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Abstract 

 Critical care ultrasound (CCU) is a skill that is considered standard care for a patient requiring 

medical care in an intensive care unit (ICU). Despite organizations supporting the use of CCU by 

all providers in the ICU, no organizations (including nursing organizations) have statements or 

training programs that include acute care nurse practitioners (ACNPs) as providers who can 

perform and interpret CCU. This purpose of this study was to examine the feasibility and 

effectiveness of a Skills Based Limited Critical Care Cardiac Ultrasound (SBLCCU) Course in 

which basic LCCU knowledge and skill concepts are taught to ACNPs who currently work in a 

surgical ICU setting. This feasibility study examined whether participation in the Skills Based 

Limited Critical Care Cardiac Ultrasound Course for ACNPs improves knowledge level and 

clinical ability to conduct and interpret LCCU for the specific clinical question of measuring 

stroke volume and cardiac output. Knowledge was evaluated using a multiple-choice test that 

was taken pre-education, day of education, and post-education. Clinical ability of the ACNP to 

obtain adequate views was examined as well as the ability of the ACNP to calculate stroke 

volume and cardiac output. It is feasible to teach ACNPs the skill of LCCU for obtaining 

adequate cardiac views and for the evaluation of stroke volume and cardiac output. A one-day, 

eight-hour design is feasible to introduce basic CCU skills, just as some physicians have also 

learned CCU. ACNPs need support from trained CCU personnel to learn and sustain this skill. 

However, more inquires examining ACNP LCCU education need to be conducted before these 

results can be generalized.  
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Feasibility of a Skills Based Limited Critical Care Cardiac Ultrasound Course for Acute 

Care Nurse Practitioners 

Introduction: Focused Cardiac Ultrasound and Critical Care Ultrasound   

 Use of ultrasound in the healthcare setting is not a new technology; the first cardiac 

ultrasound was applied in the clinical setting in 1956 to diagnose patients with pericardial 

effusions by Edler and Hertz (as cited in Singh & Goyal, 2007) who pioneered the use of 

Doppler and M-mode ultrasonography. Recent applications of echocardiography include its use 

in the critical care setting and is seen as “the true stethoscope, for it permits us to see what occurs 

beneath the surface of the skin” (Singh & Goyal, 2007, p. 437). Progress in bioengineering has 

led to the miniaturization of ultrasound machines (Roelandt, 2004), allowing for critical care 

ultrasound, and specifically critical care ultrasound (CCU) to emerge as a feasible skill for the 

clinician in daily practice. A leader of the CCU movement, Paul Mayo, states “echocardiography 

has unparalleled utility in the intensive care unit…allow[ing] the clinician to make immediate 

visual diagnosis and to guide the ongoing management of the case…[and is] a key skill for the 

frontline intensivist” (Mayo, 2011, no page).  

 Numerous national and international organizations have supported the use of CCU in the 

intensive care unit (ICU) setting (Intensive Care Medicine, 2014; Intensive Care Medicine, 2011; 

Mayo et al., 2009; Price et al., 2008). Pustavoitau et al. (n.d.) reported that the American Medical 

Association, the American College of Emergency Physicians, and The American Society of 

Echocardiography support the use of limited cardiac echography/critical care cardiac ultrasound 

by trained providers in ICU settings for patients requiring intensive care. Additionally, 

standardization of proficiency for ICU providers in bedside, or basic/limited, echocardiography 

is supported by both the Society of Critical Care Medicine and Pulmonary Critical Care 
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Medicine’s recommendations for competencies for their respective fellowships (Buckley et al., 

2009). In fact, the Society of Critical Care Medicine published an official statement regarding 

recommendations for limited critical care echocardiography, supporting the standardization of 

echocardiography and critical care cardiac ultrasound in all ICUs (Buckley et al., 2009). 

 Internationally, the Competency-Based Training in Intensive Care Medecine in Europe 

(CoBaTrICE), sponsored by the European Society of Intensive Care Medicine, is a sub-

organization whose mission is to standardize training in intensive care medicine worldwide. 

CoBaTrICE lists “a method for measuring cardiac output and derived hemodynamic variables” 

(European Society of Intensive Care Medicine, n.d.) as a competency of which all ICU providers 

should be proficient.  

 Despite the overwhelming support of intensive care organizations for CCU, no society 

has taken an official position regarding training and/or competency of acute care nurse 

practitioners (ACNP) who employ critical care ultrasound diagnostically.  Critical care cardiac 

ultrasound core objectives allow for measuring of hemodynamic states and can assist the ACNP 

in achieving this important ICU skill. Moreover, this skill is important for evaluating patients and 

could greatly improve the care of the critically ill patient, saving lives.  

Background 

 Providing care for patients in an intensive care unit requires specialty education by a 

multi-disciplinary team of providers. Due to physician shortages and implementation of acute 

care nurse practitioner programs in the early 1990’s, modern definitions of the term “provider” in 

intensive care units have evolved. In 2004, over 5,000 acute care nurse practitioners were 

licensed by the American Nurses Credentialing Center, of which 68% (about 2,800) were 

working in an intensive care setting (Kleinpell & Goolsby, 2004). Acute care nurse practitioners 



ACNP LCCU COURSE FEASIBILITY PROJECT  7 

(ACNPs) are educated in proficiencies that include critical care education and skills in 

coursework of advanced pharmacology, physiology, pathophysiology, and patient care 

management (Kleinpell, Ely, & Grabenkort, 2008). ACNPs are specifically prepared to perform 

basic intensive care skills such as chest tube insertion, arterial and central line placement, 

endotracheal intubation, ventilator management, and hemodynamic monitoring (Kleinpell, 

Hravnak, & Werner, 2006; Kleinpell et al., 2008).  

 The Accreditation Council for Graduate Medical Education’s (ACGME) oversight and 

restriction on physician residency hours adds to the paradigm shift for how the term “provider” is 

defined in the ICU. Estimates indicate that there will be insufficient numbers of ICU trained 

physicians  as high as 22% of demand by 2020 and as high as 35% of demand by 2030 (Angus, 

Shorr, White, Schmitz, & Kelley, 2006). Acute care nurse practitioners (ACNPs) have the 

education and training to become proficient ICU care providers (Pastores et al., 2011). Given the 

opportunity to obtain proficiency in bedside critical care echocardiography, ACNPs that work in 

an ICU setting have the ability, and perhaps even the duty, to provide evidence-based practice 

medicine for all of their patients. 

 A report by the Health and Human Resources and Services Administration (HRSA, 

2003), concluded that the increased demand of critical care trained personnel could be addressed 

by the use of non-physician providers, such as nurse practitioners (Squires, King, Wagner, 

Ashby, & Parmley, 2013). The Society of Critical Care Medicine’s (SCCM) position paper on 

ICU staffing incorporates HRSA’s recommendations. In fact, SCCM has taken a major stance in 

removing language that only refers to physicians, noting that ACNPs, if properly trained, can 

become safe and efficient providers in the ICU setting (P. Lipsett, personal communication, 

September 19, 2014).  
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Critical Care Cardiac Ultrasound Competency 

 Competence is the combination of knowledge, skills, and behavior required to perform a 

specific function in an adequate and well-qualified manner (Mayo et al., 2014). Competency 

standards are used extensively in healthcare, especially within ACNP education and training 

(O’Connell, Gardner, & Coyer, 2014). A national survey by Becker et al. (2006), found that 67% 

of ACNP respondents currently worked in an ICU setting. The concept of competency within the 

scope of education and training of intensivists [general term encompassing ACNPs] has been of 

discussion since the introduction and daily integration of CCU for the care of the ICU patient. 

Mayo et al. (2014) described CCU as “a standard skill for the intensivist” (p. 655) and 

competence within that skill is defined as achievement in a minimum standard for routine ICU 

skills, including CCU (Mayo, 2011).  

 Standards of competency for expert echocardiographers have been well established with 

physician residencies and certification exams (Intensive Care Medicine, 2011). However, expert 

panels and societal position statements have concluded that an intensivist should not be expected 

to achieve competencies equal to that of an expert echocardiographer; intensivists need only to 

achieve competency in basic echocardiography (Fagley et al., 2015, Intensive Care Medicine, 

2014; Intensive Care Medicine, 2011; Mayo et al., 2009; Price et al., 2008). Defining how 

intensivists meet competency in CCU remains a controversial subject and has yet to be resolved. 

In addition, the standardization of how ACNPs achieve competency in CCU has also not yet 

been resolved. This project is an initial step to resolving how to train and evaluate ACNPs for 

competency in CCU.   

Core Concepts of Critical Care Cardiac Ultrasound 

 Core concepts in critical care cardiac ultrasound are important to define when identifying 
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goals for any educational program—basic or advanced. CCU allows the provider to enhance 

their diagnostic skills in hemodynamic monitoring to detect cardiovascular insufficiency, leading 

to a diagnosis of underlying pathophysiology (Strugess et al., in Lumb, 2014).  

 According to the Society of Critical Care Medicine, any CCU educational program 

should begin with reviewing the basic physics of ultrasound, ultrasound anatomy of the heart, 

concepts of Doppler ultrasound, and basic functions of ultrasound machines--including 

‘knobology’, which is step by step instruction about what knob on the echocardiography machine 

does what function (Fagley et al., 2015). It is of upmost importance to understand these concepts 

to perform even the most basic CCU task. 

 Understanding the echocardiographic anatomy of the heart can be challenging to the 

novice CCU performer and interpreter. Images, collected in a non-invasive manner, are obtained 

using ultrasound wave trajectories that are sometimes misinterpreted because images are flipped, 

or are mirror images, from traditional understanding of anatomy. Determining one’s orientation 

in accordance with probe dynamics and resulting images should be an initial focus when 

attempting to attain basic cardiac images (Odom, 2015). 

 CCU views are obtained from three areas of the thorax: left parasternal, apical, and 

subcostal. Critical care cardiac ultrasound examination from the left parasternal view allows for 

parasternal long axis (PLAX) and parasternal short axis views (SAX). The apical area results in 

an apical four-chamber (A4C) view of the heart. Subcostal critical care cardiac ultrasound view 

allows for obtaining subcostal long-axis view as well as views of the inferior vena cava. These 

five views of the heart are considered to be paramount to interpreting any information obtained 

from CCU and, therefore, are called a “FOCUS exam” (Odom, 2015; Fagley et al., 2015; 

Strugess et al., in Lumb, 2014).  
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 Determining a critically ill patient’s volume status is a clinical question that many 

intensivists have when caring for a critically ill patient. Cardiac output is the product of stroke 

volume and heart rate. Two measures are widely used to determine stroke volumes: the biplane 

method of disks  and the product of the Doppler Velocity Time Integral (VTI) and cross-

sectional area (CSA) of the sampling site. The biplane method of disks, also called the modified 

Simpson rule, calculates volume estimations of the left ventricle, thereby estimating stroke 

volume. Fractional area change compares area volume at end diastole and at end systole to 

determine the percentage of blood exiting the ventricle. Left ventricular outflow tract (LVOT) is 

measured from views obtained in the parasternal long axis view. Stroke volume (SV) is directly 

calculated by the product of the Doppler velocity time integral (VTI) and the cross-sectional area 

(CSA) of the Left ventricle outflow tract (LVOT). The mathematical equation is SV = CSA x 

VTI. Heart rate can then be used to calculate the cardiac output (CO= HR x SV). These methods 

of determining stroke volume are widely used from FOCUS exam basic views (Strugess et al., in 

Lumb, 2014). 

Theoretical Framework 

 The impact that the ACNP can have with CCU use is supported by a systematic review 

by Kleinpell, Ely, and Grabenkort (2008) that found that nurse practitioners spend 20% more 

time performing a physical assessment than other ICU providers. If ACNPs spend more time 

physically assessing their patients, that physical assessment should include all clinical resources 

available—and employ techniques and technologies used by other providers. An electronic 

search for studies on the integration of CCU for ACNPs for this proposal revealed that no studies 

have examined the feasibility of educating ACNPs in the new skill of CCU to augment patient 

care. This project is a first step in filling that void. 
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Diffusion of Innovations Framework 

 Introduction of new skills (or innovation) to a well-established role (or care 

environment), such as an ACNP in the ICU setting, can be adapted well within the diffusion of 

innovations framework. The diffusion of innovations (DOI) framework is an approach that is 

“less theory driven and more of a description of a process for how behavior tends to change in 

groups of people or communities” (Edberg, 2015, p. 61). Use of the DOI framework originated 

in the field of agriculture in the 1940s when mechanical innovations were lending to change in 

practice for farmers (Waterman et al., 2007). Modern applications of the DOI framework address 

an innovation and outline how the innovation should be communicated across social channels 

over time among members of the same social system. Several key concepts that are central to 

this theory are innovation development, dissemination, adoption, implementation, and 

maintenance (Edberg, 2015). The diffusion of innovations framework lays a well-structured 

pathway for recommending groundwork for the development of ACNPs in competent and basic 

CCU to aid in care required for modern ICU intensivists. 

