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Abstract

Remote patient monitoring (RPM) programs decrease rates of healthcare utilization among patients with chronic conditions. Immediately enrolling a patient and activating them in the RPM program, either upon or soon after discharge, is an important step in achieving these benefits. We tested interventions across three Plan-Do-Study-Act quality improvement cycles to understand the extent to which operational improvements lead to timely activation. Each improvement cycle resulted in decreased time to activation, with the cumulative effect—as applied to patients on the COVID-19 RPM program—resulting in a reduction that was overall greater than the sum of the individual improvements. As additional healthcare systems develop and deploy RPM programs, the learnings from this project can provide insight into the operational and logistical challenges encountered in providing these services, along with potential interventions to achieve timely activation.
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In 2016, there were 49.22 million U.S. citizens over the age of 65 years.1 By 2030, that number is projected to increase to 74 million.2 As the aging population increases, so too will the number of individuals with chronic diseases, including heart failure, diabetes, hypertension, and respiratory conditions.3,4 In response to this rising number of patients, as well as additional challenges related to limited hospital capacity and shortages of healthcare staff,5 many healthcare organizations are developing and refining transitional care programs.4,6

Transition to an appropriate ambulatory treatment plan is vital for reducing the rate of hospitalization among chronically ill patients.7 Ambulatory remote patient monitoring (RPM) programs have effectively reduced avoidable emergency department visits and hospital admissions.8,9 Since 2016, our organization—a large, geographically dispersed academic medical center and associated health system—has deployed a robust RPM program as an essential strategy to care for chronically and acutely ill patients through advanced digital connection opportunities that complement integrated care delivery.10 This program utilizes medical-grade equipment deployed to patients’ homes to provide health data to a centralized team of overseeing clinical professionals.11

To receive the full benefits of an RPM program, it is critical to not only deploy equipment to enrolled patients but efficiently move them to an active state on the program as rapidly as possible.9 Nearly one-third of hospital readmissions occur within 1 week of discharge.12 Further, prior studies show that the effective transition of patients to suitable posthospital care programs in fewer than 10 days significantly reduces the rate of hospital readmissions.13,14

We undertook Plan-Do-Study-Act (PDSA)15 quality improvement cycles to decrease the time between a patient’s hospital discharge and when they became active in the RPM program. This paper discusses the methods, population, and approaches to achieve these goals, as well as associated measures and results. Finally, we review the lessons learned, considerations for other healthcare organizations, and overall limitations of this evaluation.

Materials and Methods

The end-to-end RPM value stream was analyzed to determine how to achieve patient activation within a 10-day window. Four distinct phases in the patient journey were identified: patient qualification, equipment transit (i.e., logistics), activation (i.e., submission of first vital signs), and ongoing monitoring. Among patients enrolled in RPM, only 40% achieved activation by day 10. This led the team to analyze improvement opportunities across the first three phases of the RPM value stream.

Stakeholder input was garnered through a multidisciplinary team, including nursing, allied health staff, administration, and a third-party logistics partner. Stakeholders participated in cause-and-effect analysis and brainstorming sessions to ideate possible alternative solutions to the gap in quality.

This team met regularly to strategize and ensure adherence to clinical practice standards and vendor partner contract stipulations. In addition, patient experience experts were consulted to validate the impact of proposed improvement efforts on the patient experience. Through stakeholder feedback, quality improvement methodology, literature review, and evaluation of first-time quality, and wait time delays, it was determined that the greatest opportunity for improvement fell within the activation phase of the patient journey. Therefore, the goal of the improvement initiatives was to achieve 80% activation in less than 10 days postdischarge. To achieve this goal, a PDSA framework was selected as the vehicle to test quickly, observe results, and act on learnings. Three specific interventions were selected: (1) improved patient experience through streamlined packaging, instructions, and messaging; (2) improved logistics; and (3) patient engagement initiation and its impact on activation.

Interventions

Cycle one: Improved packaging, instructions, and messaging

A patient experience study was conducted to understand how patients reacted to the equipment arriving at their home and the process they undertook to unbox and set up the equipment. The team identified opportunities to streamline the packaging, labeling, and organization of RPM equipment and instructions. As a result, the RPM team reduced the instructional material to incorporate visual cues to guide users through unboxing, equipment setup, and submission of first vital signs. Packaging materials were changed from an oversized cardboard “crate” style box with bubble-wrapped peripherals to a cardboard “pizza style” box with a handle and die cut foam housing the peripherals. These changes sought to improve approachability and reinforce the ease of activating via the technology and equipment. To accompany the experience improvements to the box, program staff were given amended welcome call scripts to reinforce the ease of self-installation.

