling et al., 2016, 

Ratnani et al., 2018). Data from an international survey showed that only 20 percent of 209 

transplant centers worldwide use a protocol to support mobilization practices (Marhong et al., 

2017). The ECMO cannulation size, type, placement, and securement adjustments have resulted 

in a few studies of ambulation in the ECMO patient population with encouraging results (Garcia 

et al., 2011; Ratnani et al., 2018).  

Despite these encouraging results, at the Cardiothoracic Intensive Care Unit (CTICU) 

from a large, tertiary teaching hospital in Los Angeles, which cares for up to 13 patients on 

ECMO daily, has not formally developed an ambulation protocol for this patient population. In 

this unit, the ambulation of the ECMO patients is done without an established structured 

protocol. Therefore, a quality improvement (QI) DNP Project is proposed. The objectives are to 
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implement a structured ambulation protocol and to execute a pilot study of the process change to 

determine if the adoption of the change is feasible and improves ECMO patients' outcomes. 

PICOT Question 

In adult ICU (V-A or V-V) ECMO patients (P), how does the use of an adult ambulation 

protocol (I) affect ECMO patients’ safety, the number of ambulation sessions, time standing, 

ambulating time, and distance (O), compared with historical controls before protocol 

implementation (C) over three months (T)? 

Scientific Underpinnings and DNP Essentials  

The DNP Essential II: “Organizational and Systems Leadership for Quality Improvement 

and Systems Thinking” concept use facilitates system change to improve patient and patient's 

family experience and healthcare outcomes. As stated by the AACN (2006), successful 

implementation and sustainability of a change in practice require a change in organizational 

arrangements, professional culture, and financial stability, highlighting the need for the DNP's 

leadership skills to mobilize a team and knowledge of the principles of practice management 

improving overall the populations' health and reducing the cost of health care.  

The DNP Essential VI “Interprofessional Collaboration for Improving Patient and 

Population Health Outcomes,” concept application facilitates collaborative team functioning 

generating an effective interprofessional team functioning in a highly collaborative manner 

characterized by fluidity of interactions and interdependence upon the patients' needs (American 

Association of Colleges of Nursing [AACN], 2006). A patient undergoing ECMO for any 

etiology requires the intensive care unit (ICU) level of care, which is delivered collaboratively 

within a team of registered nurses (RNs), physicians, perfusionist, and respiratory therapists (RT) 

(Abrams et al., 2014; Boiling et al., 2016; Cavarocchi et al., 2015; Parjia et al., 2019). Other 

providers are also involved in ECMO patients care such as occupational therapist (OT) (Aleefa 
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& Labib, 2017), dietician (Lu et al., 2014), palliative care services, ethics (Ratnani et al., 2018), 

unit secretary, or care partners (Gomides et al., 2019), social worker and family members 

(Stephens & Bruce, 2018). To overcome communication barriers among team members, Weller 

et al. (2014) defined necessary actions that contribute to developing an organizational culture 

supporting the team, such as training the team together, training teams using simulation, or 

creating protocols and procedures. 

The DNP Essential VIII application is demonstrated by conducting a comprehensive and 

systematic assessment of ambulating an ECMO patient by designing, implementing, and 

evaluating the ambulation protocol. The protocol will support beneficial therapeutic relationships 

with the other professionals as well as with the patient and patient's family to facilitate best 

patient care by supporting, guiding, and mentoring nurses to achieve excellence in nursing 

practice for better patient’s outcomes (AACN, 2006).  

Chapter Two: THEORETICAL FRAMEWORK 

The Knowledge to Action (K2A) framework which was developed to provide a long-term 

problem-solving and critical thinking lens to a clinical issue, is based on an analysis of 31 

planned action theories and offers a complete view of the phenomenon by incorporating the 

knowledge creation models and application to action (Graham et al., 2006). The K2A takes local 

evidence into account, represents a social constructivism model which addresses collaboration 

and adaptation of evidence to local setting and values. The K2A is designed to be used by a wide 

range of audiences and is grounded on the system perspective of knowledge synthesis, refining, 

and tailoring the knowledge in products or tools responsive and adaptive to users’ needs. The 

K2A process is considered repetitive, lively, and multifaceted, with fluid and permeable borders 

between the knowledge creation and action elements (Graham et al., 2006).   



5 

The K2A was applied to this DNP project to improve the ambulation process of patients 

requiring ECMO. Guided by the K2A framework and using the framework's cyclical design with 

interdependent elements, the knowledge was inquired, appraised, and synthesized in the 

contextual background, generating the ambulation protocol (AAP4ECMO). The consistency of 

the synthesized data and the proposed product (AAP4ECMO) caused a “buy-in” effect at the 

level of all identified as primary stakeholders. The primary stakeholders’ participation represents 

the foundation of tailoring the intervention, implementation, and sustainability through 

monitoring knowledge use and continuous evaluation.The ambulation protocol for ECMO 

patients represents an opportunity for the ambulation team to share a mental model with patient 

safety as the primary outcome (Graham et al., 2006). Further refinements of the proposed 

AAP4ECMO product will consider the feedback from all identified stakeholders, including 

former ambulating patients on ECMO and their family members participating in ambulation 

sessions. 

Chapter Three: REVIEW OF LITERATURE 

The literature search used the Medical Subject Headings (MeSH) via the online 

Biomedical Library's database at the University of California, Los Angeles, and Ohio State 

University Library. Studies indexed until July 15, 2020, were searched via PubMed, EMBASE, 

and Cochrane. The terms, including indexed terms (MeSH), individually or using Boolean 

operators (AND and OR), were “Extracorporeal Membrane Oxygenation,” “Physical Therapy,” 

“Early Mobility” and “Early Ambulation.” The original peer-reviewed articles with the appraised 

level of the evidence (see Appendix A). The selected articles were focused on ECMO patients' 

ambulation safety, early mobility, and ambulation initiatives (see Appendix B).  

Mangi et al. (2010) described a case of upper extremity ECMO in a severely ill transplant 

candidate who was ambulated for three days before the lung transplantation. While historically, 
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the ambulation of ECMO patients was contraindicated, this case report opens a new perspective 

regarding the physical rehabilitation of ECMO patients, including ambulation in their care plan. 

The study's conclusion revealed that the ambulation of ECMO patients is safe, implies multiple 

support staff for mobilization, and a cannulation solution to promote mobilization. Post lung 

transplantation, in general, the patient requires prolonged mechanical ventilation support 

suggesting the severe incapacitating effects of respiratory failure. Using ECMO therapy in the 

pre-transplant phase with pre-habilitation interventions, including ambulation, represent a novel 

approach communicated by authors adopted as current practice. 

Garcia et al. (2011) from the University of Maryland reviewed ECMO patients 

retrospectively, eight males and two females, to determine how V-V ECMO can be optimized by 

rehabilitation with a goal of ambulation. The inclusion criteria were severe respiratory failure not 

responsive to conventional therapy, while patients were excluded from nonreversible disease 

processes, those who were non-transplant, or whose body surface area higher than two squared 

meters. One patient met the endpoint of ambulation, including treadmill walking. According to 

the study, there were seven bleeding events. Therefore, a tight titration of anticoagulation using 

thromboelastography (TEG), platelet function assay for monitoring fibrinogen levels, and 

platelet function are needed as well as a strategy of progressive rehabilitation of ECMO patients.  

An observational retrospective study of cystic fibrosis (CF) patients with a mean age 

27.5±4.8 years (±SD) (range 23–34) from the University of Kentucky and the University of 

California at San Francisco, who was placed on V-V ECMO BTT, describes the successful 

ambulation of four out of four patients (Hayes et al., 2012). Ambulation was found being safe, 

but the small sample size and no protocol use for rehabilitation represent the study's limitations. 

The ambulation of V-V ECMO patients avoided sedation, allowing recovery from mechanical 
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ventilation complications. Further research is needed to explore V-V ECMO applications in CF 

patients with hypercapnia and advanced lung disease. 

Rehder et al. (2013) describe a retrospective, comparative, non-experimental single-site 

study of nine BTT ECMO patients and early mobility and ambulation effects on their clinical 

outcomes. The study showed that patients participating in active rehabilitation had no post-

transplant myopathy than those who did not receive pre-transplant physical therapy. Physical 

therapy and ambulation promoted rapid post-transplantation recovery. The study demonstrated 

the decreased length of stay in the ICU for patients participating in rehabilitation. 

Abrams et al. (2014) studied 100 sequential patients receiving V-A or V-V ECMO for the 

reason of being non-responsive to standard management of respiratory or cardiac failure. Their 

study determined that only one-third of the ECMO patients are eligible for ambulation; further 

research was needed to define physical therapy barriers and mobilization in ECMO patients. The 

impact-benefit analyses are required due to the increased costs and staffing needs for early 

mobilization. According to the study, the ambulation is safely achievable, requiring a 

multidisciplinary team supported by an ambulation protocol. Cost-benefit analyses are warranted 

(Abrams et al., 2014). 