Innovation. Development of an innovation stems from “an idea, object, or practice that is 

thought to be new by an individual, organization, or community” (US Department of Health and 

Human Services, 2005, p. 27). Therefore, an innovation does not have to be a new technology or 

gadget to use in clinical practice. Within the concept of this review, the innovation is applying 

CCU to the daily practice of intensivists, including ACNPs.  

 Current literature supports the utility of CCU in the care of the critically ill patient and 

that CCU has a positive impact on patient care. Critical care echocardiography should be a 

standard practice in the ICU setting and aid in the interpretation of complex clinical scenarios, 

aiming to answer specific clinical questions. These recommendations are not limited to 
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physicians but should encompass all ICU providers, including ACNPs. 

Dissemination and Adoption. Dissemination is “the means of transmitting the new idea from 

one person to another” (US Department of Health and Human Services, 2005, p. 27). Edberg 

(2015) stated that foci are often aimed at improving the self-efficacy and skills of those adopting 

the innovation. For most applications of the DOI framework, effective dissemination of the 

innovation is often achieved by developing an educational program for teaching new adopters 

the skill (Edberg, 2015; Waterman et al., 2007). Formal educational programs are necessary to 

teach all ICU providers, including ACNPs, basic CCU skills. Although all curricula reviewed 

used a combination of didactic and simulation/hands-on-training, it is unclear how these 

programs could or should be organized. Time required to obtain competencies and number of 

exams necessary to achieve and maintain competencies is also unclear. However, the need for 

qualified educators and instructors to teach CCU is supported in the literature. Despite lack of 

terminology including ACNPs in these educational programs, it is of the opinion of this author 

that ACNPs have the foundational education necessary to become competent learners of the 

CCU skillset.  

 Quantitative studies addressing the education and evaluation of the CCU educational 

program are sparse and lack rigorous design. However, other quantitative studies that evaluate 

the impact that adopting CCU has in the daily care of the ICU patient support its use. 

Additionally, it is clear that CCU can inform diagnoses and potentially impact plans of care,  

leading to changes in that plan of care. Adoption is the acceptance of the new skill/behavior by 

the intended audience (Edberg, 2015). This project follows this idea and parallels educational 

training of intensivists to the concept of CCU as dissemination and eventual adoption in to daily 

clinical practice, specifically with ACNPs.  
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Implementation and Maintenance. Implementation of the innovation refers to the initial use of 

the practice or technology. Foci of this concept includes improving the self-efficacy and skill set 

of the innovation adopters. Essential to implementation is having an educator to act as a 

resource, especially in early phases. Maintenance focuses on sustainability of the innovation 

within the social system to which the innovation was introduced (Edberg, 2015; Waterman et al., 

2007). While this author appreciates the concepts of implementation and maintenance for fully 

integrating the DOI framework to the introduction of a new skill, this project focuses primarily 

on the concepts of innovation, dissemination, and adoption.    

 Despite the overwhelming support of intensive care organizations for CCU, no society 

has an official position about acute care nurse practitioners (ACNP) and the use of bedside 

cardiac ultrasound although some already perform this skill. Because knowledge is the key 

element at beginning any attempt to acquire a new clinical skill (Mayo et al., 2014), providing 

education is an appropriate first step to acquiring knowledge. This project presents this question: 

can a skills based educational program be effective in teaching ACNPs core concepts of limited 

critical care cardiac ultrasound?  

Review of the Literature 

 As previously mentioned, inquiries into the integration of CCU for ACNPs revealed that 

no studies have examined the feasibility of educating ACNPs in the new skill of CCU to 

maintain competent ICU skills and/or to augment patient care. Therefore, an approach to identify 

current literature about how other intensivists are educated in CCU was the secondary goal for 

this literature review.  

Results 

 A search of the literature was conducted in July 2015 to identify existing literature 
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evaluating current educational programs or curricula for the education in the skill of CCU. 

Literature from 2005-2015 was examined utilizing the databases of Ovid MEDLINE, 

PsychINFO, CINAHL, and PubMed. Limitations of the results included studies with full text 

availability and written in the English language. The keywords of “transthoracic 

echocardiogram”, “echocardiogram”, “intensive care unit”, “training”, and “education” were 

used to search available studies. Inclusion criteria were the following: (1) addressed CCU 

education; (2) delineated CCU education different than expert echocardiography education; (3) 

discussed transthoracic echocardiography; (4) identified any key components of necessary CCU 

education curriculum. Exclusion criteria were the following: (1) reported studies completed on 

medical students; (2) discussed advanced CCU educational programs; (3) identified education 

for non-critical care bedside echocardiography/cardiac ultrasound (as with application for heart 

failure clinics).  

  From all databases, a total of 434 articles were found using the keywords. Review of all 

titles led to only 14 studies meeting inclusion criteria. Due to the small number of remaining 

articles, full text review was achievable with the 14 studies. However, only three met inclusion 

criteria after review. Ancestral searches of these documents resulted in 22 additional articles that 

were considered for review. A total of nine articles were selected and analyzed.  

Recommendations for Critical Care Cardiac Ultrasound Training  

 Numerous U.S. and internationally based medical organizations have convened and 

published recommendations supporting formal educational programs for CCU. All five reports 

were compiled from expert panel agreements addressing what CCU training programs should 

encompass.  

 Programmatic goals to produce intensivists that are capable of answering clinical 
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questions based upon basic CCU examinations are agreed upon by prominent critical care 

organizations (Fagley et al., 2015; Intensive Care Medicine, 2014; Intensive Care Medicine, 

2011; Mayo et al., 2009; Price et al., 2008. Intensive Care Medicine, 2014; and Intensive Care 

Medicine, 2011). Education goals of a CCU training course should be to enhance 

anesthesiology/critical care training (Fagley et al., 2015), to answer specific clinical questions 

(Price et al., 2008; Mayo et al., 2009), and be regarded as a standard skill for the intensivist 

(Intensive Care Medicine, 2014). The Society of Critical Care Medicine distinguishes between 

goals of basic CCU and advanced CCU, noting that advanced CCU is an optional component of 

training (Intensive Care Medicine, 2014). Consensus was also found among the position 

statements that CCU should be viewed as a standard and necessary skill for the intensivist 

(Fagley et al., 2015; Intensive Care Medicine, 2014; Intensive Care Medicine, 2011; Mayo et al., 

2009; Price et al., 2008. Intensive Care Medicine, 2014; and Intensive Care Medicine, 2011). 

Despite this consensus, Fagley et al., (2015) report that only 60% of accredited programs by the 

Society for Critical Care Anesthesiology offered formal ultrasound and 

echocardiography/cardiac ultrasound training to their critical care fellows and residents.  

 Recommendations for CCU learning goals included acquiring competency at obtaining 

standard CCU views (Fagley et al., 2015; Intensive Care Medicine, 2014; Intensive Care 

Medicine 2011; Mayo et al., 2009), such as parasternal long axis and parasternal short axis, and 

apical views. All recommendations included a combination of didactic and hands on training. 

But recommended time frames to achieve these views (and subsequent interpretation) varied. 

Fagley et al. (2015) delineated necessary time frames for becoming familiar with the CCU 

equipment (45 minutes) and obtaining standard CCU views (180 minutes), stating that didactic 

time ranges from 4-10 hours. This conflicts with Intensive Care Medicine’s (2011) statement that 



ACNP LCCU COURSE FEASIBILITY PROJECT  16 

a total of 10 hours of lecture and didactic time is needed to achieve basic competency.  

 The most variability between consensus statements was the number of practice exams 

suggested to become proficient at the basic CCU level; Fagley et al. (2015) report 30-50 exams 

but Intensive Care Medicine (2011) report 30 exams are suggested. Intensive Care Medicine 

(2014) state that determination of image acquisition skill for basic CCU is the responsibility of 

the local expert, but delineate 100 transthoracic echocardiogram exams are needed to achieve 

advanced CCU. Intensive Care Medicine (2011) reports that there was no evidence-based 

literature to support number of images needed to achieve basic CCU, nor a consensus among 

societies. The World Interactive Network Focused on Critical Ultrasound’s (WINFOCUS) 

position statement for training of CCU outline levels of competence, starting with emergent echo 

(basic) and leading to level 3 (expert with TEE). WINFOCUS does not specify how many 

images are needed to be competent at the emergent or level 1 phase, only noting that a logbook 

should be kept to track cases as learning progresses (Price et al., 2008).  

Findings regarding CCU educational programs 

 While societal stances support the use of CCU in the intensive care setting, few studies 

have actually examined the efficacy of the process by which one becomes proficient in any level 

of CCU. Breitkreutz et al. (2009) sought to enable novice echocardiographers to perform a 

focused CCU and interpret findings in the context of the clinical scenario. This prospective 

observational study was of interest to this author because of its one-day course design with a 

blended format (didactic with hands on training). The participants were given pre-educational 

materials from which they familiarized themselves with how to use the CCU machine and how 

to obtain basic views. The on-site course consisted of four hours of additional didactic and four 

hours of hands on training (HOT). Breitkreutz et al.’s (2009) approach to the HOT was to use 
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problem-based approaches, using a combination of healthy and ‘chronic disease state’ (e.g., 

pericardial effusions) models from which to practice CCU views. Skill acquisition was 

established from pre-program testing of pre-educational materials; the HOT instructors gave 

participants scores for their HOT efforts. Although Breitkreutz et al. (2009) concluded “this 

newly-developed blended learning peri-resuscitation echocardiography programme [sic] may 

serve as entry level…for both emergency physicians and critical care physicians” (p. 292). 

However, the authors did not include supporting data analyses to make this conclusion.  

 To integrate CCU training into a surgical critical care fellowship program, Killu et al. 

(2014) assessed the impact that an extended, short course training in CCU might have on patient 

care in the ICU setting. The critical care fellows received twelve disease-focused sessions that 

were conducted over a year’s time. Each session was designed to have thirty minutes of didactic 

training followed by sixty minutes of HOT. Each fellow was required to obtain 25-50 exams for 

the evaluation of their patient, however each participant and supervising interpreter was not 

blinded to the patient’s admission. The retrospective review included 203 patients for 873 

exams—27.4% of which were cardiac CCU. The fellows reported that, of these cardiac exams, 

CCU resulted in at least one new diagnosis in 65.52% of patients (95% CI [0.590, 0.720]) and 

the exam resulted in a change in management in 36.95% of patients (95% CI [0.303, 04.35]). 

Although statistics were not reported, Killu et al. (2014) stated the fellows reported self-

sufficiency was obtained at an average of three months’ time.  

 A shortened course for CCU basic proficiency was also of interest to Sekiguchi et al. 

(2012). The study reported the efficacy of a multimedia approach to didactic and HOT would 

have to teaching CCU to ICU attendings and critical care medicine fellows. Sekiguchi et al.’s 

(2012) approach to training was three hours of web-based didactic lectures followed by 120 
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minutes of a HOT workshop in a simulation center. Immediately after the HOT session, the 

participants were required to test their HOT skills by obtaining three diagnostic tasks within five 

minutes. The participants were tested on their timing to complete the tasks and quality of the 

CCU images obtained. Theory knowledge was tested at three different time points: pre-

workshop, after the three hours of web-based didactic lectures and post-workshop after their 

HOT testing. Knowledge and interpretation of CCU images improved pre- compared to post-

workshop with mean (SD) scores of 16.4 (4.9) and 24.2 (3.8), respectively, out of a maximum 

score of 30 (p < 0.001). Subjective confidence scores were examined (on a ten point Likert scale) 

and were found to improve, with median scores (25-75 percentile) of 1.0 (1.0-2.3) improving to 

7.0 (6.0-8.0) after the workshop (p < 0.001).  

