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ABSTRACT: Pulmonary artery (PA) pressure can be monitored remotely by a microelectromechanical sensor (MEMS) 
permanently implanted in the pulmonary artery. This device allows early management of fluid overload in heart failure so that 
diuresis can be initiated promptly, and hospitalization and other adverse events can be prevented. To test the methods and measures 
proposed to explore patient and provider perceptions of Shared Decision Making for the CardioMEMS pulmonary artery pressure 
monitoring device. A convenience sample of eight patient-provider dyads was enrolled at an ambulatory academic cardiology clinic 
and completed the shared decision making questionnaire in the clinic prior to the procedure. The majority of providers reported 
complete agreement that shared decision making occurred. Patients’ survey responses varied but remained positive. The survey 
used was feasible and effective. Dyad perceptions were positive and concordant in this small convenience sample. Future studies 
with larger samples are needed to develop interventions to promote behaviors necessary for shared decision making. 
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1. Introduction 

Heart Failure (HF) is a major societal concern. HF is projected to impact over 8.5 million adults in the United 
States by 2030 [1]. The diagnosis of HF indicates impaired health and well-being and has a poor prognosis. This is 
exemplified in the 5-year mortality rate for patients with chronic HF and many cancers, which is similar [2]. This creates 
a significant burden for patients, and also for our health care system. The cost is approximately $160 billion dollars 
total for cardiovascular care alone [3]. Quality, patient-centered care and accountability are crucial for complex chronic 
conditions, such as HF. Advances in technology and state-of-the-science treatment options for HF necessitate patient-
centered care management with evidence-based strategies and treatments. Shared Decision Making (SDM) is essential 
to navigate the complexities of care for patients with complex chronic conditions, such as HF. SDM occurs when a 
patient and provider exchange information, deliberate, and make decisions in accordance with patient preferences. 
Notably, the SDM process incorporates patients’ beliefs, health-related fears, and what matters most to patients in 
selecting treatment options [4]. 

Novel advances in technology capable of minimizing the likelihood of hospital readmission can also minimize 
patient and caregiver burden and cost [5]. The primary cause of HF-related hospitalizations is fluid volume overload 
[2], which occurs in patients in the advanced stages HF. The characteristics of advanced stage of HF include multiple 
symptoms and marked limitation of functional ability. Ordinary activity often causes symptoms of fatigue, palpitations, 
shortness of breath, and/or chest pain in individuals with HF. The current standard of care is guideline-directed 
recommendations, including pharmacologic quadruple therapy consisting of four classes of medication supported by 
robust clinical trial evidence to reduce hospitalizations and mortality. Also included are devices, such as the implantable 
pulmonary artery pressure sensor that allows earlier intervention for fluid overload. 

The standard of care for patients with advanced stage HF includes monitoring patient daily weights, early 
consultation with a cardiologist HF specialist, and prompt follow-up after hospital discharge for HF exacerbation [6]. 
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Despite these conventional methods to monitor fluid overload, symptoms often become apparent only after the patient’s 
condition has decompensated and hospitalization and/or diuresis are required [2]. 

One of the first miniature mechanical and electronic devices to monitor pulmonary artery pressures and fluid status 
was the Cardio-microelectromechanical system (CardioMEMS). This device received approval from the Food and Drug 
Administration (FDA) in May 2014 [7]. Currently, there are 12 pulmonary artery monitoring devices available on the 
market that have received FDA approval. A wireless sensor approximately the size of a grain of rice is permanently 
implanted in the pulmonary artery (PA) to measure pressures [2]. An external antenna is situated under the patient 
briefly to power the device, monitor the sensor, and measure PA pressures [8]. The information can then be transmitted 
to a secure online site for analysis. These devices are amenable to individualization to give alerts for pressure readings 
outside specified intervals and reported by text message to care providers. CardioMEMS is the PA pressure monitoring 
device used at the health system where this investigation was conducted. 

Research showed a correlation between pulmonary artery pressure and worsening HF [2]. The CHAMPION 
clinical trial [9] enrolled symptomatic NYHA functional class III patients across the US. All participants received the 
CardioMEMS system. Treatment decisions were made by providers based on the PA waveforms to optimize fluid status 
on an outpatient basis. The safety and clinical efficacy of the CardioMEMS monitoring system were demonstrated and 
established a new paradigm for medical management using implanted sensors [10,11]. While patients provided 
informed consent for implantation, there is a lack of reporting of the patient’s perspective regarding this device. 