Cycle two: Improved logistics

When the RPM program was established, a signature was required upon delivery of the RPM equipment to help safeguard against loss. This process led to numerous failed deliveries. The second PDSA cycle eliminated the need for a patient signature, tested improvements in third-party vendor weekend shipping practices, and streamlined patient contact processes, all to decrease equipment transit time and remove barriers to delivery.

Cycle three: Patient engagement initiation and its impact on activation

The onset of the COVID-19 pandemic created the need to scale the RPM program rapidly. Over 8 months from March 26 to November 30, 2020, more than 8,500 patients with COVID-19 were enrolled for monitoring.11 To meet the demands of the practice within the institution, a third PDSA cycle was enacted to test overnight shipping at scale, nurse–patient engagement regardless of RPM equipment activation, and engagement of a centralized provider team to facilitate patient enrollment. Additionally, patient support videos, available asynchronously, were created to reinforce program goals and equipment ease of use.

Population

This evaluation represented an unblinded retrospective analysis of patients enrolled in the RPM program as a standard part of their care between May 1, 2019 and October 30, 2020. This project was reviewed by the Mayo Clinic Institutional Review Board and deemed not human subject research. Patients enrolled in RPM programs included those with chronic, acute, or subacute conditions who were otherwise at risk for hospitalization and were enrolled from either the ambulatory or inpatient settings for outpatient monitoring. Standard program inclusion criteria specified that patients be community dwelling of 18 years old or greater; have a qualified overseeing provider; overall willing to actively engage in their care; and not otherwise have physical, mental health, or uncontrolled substance abuse issues that would limit their ability to participate independently in the RPM program. It was imperative to ensure that process changes to improve activation presented no additional barriers to willing patient participation or cause them to cancel their participation. Cancelation rates served as the balancing measure to assess potential negative impacts of the interventions on the patient.

A convenience sample of 4,233 participants was selected from among the overall program participants following the intention-to-treat analysis principle. A post hoc power analysis was conducted using G*Power software (version 3.1.9.7) based on the average time to activation and standard deviation for each pairing. A one-tailed Wilcoxon–Mann–Whitney test of two groups was utilized with an a of 0.05 and applied to the participant data. This analysis identified a small relative effect size (Cohen’s d = 0.233) for the analysis of cycle one relative to the baseline with an achieved power of 90.55%; a large relative effect size (Cohen’s d = 0.7496 and 1.6699, respectively) for the analysis of cycles two and three each relative to baseline with an achieved power of 100%; a medium and large relative effect size (Cohen’s d = 0.5655 and 1.6226), respectively, for the analysis of cycles two and three each relative to cycle one with an achieved power of 100%; and a large relative effect size (Cohen’s d = 0.9719) for the analysis of the cycle two relative to cycle three with an achieved power of 100%.

Measures

Time to activation within each quality improvement cycle was measured from the point the RPM program was ordered by the frontline clinical team to the point in which the patient returned one or more electronic vital signs through the RPM electronic platform. Data were collected from the electronic health record and patient delivery and install statistics collected from the logistics partner. Patient RPM program completion was based on patients reaching desired clinical goals as documented by nurse assessment or patient exiting the program before reaching this endpoint. Patient disposition (i.e., program enrollment while classified as inpatient status or otherwise while outpatient status) was abstracted from the electronic medical record by program staff.

Statistical Analysis Approach

Primary outcome analyses compared pairwise mean time to activation between each cohort. All statistical tests were conducted with BlueSky Statistics (Commercial Server Edition version 7.20). Normality was assessed utilizing the Shapiro Wilk test (p = 0.00). A log transformation was attempted but did not allow for normal distribution. Overall pairings were analyzed via nonparametric Kruskal–Wallis rank sum tests. Subsequent pairwise analyses of effects were evaluated via two-sided Wilcoxon rank sum tests. As noted, participant completion was analyzed with an intention-to-treat analysis, with participants lost to follow-up assumed to have otherwise canceled from the program.

Results

There were 491 participants included in the baseline group: 257 participants included in the cycle one cohort, 388 participants in the cycle two cohort, and 3,097 participants in the third cycle cohort (Table 1). In total, 40% of baseline participants reached activation within 10 days following the initial RPM program order. This activation rate rose to 55% among participants who were in cycle one, 80% among participants who were in cycle two, and 98% among participants who were in cycle three (Table 1). Cancelation rates were not different (Table 1).