Bain et al. (2016) from Duke University, North Carolina, appraised the economic aspect 

of ambulatory (N=5) versus non-ambulatory (N=4) ECMO patients at a single lung transplant 

center. The study revealed a 22 percent reduction in total hospital cost for ECMO ambulatory 

patients, a 73 percent reduction in post-transplant ICU cost, and an 11 percent decrease in total 

care cost than non-ambulatory ECMO patients (Bain et al. 2016). There was no difference in age 

and Acute Physiology and Chronic Health Evaluation III (APACHE III) amongst the comparison 

sets. The Wilcoxon rank-sum analysis was used for nonparametric testing. The authors 

performed a one-way sensitivity analysis by isolating each subject to assess the impact and costs 
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for all subjects. Early ambulation has potential economic benefits during ECMO compared with 

a traditional strategy. 

Boiling et al. (2016) (University of Kentucky) describe the successful V-V ECMO 

patient’s ambulation led by the bedside nurse, demonstrating that adopting a “nurse-driven” 

initiative to ambulate V-V ECMO patients is safe and reduce further complications related to 

immobility. The primary nurse coordinated ambulation planning and correlating 

multidisciplinary team participation based on the high-risk/low-risk ECMO patient’s 

classification. The ICU physician, nurse practitioner, respiratory therapist, physical therapist, and 

perfusionist supported the ECMO patients’ ambulation led by the bedside nurse. The importance 

of this study is represented by the fact that the ambulation team was “nurse-driven” based on an 

ambulation protocol built on the concerns for patient safety.  

An international cross-sectional survey performed by Marhong et al. (2017) was 

administered from January 2016 to March 2016 and send to the ECMO program leadership from 

394 ECMO centers ELSO registered, set out to describe mobilization practices for V-V ECMO 

patients from the perspective of sedation, analgesia, and delirium. Of the 209 respondent centers, 

84 percent reported patients who participated in physical therapy that varied from the passive 

range of motion, reported the ambulation in 22 percent of the patients. From all respondents, 41 

reported initiating early ambulation less than 72 hours following ECMO cannulation. 

Liu et al. (2018) examine the safety of early mobilization (EM) according to the 

Maebashi protocol in terms of adverse events, protocol adherence, and rehabilitation outcomes, 

with patient safety as the primary outcome. The Maebashi early mobility protocol for ICU 

patients (55-80 years old) consists of three steps comprising five mobility levels created to 

support the physical rehabilitation of ICU patients from Japan Red Cross Maebashi Hospital. The 

authors reported 110 rehabilitation sessions, including ambulation performed in six ECMO 
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patients with reported adverse events less than four percent. The adverse effects noted in ICU 

patients undergoing early mobility were symptomatic orthostatic hypotension, extreme 

exhaustion, and left upper quadrant abdominal pain consistent with acute pancreatitis diagnosis 

(Liu et al., 2018). The authors also defined the circumstances of the discontinuation of 

rehabilitation sessions, including ambulation (see Appendix C).  

Pasrija et al., 2019, retrospectively reviewed 104 patients with peripheral V-A ECMO 

femoral arterial cannulation at the University of Maryland. Focused on the careful selection of 

fifteen patients that ambulated, the authors presented the premises and achievability of safe 

ambulation defined as the absence of significant events such as bleeding or decannulation. 

Before ambulation, the ECMO patient evaluation is based on neurological, cardiovascular, 

respiratory, hematologic, and musculoskeletal criteria. More comparative studies need to define 

the benefits of ambulation for ECMO patients. 

Synthesis of Literature 

Based on current literature, we can conclude that ECMO patients' ambulation is safe, 

requiring strict case selection criteria to perform ambulation. The reviewed literature supports 

using a structured, systematic approach and careful case selection of patients receiving ECMO 

therapy, increasing the number of patients benefiting from early mobility, including ambulation 

(see Appendix D).  

Safe Ambulation in ECMO Patients  

Ten out of ten studies successfully promote safe early ambulation in patients with V-V 

and V-A ECMO patients. Established in the early years of initiating ambulation of an ECMO 

patient, safety must be assessed before starting any physical rehabilitation, including ambulation 

requiring a well-coordinated multidisciplinary effort. Innovative techniques such as the use of V-

V ECMO peripheral cannulation has been developed to promote safer ECMO patients’ 
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mobilization, with added risks such as ischemia of the limb or North-South syndrome in the case 

of the femoral arterial V-A ECMO cannulation (Pasrija et al., 2019). Studies from the case report 

(Mangi et al., 2010) to small cohorts (Garcia et al., 2011; Hayes et al., 2012; Rehder et al., 2013) 

documented patients' successful ambulation on ECMO and their physical rehabilitation endeavor 

prior transplantation. The small sample size of the studies represents, in general, the main 

limitation.  

Protocol-based ECMO Patients' Ambulation 

Seven out of ten studies report using a mobilization concept, established protocol, or 

guideline for ambulating V-A or V-V ECMO patients. However, according to Marjong et al. 

(2017), from the total number of surveyed ECMO center respondents (209), only 20 percent of 

centers use a protocol to promote early mobilization and ambulation. Moreover, 41 percent of the 

respondents’ report initiating early ambulation less than 72 hours following cannulation 

(Marhong et al., 2017).  

The comparative retrospective study by Rehder and colleagues (2013) of the ECMO 

patients' ambulation uses a multidisciplinary team approach, safety assessment, and progressive 

mobility concepts. Boiling et al. (2016) and Pasrija et al. (2019) demonstrated that implementing 

a protocol to ambulate patients on V-V ECMO or V-A ECMO, respectively, is safe and reduces 

complications associated with immobility. Liu et al. (2018) created the Maebashi early mobility 

protocol for ICU patients to support rehabilitation of ICU patients from Japan Red Cross 

Maebashi Hospital, where there was no early mobility (EM) specialist, no specialized team, or an 

EM culture. At this center, the ICU physicians played an active role in monitoring 

hemodynamics, respiratory status, and patients' safety with various medical devices in place, 

including the ECMO circuit. Using an ambulation protocol promotes an increase in the number 

of ambulating V-A or V-V ECMO patients contributing to growing the early mobility culture of 
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the ICUs. 

ECMO Patient Ambulation Protocol's Elements 

Four out of ten studies describe the adult V-A or V-V ECMO patients’ ambulation 

protocols elements. Admitting that only one-fifth of ECMO patients are eligible for ambulation, 

one study uses the “step-by-step” protocol's elements referring to the initial assessment done by 

an ICU physician (Liu et al., 2016), a multidisciplinary team represented by a cardiac surgeon, 

ICU physician, physical therapist (Abrams et al., 2014; Parsija et al., 2019), or bedside nurse 

(Boling et al., 2016). Other stakeholders were identified as part of the ambulation team.  

Elements of the evaluation criteria to be done before ambulation (Pasrija et al., 2018) are found 

in the Maebashi protocol for the early mobility of ICU patients (Liu et al., 2018). It includes 

cognitive status such that the patient can follow directions, hemodynamic and respiratory 

stability, and the evaluation of mobility levels (Abrams et al., 2014; Boling et al., 2016; Liu et 

al., 2018). All researchers agree upon the safety of the ECMO patient requires monitoring and 

identification of the discontinuation of ambulation circumstances (Rehder et al., 2013; Abrams et 

al., 2014; Boling et al., 2016; Liu et al., 2018; Pasrija et al., 2019). The potential adverse effects 

must be anticipated, and contingency plans must be available (Liu et al., 2018).  

Gaps in the Literature 

There is a lack of standardized structured ambulation protocol for V-A or V-V ECMO 

patients. There is variability noted among the elements of ambulation initiatives (see Appendix 

C). The patients’ clinical outcomes are reported inconsistent in the literature: only three out of 

ten studies report the ambulation distance (Abrams et al., 2014; Boling et al., 2016; Pasrija et al., 

2019). Only two out of ten studies report the number of ambulation sessions (Abrams et al., 

2014; Liu et al., 2019). None of the studies mentions how many participants are needed to 

perform each ambulation (see Appendix D). Only one study out of ten concludes that the costs 
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are decreased with ambulation (Bain et al., 2016). One study reports the disposition of those 

patients ambulating on ECMO (Abrams et al., 2014). No study reports readmission in 30 days or 

length of ICU stay. None of them are following for long-term the patients who have received 

ECMO therapy long-term. Also, these studies do not mention patient preparation for ambulation 

pain control, sleep, or patient, and family education. Some of the identified gaps are addressed 

by this project, the remaining ones representing directions to be explored by future research. 

Chapter Four: METHODS 

The project goal was to improve the current practice in ambulating ECMO patients by 

examining the feasibility of an evidence-based ambulation protocol (AAP4ECMO) compared to 

historical controls on patient safety, number of ambulation sessions, time standing, ambulation 

time and distance.  

Project Design  

The DNP pilot project, with a quasi-experimental cross-sectional design, had 

AAP4ECMO applied to a prospective ambulating V-A or V-V ECMO patients 18 of age and 

older in a 24 bed ICU compared with a “not received” protocol historical control group matched 

for gender and age.  

