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Abstract

Background: Early readmissions following hospital discharge for heart failure (HF) remain a major concern. Among the
various strategies designed to reduce readmissions, home evaluations have been observed to have a favorable impact. We
assessed the feasibility of integrating community paramedics into the outpatient management of HF patients.

Methods: Selected paramedics completed an educational HF curriculum. These Mobile Integrated Health Paramedics
(MIHP) performed scheduled homevisits 2-.and 15-days post-discharge for patients with Stage C HF (Phase 1) and
patients with Stage D HF (Phase I1). Facilitated by a Call Center, a process was created for performing urgent MIHP
house calls within 60 minutes of‘a medical provider’s request. A HF specialist, with an on-call emergency department
command physician, could order anfintravenous diuretic during home visits. During each phase of the study the incidence
of 30-day HF readmissions, 30-day all-cause readmissions, emergency room evaluations, unplanned office encounters, as
well as any adverse events were prospectively documented.

Results: Collaborative relationships between our hospital network and local EMS organizations were created. There
were 82 MIHP home visits. Eight patients received urgent home evaluations within 60 minutes post-request, 1 requiring
transport to an ED. The incidence of all-cause 30-day readmissions in 20 Stage C and 20 Stage D patients was 15% and
40%, respectively. There were no adverse events attributable to the MIHP house calls.

Conclusions: It is feasible to integrate MIHPs into the outpatient management of HF. Signals of effectiveness for
reducing early readmissions were observed. Obstacles to creating an effective paramedic “House Calls” program were
identified. A randomized trial is required to assess the value of this care process and its impact on early readmissions in
patients with Stage C and Stage D HF.
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Introduction

The long-term prognosis of patients hospitalized with heart failure (HF) is poor with a combined
readmission and mortality rate of 97% during 5-year follow up(1). A high percentage of patients with
HF are readmitted early after an initial hospitalization(2), many occurring within the first 15 days of
discharge(3). Multiple factors contribute to early readmissions with only one-third attributable to
decompensated HF(4). Various methods to reduce 30-day all-cause and HF-specific readmissions
have been evaluated. Patients undergoing an evaluation within 7 days, as opposed to 8 to 30 days
after discharge were observed to have reduced 30-day readmissions(5).

A retrospective review of 47 randomized trials compared the effectiveness of other methods to
reduce hospital readmissions(6). Only one of these trials, using a high intensity home visiting
program with advanced nurse practitioners, reported a reduction in all-cause 30-day
readmissions(7). A small randomized pilot study employing in-home care provided by a traveling
physician and a nurse observed a trend toward reduced emergency department (ED) visits as well
as readmissions(8). These studies suggest in-home patient encounters, performed early post-
discharge with the option for home-based medical interventions, may be an effective method for
reducing short-term readmissions.

In contrast, patient education followed by intermittent phone call assessments and nurse
home visits performed 1 to 2 weeks post-discharge, although reported to reduce readmissions
during extended follow up, did not have a favorable impact on 30-day readmissions(9,10),
Telehealth, using technologies to transmit information from the patient”s,home to a HF team,
favorably impacted quality of life variables, but was not consistently associated with reduced early
readmissions (11). Six large multicenter, randomized trials of home telemonitoring in >5,200
patients did not reduce short-term readmission rates (12—-17)«As a,consequence of these
observations, routine use of remote monitoring is not recommended by the Heart Failure Society of
America(18). Although HF management guided by telemonitoring of implanted hemodynamic
devices significantly reduced 30-day, as well as long-term readmissions (19,20). cost has restricted
utilization of these devices (21). New, safe and cost-effective alternatives to reduce short term
readmissions are needed (22).

Emergency medical service (EMS) organizations have formed partnerships with hospitals
to provide home care with community paramedics and reported reduced readmissions and cost of
care(23-26). These observational studiesisuggest community paramedics, working within a Mobile
Integrated Health Paramedic (MIHP) program, have the capability of providing a timely response
to patient concerns and, guided by physicians, the ability to provide acute medical interventions in
the home environment. Although.a randomized trial has been planned(27), to date there are no
published randomized trials designed to assess the impact of a MIHP program on 30-day
readmissions or cost/of care. In anticipation of performing a randomized trial, we investigated the
feasibility of integrating.community paramedics into the outpatient management of patients with
HF with scheduled‘and, if needed, urgent “house calls”.

Methods

The study was conducted in the Lehigh and Northampton counties of Pennsylvania between
August 2017 and December 2019. Only Pennsylvania-certified paramedics employed by one of the
participating EMS agencies were eligible to participate. Professional service contracts between our
hospitals and private EMS organizations were created. Participating paramedics were required to
complete the Collaborative Institutional Training Initiative (CITI) for human subject research and
an educational HF curriculum. All paramedics participating in this feasibility trial were required to
attend educational sessions (Table 1). In addition, paramedics were required to complete the
Collaborative IRB Training Initiative (CITI), an educational program for the protection of human



subjects in research. They were also required to spend time in a dedicated heart failure clinic,
seeing patients with a nurse practitioner. Finally, before patient enrollment, paramedics were
required to participate in a mock drill, performed in a classroom and a second mock drill in a
private residence. These drills were designed to test their knowledge of the signs and symptoms of
heart failure as well as to confirm their knowledge of appropriate documentation. The drills also
tested the process of communication between a medical provider, the Call Center and the
paramedics.