 Vignon et al. (2007) abbreviated the goals of CCU to performing goal-oriented 

echocardiography in critically ill ICU patients. This modified curriculum was preferred in order 

“to answer the following “rule in, rule out” clinical questions: presence of a left ventricular (LV) 

systolic dysfunction (eye-ball evaluated ejection fraction ≤ 50%), LV dilatation, right ventricular 

(RV) dilatation (cor pulmonale), uncomplicated pericardial effusion or tamponade, and presence 

of pleural effusion” (p.1796). The course included three hours of didactic instruction with five 

hours of supervised HOT. The hands on training component utilized actual ICU patients rather 

than healthy models. The critical care residents then obtained 10-12 patient exams over a two-

month period. An experienced CCU intensivist observed and then compared his exam to the 

resident results. The trained intensivist had significantly less unaddressed clinical questions than 

the residents (0.8% vs 27% of 366 clinical questions; p < 0.001) but supported the hypothesis 

that a focused training session could be of assistance to an ICU provider to answer complex, but 

focused, clinical questions.  
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 The aforementioned four studies support the idea that CCU educational curricula can 

vary in format (real-time versus web-based), time required for hands on training, and setting for 

hands on training (simulation versus real patients). However, the variation in training structure 

leads to the same multi-organizational outcome goal of training providers that are capable of 

answering clinical questions based upon basic CCU examinations (Fagley et al., 2015; Intensive 

Care Medicine, 2014; Intensive Care Medicine, 2011; Mayo et al., 2009; Price et al., 2008. 

Intensive Care Medicine, 2014; and Intensive Care Medicine, 2011). 

Limitations of Literature Review 

Despite the utility of CCU to augment traditional care for patients requiring medical care 

in the ICU, training for CCU in the ICU setting remains a debated and sparsely studied subject. 

This was evident when searching for quality evidenced-based research examining the literature 

for a standard training program. However, the view of the importance of CCU in the care of ICU 

patients is obvious by the numerous, major national and international societal position statements 

regarding CCU’s use. Mayo (2011) reports that statements “of competence are very specific; 

statements on training are less so” (no page).  

More studies are needed to determine the best strategies for developing CCU educational 

programs, with inclusion of ACNPs as part of skilled providers. Although many organizations 

have published position statements regarding CCU use in the ICU setting, few studies have been 

conducted examining how or why providers actually change their approach to care. More 

specific outcomes need to be identified when assessing quality of educational curricula, 

including how many exams are needed to deem one competent in CCU. The overarching 

limitation is lack of ACNP inclusion in societal statements and studies that examine the utility of 

CCU in the ICU setting. Moreover, more studies should examine the potential impact that 
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ACNPs could have when utilizing CCU in the care they provide to critically ill patients.	
  

Implications for ACNPs in CCU Education 

 The American Association of Colleges of Nursing (AACN), the professional body by 

which ACNP programs are accredited, states a core competency of ACNP education is diagnosis 

of health status. ACNPs are educated to manage and evaluate acute, critical, and chronically ill 

patients “through ordering, interpretation, performance, and supervision of diagnostic testing and 

clinical procedures” (AACN, 2012, p. 18). Because ACNPs are being utilized currently and will 

be utilized more as part of ICU provider models in the near future (Squires et al., 2013), 

education and maintenance of core competencies for ICU providers must include ACNPs. A 

current structure exists for ACNPs to be included in the concept that “basic level critical care 

echocardiography should be a required part of training of every ICU physician” (Mayo, 2011, no 

page) but acceptance of ACNPs has yet to be achieved—at least in the language of position 

statements and formal recommendations for training.   

Introduction of Project Question 

 ACNPs are competent ICU providers who will continue to be key players in providing 

care for intensive care patients. Future inclusion of ACNPs is necessary for continued and formal 

education to maintain modern skills for the care of ICU patients. However, ACNPs must also 

meet standards and competencies set for ICU physicians in basic critical care cardiac ultrasound 

to continue to provide safe and effective care. This project presents this question: is it feasible for 

a skills based limited educational program to be effective in teaching ACNPs core concepts of 

critical care cardiac ultrasound? Focusing on critical care cardiac ultrasound’s core objectives 

allow for measuring of hemodynamic states and can assist the ACNP in achieving this important 

ICU skill. Moreover, this skill is important for evaluating patients and could greatly affect the 
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care of the critically ill patient, saving lives. 

 The major goal of this project was to evaluate the feasibility of a skills based limited 

critical care cardiac ultrasound (SBLCCU) educational program for ACNPs to determine 

whether the program was effective in teaching ACNPs the skill set necessary to use LCCU as a 

diagnostic tool. It is important to note that a limited CCU differs from standard CCU, as 

discussed. For purposes of this project, terminology of a ‘limited critical care cardiac ultrasound’ 

(LCCU) will be used because participants were not taught the full, extensive traditional critical 

care cardiac ultrasound. Instead, participants were only taught one aspect of the CCU.  
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Methods  

Introduction 

 Acute care nurse practitioners are competent intensivists who currently provide and will 

continue provide care to ICU patients in the future, especially as the need for adequately skilled 

providers increases as physician shortages worsen. ACNPs should maintain required diagnostic 

skills, both basic and advanced, that are required of all intensivists. The absolute lack of 

literature addressing ACNP utilization and education of CCU requires that a basic foundation 

should be constructed and then evaluated before making determinations of skill ability. This 

project began to build that foundation by examining the effectiveness of a skills based education 

program that teaches ACNPs basic LCCU skills. Because volume status is a clinical question 

that intensivists address frequently in clinical practice (Strugess et al., in Lumb, 2014), the focus 

of the educational program included evaluating effectiveness of a focused educational course, 

obtaining basic views for calculating stroke volume/cardiac output, and calculating stroke 

volume/cardiac output. 

Research Design 

 This quasi-experimental feasibility study utilized examined whether participation in the 

Skills Based Limited Critical Care Cardiac Ultrasound Course for ACNPs (SBLCCU) improves 

knowledge level and clinical ability to conduct and to interpret LCCU.  

Statement of Purpose and Hypothesis   

 The purpose of the study was to evaluate the feasibility of a skills based limited critical 

care cardiac ultrasound educational program for acute care nurse practitioners (SBLCCU) aimed 

at evaluating volume status. The three-part hypothesis for this study was: Participation in this 

SBLCCE, will improve ACNPs’ 
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1) ability to understand core concepts of LCCE,  

2) ability to obtain basic echocardiograph views necessary to evaluate a patient’s volume 

status, and  

3) ability to calculate stroke volume/cardiac output accurately.  

Definition of Terms 

 Operational definitions of several key terms are described as the following: 

§ An acute care nurse practitioner (ACNP) is a master’s-prepared or doctoral-

prepared nurse who has undergone board certification in the care of adults in the 

acute care (or hospital) setting. 

§ An intensivist is a provider, physician or nurse practitioner, who provides care for 

patients in an intensive care unit.  

§ Critical care cardiac ultrasound (CCU) is the structural evaluation, by way of 

ultrasonography, the organ system of the heart. Terminology of a ‘limited critical 

care cardiac ultrasound’ (LCCU) replaces CCU because participants were not 

taught the full, extensive traditional critical care echocardiograph/cardiac 

ultrasound. Instead, participants were taught only one aspect of CCU. 

Additionally, the term critical care was only used in theoretical applications, as no 

patients requiring critical care were evaluated in this study.  

§ Skills based education is meant to include the instruction of basic concepts of 

limited critical care cardiac ultrasound and educating intensivists to evaluate a 

single clinical question. 

§ Determination of volume status was the single clinical question upon which this 

skills based educational program focused. Stroke volume and cardiac output are 



ACNP LCCU COURSE FEASIBILITY PROJECT  24 

directly related to a patient’s volume status and these terms were used, in the 

context of this study, interchangeably.  

§ Proficiency of the ACNPs ability to obtain adequate views to evaluate a patient’s 

volume status was determined by two board certified anesthesiologists who also 

have a specialty certification in echocardiography. This operational definition 

mimics how physicians were deemed proficient in key research previously 

conducted (Beraud, Rizk, Pearl, Liang, & Patterson, 2013; Breitkreutz et al., 2009; 

Killu et al., 2014; Sekiguchi et al., 2012; Vignon et al., 2007).  

Setting  

 The setting was an academic tertiary medical center in a metropolitan city in the mid-

Atlantic region of the United States. The actual program/educational intervention took place in a 

simulation center adjacent to this academic tertiary medical center. Setting approval for this 

study was obtained from the lead ACNP of the participants, the director of surgical nurse 

practitioners, and by the anesthesiologists leading the course. All persons involved in the setting 

approval were provided an electronic copy of the study proposal prior to the course. The actual 

program/educational intervention was held on January 21, 2016.  

Program Description and Procedures 

 Recruitment. Participants were voluntarily recruited via email from a group of ACNPs 

who currently work in a surgical ICU and, after inclusion/exclusion criteria were confirmed, 

verbal consent was obtained from all participants on the day of the SBLCCU.  

Study procedures. The ACNPs knowledge level was measured by a multiple-choice test, 

the Critical Care Cardiac Ultrasound Knowledge Test (See Appendix C), at three interval test 

points: (1) before participation in the course and before any LCCU education was provided; (2) 
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after participation in the Skills Based Limited Critical Care Ultrasound Course for ACNPs; and 

(3) between one to two weeks following participation in the Skills Based Limited Critical Care 

Ultrasound Course for ACNPs. Additionally, this study measured the clinical ability of the 

ACNPs to obtain adequate LCCU views needed to calculate cardiac output, via the Limited 

Critical Care Ultrasound Views Clinical Ability Test (at one point during the formalized LCCU 

program). This study also tested the ability of the ACNP to calculate stroke volume/cardiac 

output, called the Stroke Volume/Cardiac Output Clinical Ability Test, at the end of the 

educational course and one week after the SBLCCU.  

The first knowledge level was assessed approximately two weeks before the SBLCCU 

via the Critical Care Cardiac Ultrasound Knowledge Test, a multiple choice knowledge level 16-

item pre-test (See Appendix C). The test was collected from but not reviewed by the instructor 

with the participants. This test was used to establish a baseline understanding of LCCU and was 

used in data analyses. 

Approximately two weeks before the educational program, participants were emailed pre-

educational materials in the format of three training videos previously developed by Vanderbilt 

University’s Emergency Medicine Ultrasound Fellowship, directed by Rob Ferre, MD (Ferre, R., 

n.d.; Ferre, R., n.d.; Ferre, R., n.d.). The three training video’s foci include: (1) introduction to 

echocardiography physics; (2) introduction to Doppler; and (3) basic and advanced CCU views. 

Internet link addresses to these open-access videos can be found in Appendix B. Additionally, 

one article about LCCU was emailed for the participants to review prior to the formalized 

education (Beaulieu & Marik, 2005) (See Appendix B). It was estimated that pre-educational 

material review took approximately one hour to one and a half hours to complete.  

 On the day of the Skills Based Limited Critical Care Ultrasound Course for ACNPs’, 
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participants met in the simulation lab. The course instructor, an anesthesiologist who is also 

board certified in echocardiography and critical care medicine, conducted a four-hour didactic 

power-point presentation. Objectives of the power-points were to describe basic concepts of 

critical care cardiac ultrasound and Doppler as well as how to obtain basic critical care cardiac 

ultrasound views needed to stroke volume/calculate cardiac output (See Appendices D and E). 

This was an interactive learning activity, meaning that participants asked questions during the 

lecture and the anesthesiologist used the echocardiograph machine to demonstrate concepts 

presented. Additionally, the participants were able to watch the anesthesiologist practice 

obtaining views on a medical model (a live person) to begin understanding proper technique of 

obtaining the standard views.  

 The same Critical Care Cardiac Ultrasound Knowledge Test was then given to the 

participants and completed after the lectures but not reviewed with the participants.  

 After this didactic portion of the Skills Based Limited Critical Care Ultrasound Course 

for ACNPs’, the anesthesiologist led the hands-on-training portion of the program. An additional 

anesthesiologist, also board certified in both echocardiography and critical care medicine, also 

assisted participants in the hands-on-training. The hands on training was conducted on two 

healthy volunteers (one per training station). Therefore, the instructor to student ratio was one 

anesthesiologist (instructor) for every two or three participants (student). Training objectives for 

the hands-on-training included:  (1) demonstration of how to obtain basic echocardiography 

views; (2) instruction on how to use views to obtain measurements needed to determine volume 

status/cardiac output; and (3) participants demonstrated return ability these skills with immediate 

feedback from the anesthesiologists. It was during this hands-on-training that the two 

anesthesiologists assured that the participants understood how to obtain necessary LCCU views 
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and how to accurately calculate measurements of stroke volume/cardiac output via fractional 

area change and left ventricular outflow tract measurement/velocity time interval.  