Patients with HF experience many symptoms that threaten their functionality, impair decisional capacity, and 
reduce survival [12]. Patients, caregivers, and providers must be aware of patient-centered communication and SDM as 
an essential component of quality care for patients with complex chronic conditions. The decision that a PA pressure 
monitoring device is the optimal choice is presented by the provider to the patient with the flow of communication in 
that direction. This is generally a one-way process. Engaging the patient in SDM for CardioMEMS is an important 
aspect of patient-informed care. SDM is recommended by the Institute of Medicine and the U.S. Preventative Services 
Task Force for clinicians when treatment options are presented [13]. 

The purpose of this pilot study was to investigate patient and provider perceptions of shared decision making for 
the CardioMEMS implantation procedure. SDM is considered an optimal approach to making complex health care 
decisions since the early 1980’s, although the use as a specific technique has not often been reported [13]. SDM is a 
necessity for any patient faced with difficult decisions regarding their health. Complex chronic conditions, such as HF, 
often require patients to make many decisions guided by their healthcare provider along the trajectory of their illness. 
HF can lead to frequent hospital admissions for management of symptoms related to fluid volume overload. 
CardioMEMS is a recent advancement in treatment that serves to keep patients out of the hospital and manage HF 
symptoms before they escalate. The objectives of this investigation were to (1) test the methods and measures used to 
explore perceptions of patients and providers of SDM for the CardioMEMS procedure using the Shared Decision 
Making Questionnaires (SDM-Q-9, SDM-Q-Doc), and to (2) identify concordance between patient and provider survey 
responses and perceptions of the process. 

The theoretical framework guiding this project was the Collaborative Deliberation Model by Elwyn and Fisher 
[14]. This model served as the guiding framework for investigating SDM for the PA pressure monitoring procedure. 
The factors that are essential to deliberation among the patient and provider for the CardioMEMS device, included, 
interpersonal engagement, recognition of alternatives, information comparing options, preference determination, and 
preference integration [15]. 

This framework also considers the context that mediates patient and provider interactions. Various contexts are of 
interest with the procedure to implant a PA pressure monitor, including the emotional state of those involved, resources 
available, and the advantages and disadvantages of this advanced technology for monitoring fluid volume. The 
alternatives, along with norms, such as social and healthcare cultural norms shape patient and provider preferences for 
this state-of-the-science intervention. In this theoretical model, the key to patient engagement is a respectful and 
empathetic communication approach [16]. An interdependence occurs when recognizing and deliberating about 
alternatives to a PA pressure monitoring device. Deliberation includes learning about patient preferences and integrating 
these factors to reach an agreement. 

Implementation of collaborative deliberation in the HF setting as shown below in Figure 1, includes a series of 
strategies and the proximal, distal, and distant effects, and feedback that serve to strengthen ongoing use and mastery 
of collaborative deliberation strategies in the HF clinic setting [16]. 
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Figure 1. The Collaborative Deliberation Model (adapted from Elwyn et al., 2016 [16]). 

2. Methods 

This project used descriptive statistics (number, %) to gain a broader understanding of the perspectives of HF 
patients and their providers and discern the concordance of perspectives of shared decision making for the CardioMEMS 
procedure. This project was conducted during the months of December 2019 and January 2020. Following the pre-
procedure clinic visit, the standardized Shared Decision Making Questionnaire (SDM-Q-9 and SDM-Q-Doc) was 
completed by the dyad. 

A convenience sample was enrolled for this project of adult male and female patients over the age of 65 years plus 
their provider in dyads. The project was conducted in the cardiology HF clinics of a large academic quaternary 
healthcare system. The HF clinics of this health system treat an average of 500 patients per month in the health system 
associated clinics and outreach clinics. There are 11 physicians and 6 advanced practice providers that manage the care 
of HF patients in the main cardiology HF clinic. This HF clinic specializes in treating patients who have been diagnosed 
with advanced HF. Guideline-directed medical therapy, including innovative treatments such as CardioMEMS, is used 
in the care management of these HF patients. Over 100 patients in this health system have had the CardioMEMS device 
implanted to date. 