Table 1.Patient activation and cancellation comparison between Plan-Do-Study-Act (PDSA) cycles


	Tables and figures
	Baseline
	Cycle one
	Cycle two
	Cycle three





	
	(n = 491)
	(n = 257)
	(n = 388)
	(n = 3,097)



	Days from order to activation
	
	
	
	



	Mean
	13.45
	11.63
	7.79
	2.96



	Median
	12
	9
	6
	2



	Patients who achieved Activation in fewer than 10 days
	
	
	
	



	Count
	197
	142
	309
	3037



	Percentage
	40
	55
	80
	98



	Patients who canceled from the program
	
	
	
	



	Count
	108
	67
	60
	726



	Percentage
	22
	26
	15
	23





Significant (p < 0.05) improvements in time to activation were observed among all pairings (baseline to cycle one, baseline to cycle two, baseline to cycle three, cycle one to cycle two, cycle one to cycle three, and cycle two to cycle three) (Table 2, Figure 1). Time to activation differed significantly (p < 0.05) between inpatient and outpatient referral within each intervention. Given these differences, a subgroup analysis was conducted within each intervention pairing to evaluate any effect modification that may result from the referral source. Improvements remained significant (p < 0.05) upon subgroup analysis of within each pairing (Table 3, Figure 2).





Table 2.Mean difference in days to patient activation between Plan-Do-Study-Act (PDSA) cycles


	(I) PDSA cycle
	(J) PDSA cycle
	Mean difference
	p





	Baseline
	Cycle one
	-1.82
	0.0003



	Cycle two
	-5.66
	0.0000



	Cycle three
	-10.49
	0.0000



	Cycle one (Improved packaging, instructions, and messaging)
	Baseline
	1.82
	0.0003



	Cycle two
	-3.84
	0.0000



	Cycle three
	-8.67
	0.0000



	Cycle two (Improved logistics)
	Baseline
	5.66
	0.0000



	Cycle one
	3.84
	0.0000



	Cycle three
	-4.83
	0.0000



	Cycle three (Patient engagement initiation and its impact on activation)
	Baseline
	10.49
	0.0000



	Cycle one
	8.67
	0.0000



	Cycle two
	4.83
	0.0000









Table 3.Subgroup analysis—mean difference in days to patient activation between Plan-Do-Study-Act (PDSA) cycles taking into account whether the patient was enrolled to remote patient monitoring while hospitalized or postdischarge (in the ambulatory environment)


	(I) PDSA cycle
	(J) PDSA cycle
	Mean difference
	p





	Inpatient
	
	
	



	Baseline
	Cycle one
	-1.57
	0.0210



	Cycle two
	-5.05
	0.0000



	Cycle three
	-9.63
	0.0000



	Cycle one (Improved packaging, instructions, and messaging)
	Baseline
	1.57
	0.0210



	Cycle two
	-3.48
	0.0000



	Cycle three
	-8.06
	0.0000



	Cycle two (Improved shipping logistics)
	Baseline
	5.05
	0.0000



	Cycle one
	3.48
	0.0000



	Cycle three
	-8.06
	0.0000



	Cycle three (Patient engagement initiation and its impact on activation)
	Baseline
	9.63
	0.0000



	Cycle one
	8.06
	0.0000



	Cycle two
	4.58
	0.0000



	Outpatient
	
	
	



	Baseline
	Cycle one
	-2.05
	0.0003



	Cycle two
	-5.79
	0.0000



	Cycle three
	-9.35
	0.0000



	Cycle one (Improved packaging, instructions, and messaging)
	Baseline
	2.05
	0.0003



	Cycle two
	-3.74
	0.0000



	Cycle three
	-7.30
	0.0000



	Cycle two (Improved shipping logistics)
	Baseline
	5.79
	0.0000



	Cycle one
	3.74
	0.0000



	Cycle ohree
	-3.56
	0.0000



	Cycle three (Patient engagement initiation and its impact on activation)
	Baseline
	9.35
	0.0000



	Cycle one
	7.3
	0.0000



	Cycle two
	3.56
	0.0000





Fig. 1 Comparison of days to patient activation between Plan-Do-Study-Act (PDSA) cycles
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Fig. 2 Subgroup analysis—days to patient activation between Plan-Do-Study-Act (PDSA) cycles taking into account whether the patient was enrolled to remote patient monitoring (RPM) while hospitalized or postdischarge (in the ambulatory environment)
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Discussion

The results suggest that methods to simplify the patient experience around receiving and engaging with at-home clinical support equipment, as well as ongoing engagement with the care team while logistics are underway, significantly reduce the time between patient enrollment and active participation in RPM. Although differences in time to activation were observed for those referred while inpatient versus those referred while outpatient, these differences were expected given that enrollment of patients from the hospital setting often occurs prior to discharge, creating a lag in activation that results from the hospitalized period. Although this study did not directly track the patient experience, we did not observe an increase in program cancelation rates, which we believe to be indicative that the patient experience was not otherwise negatively impacted.