 The clinical ability examination portion of the study had two parts. The first part included 

obtaining the four adequate views needed for measuring stroke volume/cardiac output, called the 

Limited Critical Care Ultrasound Views Clinical Ability Test (see Appendix F). One at a time, 

the ACNPs demonstrated these four LCCU views and both anesthesiologists evaluated if the 

ACNP correctly obtained the views. Only the ACNP and the two anesthesiologists were present 

during the examination. The second part of the clinical ability testing, called the Stroke 

Volume/Cardiac Output Clinical Ability Test, was a pre-determined echocardiography 

simulation case taken from one of the medical models that was reviewed by the ACNP 

participant to calculate stroke volume/cardiac output using fractional area change and left 

ventricular outflow tract measurement/velocity time interval. See Appendix G for the Stoke 

Volume/Cardiac Output Clinical Ability Test sheet. The combined hands-on-training and clinical 

ability testing was estimated to take five hours.  

 One week after the Skills Based Limited Critical Care Ultrasound Course for ACNPs’, an 

email was sent to all ACNP participants with the same Critical Care Cardiac Ultrasound 

Knowledge Test questions and were asked to repeat the same Stroke Volume/Cardiac Output 

Clinical Ability Test (on the same medical model electronic simulation case). Participants 

answered the knowledge test on their own time but completed the Stroke Volume/Cardiac 

Output Clinical Ability Test while working within one to two weeks after the educational course.   

 To summarize: 

§ Two weeks before course: email of the Limited Critical Care Cardiac Ultrasound 

Knowledge Test (participants emailed back answers) 
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§ Approximately two weeks before course: emailed link to the pre-educational 

materials 

§ Day of course: 

§ In morning: lectures presented then participants retook Critical Care 

Cardiac Ultrasound Knowledge Test 

§ In afternoon: Hands on Training (HOT) then participants completed 1) 

Limited Critical Care Cardiac Ultrasound Views Clinical Ability Test; and 

2) Stroke Volume/Cardiac Output Clinical Ability Test 

§ One to two weeks after course: email of Critical Care Cardiac Ultrasound 

Knowledge Test (participants emailed back answers) and participants retook the 

same Stroke Volume/Cardiac Output Clinical Ability Test 

Description of the Sample 

 The number of participants for this study was five, who were obtained from a 

convenience sample of ACNPs who currently work in a surgical intensive care unit. Inclusion 

criteria from this sample included willingness to voluntarily participate all components of course 

(including all knowledge level and clinical ability testing) and English-speaking. Exclusion 

criteria from this sample were any formalized CCU or LCCU education, inability to participate 

in any component of the course, and non-English speaking. Drop-outs were not experienced 

during this feasibility study.   

 Of the five study participants, all were masters-prepared advanced practice nurses and all 

were board certified as acute care nurse practitioners (ACNPs). All participants identified 

themselves as females and the average age of the participants was 34.6. The average number of 

years as an ACNP in an ICU setting was 3.6 years.  
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Measures of Reliability 

 Inter-relater reliability was anticipated for the knowledge test by expert agreement 

(among two anesthesiologists who are board certified in echocardiography) on the questions and 

multiple-choice answers. Reliability of the Limited Critical Care Cardiac Ultrasound Views 

Clinical Ability Test (See Appendix F) was anticipated with agreement, of real-time scores, 

between the same anesthesiologists.  The second Stroke Volume/Cardiac Output Clinical Ability 

Test (Appendix G) was anticipated to be achieved based upon the inter-relater reliability of the 

two expert anesthesiologists. However, the second anesthesiologist was not able to calculate 

stroke volume/cardiac output because of time constraints.  

Protection of Human Subjects 

 Institutional Review Board (IRB) policies and procedures of the academic tertiary 

medical center were followed, which included approval from the IRB board (see Appendix H). 

Additional approval was obtained from the University of Virginia’s IRB board (see Appendix I). 

 The risk to the ACNP participants and the two medical models was minimal. Per the IRB 

requirements, consent was obtained from the participants and the medical models. Copies of the 

consents were given to the participants and medical models. Additional information for a 

“subsequent findings plan” was given to the medical models. Both participants and medical 

models were encouraged to verbalize any concerns or discomfort.  

Data Analysis 

 Descriptive measures were used to evaluate the data utilizing Stata/MP (StataCorp, 

2015). Evaluation of knowledge level of each participant, by scores of the Critical Care Cardiac 

Ultrasound Knowledge Test (see Appendix C), was determined using a paired t-test to evaluate if 
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differences existed between knowledge levels at three different time periods.  A McNemar’s chi-

square test evaluated the clinical abilities of the ACNPs to obtain adequate LCCU views. ACNP 

performance evaluation of the Stroke Volume/Cardiac Output Clinical Ability Test at two points 

in time (immediately post-education and at one week post-education) was completed using a 

paired t-test. 

 However, Leon, Davis, & Kraemer (2011) suggest that pilot/feasibility studies should not 

aim to produce statistically significant results, i.e. p values. Instead, feasibility studies should be 

used to evaluate recruitment, interventional design, and implementation of the novel 

intervention—leading to larger scale studies that utilize inferential statistics (Leon, Davis, & 

Kraemer, 2011).  
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Results 

Critical Care Cardiac Ultrasound Knowledge Test 

 Mean scores of the Critical Care Cardiac Ultrasound Knowledge Test were obtained pre-

education, the day of education (day-education), and one to two weeks after the SBLCCU course 

(post-education). The mean scores are raw scores out of the sixteen-item multiple-choice test. 

Mean pre-education scores (SD) were 7 (1.73) and improved to 9 (2.16) the day of the course 

(day-education). Post-education scores were 10 (3.74). When comparing differences between the 

groups, mean scores pre-education were not significantly different than the day-education scores 

(p = 0.141). Additionally, there was no significant difference between the mean scores of the pre-

education scores and the post-education scores (p = 0.158). However, there was no significant 

difference between day-education scores and post-education scores (p = 0.675). See Appendix L.  

Limited Critical Care Cardiac Ultrasound Views Clinical Ability Test 

 When the two anesthesiologists evaluated the ACNPs for their ability to obtain adequate 

basic LCCU views, there was no significant difference in their evaluation of the twenty distinct 

views (p = 0.317). Qualitative evaluation of the views test revealed that four of the five 

participants were able to achieve satisfactory images of all four basic views. One participant was 

able to obtain two satisfactory views (parasternal short axis and apical four chamber), while not 

achieving adequate views on the remaining two views (parasternal long axis and apical five 

chamber). See Appendix L for the graphical representation of these results.  

Stroke Volume/Cardiac Output Clinical Ability Test 

 Evaluating ability for the ACNPs to adequately measure calculate stroke volume/cardiac 

output was completed from the medical model electronic simulation case. Allowance for 10% 
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variance of answers of both Fractional Area Change (FAC) and Cardiac Output (CO) were 

deemed satisfactory/correct (Vieillard-Baron et al., 2003), with the correct answer of FAC being 

61% (range 54.9-67.1) and CO being 4.5 liters (range 4.05-4.95). For FAC, only two of the five 

participants achieved satisfaction the day of education; no participants achieved correct scores 

post-education. Comparison of raw scores of FAC for the day-education (63.44 ± 16.6) was not 

significantly different than post-education scores (62.78 ± 23.69) (p  = 0.936), even though the 

mean for the post-education FAC was closer to the correct FAC.  For CO, three of the five 

participants achieved satisfaction the day of education; no participants achieved correct scores 

post-education. Comparison of raw scores for CO for the day-education (4.33 ± 0.76) was not 

significantly different than post-education scores (3.84 ± 0.91) (p = 0.377). Qualitative 

evaluation of the scores revealed that for both FAC and CO the range of answers were wider for 

the post-education testing, meaning they were more incorrect when tested one to two weeks after 

the SBLCCU. Additionally, if one person was incorrect in their FAC or CO measurements for 

the day-education, they were more likely to be incorrect for the post-education measurements (p 

= 0.083). See Appendix L for these findings.  

Discussion 

Implications of Results for Feasibility of Future CCUS for ACNPs 

	
   Despite the overwhelming recommendations that all intensivists should be proficient in 

CCU (Fagley et al., 2015; Intensive Care Medicine, 2014; Intensive Care Medicine, 2011; Mayo 

et al., 2009; Price et al., 2008. Intensive Care Medicine, 2014; and Intensive Care Medicine, 

2011), there have been no studies to date that have examined how ACNPs can be educated in 

CCU. Bowen, et al. (2009) state performing a feasibility study is indicated when “there are few 

previously published studies or existing data using a specific intervention technique” (p. 2) and 
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“the population or intervention target has been shown empirically to need unique consideration 

of the topic, method, or outcome”. (p.3). This feasibility study was one step toward the goal of 

educating ACNPs that work collaboratively with physicians, both as intensivists, to maintain 

guidelines of care.  

 The primary focus of this project was to examine the feasibility of implementing a skills-

based limited CCU course for ACNPs. Implementation is one of eight general areas upon which 

feasibility studies can be focused (Bowen et al, 2009) when examining the “concern[ing] the 

extent, likelihood, and manner in which an intervention can be fully implemented as planned and 

proposed, often in an uncontrolled design” (p.3). The first step in this project was to gain insight 

in to how the administrators viewed the ACNP’s role in the surgical ICU. Although not 

previously discussed in this manuscript, major stakeholders (ICU surgical and anesthesia 

directors) overwhelmingly supported the concept of ACNPs being educated in CCU/LCCU, as 

well as potentially being educators for surgical and anesthesia residents who train in the same 

surgical ICU. This acceptance was critical when examining the potential of expanding non-

physician intensivist diagnostic skills. Additionally, insight in to how the ACNPs viewed their 

potential acceptance and integration of CCU/LCCU into their daily practice was key; all five 

ACNPs were eager to learn this skill that they witnessed other intensivists employing on a daily 

basis. The ACNPs were confident in their clinical expertise to become knowledgeable in 

CCU/LCCU, adding to their ability to properly care for their ICU patients by more accurately 

evaluating measures of volume status and cardiac function. Acceptance by the ACNPs is 

equivocal in importance to gaining acceptance by stakeholders.  

 Access to trained and proficient providers of CCU is also another component of this 

project that was important. The individuals teaching CCU should have extensive background in 
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basic and advanced CCU concepts, performing CCU, and implementing CCU in to clinical 

practice (Society of Critical Care Anesthesiologists, 2015; Fagley et al. 2015). Both 

anesthesiologists are board certified in both anesthesiology and echocardiography; both were 

enthusiastic about being a part of this project and willing to teach the ACNPs basic concepts of 

CCU and LCCU. Additionally, both anesthesiologists routinely hold CCU courses at major 

teaching institutions and are part of CCU task forces for several national organizations. It goes 

without saying that having knowledgeable individuals at the same institution that the ACNPs 

work in was paramount to being able to plan and implement the SBLCCU course.  

 The data analysis for this project could be improved upon in future LCCU courses. 

Although there were qualitative improvements of the ACNP’s knowledge over time, this was not 

statistically significant. However, it was interesting to observe that the ACNPs retained the 

knowledge taught during the SBLCCU course at one to two weeks post-education despite not 

having formalized reinforcement of the information. Inferences could be made that ACNPs do 

have the capacity to understand and maintain core CCU/LCCU concepts needed to perform 

LCCU.  

 The ACNPs ability to obtain adequate LCCU images is important to discuss despite 

having non-statistical significance with any of the project inquires. Observationally, there was 

agreement between the two anesthesiologists that the ACNPs could obtain adequate views. Of 

the twenty images obtained, 90% (18 out of 20) of the images were deemed, by both 

anesthesiologists, adequate to make perform diagnostic calculations of cardiac function. 

Additionally, four ACNPs obtained all four views (100%) adequately. The fact that one ACNP 

had difficulty with two views supports that additional one-on-one reinforcement of technique 

could improve the ACNP’s ability to adequately obtain all views for LCCU.  
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 When analyzing the ability of the ACNPs to adequately perform the Stroke 

Volume/Cardiac Output Clinical Ability Test, it was interesting to discover that so few 

participants were able to adequately calculate FAC and CO. In fact, it was alarming that none of 

the participants were able to correctly perform either test post-education (one to two weeks after 

SBLCCU). One hypothesis for these results is that the medical model electronic simulation case 

was not as standardized as the study coordinator originally thought. The video clips were three to 

five seconds in length. Variability in FAC and/or CO could be normal differences of stroke 

volume with each heartbeat (Vieillard-Baron et al., 2003), i.e. if one ACNP measured FAC 

and/or at the first heartbeat vs the third heartbeat, they would achieve different answers. 