Sample and Setting  

The DNP Project setting was a 24-bed adult CTICU in a tertiary and quaternary academic 

medical center in Los Angeles, California. The weekly number of ECMO patients before the 

COVID-19 pandemic consisted of two to five V-V ECMO and up to five V-A ECMO. During 

the COVID-19 pandemic, ECMO was almost exclusively dedicated to severe and desperate 

COVID-19 cases, including three pregnant COVID-19 ECMO patients. In the CTICU, an 

unprecedented record of 11 COVID-19 ECMO patients out of 13 ECMO’s was reached during 

the study time.  
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From January to March 2021 (ten weeks period), the ambulation protocol (AAP4ECMO) 

was applied to a convenient sample of 13 consecutive ECMO ambulating patients, at least 18 

years or older, recruited for the protocol group. The control group was represented by 35 

ambulating ECMO patients (14 in 2019 and 21 in 2020). According to the literature only 10-15% 

of the V-A or V-V ECMO patients are suitable for ambulation (Abrams et al., 2014, Pasrija et 

al., 2019). 

Inclusion Criteria 

Critically ill adult ICU patients on ECMO 18 years of age and older, male, or female, 

who meet the safety checklist criteria for ambulation, were considered for data collection. They 

must score Richmond Agitation Sedation Score (RASS) = 0; Confusion Assessment Method in 

the Intensive Care Unit (CAM-ICU) = negative, eighteen years of age or older; a Bedside 

Mobility Assessment Tool (BMAT) = 3 or 4, respiratory and hemodynamically stable. 

Exclusion Criteria 

Patients paralyzed with a neuromuscular blocking agent, positive CAM-ICU (delirium), 

bleeding, anticoagulation not at optimal range, ECMO cannulas not adequately secured, the 

existence of orthostatic hypotension, oxygen desaturation, or a significant increase in the need 

for vasopressors were excluded from ambulation. Alternatives are considered and applied (see 

Appendix E).  

Independent Variables 

The independent variables are represented by "received" or the AAP4ECMO protocol 

group and "not received" or the control group. The "not received" group consists of historical 

controls of ECMO patients who ambulated before protocol implementation and were matched to 

age and gender.  
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Dependent Variables 

Dependent variables are represented by safety events related to ambulation consisting of 

major safety event such as dislodgement, decannulation, or fall and minor safety events such as 

hypotension, pain, lightheadedness, dizziness, or oxygen desaturation. Ambulation time, 

distance, standing time, and the number of ambulation sessions were also collected. Multiple 

notes were compared to obtain data regarding one ambulation session for the historical controls. 

For the protocol group, the ECMO Ambulation Report was completed after each ambulation 

session. 

Inter-rater Agreement  

Inter-rater agreement between bedside nurse and study personnel who independently 

assessed patient using the Ambulation Safety Checklist (ASC) was estimated using Cohen's 

kappa (K) statistics (<0.20 = poor, 0.21–0.40 = fair, 0.41–0.60 = moderate, 0.61–0.80 = good 

and 0.81–1.00 = very good agreement) with 95% confidence intervals (CIs). For this project, 

inter-rater reliability was 0.97 which reflects very good agreement between the bedside nurse and 

study personnel. 

Data Collection 

Patients or their surrogates signed an ICU bundle consent form upon admission to the 

unit. Early mobility and ambulation in CTICU represent the standard of care. The ambulation 

safety checklist and ambulation form were completed by the bedside nurse. De-identified data 

was collected from electronic medical records (EMRs) and ambulation report forms and entered 

in the Data Collection Sheet for ECMO. 

Statistical Analyses 

The research hypotheses aim to establish if the use of a protocol for ambulation of 

ECMO patients reduces unsafe events and increases the number of ambulation sessions per 
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patient. In addition, group comparisons of additional outcomes time standing, ambulating time, 

and distance) were performed. In addition to testing the research hypothesis, the researchers 

sought to identify positive and negative trends to evaluate the effect size of outcome variables. 

Comparison of data regarding “received” or protocol group and “not received” 

AAP4ECMO or control group patient outcomes was performed using the independent sample t-

test. Data were analyzed using SPSS version 27.0 (SPSS Inc., Chicago, Illinois) and G*Power 

3.1.9.7 for Windows XP. The significance level was set at α < 0.05, with 95% confidence 

intervals (CIs). Continuous variables were presented as means. Categorical variables were 

evaluated as frequencies and percentages. An independent t-test was used to determine 

differences between the groups for the same variable. 

Missing Data 

Complete ambulation sessions’ analyses excluded the sessions with missing values. In 

sensitivity analyses, the author used imputed mean values for missing data, taking a conservative 

“baseline-value-carried-forward approach” that assumes no change for clinical outcomes. 

Independent Sample t-Test 

The independent t-test was applied after the assumptions' check. 

Assumption #1. Dependent variables are measured continuously (number of ambulation 

sessions per patient, time standing, time walking, distance walked).  

Assumption #2. Independent variables consist of two categorical independent groups, 

"received" and "not received" AAP4ECMO.  

Assumption #3. Independence of observation – there is no relationship between the 

observations in each group or between the groups themselves.  

Assumption #4. There are no significant outliers.  
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Assumption #5. The dependent variable should be approximately normally distributed on 

each group of the independent variable. 

Assumption #6. The homogeneity of variances is based on Levene's test. 

Null and Alternate Hypothesis 

H0: µ1 = µ2 

H1: µ1 ≠ µ2 

Level of significance 

Two-tailed test =.05, df = 46 

CV (46) = 1.679 

Table 1. Statistical significance, homogeneity of variances and effect size 

Variables 

 

Received 

AAP4ECMO 

(mean/std deviation) 

Not received 

AAP4ECMO 

(mean/std deviation)  
p-value 

Levene's 

Test  

Effect Size 

Cohen's d 

Number of 

Ambulation 

Session 

10 (9.815) 9.03 (12.111) 0.797 0.259 0.084 

Time 

Standing 
121.23 (215.836) 210.80 (305.887) 0.339 -0.967 0.314 

Time 

walking 
11.77 (191.929) 198.71 (289.330) 0.27 -1.116 0.363 

Distance 

Walked 
267.92 (554.373) 1251.86 (2988.667) 0.247 -1.172 0.381 

Safety 

Events 
3.54 (3.382) 4.26 (3.284) 0.507 -0.217 0.288 

 

Any t values exceeding 1.679 indicated that the sample “receiving” AAP4ECMO is 

statistically significantly different than the sample “not receiving” AAP4ECMO (Cohen, 1988). 

Confidence Interval between sample means crosses 0. It includes the null hypothesis of zero 

difference. Therefore, the means are not statistically significantly different. The “received” 
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AAP4ECMO group is not significantly different from the “not received” AAP4ECMO group; 

therefore, the null hypothesis rejection failed. The dependent variables (safety events, number of 

ambulation sessions, time standing, time walking distance walked) were compared with 

historical controls consisting of 35 patients ambulating on ECMO (14 in 2019 and 21 for 2020) 

with no significant statistical difference in between dependent variable with very small to 

medium effect size (Cohen, 1988). 

Table 2. Heterogeneous data set clustered by primary diagnosis 

 

Clustering was performed to create meaningful groups that share similar diagnosis codes 

in heterogeneous data sets (Zhong et al., 2020), as shown in Table 2. Further data set analysis 

was performed by using clustered diagnosis in comparing outcome variables. The cardiac 

support (CS) group includes Cardiomyopathies, Acute Coronary Syndrome, Heart Failure, Post 
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Cardiotomy Syndrome, Acute on Chronic (Congestive) Heart Failure, Takotsubo Syndrome. 

The Pre-Lung Transplant group includes primary diagnosis: Fibrothorax, Secondary Pulmonary 

Arterial Hypertension, Idiopathic Pulmonary Fibrosis, or Interstitial Pulmonary Disease.  

. General Ethical and IRB Considerations 

General ethical considerations emerged related to specific situations related to case 

selection, the duration of support, the quantity versus quality of life of the patient undergoing 

ECMO therapy. The most common ethical issue regarding ECMO's use is regarding stopping 

versus continuing ECMO therapy. Given the expense and personnel required, from the 

perspective of appropriate resource allocation, other ethical issues are related to whether ECMO 

support decisions should be made with or without the patient family due to the critical condition 

and the time-sensitive decision implying initiation (or not) of the ECMO support. The patients’ 

specific goals of care, withdrawn from ECMO therapy or to continue ECMO in potential organ 

donors and should be stated in signed documents by the surrogates (Courtwright et al., 2016).  

Following the Office for Human Research Protections [OHRP], (n.d.) 45 CFR 46.102(d), 

the proposed DNP project does not meet the definition of human subjects’ research as defined by 

federal regulations for human subject protections, confirmed by the University of California Los 

Angeles [UCLA] General Institution Review Board (IRB) Administrator. Therefore, neither 

certification of exemption from UCLA IRB review nor UCLA IRB approval of the proposed 

activities is required (see Appendix F). However, for retrieval data from electronic medical 

records (EMR), the Anesthesia and Perioperative Outcomes for ICU Patients Protocol IRB# 16-

000394-AM-00005 was amended, and the candidate was added as a co-investigator.  