To help reduce the transmission of the COVID-19 virus, approaches to provide effective care outside traditional brick and mortar medical facilities have become increasingly important.16 This shift has resulted in patients and care teams alike embracing digital modalities of care.11 As these digitally based approaches continue to advance, organizations must apply a thoughtful, intentional approach to engage patients successfully in the ambulatory setting.

When the RPM program began at our healthcare organization, care teams were hesitant to take any part in patient identification, equipment distribution, or active monitoring of patients. By embracing ongoing quality improvement and process optimization, the team was able to achieve successful engagement, which allowed the RPM program to scale with agility in response to the COVID-19 pandemic.

Considerations for Other Healthcare Systems

Patient focus is a key foundational component of any successful clinical program, especially in the digital space where it can be difficult to create and maintain meaningful connections with patients.17 The RPM program accomplishes this by first creating a connection in the inpatient environment and then extending it into patient postdischarge programs. The team discovered that care plan initiation by the RPM registered nurse prior to submission of first vital signs was a valuable tool in gaining patient engagement with the overall monitoring plan. Patients knew what to expect because of the touchpoint they had with their RPM registered nurse and improved confidence when interacting with potentially confusing technology. This created a collaborative approach where both the patient and the registered nurse took active roles in monitoring and improving the patient’s health.

Patient experience must be considered when developing systems to deliver RPM solutions. Experience design experts conducted field interviews and observations of patients interacting with the packaging and engaging in equipment setup, which provided valuable “voice of the customer” insight into the challenges with the boxed kit and the peripheral set-up process. From the interviews/observations, it was determined that many patients felt overwhelmed and confused by the large volume of information. Given these findings, the team worked with multiple stakeholders across the organization, resulting in streamlined packaging and instructions, which leveraged graphics and videos rather than lengthy written text to communicate. Further, it was determined that RPM equipment should be configured prior to delivery, with all the necessary components connected and the features aligned with the patient’s diagnosis. If the patient must configure the technology themselves, the steps should be as simple as possible, with clear instructions of whom to contact regarding patient care or technology difficulties.

Finally, steps should be taken to make it as easy as possible for patients to receive their equipment. Although there were anecdotal cases of equipment loss following the elimination of the signature requirement for delivery, these data were not readily available for analysis. Based on interviews with staff, equipment loss remained infrequent and unlikely to offset the gains in efficiency associated with the change.

Limitations

This project used a quality improvement methodology with evaluative measures analyzed retrospectively. The team assessed a nonrandomized convenience sample, and no methods were used to systematically account for potential confounding or bias. This methodology made it difficult to definitively determine whether the improvements were causally related to patients activating sooner. Even though this evaluation represented learnings from large patient cohorts across each PDSA cycle, a disproportionate number of patients were present in the PDSA cycle conducted during the COVID-19 pandemic. Although the overall care model was the same regardless of condition, the acute nature of COVID-19 necessitated that care teams engage more frequently during the preactivation process with patients in this program than with patients in the chronic condition programs. This increased engagement may have subsequently impacted activation time in a manner that was not evaluated directly in this analysis. Cancelation rates were used as the sole measure of patient experience; other qualitative factors measuring patient satisfaction or understanding of the program could have also been used to measure the effect.

Although this project was conducted across multiple physical locations and practice settings, it represents learnings from a single organization and may not otherwise be generalizable to other healthcare organizations. Further, the endpoints and analysis focused on the time between enrollment and activation in the RPM program. Additional analysis postactivation is subject to further study. Finally, observations and interviews with patients were conducted in the beginning of the project by experience design experts, but patient representatives were not actively engaged as stakeholders over the remaining course of this project.

Conclusions

Each of the three PDSA cycles improved the activation rates in patients enroled in an ambulatory RPM program. These learnings can provide helpful considerations for identifying and addressing potential operational and logistical challenges as more healthcare organizations develop systems and processes to provide supportive care outside of traditional brick-and-mortar facilities.
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