Standardizing which heartbeat to measure FAC and/or CO is not feasible, as judgments in which 

heartbeat is best could differ from participant to participant. In addition, it would be interesting 

to examine components of FAC/CO to see where the most errors were made. For example, if 

participants estimated ventricular area at systole accurately but struggled with diastole (for FAC) 

then re-education would only need to be focused at one area. The same approach could be 

employed when examining Cardiac Output answers; did participants estimate velocity time 

interval (VTI) accurately but have varying answers for left ventricular outflow tract and/or HR 

(or any variation thereof)? This also could be opportunity for focused re-education where 

standard deviations in answers had the most variation.   

Strengths and Weaknesses of the Design 

 A major strength of this study design is that the Skills Based Limited Critical Care 

Cardiac Ultrasound Course for ACNPs’ simulates numerous other shortened courses aimed at 

educating physician providers in concepts of traditional CCE (Manasia et al., 2005; Breitkreutz 

et al., 2009; Killu et al. 2014; Sekiguchi et al., 2012; Vignon et al., 2007). In contrast to these 
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studies, however, this study uses ACNPs as participants, which is something that, to this author’s 

knowledge, has not been studied before. The Skills Based Limited Echocardiography Course for 

ACNPs’ is a one-day course, which is more feasible than more formalized, multiday courses 

offered by large organizations. This feasibility includes decreased time and decreased cost 

required for the course. The course is also easily re-producible for multiple providers, given its 

one-day design. Aspects that allowed for decreased cost of SBLCCU were the project 

coordinator’s ability to borrow, free of charge, three ultrasound machines from the institution’s 

medical simulation lab and the anesthesiologists who taught the course volunteered their time. 

Additionally, classroom space was available free of charge. The study coordinator also employed 

Bachelors of Science in Nursing students as the medical model volunteers instead of using more 

costly medical models already established with the institution.  

 The ability to keep the number of participants limited could be considered a strength of 

this feasibility study. Sekiguchi et al. (2012) had trainee to instructor ratios of 2:1 for their hands 

on training sessions; no other studies reported their trainee to instructor ratio nor do 

organizations suggest standardized trainee to instructor ratios. For SBLCCU, the hands on 

training portion of the study allowed for a trainee to instructor ratio of 2.5:1. 

  Generalizability of the objectives, focus, and design of this SBLCCU course in other 

settings should be met with caution. Additionally, interpreting this study’s results to be that 

ACNPs do not have the skills necessary to become proficient in LCCU would be of great 

concern. There are many weaknesses of the design to this feasibility study.  

 One of the major weaknesses (from a data analysis perspective) of the Skills Base Limited 

Echocardiography Course for ACNPs’ includes the small number of participants. It was 

necessary to limit the number of participants for this particular one-day design because not all 
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ACNPs could be absent from patient care in the ICU during an eight-hour period. However, the 

limited number of participants was problematic when attempting to identify statistically 

significant differences between the variables. Factor analysis for an appropriate sample size for 

SBLCCU was not attempted, thus establishing statistical power with these results was not 

achieved (Munro, 2005). However, it is suggested that establishing power for feasibility studies 

is not always required to discern if a particular study design is feasible to reproduce on a larger 

scale (Bowen et al. (2009); Leon et al, 2011).   

 Although using healthy volunteers and a case study lent to the ease of the course, this 

could also be seen as a weakness. Reproducing images on sick patients in an ICU setting can be 

one of the most difficult aspects of obtaining adequate LCCU images (Odom, 2005). The Skills 

Based Limited Echocardiography Course for ACNPs’ only focuses on evaluating a patient’s 

cardiac output, which is one aspect of many questions that can be answered with a full CCU 

examination. All providers who are beginning to incorporate CCU in to their clinical skillset 

must understand limitations to all LCCU examinations and seek advice of more experienced 

CCU providers when clinical questions arise. Most importantly, all providers using LCCU in 

their clinical practice must acknowledge that LCCU does not replace formalized 

echocardiography examinations that are performed by echocardiography technicians and 

interpreted by certified echocardiologists and cardiologists. 

 Retrospectively, one drawback to this study’s design was the lack of knowledge 

reinforcement from the day-education to the post-education. The ACNP participants were neither 

encouraged nor discouraged from practicing LCCU on their ICU patients. Neither the instructors 

nor the study coordinator discussed concepts of LCCU with the participants after the course. 

This could have resulted in the outcome that none of the participants were able to correctly 
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perform the Stroke Volume/Cardiac Output Clinical Ability Test one to two weeks post-

education.  

 An additional unexpected change to the original course design was the inability to teach 

the biplane method of disks, also called the Modified Simpson’s Rule. The biplane method of 

disks is a test that calculates volume estimations of the left ventricle, thereby estimating stroke 

volume, and is considered one of the three basic exams (along with FAC and CO) to determine a 

patient’s volume status (Strugess et al., in Lumb, 2014). It was a goal of the study coordinator to 

have the participants learn and complete the biplane method of disks. However, on the day of the 

SBLCCU the anesthesiologists could not get the computer program to work correctly. The study 

coordinator determined that this would be taught at a later time. 	
  

Advanced Practice Nursing Implications 

 The Centers for Medicare and Medicaid Services (CMS) have begun, as of October 10, 

2015, requiring that ICU providers document assessment of volume status and tissue perfusion 

for patients with diagnosed shock. This assessment includes a bedside cardiovascular 

ultrasound/echocardiograph and documentation of assessment of fluid responsiveness. The 

Centers for Medicare and Medicaid Services have designated that a critical care echocardiograph 

is an appropriate way to obtain this assessment. This ‘core measure’ assessment is to be 

completed within six hours of the patient’s presentation to an acute care setting (Kleinpell, 

2015). Septic patients are admitted to critical care units at all hours of the day and all ICU 

providers must be competent in assessing a patient’s cardiovascular assessment and fluid 

responsiveness, as this core measure stipulates. For ACNPs to comply with these CMS 

requirements, ACNPs must be skilled in all ICU procedures to provide adequate care.   

 In accordance with multiple critical care society’s position statements on critical care 
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skills, ACNPs should have the education to become proficient LCCU and CCU performers. This 

is an initial step at supporting this statement, potentially proving that ACNPs can adequately 

perform this necessary ICU skill. Although data has been shown that skills based LCCU 

programs are a valid way to educate physicians for CCU, no published studies were found that 

aim education only for ACNPs that care for patients requiring critical care. This project 

examined the effectiveness of just one educational design.   

 Advancing nursing practice is a focus of the American Association of Colleges of 

Nursing, an organization through which all of the participants and the surgical ICU’s ACNPs are 

licensed through as advanced practice nurses. Two main foci of “The Essentials of Doctoral 

Education for Advanced Nursing Practice” is using technology to improve patient care and 

collaborating with other professionals to improve patient outcomes (AACN, 2006). This study 

addresses both of those foci by incorporating the technology of critical care cardiac ultrasound 

into a collaborative practice with our physician intensivist counterparts.  

Products of the DNP Capstone Project 

 Review of the results and re-design of the course will be completed, as necessary, with 

the anesthesiologists that conducted the educational component. One variable already discussed 

is lengthening the time between the day-education and post-education evaluations. Breitkreutz et 

al. (2009) allowed for 50 exams before evaluating providers on efficiency. Killu et al. (2014) 

required 25-50 exams before determining hemodynamic status. Vignon et al. (2007) allowed for 

two months of practice before testing ICU residents for goal-oriented LCCU exams. All of these 

studies suggest that giving the ACNPs one to two weeks to process LCCU was not enough time. 

Future examinations of ability to perform LCCU and calculate SV/CO could be determined at 

longer time intervals.  
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 The overall goal of this program is to develop a critical care echocardiography course that 

can be taught to other ICU providers, physicians and non-physicians, on a quarterly basis. A goal 

of this author is to develop similar skills based LCCU programs that can answer other clinical 

questions (e.g. valvular abnormalities or cardiac wall motion abnormalities) that any acute care 

provider needs answered to deliver efficient, timely, and cost-effective care.  

 Future courses to teach the remaining ACNPs LCCU are already underway. Additional 

analyses could strengthen these results, lending to more generalizability of the course for future 

intensivists. It will also be interesting to evaluate the ACNPs satisfaction with the design and 

objectives of the course. A course evaluation will be added to future courses to evaluate the 

ACNPs confidence at performing LCCU. Sekiguchi et al. (2014) reported that the greater the 

confidence of physicians to perform CCU at pre-workshop, the greater the skills test scores post-

workshop. This could also be a variable of interest as more ICU providers learn LCCU/CCU.  

 As of February 2016, two posters have been presented at conferences. The information 

contained on the posters are direct products of this DNP proposal (Solis, 2015, May.; Solis, 

2015, September.; Solis, 2015, November.) 

 A formal manuscript will be written per guidelines of the Journal of the American 

Association of Nurse Practitioners. See Appendix M for the guidelines of this specific journal. 

Although one of the primary interests of this specific journal is to publish original research, the 

intent of this author’s manuscript is to publish a ‘brief report’ on the current state of CCU/LCCU 

and its potential clinical application and role development for practicing ACNPs.  
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Appendix A 

Demographic Data of ACNP Participants 

 

Name: ____________________  Age: ______________ 

Gender: Male/Female 

Highest level of education completed: ______ 

Years as an ACNP: _________ 

Years as an ACNP in surgical ICU setting: ______ 
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Appendix B 

Pre-educational Materials 

 

Pre-education videos: 

Vanderbilt University’s Emergency Medicine Ultrasound Fellowship Training Videos: 

§ Introduction to Ultrasound Physics: https://vimeo.com/99688279 
§ Introduction to Doppler: https://vimeo.com/137894811 
§ Basic and Advanced CCE Views:  https://vimeo.com/117873840 

Written electronic permission obtained from Rob Ferre, MD on September 27, 2015.  

 

Pre-education article:   

Beaulieu, Y., & Marik, P.E. (2005). Bedside ultrasonography in the ICU; Part I. Chest, 128(2), 

 881-895. 
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Appendix C 

Critical Care Cardiac Ultrasound Knowledge Test  

Name: _________________________ 
Score: ______ / ______ 
 

Critical Care Cardiac Ultrasound Test 
Part 1 
1 This transthoracic echocardiography view is 
Attachments 
 

 
A. Parasternal long axis 
B. Parasternal short axis 
C. Apical 4 chamber 
D. Subcostal 4 chamber 
 
2 For the view displayed in the previous question, the orientation marker should be 
placed 
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Appendix C (cont.) 
 

Critical Care Cardiac Ultrasound Knowledge Test  

 
 
A. At 3 o'clock 
B. At 12 o'clock 
C. At 9 o'clock 
D. At 6 o'clock 
 
3 This view can be used for (check all can apply) 
A. Assessment of left ventricular systolic function 
B. Assessment of right ventricular function 
C. IVC size and respiratory variation 
D. Distinction between pericardial and pleural effusion 
 
4 This view is 
Attachments 
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Appendix C (cont.) 
 

Critical Care Cardiac Ultrasound Knowledge Test  

 
A. Apical 4 chamber 
B. Subcostal 4 chamber 
C. Apical 5 chamber 
D. Parasternal long axis 
E. Parasternal short axis 
 
5 What can this view be used for? (check all can apply) 
A. Detection of aortic stenosis 
B. Calculation of cardiac output 
C. Assessment of right ventricular function 
D. Detection of pericardial effusion 
E. Assessment of left ventricular function 
 
6 What is this transthoracic view? 
Attachments 
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Appendix C (cont.) 
 

Critical Care Cardiac Ultrasound Knowledge Test  

 
A. Parasternal short axis on the aortic valve 
B. Parasternal short axis on the papillary muscle 
C. Subcostal 4 chamber 
D. Cross-section of the IVC 
E. Parasternal long axis 
F. Apical 4 chamber 
 
7 Where should be directed the marker on the probe for the view displayed in the 
previous question? 
A. Toward the patient's right shoulder 
B. Toward the patient's left shoulder 
C. Toward the patient's left foot 
D. Toward the patient's right foot 
 
8 What are the criteria of quality for this view? (check all can apply) 
A. You should see the apex 
B. The left ventricle should be ovoid 
C. The papillary muscles should be on the top of the image 
D. The papillary muscles should be symmetric in the left ventricle 
E. The left ventricle should be round 
 
9 The view displayed in question 6 can be used to assess (check all can apply) 
A. RV function 
B. presence of pericardial effusion 
C. LV function 
D. size of the atria 
E. aortic stenosis 
 
10 The left ventricular function can be assessed from any kind of images, not 
necessarily from standard views 

€ True 
€ False 

 
11 The right ventricular function can be assessed from 
A. Parasternal long axis 
B. Parasternal short axis 
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Appendix C (cont.) 
 