U-Guide Innovation, a Professional Governance sub-council consisting of bedside staff, 

CNS/Educators, and Nursing Leaders approved the project and sent it to the Evidence-Based 

Practice Council (EBPC), Mobility subcommittee for further expansion.  
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AAP4ECMO Components 

The AAP4ECMO Protocol has several components displayed into a flow chart for easy 

navigation for the healthcare team. The components include (1) Discussing the mobility goals by 

the interprofessional (IPT) during rounds (2) Ambulation Safety Checklist (ASC), (3) Walk, (4) 

ECMO Ambulation Report (see Appendix E). 

(1) Discussing patient mobility goals during the IPT rounds. Based on the bedside 

nurse assessment and report during the IPT round, the IPT consisting of a bedside nurse, 

intensivist, perfusionist, nurse practitioner, physical therapist, and respiratory established the 

patients' eligibility for ambulation from the safety standpoint. Hemodynamics, anticoagulation, 

and cannulas securement are also essential to be discussed and addressed as the most common 

barriers. Planning of resources and timing is also discussed to allow the other participants to 

organize their workday.  

(2) Ambulation Safety Checklist (ASC) represents a cascade of checkpoints used by the 

bedside nurse to identify the points that need to be addressed before ambulation. The checkpoints 

are already included in the patient's assessment, the ASC being generated based on elements 

already in the patient EMR. The AAP4ECMO has defined checkpoints such as RAAS, CAM-

ICU, BMAT that represent tools already used by intensive care staff for patient care. 

(3) Walk. If all the ASC elements are fulfilled, the ambulation order was obtained, and 

the ambulation team based on the needs was formed. The componence of the team will be 

reported in the ECMO ambulation report. Each member of the ambulation team will be present 

during the briefing (or time-out), and the team members will verbalize the specific tasks for 

ambulation. The identified tasks for ambulation requiting monitoring are hemodynamics task for 

primary nurse and perfusionist (if present). All the team members monitor the ECMO circuit, 

including cannulas, to identify bleeding at the site, dislodgement, or decannulation. If any 
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concerns regarding patient safety are aroused, the walk is discontinued, the patient is placed in a 

safer position, and intervention to address the safety issue is generated. The safety belt used for 

ambulation will not impede the patient's moves or block the equipment. Patient will be wearing 

antiskid socks during ambulation. The walker will be appropriately adjusted for height. A 

wheelchair will also be available during the ambulation. The assistant care partner or a family 

member may help bring the wheelchair just behind the patient to have it available for breaks or if 

the walk needs to be interrupted by an event. Examples of safety events from the literature 

review are hypotension, decannulation, increase in vasopressors, or arrhythmias (see Appendix 

C). During the walk, the time standing and walking, and distance walked will be recorded, as 

well as the number of breaks. The debriefing focused on ambulation achievements and safety 

events (if any) will complete the ambulation. 

(4) ECMO Ambulation Report (developed by the author) will be generated at the end 

of the ambulation. It serves as ambulation team documentation. A Safety Opportunity for 

Improvement (SOFI) report form (from the hospital website) will be completed if any significant 

safety event occurred. 

Internal and External Protocol Validity 

Experts in ECMO patients' management from CTICU, such as bedside nurses, nurse 

practitioners, ICU attendants, respiratory therapists, physical therapists, perfusionists, and 

CTICU leadership, appraised AAP4ECMO for internal validity. Constructive feedback from all 

identified stakeholders, including a former patient on ECMO who was ambulated before lung 

transplantation, was received. The AAP4ECMO uses valid and reliable instruments embedded in 

the CTICU's current practice. 

Instruments to Assess Ambulation Readiness 

The AAP4ECMO has the following instruments in the Ambulation Safety Checklist 
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(ASC), representing the selection criteria for ambulation sessions (see Appendix E).  

Richmond Agitation- Sedation Scale (RASS) is a ten-point scale, with four levels of 

anxiety or agitation (+4) = “Combative”, (+3) = “Very agitated”, (+2) = “Agitated. ”, (+1) =  

“Restless”, (0 )- “Alert and calm”, and five levels of sedation ( -1 ) “ Drowsy”, (-2) = “ Light 

sedation”, (-3) =  “Moderate sedation”, (-4) = “Deep sedation”, (-5) = “ Unarousable”. RASS is 

used to describe the patients' alertness and agitation (Marra et al., 2017) and is assessed hourly or 

as needed. For the ambulation purpose, the requirement is RASS=0, representing an element of 

Ambulation Safety Checklist (ASC), therefore, a requirement for patient ambulation (Ely et al., 

2003) (see Appendix G). The inter-rater reliability for RASS was demonstrated by Sessler and 

colleagues (2002) for ICU patients (r = 0.922-0.983) (kappa = 0.64-0.82). Validity was 

confirmed by the correlation between RASS and the Ramsay sedation scale (r = -0.78) and the 

Sedation Agitation Scale (r = 0.78) (Sessler et al., 2002). 

Confusion Assessment Method (CAM-ICU) represents a screening tool to detect 

delirium, common in adult patients in an ICU setting (Marra et al., 2017). The CAM-ICU’s 

sensitivity and specificity were found 72.0% and 98.6%, respectively, for a 95% confidence 

interval with inter-observer reliability of 0.92 between research assistants and the emergency 

physician performing CAM-ICU (Han et al., 2015). CAM-ICU is evaluated once a shift by the 

bedside nurse and is included in the bedside nurse report during the interdisciplinary round. For 

ambulation purposes, it is required to be "negative" to proceed with the next safety checklist 

steps for ambulation eligibility (see Appendix H). 

Bedside Mobility Assessment Tool (BMAT) represents the bedside assessment of 

patient mobility developed by UCLA Health (UCLA, n.d.) derived from the Banner Mobility 

Assessment Tool, with construct validity through expert agreement 81% (κ = 0.75) and 

reliability of 93% agreement (κ = 0.91) between multiple observers (Boynton et al., 2014) (see 
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Appendix I).  

Instruments to Quantify Ambulation Time and Distance 

Time. A timer will be used to measure in a minute the time the patient is standing and 

walking. The time standing and the time walking will be recorded and represent AAP4ECMO 

use outcomes (see Appendix J). 

A Measurement Tape is used to quantify the distance walked in meters and it will be 

recorded (see Appendix J).  

Data Collection Sheet for Extracorporeal Membrane Oxygenation Patients was 

created to collect data from “received” protocol and “not received” protocol groups (see 

Appendix J). 

AAP4ECMO Intervention 

The AAP4ECMO structured protocol was created to support an ECMO patient's safe 

ambulation. The AAP4ECMO protocol required a multidisciplinary team, including bedside 

nurses, nursing leadership, advanced practice nurses (APRNs), perfusionists, physical therapists, 

respiratory therapists, and ICU physicians (see Appendix E). The implementation of 

AAP4ECMO required the creation of multimodal educational material such as 1) PowerPoint 

presentation, 2) ambulation safety checklist (ASC) and ECMO Ambulation Report Form (see 

Appendix K), 3) handout (see Appendix L), and 4) AAP4ECMO unit binder.  The educational 

material was presented and made available to the CTICU nurses in multiple ways, including 1) 

staff and charge nurses zoom meetings, 2) change of shift huddle, 3) in the unit and "Box," 4) in 

the ambulating patient bedside binder, and 5) via posting in the unit.  

Flipped classroom model (FCM) was used as a teaching strategy to educate staff 

regarding the ambulation protocol (Chu et al., 2019). FCM represents a teaching concept that 

replaces "lectures" with “learning content” delivered through multimodal educational material 
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and valuable one-to-one interaction. It provides a higher student engagement with more 

personalized interaction found suitable for the ongoing context of "social distancing."  

Chapter Five: RESULTS 

Sample Demographic and Clinical Characteristics 

The demographics and clinical characteristics of the protocol and control groups are 

listed in Table 3. The mean age and gender distribution were similar across groups. The 

distribution by age of ambulating ECMO patients showed that the most patients ambulating on 

ECMO were in the 40-59 group and were Hispanics. The V-V to V-A proportion shifted during 

COVID-19 pandemic with cannulation type reflecting use for pulmonary support. The 

“received” protocol and “not received” AAP4ECMO or controls distribution by primary 

diagnosis showed differences between the protocol and control groups with most subjects in the 

protocol groups having acute respiratory etiology. 