Patients were included who had a diagnosis of advanced stage HF and were determined by their healthcare 
providers to be candidates to receive the PA pressure monitoring device. Criteria also included adult patients 18 years 
of age or above. The language interpreter line currently used in the clinic was available for enrollment and participation 
of any eligible patients who did not speak English. 

Exclusion criteria included patients with memory impairments such as dementia. No patients were identified to 
have dementia, and no one was excluded for this reason. The surveys were completed in writing, an approach that would 
exclude patients with illiteracy from the study. 

Informed consent was received from providers and patients who attended the pre-CardioMEMS clinic visit and 
verbally agreed to volunteer to complete the questionnaire. There were no perceived risks to the patient or provider. 
The data collected was directly from patient and provider input from the questionnaires. Other than patient age, no 
patient or provider identifiers were included on the forms. IRB quality improvement designation and exemption from 
further IRB oversight were received prior to beginning the project. 

The instruments used were the standardized 9-item Shared Decision Making Questionnaire (SDM-Q-9) [17] 
completed by patients and the Shared Decision Making Questionnaire for Physicians (SDM-Q-Doc) [18] was completed 
by the providers (physicians, nurse practitioners). Each questionnaire was rated on a 6-point Likert scale with 1 = 
completely disagree to 6 = completely agree. The SDM-Q-9 questionnaire was found to have good acceptance, 
feasibility, and reliability [18]. This questionnaire has been tested in patients with a variety of chronic conditions and 
was found to be psychometrically sound, including in a primary care sample [17], and oncology practice [19]. The 
questionnaire has also been translated and validated in other languages [20,21]. To our knowledge, use of the SDM 
questionnaires has not been reported in the HF patient population. 

Patients were identified by the clinic managers on the clinic schedules to complete the questionnaire at the pre-
procedure consultation visit. Patients completed the SDM-Q-9 questionnaire and providers completed the questions 
from the SDM-Q-Doc in the HF clinic after the pre-procedure visit. Both surveys included an open-ended question at 
the end to provide candid comments regarding SDM during the CardioMEMS consultation. The data was analyzed 
using descriptive statistics. Responses from each patient-provider dyad were compared for concordance. 
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3. Results 

A total of eight patient-provider dyads completed the questionnaires during the data collection period for a total of 
16 surveys. The patients with HF were all 65 years of age or older. All participants spoke English, and no participants 
were identified as illiterate in this sample. All providers and patients approached agreed to participate. No one declined 
participation. The majority of the results of the provider SDM-Q-Doc were highly positive, rated “completely agree” 
on the 6-point Likert scale. One survey was the exception with somewhat disagreeing to the questions, “I made it clear 
to my patient that a decision needs to be made”, and “I told my patient that there are different options for treating his/her 
medical condition”. 

The patient surveys were completed without requiring assistance and were slightly more varied. Again, the majority 
of responses remained overall positive. All patients replied, “completely agree” or “strongly agree” on the following 
questions: “My doctor made it clear a decision needs to be made”, “My doctor and I weighed the different treatment 
options”, and “My doctor and I reached an agreement on how to proceed”. All but one patient answered, “completely 
agree” to the questions, “My doctor wanted to know how I wanted to be involved in the decision making”, “My doctor 
made it clear there were different options to treating my condition”, “My doctor helped me understand all the 
information”, “My doctor asked me which treatment I preferred”, and “My doctor and I selected a treatment together”. 
A question stating, “The doctor provided advantages and disadvantages of treatment options” was the only question 
that all patients selected “strongly agree”. Two questions were left blank on one patient survey. One patient provided a 
response to the open-ended comments included at the end of the survey. The patient commented, “Everyone is patient 
and explains everything. I never leave not knowing what is going on. They [providers] even explain to my family”. The 
surveys completed by each patient and provider dyad were generally rated “completely agree” or “strongly agree” and 
were concordant. 

4. Discussion 

Patients indicated that they shared the decision making process for the CardioMEMS procedure with their 
physician. A limitation found in this project, as with most questionnaires using a Likert-type scale, was the tendency 
for respondents to select an option on the extreme end of the scale. In this project, the provider survey responses leaned 
toward the extreme positive end of the scale. We acknowledge that the small sample size makes it difficult to determine 
if the survey results demonstrate relationships among variables or are representative of the majority of provider and 
patient perspectives of SDM. Thus, this small sample was recognized as a limitation and was considered in reporting 
the results. 