Critical Care Cardiac Ultrasound Knowledge Test  

 
C. Apical 4 chamber 
D. Subcostal 4 chamber 
E. All are true but I need at least 2 different views 
 
12 Left pleural effusion is located in space 
Attachments 

 
A. A 
B. B 
C. C 
D. D 
 
13 The most important indice to differentiate the IVC from the abdominal aorta is 
A. the IVC is smaller 
B. the aorta does not have respiratory variations 
C. the IVC is not pulsatile 
D. the IVC is merging into the right atrium 
E. their direction is different 
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Appendix C (cont.) 

 

Critical Care Cardiac Ultrasound Knowledge Test  

 
14 The IVC should be measured at location 
Attachments 

 
A. 1 
B. 2 
C. 3 
 
15 In normal right ventricle 
A. The size of the right ventricle is bigger than the size of the left ventricle 
B. The size of the right ventricle is less than 2/3 of the size of the left ventricle 
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Appendix C (cont.) 
 

Critical Care Cardiac Ultrasound Knowledge Test  

 
16 In this view, can you recognize the heart structures? 
Attachments 

 
1. 1 A. Mitral valve 
2. 2 B. Aortic valve 
3. 3 C. Ascending aorta 
4. 4 D. Right ventricle 
5. 5 E. Left ventricle 
6. 6 F. Left atrium 
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Appendix D 

Introduction to Critical Care Echocardiography Lecture 
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Appendix D (cont.) 

Introduction to Critical Care Echocardiography Lecture 
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Appendix D (cont.) 

Introduction to Critical Care Echocardiography Lecture 
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Appendix D (cont.) 

Introduction to Critical Care Echocardiography Lecture 
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Appendix D (cont.) 

Introduction to Critical Care Echocardiography Lecture 
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Introduction to Critical Care Echocardiography Lecture 
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Introduction to Critical Care Echocardiography Lecture 

 



Running Head: ACNP LCCU COURSE FEASIBILITY PROJECT 64 
	
  

Appendix D (cont.) 

Introduction to Critical Care Echocardiography Lecture 
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Appendix D (cont.) 

Introduction to Critical Care Echocardiography Lecture 
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Appendix D (cont.) 

Introduction to Critical Care Echocardiography Lecture 
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Appendix D (cont.) 

Introduction to Critical Care Echocardiography Lecture 
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Appendix D (cont.) 

Introduction to Critical Care Echocardiography Lecture 

 

 

 

 

  



ACNP LCCU COURSE FEASIBILITY PROJECT 69	
  
	
  

Appendix E 

Introduction to Doppler PowerPoint
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Appendix E (cont.) 

Introduction to Doppler PowerPoint 
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Appendix E (cont.) 

Introduction to Doppler PowerPoint 
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Appendix E (cont.) 

Introduction to Doppler PowerPoint 
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Appendix E (cont.) 

Introduction to Doppler PowerPoint 
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Appendix E (cont.) 

Introduction to Doppler PowerPoint 
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Appendix E (cont.) 

Introduction to Doppler PowerPoint 
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Appendix E (cont.) 

Introduction to Doppler PowerPoint 
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Appendix E (cont.) 

Introduction to Doppler PowerPoint 
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Appendix E (cont.) 

Introduction to Doppler PowerPoint 
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Appendix E (cont.) 

Introduction to Doppler PowerPoint 
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Appendix F  

Limited Critical Care Echocardiography Views Clinical Ability Test 

 

Participant Name: ___________________ Reviewer: _____________________ 

 

Did the participant adequately obtain the view of (check one): 

 1) Parasternal long axis     YES _____ NO _____ Unable to determine_____ 

 2) Parasternal short axis    YES _____ NO _____ Unable to determine_____ 

 3) Apical four chamber     YES _____ NO _____ Unable to determine_____ 

 4) Apical five chamber      YES _____ NO _____ Unable to determine_____ 
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Appendix G 

Stroke Volume/Cardiac Output Clinical Ability Test 

 

Participant Name: ___________________ Reviewer: _____________________ 

 

 For this simulation case of John Jones, calculate stroke volume/cardiac output* using: 

 

1) Biplane method of disks:  Stroke Volume = _______    Cardiac Output = _______ 

 

 

 

2) Fractional area change: Stroke Volume = _______     Cardiac Output = _______ 

 a. RVEDA: 

 b. RVESA: 

 

   FAC(%) = [(RVEDA-RVESA)/ RVEDA] x 100 

3) Cardiac Output 

 a. VTI: 

 b. LVOT diameter: 

 c. HR: 

   Stroke Volume: LVOT area2 x VTI; CO = HR x SV 

   CO:  
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Appendix H 

Johns Hopkins Medicine Institutional Review Board Form 
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UVa IRB: Determination of UVa Agent Form 
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UVa IRB: Determination of UVa Agent Form  
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Appendix J 

Participant Oral Consent Script 

 

Protocol Title: Feasibility of a Skills Based Critical Care Echocardiography Course for Acute 
Care Nurse Practitioners 

Purpose: You are being asked to take part in a research study because you are an acute care nurse 
practitioner who works in a surgical intensive care unit.  The purpose of this study is to evaluate 
the effectiveness of a skills based critical care echocardiography short course for acute care nurse 
practitioners who already work in a surgical intensive care unit.  You are being asked to 
participate because you are an acute care nurse practitioner who works in a surgical intensive 
care unit.   

Procedures: There are three parts to this study. The first part is completing a test before the 
education course. The test will be emailed to you three weeks before the course and has multiple 
choice answers. You will be asked to email this test back to the co-investigator.  Two weeks 
before the course, you will be emailed three educational videos and one article to review prior to 
the educational course.  

The second part of the study is the one day education course. The course will be eight hours in 
length and will include a one hour lunch break. After four hours of lecture, you will be asked to 
repeat the same multiple choice test that you completed prior to the course. After the lecture 
portion of the course, you will be asked to participate in hands-on-training where you will 
practice obtaining ultrasound views of the heart on two live/in-person medical models. You will 
then be asked to participate in two practical tests. For the first test, you will be asked to obtain 
four standard ultrasound views of the heart on one of the two live models. Two board certified 
anesthesiologists who have training in critical care echocardiography will grade you on obtaining 
these views. For the second test, you will be asked to calculate standard measurements of cardiac 
output using a standardized case (not on the live models) on the ultrasound machine, writing 
down your answers on a piece of paper.  

The third part of the study will take place one week after the education course. You will be 
emailed the same multiple choice test, asked to complete the test, and asked to return your 
completed test to the co-investigator. You will also be asked to calculate standard measurements 
of cardiac output using the same standardized case on the ultrasound machine.  

After all tests (both the multiple choice test and the measurements of cardiac output) are returned 
to the co-investigator, you will be emailed back the results of the multiple choice test with the 
correct answers. The practical test answers will also be emailed to you.  

You may request additional education from either the principal investigator or the co-investigator 
at any time during the course or after the course.  

At any time during this study, you have the right to refuse to answer any of the multiple choice 
test questions or perform any aspect of the practical tests.  
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Appendix J (cont.) 

Participant Oral Consent Script 

 

Risk/Discomforts: All research studies have some degree of risk or discomfort. Time involved in 
completing and reviewing the pre-education materials, attending the one day education course, 
and completing the post-educational tests could be burdensome. The discomfort of sitting for the 
four hour lecture plus completing hands-on-training using an ultrasound could cause some 
physical discomfort. However, it is anticipated that these risks are minimal.  

Benefits: There is a benefit to you to completing this research study. The primary benefit is 
obtaining a new job skill. You will not be paid or compensated for your time by the 
investigators.  

Voluntary Participation: Your participation in this study is voluntary, meaning you do not have 
to agree to be in this study.  If you do not want to join the study, it will not affect your job at The 
Johns Hopkins Hospital.   

If you have any questions about your rights as a research participant, or if you think you have not 
been treated fairly, you may call the Johns Hopkins Institutional Review Board (IRB) at 410-
955-3008. 

We will not collect personal health information about you in this study. We will collect 
information about you in this study. We will ask you to complete basic demographic information 
about yourself that could include: age, gender, number of years as a nurse, number of years as a 
nurse practitioner, etc.  

People at Johns Hopkins who are involved in the study or who need to make sure the study is 
being done correctly will see the information.   

People at Johns Hopkins may need to send your information to people outside of Johns Hopkins 
(for example, government groups like the Food and Drug Administration) who need to make 
sure the study is being done correctly.  

These people will use your information for the purpose of the study. 

We will continue to collect information about you until the end of the study unless you tell us 
that you have changed your mind. If you change your mind and don’t want your information 
used for the study anymore, you can call The Johns Hopkins Institutional Review Board at 410-
955-3008.  Just remember, if we have already used your information for the study, the use of that 
information cannot be cancelled.  

We try to make sure that everyone who needs to see your information uses it only for the study 
and keeps it confidential - but, we cannot guarantee this. 
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Appendix K 

Volunteer Oral Consent Script 

Protocol Title: Feasibility of a Skills Based Focused Critical Care Echocardiography Course 
for Acute Care Nurse Practitioners 

Purpose: You are being asked to take part in a research study because you have volunteered to be 
a healthy subject who is willing to have ultrasounds of the heart performed on you. The purpose 
of this study is to evaluate the feasibility of a skills based focused critical care echocardiography 
short course for acute care nurse practitioners who already work in a surgical intensive care unit.  

Procedures: For you as the participant, there is only one part to this study. You will be asked to 
participate one afternoon for approximately five hours. Participation will require that you be 
willing to expose your upper chest in order that nurse practitioners can practice obtaining heart 
ultrasounds on live humans. The heart ultrasounds performed on you are not comprehensive 
exams of your heart and should not be interpreted as formal echocardiograms that a cardiologist 
would perform.  

Risk/Discomforts: All research studies have some degree of risk or discomfort. There is a 
possibility that while reviewing your ultrasound images we may see an abnormality that we did 
not expect to see in this study. This is what is called an "incidental finding." This is the main risk 
to you as a medical volunteer. An incidental finding may cause you to feel anxious. 

If an incidental finding is seen, you will be immediately informed verbally by the Principal 
Investigator of this study, a board certified anesthesiologist who has extensive training and 
credentialing in cardiac echocardiography, Dr. Pedro Mendez-Tellez. You do not have an option 
to decline information about an incidental finding. We will advise you to be seen by your 
primary care provider. A letter stating the finding or abnormality will be written for you to 
provide to your primary care provider. If you do not have a primary care provider or would like 
to be evaluated by someone at The Johns Hopkins Hospital (JHH), you can request that we 
contact the Physician Access Line at JHH for an appointment. However, all initial and follow-up 
costs for any incidental finding is your responsibility. The costs for any care that will be needed 
to diagnose or treat an incidental finding would not be paid for by this research study. These 
costs would be your responsibility. 

Some discomfort during the practice ultrasounds could be experienced. You could feel some 
pressure of the ultrasound probe on your chest. You might also become cold from the ultrasound 
gel applied to your chest. Blankets will be provided for your comfort to drape across your chest 
to maintain privacy.  

If you feel any discomfort at any time, you can ask that the reason for the discomfort be 
eliminated. If you do not longer want to be a volunteer for the study you can, at any time, choose 
to stop.  

Benefits: There is a benefit to you for being a volunteer for this study. You will be paid $100 in 
the form of a gift card upon completion of the five hour session.  
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Appendix K (cont.) 

Volunteer Oral Consent Script 

 

Voluntary Participation: Your participation in this study is voluntary, meaning you do not have 
to agree to be in this study.  If you do not want to join the study, it will not affect your care at 
Johns Hopkins.   

If you have any questions about your rights as a research participant, or if you think you have not 
been treated fairly, you may call the Johns Hopkins Institutional Review Board (IRB) at 410-
955-3008. 