Table 3. Sample demographic, and clinical variables based on groups 

Year 

Received 

Protocol 

[n=13]  

Controls 

[n=35] 

Ambulating 

ECMO (%) 
TOTAL 

2019 0 14 10% 147 

2020 0 21 15% 144 

2021 (Jan-Mar) 13 0 28% 46 

Gender   

Male 7 (54%) 19 (54%) 54% 

  

Female 6 (46%) 16 (46%) 46% 

Total 13 35 48 

Race 

Hispanic 11 (85%) 16 (46%) 27 (56%) 

  

White 2 (15%) 15 (43%) 17 (35%) 

Black 0 2 (5%) 2 (4%) 

Middle Eastern 0 1 (3%) 1 (2%) 

Native Pacific 

Islander 
0 1 (3%) 1 (2%) 

Total 13 35 48 (100%) 
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Age 

Mean 50.92 49.17 
  

Std. Deviation 10.797 13.991 

Age Group Cluster 

20-39 2 13 15 

  

40-59 9 9 18 

60-79 2 13 15 

Total 13 35 48 

V-V or V-A 

Veno -Venous  

(V-V) 
9 9 18 

  

Veno -Arterial 

(V-A) 
4 26 30 

Total 13 35 48 

Primary Diagnosis Cluster 

COVID-19 

Pneumonia/Acute 

Respiratory 

Distress Syndrome 

9 (69%) 1 (3%) 10 (21%) 

  

Other 

Pneumonia/Acute 

Respiratory 

Distress Syndrome 

0 4 (11%) 4 (8%) 

Pre-Lung 

Transplant 
0 25 (71%) 25 (52%) 

Cardiac Support 4 (31%) 5 (15%) 9 (19%) 

Total 13 35 48 (100%) 

 

Ambulation Outcome Measures 

The AAP4ECMO was applied to 13 out of 46 (26%) adult ECMO patients (protocol 

group) who received ECMO for the study period (January -March 2021) in comparison with the 

“not receive” AAP4ECMO or “non-protocol” or “control” group with 14 out of 147 (10%) for 

2019 and 21 out of 144 (15%) for 2020 were ambulated (Table 3. and Table 4.).  

Number of Ambulation Sessions. The “received” AAP4ECMO COVID-19 subgroup 

performed more ambulation sessions (mean 11.56) than other groups “receiving” AAP4ECMO. 
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Table 4. Ambulation outcomes measures 

Variables 

Protocol 

[n=13] 

(N %) 

Controls 

[n=35] 

(N %) 

p-value 

Ambulation [Years]   

2019   14/147 (10%)   

2020   21/144 (15%)   

2021 (Jan-Mar) 13/46 (28%)     

Number of Ambulation Sessions [Mean] 0.797 

COVID Pneumonia /ARDS 11.56 5   

Other Pneumonia/ARDS 0 2   

Pre-Lung Transplant 0 11.64   

Cardiac Support 6.5 2.4 0.091075 

Standing Time [Minute, Mean] 0.339 

COVID Pneumonia /ARDS 126.78 35   

Other Pneumonia/ARDS 0 33   

Pre-Lung Transplant 0 282.52   

Cardiac Support 108.75 29.6 0.097002 

Walking Time [Minute, Mean] 0.270 

COVID Pneumonia /ARDS 105.89 35   

Other Pneumonia/ARDS 0 27.75   

Pre-Lung Transplant 0 267.24   

Cardiac Support 92.5 26.6 0.083145 

Distance Walked [Meters, Mean] 0.247 

COVID Pneumonia /ARDS 255.67 0   

Other Pneumonia/ARDS 0 99   

Pre-Lung Transplant 0 1727.44   

Cardiac Support 295.5 46.6 0.120558 

Safety Events  

O2 Desaturation 15% 29%   

Bleeding at the cannulation site 31% 40%   

None 31% 23%   

Pain 23% 6%   

Hypotension 0% 3%   

 

The Pre-Lung Transplant group “not receiving” AAP4ECMO performed the most 

number of ambulation sessions (mean 11.64) followed by Cardiac Support (mean 6.5) and “not 
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received “AAP4ECMO groups as is displayed in Table 4. The Pre-Lung Transplant group 

undergoing pre-habilitation, which represents the standard of care in CTICU, cannot be 

compared in physical performance with a similar "received" or “not received” AAP4ECMO or 

protocol group because of COVID-19 surge when ECMO was dedicated almost exclusively to 

support severe COVID-19 patients. 

Time Standing. Time standing refers to when the patient stood up, including ambulation, 

and standing (up) breaks, displayed in Table 4. The Pre-Lung Transplant control group or "not 

received" AAP4ECMO performed the most time standing (mean 282.52 minutes). The 

"received" AAP4ECMO COVID-19 pneumonia (PNA) /acute respiratory distress syndrome 

(ARDS) group performed a mean of 126.78 minutes standing compared with the "not received" 

AAP4ECMO COVID-19 PNA/ARDS group (35 minutes) or "not received" AAP4ECMO 

"Other" PNA/ARDS (33 minutes). The "received" AAP4ECMO CS group achieved a mean time 

standing of 108.75 minutes compared to the "not received" AAP4ECMO CS group, which 

reached a mean of 29.6 minutes standing.  

Time Walking. (TW) refers to the time when a patient was walking, marching in place, 

or performing “in-room ambulation” due to strict isolation measures (see Table 4.). The most 

time walking was performed by the “not receive” AAP4ECMO Pre-Transplant control group 

(mean 267.24) followed by “received” AAP4ECMO COVID-19 Pneumonia/ARDS group (mean 

105.89) 

Distance Walked. The means of the distance walked by patients that belong to different 

diagnosis clusters are represented in the Table 4. The “received” AAP4ECMO COVID-19 

pneumonia/ARDS group reached a mean of 255.67 meters during ambulation. Because of strict 

isolation measures, “march in place” and “in-room ambulation” were performed, affecting 

ambulation distance. The “not received” AAP4ECMO “Other” pneumonia/ARDS achieved a 
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distance mean of 99 meters during the ambulation sessions. The “not received” AAP4ECMO 

pre-lung transplant group achieved a mean distance of 1727.44 meters per total ambulation 

sessions. The “received” AAP4ECMO cardiac support group mean distance was 295.5 meters 

compared to the “not received” AAP4ECMO group. 

Safety Events. Except for pain, there were fewer safety events in the group who 

"received" the AAP4ECMO. The prolonged neuromuscular blockade, and muscular wasting 

contributing to amplified joint pain in patients recovering from COVID-19 but still requiring 

ECMO support (see Table 4). 

Ambulatory Outcomes by Age and Gender 

Table 5. Ambulatory outcome measures based on age and gender between groups  
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The most ambulation sessions were performed by the Female - 20-39 who “received” 

AAP4ECMO group and Female-40-59 who“not received” AAP4ECMO group with equal means 

of 22 sessions. The Male-40-59- “received” AAP4ECMO performed a mean of 8.29 sessions in 

comparison with Male-40-59-“not received” AAP4ECMO group (mean 5.40). The aggressive 

pre-habilitation of lung transplant candidates from the "not received" AAP4ECMO group may 

explain the results. However, the group "received" AAP4ECMO had overall more ambulation 

sessions than the "not received" group (see Table 5). 

ICU Outcomes Post-ECMO Support Based on Groups 

Table 6. Main variables by outcome at decannulation for the “received” and “not received” 

AAP4ECMO 
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Further analysis was done by comparing variables by the outcome at decannulation, as is 

displayed in Table 6. The Recovered “received” AAP4ECMO group performed more ambulation 

sessions (mean 10.83), with more time standing (mean 147.50 minutes), time walk (mean 121.33 

minutes), distance walked (mean 333 meters) compared with the Recovered “not received” 

AAP4ECMO group (31.71, 29.43, and 95.86) respectively. The performance of the Recovered 

“received” AAP4ECMO was surpassed by the Lung Transplant “not received” AAP4ECMO 

who reached a mean time standing of 264 minutes compared with a mean of 15 minutes standing 

time reached by Lung transplant “received” AAP4ECMO group. The same trend is observed for 

the other outcome variables except for the number of ambulation sessions. The Lung transplant 

“received” AAP4ECMO group achieved a mean of 13 ambulation sessions compared with a 

mean of 12.15 achieved by the Lung transplant “not received” AAP4ECMO group. 

Chapter Six: DISCUSSION 

 

The application of AAP4ECMO generated a better case selection for ambulation. The 

percent of patients ambulating on ECMO increased from 10-15% before AAP4ECMO 

implementation which is aligned with the findings reported in the literature (Abrams et al., 2014, 

Pasrija et al., 2019) to 28% during the study time. There were fewer safety events in the group 

who "received" AAP4ECMO except for pain, which warrants further evaluation of our current 

pain management strategies prior ambulation. 

Females less than 60 and pre-lung transplantation had more ambulation sessions 

compared to males or other diagnostic groups. These findings may be explained by the 

aggressive pre-habilitation of lung transplant candidates from the “not receive” AAP4ECMO 

group at the study institution and differ from Rehder et al. (2013) study where the ambulating pre 

lung transplant female patients with primary diagnosis of cystic fibrosis were on their early 20’s. 
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Abrams et al. (2014) and Pasrija et al. (2019) studies report ambulating ECMO patients with 

femoral cannulation predominantly male on their 50’s.  