Patient responses were more varied, although their answers also centered around the positive end of the scale. 
These were concordant with the provider’s responses and indicated that patients felt they were part of the decision 
making process in relation to the CardioMEMS procedure. The patient responses may also be related to the high level 
of confidence they have in their providers and the patient-provider relationship that has been built over time. Notably, 
the patient participants were all 65 years of age or above. HF increases with older age, and these individuals 
disproportionately face excess risk for hospitalization, morbidity and mortality [1]. Patient-informed decision making 
is imperative in this population. 

Shared decision is gaining recognition among health care providers as is the current national cardiovascular 
guidelines to promote equity [22]. Reports of SDM have increased markedly over the last 10 years. SDM has undergone 
testing in patients with complex chronic conditions, including breast cancer [23], in patients requiring thoracic surgery 
[24], and in palliative care for various conditions, including serious neurologic conditions [25]. The evidence to date 
indicates that SDM is not commonly used in the clinical setting [26]. No reports were found of SDM use in patients 
undergoing PA pressure monitoring devices or other implantable or state-of-the-science Cardiovascular devices. 

Additional investigation is needed to make conclusions about patients’ feelings of autonomy and being an active 
part of the SDM process for decision making or if they defer to their provider to decide in their best interest. The 
patient’s trust in their provider to present the best option was evident in this project. It is unclear if the patient’s beliefs, 
health-related fears, and what matters most to patients in selecting treatment options were fully discussed and reflected 
in the survey questionnaires. Additional investigation is needed to ensure the integrity of the SDM process. 

Notably, the providers completing the SDM-Q-Doc at this health system where this investigation was conducted 
were all physicians. However, providers in this cardiology HF clinic include nurse practitioners (NPs), and it is within 
their scope of practice to inform patients of the procedure and obtain informed consent. This can be accomplished but 
requires systems changes that allow NPs to assume an active role in the consent process. The SDM-Q-Doc was 
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originally developed and underwent psychometric testing in 2012 by a group of researchers in Germany [27], with a 
physician focus. NPs in the US are uniquely prepared and positioned in specialty clinics to educate other providers 
about the SDM process, which involves more than the completion of a survey. These providers can serve as role models 
for other providers to achieve SDM with patients. Further, minor revisions to the title and wording of the SDM-Q-Doc 
are recommended to accommodate NPs who are not doctorally prepared as well as other advanced practice providers 
such as physician assistants. Minor adaptations will optimize the survey instrument. A generic title for this instrument 
with the option to specify the role of the provider obtaining consent using SDM would more accurately reflect advances 
in the practice environment. 

Limitations. This was a pilot project, and a small sample was recruited to test the survey methods and measures. 
This investigation was not intended for identifying relationships or assessing outcomes over time or generalizing to 
other clinic settings. The small convenience sample was recruited in the interest of time. We acknowledge that a small 
sample can introduce selection bias, however, we had no prior knowledge of patients’ or providers’ level of agreement 
in the SDM process before including them in the study. We achieved our aim to test the methods and measures used for 
a future, longitudinal clinical trial with recommendations for adapting and optimizing the SDM-Q measures. 

5. Conclusions 

SDM is associated with patient autonomy and influence and is becoming increasingly important with the 
complexities of HF management, the aging population of patients with HF, and the treatment advances available. This 
project explored the perspectives surrounding SDM for one PA pressure monitoring device, the CardioMEMS with 
patient and physician provider dyads. Concordance was observed in the responses of the dyads. The decision making 
process was open and detailed. Future research will be beneficial that focuses on the role of all providers in the clinic 
and the process to inform both patients and providers of the specific behaviors necessary for SDM. Investigation of 
SDM processes with a variety of provider roles is important to ensure information is shared, deliberation occurs jointly, 
and decisions are made that accurately reflect the patients’ preferences. When conducted consistently, with integrity, 
and by all providers, the SDM process can result in healthcare that maximizes the use of resources, and ultimately, 
improves health outcomes for patients with HF. 
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