We will not collect personal health information about you in this study. The images obtained by 
the ultrasounds will not be stored on a computer to be viewed by others.   

People at Johns Hopkins who are involved in the study or who need to make sure the study is 
being done correctly will see the information.   

People at Johns Hopkins may need to send your information to people outside of Johns Hopkins 
(for example, government groups like the Food and Drug Administration) who need to make 
sure the study is being done correctly.  

These people will use your information for the purpose of the study. 

We will continue to collect information about you until the end of the study unless you tell us 
that you have changed your mind. If you change your mind and don’t want your information 
used for the study anymore, you can call The Johns Hopkins Institutional Review Board at 410-
955-3008.  Just remember, if we have already used your information for the study, the use of that 
information cannot be cancelled.  

We try to make sure that everyone who needs to see your information uses it only for the study 
and keeps it confidential - but, we cannot guarantee this. 
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Appendix L 

Tables and Graphs of Results 

 
 

Table 1 
 
ACNPs and Raw Score of Knowledge Test, out of 16  

 
    ACNP     Pre-test    Day-test    Post-test 

1 6 10 12 
2 6 12 10 
3 10 10 10 
4 7 7 14 
5 6 7 4 

 

Table 2 

Mean Scores of Knowledge Test with Standard Deviation 

 

Mean Scores 
(SD) 

Pre-Test 7 (1.73) 
Day-Test 9.2 (2.16) 
Post-Test 10 (3.74) 
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Appendix L (cont.) 

Tables and Graphs of Results 

Graph 1 

Comparison of Raw Scores of Knowledge Test Over Time 
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Appendix L (cont.) 

Tables and Graphs of Results 

 

Graph 2 

ACNPs and Raw Score of Knowledge Test, out of 16, with Standard Deviations of Scores  
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Appendix L (cont.) 

Tables and Graphs of Results 

 

Graph 3 

Limited Critical Care Cardiac Ultrasound Views Clinical Ability Test Results 	
  

	
  

	
  

	
  

	
  

	
  

	
  

 
 
 

 

 

     *PLAX = Parasternal long axis; PSAX = Parasternal short axis; A4C = Apical four chamber;    

 A5C = Apical five chamber  
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Appendix L (cont.) 

Tables and Graphs of Results 

Table 3 

Fractional Area Change and Cardiac Output by Participant 

ACNP 
  Time 1: 

FAC* 
   Time 2: 

FAC* 
    Time 1: 

CO* 
    Time 2: 

CO* 
1 75.8 70 4.53 3.6 
2 58 71 4.5 5.4 
3 83 70 3.2 3.6 
4 59.9 81.6 5.3 3.6 
5 40.5 21.3 4.1 3.01 

*FAC = Fractional Area Change; CO = Cardiac Output  

 

Table 4 

Fractional Area Change and Cardiac Output Mean Scores and Standard Deviation 

 
FAC*, Time 1      FAC*, Time 2      CO*, Time 1      CO*, Time 2 

Mean Score (SD)   63.44 (16.6)      62.78 (10.59)       4.3 (0.76)      3.8 (0.91) 
*FAC = Fractional Area Change; CO = Cardiac Output  
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Appendix L (cont.) 

Tables and Graphs of Results 

 
Graph 4 
 
Comparison of Fractional Area Change Answers (in percentage) 

 
            Note: Accepted range for answer = 54.9-67.1 
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Tables and Graphs of Results 

 
Graph 5 
 
Comparison of Cardiac Output Answers (in liters) 
 

  
       Note: Accepted range for answer = 4.05-4.95 
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Journal of the American Association of Nurse Practitioners Author’s Guidelines for Authors 
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Journal of the American Association of Nurse Practitioners Author’s Guidelines for Authors 
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Journal of the American Association of Nurse Practitioners Author’s Guidelines for Authors 
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Journal of the American Association of Nurse Practitioners Author’s Guidelines for Authors 
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Journal of the American Association of Nurse Practitioners Author’s Guidelines for Authors 
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Journal of the American Association of Nurse Practitioners Author’s Guidelines for Authors 

 



ACNP LCCU COURSE FEASIBILITY PROJECT 104	
  
  
	
  

Appendix M (cont.) 

Journal of the American Association of Nurse Practitioners Author’s Guidelines for Authors 
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Journal of the American Association of Nurse Practitioners Author’s Guidelines for Authors 
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Journal of the American Association of Nurse Practitioners Author’s Guidelines for Authors 
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Journal of the American Association of Nurse Practitioners Author’s Guidelines for Authors 
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Abstract 

Background and Purpose: Critical care ultrasound (CCU) is a skill that is considered standard 

care for a patient requiring medical care in an intensive care unit (ICU). Despite numerous 

organizations supporting the use of CCU by all providers in the ICU, no organizations have 

statements or training programs that include acute care nurse practitioners (ACNPs) as providers 

who can perform and interpret CCU.  

Conclusions: Determining a patient’s volume status is a clinical question many intensivists have 

when caring for a critically ill patient. Growing use of ACNPs in the ICU setting as intensivists 

should support ACNP use of CCU. Although no statements exist about the use of CCU by 

ACNPs, nurse practitioners who work in the ICU setting should be educated in CCU. 

Competency of CCU remains a controversial subject for both ACNPs and physicians.  

Implications for Practice: Diagnosing a patient’s health status is a core skill of any ACNP. 

Regulatory agencies require that ICU providers document assessment of volume status and tissue 

perfusion for patients with diagnosed shock; CCU is a skill that can and should be used to fulfill 

this requirement. However, acceptance of ACNPs’ use of CCUS in the ICU setting has yet to be 

determined.  
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Introduction: Critical Care Ultrasound   

 Use of ultrasound in the healthcare setting is not a new technology; the first cardiac 

ultrasound was applied in the clinical setting in 1956 to diagnose patients with pericardial 

effusions by Edler and Hertz (as cited in Singh & Goyal, 2007) who pioneered the use of 

Doppler and M-mode ultrasonography. Recent applications of echocardiography include its use 

in the critical care setting and is seen as “the true stethoscope, for it permits us to see what occurs 

beneath the surface of the skin” (Singh & Goyal, 2007, p. 437). Progress in bioengineering has 

led to the miniaturization of ultrasound machines (Roelandt, 2004), allowing for critical care 

ultrasound, and specifically critical care ultrasound (CCU) to emerge as a feasible skill for the 

clinician in daily practice. A leader of the CCU movement, Paul Mayo, states “echocardiography 

has unparalleled utility in the intensive care unit…allow[ing] the clinician to make immediate 

visual diagnosis and to guide the ongoing management of the case…[and is] a key skill for the 

frontline intensivist” (Mayo, 2011, no page).  

 Numerous national and international organizations have supported the use of CCU in the 

intensive care unit (ICU) setting (Intensive Care Medicine, 2014; Intensive Care Medicine, 2011; 

Mayo et al., 2009; Price et al., 2008). Pustavoitau et al. (n.d.) reported that the American Medical 

Association, the American College of Emergency Physicians, and The American Society of 

Echocardiography support the use of limited cardiac echography/critical care cardiac ultrasound 

by trained providers in ICU settings for patients requiring intensive care. Additionally, 

standardization of proficiency for ICU providers in bedside, or basic/limited, echocardiography 

is supported by both the Society of Critical Care Medicine and Pulmonary Critical Care 

Medicine’s (SCCM)  recommendations for competencies for their respective fellowships 

(Buckley et al., 2009). In fact, the Society of Critical Care Medicine published an official 
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statement regarding recommendations for limited critical care echocardiography, supporting the 

standardization of echocardiography and critical care cardiac ultrasound in all ICUs (Buckley et 

al., 2009). 

 Internationally, the Competency-Based Training in Intensive Care Medecine in Europe 

(CoBaTrICE), sponsored by the European Society of Intensive Care Medicine, is a sub-

organization whose mission is to standardize training in intensive care medicine worldwide. 

CoBaTrICE lists “a method for measuring cardiac output and derived hemodynamic variables” 

(European Society of Intensive Care Medicine, n.d.) as a competency of which all ICU providers 

should be proficient.  

 Despite the overwhelming support of intensive care organizations for CCU, no society 

has taken an official position regarding training and/or competency of acute care nurse 

practitioners (ACNP) who employ critical care ultrasound diagnostically.  Critical care cardiac 

ultrasound core objectives allow for measuring of hemodynamic states and can assist the ACNP 

in achieving this important ICU skill. Moreover, this skill is important for evaluating patients and 

could greatly improve the care of the critically ill patient, saving lives.  

Basics of Critical Care Ultrasound 

 According to SCCM, any CCU educational program should begin with reviewing the 

basic physics of ultrasound, ultrasound anatomy of the heart, concepts of Doppler ultrasound, 

and basic functions of ultrasound machines--including ‘knobology’, which is step by step 

instruction about what knob on the echocardiography machine does what function (Fagley et al., 

2015). It is of upmost importance to understand these concepts to perform even the most basic 

CCU task. 

 Understanding the echocardiographic anatomy of the heart can be challenging to the 
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novice CCU performer and interpreter. Images, collected in a non-invasive manner, are obtained 

using ultrasound wave trajectories that are sometimes misinterpreted because images are flipped, 

or are mirror images, from traditional understanding of anatomy. Determining one’s orientation 

in accordance with probe dynamics and resulting images should be an initial focus when 

attempting to attain basic cardiac images (Odom, 2015). 

 CCU views are obtained from three areas of the thorax: left parasternal, apical, and 

subcostal. Critical care cardiac ultrasound examination from the left parasternal view allows for 

parasternal long axis (PLAX) and parasternal short axis views (SAX). The apical area results in 

an apical four-chamber (A4C) view of the heart. Subcostal critical care cardiac ultrasound view 

allows for obtaining subcostal long-axis view as well as views of the inferior vena cava. These 

five views of the heart are considered to be paramount to interpreting any information obtained 

from CCU and, therefore, are called a Focused Cardiac Ultrasound, or “FoCUS exam” (Odom, 

2015; Fagley et al., 2015; Strugess et al., in Lumb, 2014).  

 CCU allows the provider to enhance their diagnostic skills in hemodynamic monitoring 

to detect cardiovascular insufficiency, leading to a diagnosis of underlying pathophysiology 

(Strugess et al., in Lumb, 2014). Determining a critically ill patient’s volume status is a clinical 

question that many intensivists have when caring for a critically ill patient. Cardiac output is the 

product of stroke volume and heart rate. Two measures are widely used to determine stroke 

volumes: the biplane method of disks  and the product of the Doppler Velocity Time Integral 

(VTI) and cross-sectional area (CSA) of the sampling site. The biplane method of disks, also 

called the modified Simpson rule, calculates volume estimations of the left ventricle, thereby 

estimating stroke volume. Fractional area change compares area volume at end diastole and at 

end systole to determine the percentage of blood exiting the ventricle. Left ventricular outflow 
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tract (LVOT) is measured from views obtained in the parasternal long axis view. Stroke volume 

(SV) is directly calculated by the product of the Doppler velocity time integral (VTI) and the 

cross-sectional area (CSA) of the Left ventricle outflow tract (LVOT). The mathematical 

equation is SV = CSA x VTI. Heart rate can then be used to calculate the cardiac output (CO= 

HR x SV). These methods of determining stroke volume are widely used from FOCUS exam 

basic views (Strugess et al., in Lumb, 2014).  

 Determining a patient’s volume status is just one of many diagnostic utilities of CCU.  

ACNPs in the Intensive Care Unit Setting 

 Providing care for patients in an intensive care unit requires specialty education by a 

multi-disciplinary team of providers. Due to physician shortages and implementation of acute 

care nurse practitioner programs in the early 1990’s, modern definitions of the term “provider” in 

intensive care units have evolved. In 2004, over 5,000 acute care nurse practitioners were 

licensed by the American Nurses Credentialing Center, of which 68% (about 2,800) were 

working in an intensive care setting (Kleinpell & Goolsby, 2004). ACNPs are educated in 

proficiencies that include critical care education and skills in coursework of advanced 

pharmacology, physiology, pathophysiology, and patient care management (Kleinpell, Ely, & 

Grabenkort, 2008). ACNPs are specifically prepared to perform basic intensive care skills such 

as chest tube insertion, arterial and central line placement, endotracheal intubation, ventilator 

management, and hemodynamic monitoring (Kleinpell, Hravnak, & Werner, 2006; Kleinpell et 

al., 2008).  