The critical elements of successful ambulation of ECMO patients are shared vision for 

early mobility and mutual goals among interprofessional team members, better resource 

allocation, preparation for ambulation, and environmental safety check. The preparation for 

ambulation refers to pain control to not interfere with the patient's ability to follow commands, 

and provide comfort when performing physical activity, restful sleep by minimizing the sleep 

interruption, monitoring alarms adjustment, and patient and family education. Environmental 

safety check refers to safety elements needed to perform ambulation such as antiskid socks, 

safety belt, wheelchair, patient handling devices availability, and declutter of the hallways from 

the different equipment (pumps, dialysis tours, backup equipment) and visitors. 

The ECMO support in the COVID-19 pandemic era was almost exclusively dedicated to 

severe and desperate COVID-19 cases, including pregnant COVID-19 ECMO patients. The 

“shift” in primary diagnosis as an indication for ECMO significantly impacted the study’s 

results. The most significant difference in primary diagnosis between the prospective and 

retrospective group was the presence of COVID-19; patients with severe COVID-19 pneumonia 

received ECMO because they were refractory to any routine interventions.  

Limitations 

Some limitations associated with this single-center quality improvement (QI) project 

include the short time for implementation creating a small sample size which did not meet our 

target sample of 64 patients to reach statistical power for significance. The unknown ongoing 

COVID-19 pandemic impacted this study related to severity of the illness, availability of 

resources, staffing, patients, and infection prevention measures all of which potentially impacting 

the ambulation outcome measures. The prolonged neuro-muscular blockade, sedation, and 
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mechanical ventilation left ECMO-COVID 19 patients physically debilitated. This made early 

mobility even more challenging, which was reflected in their reduced physical performance 

abilities of this subgroup.  

The use of historical controls generate discrepancy in the groups related to the primary 

diagnosis of patients receiving ECMO "shifting" because of COVID-19 and the current EMR 

system did not fully support ambulation documentation. Furthermore, there was no consensus in 

charting ambulation among providers. Multiple notes were compared to obtain data regarding 

one ambulation session. An activity progression chart would be helpful for future mobility 

studies. BMAT use was revisited for education, being found misused in a few instances. "In-

room" ambulation was performed because of strictly required isolation measures. 

Implications for Practice 

AAP4ECMO promotes evidence-based practice in the CTICU and enhances awareness 

about ECMO patients’ early ambulation, providing a structured, early mobility approach since it 

appeard to improve ambulation frequency. AAP4ECMO application did not increase patient 

safety events occurrence; therefore, protocol appeared to preserve a safe environment for 

patients. The results indicate that AAP4ECMO is a safe nurse-led protocol for ambulation of V-

A or V-V ECMO patients, which promoted a systematic approach of information collection and 

helped to identify knowledge gaps that need further research. The protocol supports optimization 

in the electronic medical record (in the process) to enhance consistency of ambulation 

documentation and quantifies and standardizes the ambulation team’s performance and the 

patient’s activity progression.  

AAP4ECMO project supports the Extracorporeal Life Support (ECLS) Program from a 

tertiary and quaternary academic medical center from Los Angeles, California. The ambulation 

protocol provides a standardized assessment which is the premise of a timely and appropriate 
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evidence-based intervention that promotes patient safety reflected in the clinical outcomes.  

Future Research 

Data collection will continue to verify findings in a larger sample. Prospective 

randomized studies are needed to evaluate the effect of AA4ECMO on patient outcomes. The 

early mobility and ambulation from the data collected during the study time were found to be 

associated with improved Clinical Frailty Scores (CFS) and Systemic Organ Failure Assessment 

(SOFA) scores in the early mobility and ambulating subgroup of frail (CFS>5) ECMO COVID-

19. The decreasing activity level of critically ill patients is correlated with poor clinical outcomes 

representing a clinical indicator for sepsis and high mortality risk (Shibahashi et al., 2017). 

Further studies are needed to evaluate the effect of early mobility on CFS and SOFA scores in 

ECMO patients.  

CONCLUSION 

This QI DNP project demonstrated the safety and feasibility of the AAP4ECMO protocol 

for safe ambulation in V-A or V-V ECMO patients. With strict ambulation screening as part of 

the interdisciplinary AAP4ECMO protocol, ECMO patients’ ambulation increased by 13-18% 

compared to controls. However, statistical significance was not achieved in the ambulation 

outcome measures due to time limitations impacting sample size. Future unit development of 

EMR ambulation documentation is needed to continue to collect data and monitor use of the 

protocol to verify findings in a larger sample size. 
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Appendix B 

Table of evidence (in alphabetical order) 

 

 

Author, Year 

 

Purpose 

 

Sample & Setting 

Methods 

Design 

Interventions 

Measures 

 

 

Results 

 

Discussion, 

Interpretation, Limitation 

of Findings 

Abrams, D., 

Davidfar, J., 

Farrand, E., 

Mongero, L. B., 

Agerstrand, C. L., 

Ryan, P., Zemmel, 

D., Galuskin, K., 

Morrone, T. M., 

Boerem, P., 

Bacchetta, M., 

Brodie, D.  (2014). 

Early mobilization 

of patients receiving 

extracorporeal 

membrane 

oxygenation: a 

retrospective cohort 

study. Crit Care. 18: 

R38. 

 

To describe 

the feasibility 

and impact of 

active PT on 

ECMO 

patients. 

N=100 successive 

patients on ECMO for 

respiratory or cardiac 

failure refractory to 

traditional management  

 

Setting: 

Medical Intensive Care 

Unit (MICU)  

 

New York-Presbyterian 

Hospital/Columbia 

University College of 

Physicians and Surgeons  

 

Started April 2009 

 

A retrospective 

cohort study  

 

Data analysis 

(standard 

deviations, 

medians, and 

ranges, 

proportions)  

 

Statistical 

difference between 

categorical 

variables-Chi-

square test  

 

Microsoft Excel, 

version 14.3.2. - 

Statistical analyses  

35 patient participated in 

active PT;  

19 BTT, 16 BTR 

ECMO duration = 14.3 ± 

10.9 days. 

PT sessions while on 

ECMO = 7.2 ± 6.5. - 

Median distance = 175 

feet,  

9 patients on 

vasopressors. . 

PT, ambulation, safely 

achievable in ECMO 

patients 

Only 1/3 of ECMO patients 

are eligible for early 

mobility and ambulation 

Needs multidisciplinary 

team to ambulate 

To be defined the barriers 

to PT in future studies 

Evaluation of the impact of 

PT on survival, long-term 

functional, and 

neurocognitive outcomes. 

Protocols are needed  

Cost-benefit analyses are 

also further needed  

Maquet provided research 

support to Columbia 

University 
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Author, Year 

 

Purpose 

 

Sample & 

Setting 

Methods 

Design 

Interventions 

Measures 

 

 

Results 

 

Discussion, Interpretation, 

Limitation of Findings 

Bain, J. C., Turner, 

D. A., Rehder, K. J., 

Eisenstein, E. L., 

Davis, R. D., 

Cheifetz, I. M., & 

Zaas, D. W. (2016). 

Economic Outcomes 

of Extracorporeal 

Membrane 

Oxygenation With 

and Without 

Ambulation as a 

Bridge to Lung 

Transplantation. Res

piratory care, 61(1), 

1–7. 

https://doi.org/10.41

87/respcare.03729 

 

To assess the 

economic 

impact of 

ambulatory 

versus non-

ambulatory 

ECMO BTT. 

N=9 

 

Setting: 

Single-center 

  

Duke 

University 

Medical 

Center, North 

Carolina 

Retrospective study 

Control Group= Non-Rehabilitated 

ECMO Group N=4- underwent to 

lung transplantation with 

traditional ECMO support 

 

Rehabilitated/Ambulatory Group 

N=5 

Hospital cost before transplantation 

was compared with costs 12 

months after the initial post-

transplant hospital discharge  

 

No difference in age or Acute 

Physiology and Chronic Health 

Evaluation III score (APACHE III 

) 

 

Nonparametric testing - Wilcoxon 

rank-sum analysis  

Statistical significance p<0.05  

Stata 12 (StataCorp, College 

Station, Texas) used for statistical 

testing was performed using).  

A one-way sensitivity analysis - 

performed Costs by service line 

was performed for all patients from 

the study 

The median total 

adjusted cost 

(excluding the 

outlier – the subject 

needing re-

transplantation) for 

the ambulatory 

cohort was 

$244,508  

compared with 

$300,307  for the 

non-ambulatory 

cohort  

(p=0.02). 

ECMO patients ambulation 

improve clinical outcomes  

 

Early ECMO patients 

ambulation has a potential 

economic benefit  

 

Further research is needed to 

verify the findings because 

of the small sample size 

impacted the median age, the 

severity of the illness, 

single-center study, 

discounting cost to correct 

for inflation was not 

included. 

 

Results were biased by the 

fact that one case underwent 

for re-transplantation-> 

therefore, a sensitivity 

analysis was performed 

instead to modify the 

inclusion criteria 

No quality-of-life data 

investigation was performed 
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Author, Year 

 

Purpose 

 

Sample & 

Setting 

Methods 

Design 

Interventions 

Measures 

 

 

Results 

 

Discussion, Interpretation, 

Limitation of Findings 

Boling, B., 

Dennis, D. R., 

Tribble, T. A., 

Rajagopalan, N., 

Hoopes, C. W. 