 The Accreditation Council for Graduate Medical Education’s (ACGME) oversight and 

restriction on physician residency hours adds to the paradigm shift for how the term “provider” is 

defined in the ICU. Estimates indicate that there will be insufficient numbers of ICU trained 
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physicians  as high as 22% of demand by 2020 and as high as 35% of demand by 2030 (Angus, 

Shorr, White, Schmitz, & Kelley, 2006). ACNPs have the education and training to become 

proficient ICU care providers (Pastores et al., 2011). Given the opportunity to obtain proficiency 

in bedside critical care echocardiography, ACNPs that work in an ICU setting have the ability, 

and perhaps even the duty, to provide evidence-based practice medicine for all of their patients. 

 A report by the Health and Human Resources and Services Administration (HRSA), 

concluded that the increased demand of critical care trained personnel could be addressed by the 

use of non-physician providers, such as nurse practitioners (Squires, King, Wagner, Ashby, & 

Parmley, 2013). SCCM’s position paper on ICU staffing incorporates HRSA’s 

recommendations. In fact, SCCM has taken a major stance in removing language that only refers 

to physicians, noting that ACNPs, if properly trained, can become safe and efficient providers in 

the ICU setting.  

Critical Care Cardiac Ultrasound Competency 

 Competence is the combination of knowledge, skills, and behavior required to perform a 

specific function in an adequate and well-qualified manner (Mayo et al., 2014). Competency 

standards are used extensively in healthcare, especially within ACNP education and training 

(O’Connell, Gardner, & Coyer, 2014). A national survey by Becker et al. (2006), found that 67% 

of ACNP respondents currently worked in an ICU setting. The concept of competency within the 

scope of education and training of intensivists [general term encompassing ACNPs] has been of 

discussion since the introduction and daily integration of CCU for the care of the ICU patient. 

Mayo et al. (2014) described CCU as “a standard skill for the intensivist” (p. 655) and 

competence within that skill is defined as achievement in a minimum standard for routine ICU 

skills, including CCU (Mayo, 2011).  
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 Standards of competency for expert echocardiographers have been well established with 

physician residencies and certification exams (Intensive Care Medicine, 2011). However, expert 

panels and societal position statements have concluded that an intensivist should not be expected 

to achieve competencies equal to that of an expert echocardiographer; intensivists need only to 

achieve competency in basic echocardiography (Fagley et al., 2015, Intensive Care Medicine, 

2014; Intensive Care Medicine, 2011; Mayo et al., 2009; Price et al., 2008). Defining how 

intensivists meet competency in CCU remains a controversial subject and has yet to be resolved. 

In addition, the standardization of how (and even if) ACNPs achieve competency in CCU has 

also not yet been resolved.  

Despite the utility of CCU to augment traditional care for patients requiring medical care 

in the ICU, training for CCU in the ICU setting remains a debated and sparsely studied subject. 

This was evident when attempting to search for quality evidenced-based research examining the 

literature for a standard training program. However, the view of the importance of CCU in the 

care of ICU patients is obvious by the numerous, major national and international societal 

position statements regarding CCU’s use. Mayo (2011) reports that statements “of competence 

are very specific; statements on training are less so” (no page).  

More studies are needed to determine the best strategies for developing CCU educational 

programs, with inclusion of ACNPs as part of skilled providers. Although many organizations 

have published position statements regarding CCU use in the ICU setting, few studies have been 

conducted examining how or why providers actually change their approach to care. More 

specific outcomes need to be identified when assessing quality of educational curricula, 

including how many exams are needed to deem one competent in CCU. The overarching 

limitation is lack of ACNP inclusion in societal statements and studies that examine the utility of 
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CCU in the ICU setting. Moreover, more studies should examine the potential impact that 

ACNPs could have when utilizing CCU in the care they provide to critically ill patients.	
  

Implications for ACNPs in CCU Education 

 The American Association of Colleges of Nursing (AACN), the professional body by 

which ACNP programs are accredited, states a core competency of ACNP education is diagnosis 

of health status. ACNPs are educated to manage and evaluate acute, critical, and chronically ill 

patients “through ordering, interpretation, performance, and supervision of diagnostic testing and 

clinical procedures” (AACN, 2012, p. 18). The Centers for Medicare and Medicaid Services 

(CMS) have recently began, as of October 10, 2015, requiring that ICU providers document 

assessment of volume status and tissue perfusion for patients with diagnosed shock. This 

assessment includes a bedside cardiovascular ultrasound/echocardiograph and documentation of 

assessment of fluid responsiveness.  CMS designates that a critical care echocardiograph is an 

appropriate way to obtain this assessment. This ‘core measure’ assessment is to be completed 

within six hours of the patient’s presentation to an acute care setting (Kleinpell, 2015). Septic 

patients are admitted to critical care units at all hours of the day and all ICU providers must be 

competent in assessing a patient’s cardiovascular assessment and fluid responsiveness, as this 

core measure stipulates. For ACNPs to comply with these CMS requirements, ACNPs must be 

skilled in all ICU procedures to provide adequate care.   

 Because ACNPs are being utilized currently and will be utilized more as part of ICU 

provider models in the near future (Squires et al., 2013), education and maintenance of core 

competencies for ICU providers must include ACNPs. A current structure exists for ACNPs to 

be included in the concept that “basic level critical care echocardiography should be a required 

part of training of every ICU physician” (Mayo, 2011, no page) but acceptance of ACNPs has 
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yet to be achieved—at least in the language of position statements and formal recommendations 

for training.   

 

	
   	
  



ACNP LCCU COURSE FEASIBILITY PROJECT 121	
  
  
	
  

References 

American Association of Colleges of Nursing. (2012). Adult-gerontology acute care nurse 

practitioner competencies. Washington, DC: American Association of Colleges of 

Nursing.  

Angus, D.C., Shorr, A.F., White, A., Schmitz, R.J., Kelley, M.A. (2006). Critical care delivery in 

the United States: Distribution of services and compliance with leapfrog 

recommendations. Critical Care Medicine, 34,1016-1024. 

Becker, D., Kaplow, R., Muenzen, P., & Hartigan, C. (2006). Activities performed by acute and 

critical care advanced practice nurses: American association of critical-care nurses study 

of practice. American Journal of Critical Care, 15, 130-148.  

Buckley, J.D., Addrizzo-Harris, D.J., Clay, A.S., Curtis, J.R., Kotloff, R.M., Lorin, S.M., Murin, 

S., Sessler, C.N.,  Rogers, P.L., Rosen, M.J., Spevetz, A., King, T.E., Malhotra, A., & 

Parsons, P.E. (2009). Multisociety Task Force Recommendations of Competencies in 

Pulmonary and Critical Care Medicine. American Journal of Respiratory and Critical 

Care Medicine, 180(4), 290-295.  

European Society of Intensive Care Medicine (n.d.) Competency-Based training in  

 intensive care medecine in Europe: CoBaTrICE. Retrieved from the CoBaTrICE website: 

http://www.cobatrice.org/en/index.asp.  

Fagley, R., Haney, M., Beraud, A., Comfere, T., Kohl, B., Merkel, M., Pustavoitau, A., von 

Homeyer, P., Wagner, C.E., & Wall, M. (2015). Critical care basic ultrasound learning 

goals for American anesthesiology critical care trainees: Recommendations from an 

expert group. Anesthesia Analgesia, 120(5), 1041-1053.   



ACNP LCCU COURSE FEASIBILITY PROJECT 122	
  
  
	
  
Intensive Care Medicine. (2011). International expert statement on training standards for critical 

care ultrasonography. Intensive Care Medicine, 37, 1077-1083.  

 doi:10.1007/s00134-011-2246-9  

Intensive Care Medicine. (2014). International consensus statement on training standards for 

advanced critical care echocardiography. Intensive Care Medicine, 40, 654-666. 

Kleinpell, Ruth. (2015). Fluid Replacement in Septic Shock. Podium presentation at ACNP 

Bootcamp at Vanderbilt University, Nashville, Tennessee.  

Kleinpell, R.M., Ely, E.W., & Grabenkort, R. (2008). Nurse practitioners and physician  

 assistants in the intensive care unit; An evidence-based review. Critical Care Medicine. 36, 

10, 2888-2897.  

Kleinpell, R.M., & Goolsby, M.J. (2004). American Academy of Nurse Practitioner national nurse 

practitioner sample survey; Focus on acute care. Journal of the American Academy of Nurse 

Practitioners, 18, 393-394.  

Kleinpell, R.M., Hravnak, M., & Werner, K.E. (2006). Skills taught in acute care NP programs: A 

national survey. Nurse Practitioner. 31(7), 11-13.  

Kleinpell, R. M., Hudspeth, R., Scordo, K. A., & Magdic, K. (2012). Defining NP scope of  

 practice and associated regulations: Focus on acute care. Journal of the American Academy 

of Nurse Practitioners, 24(1), 11-18. doi:10.1111/j.1745-7599.2011.00683. 

Mayo, Paul. H. (2011). Training in critical care echocardiography. Annals of Intensive Care, 1(36). 

doi:10.1186/2110-5820-1-36.  

Mayo, Paul.H., and Vieillard-Baron, A. (2014). International consensus statement on training 

standards for advanced critical care echocardiography. Intensive Care Medicine, 40(5), 654-

666.  



ACNP LCCU COURSE FEASIBILITY PROJECT 123	
  
  
	
  

Mayo, P. H., Beaulieu, Y., Doelken, P., Feller-Kopman, D., Harrod, C., Kaplan, A., Oropello, J., 

Vielliard-Baron, A., Lichtenstein, D., Maury, E., & Vignon, P. (2009). American college of 

chest Physicians/La societe de reanimation de langue francaise statement on competence in 

critical care ultrasonography. Chest, 135(4), 1050-1060. doi:10.1378/chest.08-2305.   

O'Connell, J., Gardner, G., & Coyer, F. (2014). Beyond competencies: Using a capability  

 framework in developing practice standards for advanced practice nursing. Journal of 

American Nursing, 70(12), 2728-2735. doi:10.1111/jan12475  

Odom, Stephen. (2015). Proceedings from Ultrasonography for Intensivists and Emergency 

Medicine Clinicians: Ultrasound Anatomy of the Heart, Basic TTE Views and Eyeballing 

Principle. Boston, MA: Harvard Medical School/Beth Israel Deaconess Medical Center.  

Pastores S, O’Connor M, & Kleinpell R. (2011). The accreditation council for graduate  

 medical education resident duty hour new standards: history, changes, and impact on 

staffing of intensive care units. Critical Care Medicine, 39, 2540-2549. 

Price, S., Via, G., Sloth, E., Guarracino, F., Breitkreutz, R., Catena, E., & Talmor, D. (2008). 

Echocardiography practice, training and accreditation in the intensive care: Document for 

the world interactive network focused on critical ultrasound (WINFOCUS). Cardiovascular 

Ultrasound, 6, 49-7120-6-49. doi:10.1186/1476-7120-6-49 [doi]  

Pustavoitau, A., Blaivas, M., Brown, S., Gutierrez, C., Kirkpatrick, A., Kohl, B., Oren-Grinberg, 

A., & Frankel, H.L. (n.d.). Recommendations for achieving and maintaining competence 

and credentialing in critical care ultrasound with focused cardiac ultrasound and advanced 

critical care echocardiography. Retrieved from The Society of Critical Care Medicine 

website: 

http://journals.lww.com/ccmjournal/Documents/Critical%20Care%20Ultrasound.pdf 



ACNP LCCU COURSE FEASIBILITY PROJECT 124	
  
  
	
  
Roelandt, J. R. T. C. (2004). Ultrasound stethoscopy. European Journal of Internal Medicine, 

15(6), 337-347.   

Singh, S., & Goyal, A. (2007). The origin of echocardiography: A tribute to Inge Edler. Texas 

Heart Institute Journal / from the Texas Heart Institute of St.Luke's Episcopal Hospital, 

Texas Children's Hospital, 34(4), 431-438.  

Squires, J., King, J., Wagner, C., Ashby, N., & Parmley, C. L. (2013). ACNP intensivist: A new 

ICU care delivery model and its supporting educational programs. Journal of the 

American Association of Nurse Practitioners, 25, 119-125. 

Sturgess, D., Hamilton, D., Sargsyan, A., Lumb, P., & Karakitsos, D. (2014). Hemodynamic 

monitoring considerations in the intensive care unit. In P. Lumb (Ed.), Critical care 

ultrasound: Expert consult (193-199). Philadelphia, PA: Elsevier.   

	
  

	
  

 

 