(2016). Safety of 

Nurse-Led 

Ambulation for 

Patients on Veno-

venous 

Extracorporeal 

Membrane 

Oxygenation. Pro

g Transplant. 

(2):112-116. 

 

 

Evaluate the  

implementati

on of a nurse-

driven 

protocol for 

V-V ECMO 

patients  

Sample: 

N=18) 

 

Setting: 

January 1, 2011, 

to November 1, 

2013,  

 

CTVICU 

University of 

Kentucky 

A retrospective study of V-V 

ECMO cases  

 

Inclusion criteria: 

-Patients cannulated in the right 

internal jugular vein  

-Ambulated on V-V ECMO. 

 

Exclusion criteria: 

hemodynamically unstable, 

femoral cannulation 

 

SPSS (IBM, Armonk, New 

York) used for standard 

deviation   

 

Independent and Dependent and 

Variable:  

Age,  

Gender 

Duration of ECMO support,  

Number of adverse events 

Nurse-led protocol for V-

V ECMO patients 

promote safety 

ambulation 

It may reduce 

complications associated 

with immobility 

 

No falls,  

No decannulations,  

No other complications 

related to ambulation.  

 

Eight patients -> 

transplanted and survived 

to discharge.  

 

Four patients -> weaned 

from V-V ECMO  

Six  patients -> died 

(withdraw care per 

family) 

  

 

Discussion: 

The primary nurse leads 

ambulation based on planning 

and coordinating a 

multidisciplinary team based 

on high-risk/low-risk 

classification of ECMO 

patients. 

Ambulation of ECMO 

patients' is a novel concept. 

Patient safety= main barrier 

for ambulation 

 

Limitations: 

Sample size 

Retrospective case series 

Precise distance inconsistent 

documented  

No comparison group 

No clear stated protocol 

Limited to right internal 

jugular vein ambulated while 

on V-V ECMO 
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Author, Year 

 

Purpose 

 

Sample & Setting 

Methods 

Design 

Interventions 

Measures 

 

 

Results 

 

Discussion, Interpretation, 

Limitation of Findings 

Garcia, J. P., Kon, Z. 

N., Evans, C., Wu, 

Z., Iacono, A. T., 

McCormick, B., & 

Griffith, B. P. 

(2011). Ambulatory 

venovenous 

extracorporeal 

membrane 

oxygenation: 

innovation and 

pitfalls. The Journal 

of thoracic and 

cardiovascular 

surgery, 142(4), 

755–761. 

https://doi.org/10.10

16/j.jtcvs.2011.07.02

9 

Determine 

how 

venovenous 

ECMO can be 

optimized by 

rehabilitation 

with a goal of 

ambulation 

N=10 patients 

reviewed 

retrospectively 

N eight male, two 

female  

 

January 1, 2009, to 

October 1, 2009  

University of 

Maryland 

 

Inclusion criteria:  

Severe respiratory 

failure refractive to 

conventional therapy 

 

Exclusion criteria: 

Nonreversible disease 

processes,  

Body surface area 

>2.0m2 

Retrospective and 

descriptive study  

 

Data collection: 

Critical care 

flowsheets 

(EMR),  

Ventilator &  

Perfusionist 

flowsheets 

 

 

Six out of ten patients - 

weaned off mechanical 

ventilation while on ECMO 

 

Four out of six mechanical 

ventilated patients participate 

in active PT 

 

Three patients out of bed to 

chair = in-room rehabilitation 

 

One patient - extensive 

rehabilitation, including 

treadmill walking 

 

Significant complications 

during ECMO therapy (not 

related to ambulation) 

Bleeding =7 

 

30 day mortality=4 

Sepsis= 3  

CVA 2 in patients with a 

septal defect 

Discussions: 

One patient met the endpoint 

of ambulation, including 

treadmill walking. 

 

A strategy of progressive 

Rehabilitation of ECMO 

patients is needed 

 

Tight titration of 

anticoagulation requires 

monitoring of fibrinogen 

levels, platelet function assay, 

and thromboelastography. 

 

Limitations: 

Case series 

Small sample size  

Single site 

 

T  
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Author, Year 

 

Purpose 

 

Sample & Setting 

Methods 

Design 

Interventions 

Measures 

 

 

Results 

 

Discussion, 

Interpretation, Limitation 

of Findings 

Hayes, D., Jr, Kukreja, 

J., Tobias, J. D., Ballard, 

H. O., & Hoopes, C. W. 

(2012). Ambulatory 

venovenous 

extracorporeal 

respiratory support as a 

bridge for cystic fibrosis 

patients to emergent lung 

transplantation. Journal 

of Cystic Fibrosis: 

Official Journal of the 

European Cystic 

Fibrosis Society, 11(1), 

40–45. 

https://doi.org/10.1016/j.

jcf.2011.07.009  

 

Describe the 

ambulation on 

cystic fibrosis 

(CF) patients 

with single 

venous V-V-

ECMO BTT  

N= 4 patients 

Mean age = 27.5±4.8 

years (±SD) (range 

23–34) 

 

Setting: 

The University of 

Kentucky and the 

University of 

California at San 

Francisco  

 

Inclusion CF patients  

on V-V ECMO  

Observational 

retrospective study  

 

Bicaval lumen dual 

(Avalon) – right 

internal jugular vein  

cannulation  

Ambulation = safe 

No bleeding 

complications 

All four patients 

ambulated with PT 

Ambulation of CF 

patients on single-

venous V-V ECMO 

avoided sedation,  

neuromuscular 

blockade 

It allows recovery 

from mechanical 

ventilation 

complications. 
 

Discussion: 

Further research needs to 

determine if mechanical 

ventilation should be 

avoided entirely in 

hypercapnic respiratory 

failure in CF patients 

with advanced lung 

disease of ambulatory 

single-venous V-V-

ECMO. 
 

Limitations: 

Small sample size 

No protocol use 
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Author, Year 

 

Purpose 

 

Sample & 

Setting 

Methods 

Design 

Interventions 

Measures 

 

 

Results- 

 

Discussion, Interpretation, Limitation of 

Findings 

Liu, K., Ogura, T., 

Takahashi, K., 

Nakamura, M., 

Ohtake, H., 

Fujiduka, K., Abe, 

E., Oosaki, H., 

Miyazaki, D., 

Suzuki, H., 

Nishikimi, M., 

Lefor, A. K., & 

Mato, T. (2018). 

The safety of a 

novel early 

mobilization 

protocol conducted 

by ICU 

physicians: a 

prospective 

observational 

study. Journal of 

Intensive Care, 6, 

10. 

https://doi.org/10.1

186/s40560-018-

0281-0 

 

To evaluate the 

safety of early 

mobilization (EM) 

according to 

Maebashi protocol  

 

To record adverse 

events, protocol 

adherence, 

rehabilitation 

outcomes  

. 

N= 6 ECMO 

patients (out 

of 232 ICU 

adult patients 

55-80 years 

old) 

performed 

110 

rehabilitation 

sessions 

 

Setting:  

ICUs at 

Japan Red 

Cross 

Maebashi 

Hospital 

Single-center 

Prospective 

observational 

study 

 

Inclusion 

criteria: 

Patients with 

emergency 

admission  

 

Statistical 

method =  

repeated 

measurement 

(count) of 

adverse events 

& rehabilitation 

sessions 

performed 

No 

dislodgement  

No obstruction 

of medical 

devices, tubes, 

lines 

Adverse events  

associated  with 

ECMO= 3.6% 

 

Adverse events 

associated with 

mechanical 

ventilation = 

2.4% 

 

62% of all 

patients (232) = 

out of bed 

within 48 hours  

Discussion: 

 

Early mobility = safe for ICU patients 

MD led protocol use  

 

Limitations: 

Inclusive for all ICU patients 

Did not satisfactorily describe protocol 

application to the ECMO patients   

Severe critical ill patients were excluded  

The results of this study may not be generally 

applicable 

Possible unrecognized confounding factors may 

be associated with adverse events. 

The rate of adverse events was calculated without 

the influence of individual patient characteristics. 

Single-center observational study  

There it was no comparison group. 
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Author, Year 

 

Purpose 

 

Sample & Setting 

Methods 

Design 

Interventions 

Measures 

 

 

Results 

 

Discussion, Interpretation, 

Limitation of Findings 

Mangi, A. A., 

Mason, D. P., Yun, 

J. J., Murthy, S. C., 

& Pettersson, G. B. 

(2010). Bridge to 

lung transplantation 

using short-term 

ambulatory 

extracorporeal 

membrane 

oxygenation. The 

Journal of thoracic 

and cardiovascular 

surgery, 140(3), 

713–715. 

https://doi.org/10.10

16/j.jtcvs.2010.02.02

9 

Describe the 

mobility and 

ambulation of an 

upper extremity 

ECMO 

cannulation case  

BTT 

N=1  

34-year-old with  

“refractory 

hypoxemia, severe 

pulmonary 

hypertension, and 

right ventricular 

dysfunction 

refractory to 

inhaled nitric 

oxide and 

Milrinone 

therapy.”  

 

ECMO for BTT 

 

Setting: 

Heart and Vascular 

Institute, 

Cleveland, Ohio  

. 

Case report 

VA ECMO Right 

axillary 

vein/artery 

The patient was 

daily out of bed 

and ambulated 

for three days 

before the donor 

was available and 

lung 

transplantation 

possible.  

Discussion: 

Mobilization and ambulation with 

the ECMO circuit is feasible and 

safe 

Ambulation of ECMO patient 

requires multiple resources  

 

Limitation: 

Case study 

No protocol used 

No defined conditions of 

ambulation 

 

Future investigation is needed to 

determine the optimal treatment 

strategy, including pre-

habilitation. 

 

 
  



 42 

 

Author, Year 

 

Purpose 

 

Sample & Setting 

Methods 

Design 

Interventions 

Measures 

 

 

Results 

 

Discussion, Interpretation, 

Limitation of Findings 

Marhong, J. D., 

DeBacker, J., Viau-

Lapointe, J., Munshi, 

L., Del Sorbo, L., 

Burry, L., Fan, E., & 

Mehta, S. (2017). 

Sedation and 

mobilization during 

venovenous 

extracorporeal 

membrane 

oxygenation for acute 

respiratory failure: an 

international 

survey. Critical Care 

Medicine, 45(11), 

1893–1899. 

https://doi.org/10.109

7/CCM.00000000000

02702 

 

To evaluate 

sedation, 

analgesia, 

delirium, and 

mobilization 

of V-V- 

ECMO 

patients 

N= 394 ECMO 

centers registered with 

the Extracorporeal 

Life 

Support Organization 

 

209 respondents 

(53%),  

 

41% of respondents 

provide V-V ECMO 

to adults exclusively.  

 

Setting:  

January 2016 to 

March 2016 

Cleveland Clinic 

Medical Center, Ohio 

A cross-sectional 

international survey 

administered to  

ECMO Medical 

directors and 

program 

coordinators from 

all ECMO centers  

84% of responder- 

centers (209) reported 

that patients 

participated in physical 

therapy 

41% of respondents 

report initiating early 

ambulation less than 72 

hours following 

cannulation 

PT varied from passive 

ROM (81%) to 

ambulation (22%) 

Only 20% of centers 

used a mobilization 

protocol  

 

Discussion: 

Hemodynamic instability, 

hypoxemia,  

dependency on V-V-ECMO 

are the main barriers to 

mobilization. 

 

 

Limitations: 

Variability noted across 

ECMO centers regarding 

early physical therapy and 

mobilization for ECMO 

patients 
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Author, Year 

 

Purpose 

 

Sample & 

Setting 

Methods 

Design 

Interventions 

Measures 

 

 

Results 

 

Discussion, Interpretation, 

Limitation of Findings 

Pasrija, C., 

Mackowick, K. 

M., Raithel, M., 

Tran, D., Boulos, 

F. M., Deatrick, 

K. B., Mazzeffi, 

M. A., Rector, 

R., Pham, S. M., 

Griffith, B. P., 

Herr, D. L., & 

Kon, Z. N. 

(2019). 

Ambulation with 

femoral arterial 

cannulation can 

be safely 

performed on 

venoarterial 

extracorporeal 

membrane 

oxygenation. The 

Annals of 

Thoracic 

Surgery, 107(5), 

1389–1394. 

https://doi.org/10

.1016/j.athoracsu

r.2018.10.048 

To study the 

safety and 

feasibility of 

ambulating 

V-A-ECMO 

patients 

N=104 V-A-

ECMO 

patients 

N=15- 

ambulated 

 

At University 

of Maryland, 

Baltimore 

Retrospective chart review 

 

Evaluation Criteria Prior 

Ambulation 

Cognition appropriate to 

follow the direction 

No femoral IABP or 

temporary assistive 

devices 

Stable cardiovascular or 

decreasing 

inotrope/vasopressor 

requirement 

Extubated 

No active bleeding (<4 

units of blood products 

/24h) 

Physical strength 

appropriate for ambulation 

 

JMP 11.0 software (SAS 

Institute Inc, Cary, NC).  

Median with interquartile 

range used for continuous 

variables.  

Kruskal-Wallis test was 

used for comparison 

between multiple groups.  

ECMO cannulation 

secondary to 

cardiopulmonary 

resuscitation on 27%  

Out of bed median time = 

three days  

First ambulation on ECMO 

median time from 

cannulation = four days  

Median distance walks = 

three hundred feet.  

Ambulation is safe: 

-No major bleeding events,  

-No vascular complications,  

-No decannulation events 

  

The median ICU LOS and 

hospital LOS were twelve 

and twenty-one days, 

respectively  

 

One-year survival for 

ambulating ECMO patients 

= one hundred percent.  

Discussion: 

Ambulation of V-A ECMO 

patient with peripheral 

cannulation in selected cases 

is safe. 

Not all ECMO patients are 

suitable for ambulation 14% 

of patients from the study 

were considered appropriate 

candidates. 

The ECMO patient 

evaluation before 

ambulation based on 

neurological, cardiovascular, 

respiratory, hematologic, 

and musculoskeletal criteria 

was done by a “cardiac 

surgeon, intensive care 

physician, and physical 

therapist. 

 

Unique risks of femoral 

arterial V-A-ECMO: limb 

ischemia, North-South 

(Harlequin) syndrome 

 

Limitations:  

Sample size 
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Number and percentage 

were used for categorical 

variables. 

Statistically significant 

was considered p<0.05.  

Survival is defined as the 

time of ECMO 

cannulation to death.  

The Kaplan Meier method 

was used for patients 

censoring. 

Further prospective & 

comparative studies are 

needed to identify the 

specific benefits of 

ambulation in ECMO 

patients.  

 

. 
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Author, Year 

 

Purpose 

 

Sample & 

Setting 

Methods 

Design 

Interventions 

Measures 

 

 

Results 

 

Discussion, Interpretation, Limitation of 

Findings 

Rehder, K. J., 

Turner, D. A., 

Hartwig, M. G., 

Williford, W. L., 

Bonadonna, D., 

Walczak, R. J., Jr, 

Davis, R. D., 

Zaas, D., & 

Cheifetz, I. M. 

(2013). Active 

rehabilitation 

during 

extracorporeal 

membrane 

oxygenation as a 

bridge to lung 

transplantation. Re

spiratory 

care, 58(8), 1291–

1298. 

https://doi.org/10.

4187/respcare.021

55 

To appraise the 

impact of 

Describes a 

series of 

patients 

bridged to lung 

transplant with 

ECMO  

Examine the 

potential 

impact of 

active 

rehabilitation 

and ambulation 

during pre-

transplant 

ECMO 

N=9 patients on 

ECMO from 

April 2007-May 

2012 

 

Duke 

University 

Medical Center, 

North Carolina 

Retrospective 

comparative 

chart reviews of 

V-V-ECMO 

RIJ single, dual-

lumen cannula 

(Avalon) 

All patients in 

rehab started 

physical therapy 

within five days of 

ECMO cannula 

4 of 5 patients 

ambulated on 

ECMO 

No post-transplant 

myopathy in a 

patient 

participating in 

active 

rehabilitation 

comparison with 

the three of four 

subjects who did 

not participate in 

ECMO 

rehabilitation  

Discussion: 

V-V-ECMO for selected BTT patients 

allows PT, including ambulation.  

It creates premises for a more rapid post-

transplantation recovery.  

 

Decreased ICU and LOS in patients 

participating in rehabilitation are noted. 

 

ECMO patient's safety must be assessed 

before rehabilitating patients supported using 

a well-coordinated multidisciplinary effort to 

prevent any complications. 

 

Limitations: 

 

Small sample size  

Retrospective data collection from Non-

experimental single-site experience 
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Appendix C 

Protocol Elements Synthesis Table 
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Appendix D 

Outcomes Synthesis Table of Ambulating V-A or V-V ECMO Patients 
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Appendix E 

Adult Ambulation Protocol for Extracorporeal Membrane Oxygenation Patients (AAP4ECMO) Concept 
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Appendix F 

Institution Review Board (IRB) 
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Appendix G 

 

Richmond Agitation Sedation Score (RAAS) 

 

(Ely et al., 2003) 
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Appendix H 

Confusion Assessment Method for ICU (CAM-ICU) Flowsheet 

.  

(Marra et al., 2017) 
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Appendix I 

Bedside Mobility Assessment Tool 

 

(UCLA, n.d.) 
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Appendix J 

Data Collection Sheet for Extracorporeal Membrane Oxygenation Patients (ECMO) 

 

 

 



 54 

Appendix K 

Ambulation Safety Checklist and ECMO Ambulation Report Form 

 
 

  



 55 

Appendix L 

AAP4ECMO Handout – available on electronic format and on the AAP4ECMO unit’s folder 
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