Upon successful completion of the above requirements the paramedic was referred to as a
MIHP. Paramedics were required to function within their scope of care defined by the
Pennsylvania General Assembly's Title 35, Chapter 81 on the EMS System. In Pennsylvania,
paramedics can only accept orders for interventions outside their state protocols from emergency
department (ED) command physicians. A MIHP Call Center was created to assist with
communications between paramedics, HF specialists and, if needed, an ED command physician.
HF specialists included cardiologists and dedicated HF nurse practitioners.

Hospitalized patients were identified utilizing standardized definitions of HF(28-30). These
definitions were particularly valuable for identification of patients with HF and preserved ejection
fraction (EF), distinguishing them from those with dyspnea due to obesity or lung disease and from
patients with edema due to venous insufficiency. Written consent was required for enrollment. The
inclusion and exclusion criteria are available in the supplement. The patient’s participation in the
trial began on the day of discharge and was terminated 30 days after discharge:. Enrolled patients
received usual care including outpatient clinic evaluations performed 5-7 days after discharge.
Patients could receive home health care by a visiting nurse at the discretion of their HF specialist.
In addition, each patient received a scheduled MIHP house call2 and,15 days after hospital
discharge. Physicians or nurse practitioners could request an-urgent MIHP home evaluation any
time during the first 30 days after patient enroliment. UrgentMIHP house calls, facilitated by the
MIHP Call Center, were performed within 60 minutes. A HF specialist, in conjunction with the on-
call command physician, could order the MIHP to administer an intravenous diuretic or topical
nitroglycerin during the home encounter. After. administration of any medication, the MIHP
provided monitoring for 60 minutes to detect acute beneficial and/or adverse effects. The patient,
command physician or the HF specialist could.request transport to a local hospital for an
emergency evaluation at any time by calling 911. The study investigators encouraged transport to a
local ED in response to persistent HR'<400r>130 bpm, RR >25/min, SpO2 <90% or clinical signs
of respiratory failure(31). A HF specialist.could request MIHP follow up house calls and additional
medical interventions at the patient’s home on consecutive days. During each home visit the MIHP
documented all information using a standardized electronic template. The documentation of each
home encounter was entered into.the patient’s electronic medical record (EMR).

The assessment of.feasibility was performed in 2 phases. During Phase I, patients with Stage
C HF were enrglled. During Phase 11, patients with Stage D HF were enrolled. During each phase the
incidence of 30-day HF readmissions, 30-day all-cause readmissions, emergency room evaluations,
unplanned office'encounters and any adverse events were prospectively documented. Readmission
due to HF was defined as in-hospital care for >24 hours with intravenous diuretics, vasoactive or
inotropic agents or the implementation of mechanical cardiac support. Patients on “observation”
status meeting these criteria were categorized as a readmission. Written and phone call surveys were
performed to assess patient, physician and nurse practitioner perceptions of the MIHP process of
care. Any outcome perceived by patients, physicians, nurse practitioners or the MIHPs to be
injurious or potentially detrimental to patient well-being was considered an adverse event.
Descriptive statistics were used to describe patient attributes and outcomes at 30 days. The study was
approved by the Lehigh Valley Health Network Institutional Review Board (Study PRO00004858).

Selection and Description of Participants



Patients 18 years of age or older, admitted the hospital with acute or acute on chronic heart
failure (HF), Stage C (phase I) and Stage D (phase 1), with New York Heart Association (NYHA)
functional class (FC) 11-1V who resided within the geographic boundaries of the participating
emergency medical services were eligible to participate. Criteria for the diagnosis of HF and Stage of
HF were based upon guidelines and consensus statements from the American College of Cardiology
Foundation, American Heart Association, American Society of Echo and the European Society of
Cardiology(28,29). Criteria for HF with reduced left ventricular (LV) ejection fraction (HFrEF),
included signs and symptoms of HF plus an LV EF <40%. Criteria for HF with intermediate or
preserved LV ejection fraction (HFpEF), included signs and symptoms of HF, LV EF >40% plus one
of the following: echo Doppler evidence of elevated (LV) filling pressure invasively measured
pulmonary capillary wedge pressure >12 mmHg or LV end diastolic pressure >16 mmHg or a
biomarker of HF with BNP level >400 pg/ml or NT-proBNP levels >450 pg/ml, >900 pg/ml and
>1800 pg/ml based on age categories <50, 50-75 and >75, respectively (30). Stage C was defined as
HF requiring hospitalization and the use of guideline directed medical therapy. Stage D was defined
as advanced or refractory HF with persistent signs and symptoms despite guideline directed medical
therapy (GDMT). These patients were required to have 2 or more of the following attributes: severe
impairment in functional capacity (NYHA FC I11-1V); greater than 2 hospitalizations or ED
evaluations for HF in past year; progressive rise in BUN/creatinine; intolerance to GDMT due to
hypotension or worsening renal function; Persistent systolic BP < 90 mmHg; recent need for
escalating doses of loop diuretics equivalent to furosemide >80 mg/day and/or addition of
metolazone; progressive decline in serum Na <133 meg/L; frequent ICD shocks; Doppler evidence
of elevated LV filling pressure or PCWP > 16 mmHg; weight loss without. ether cause. Stage D
patients could require specialized treatment strategies such as intermittent or-continuous inotropic
infusions, mechanical circulatory support, or hospice care.

Exclusion criteria included severe valvular disease, pericardial constriction, severe
precapillary pulmonary hypertension defined as pulmonary artery'systolic pressure >60 mm Hg,
mean trans-pulmonary gradient >15 mm Hg or pulmonary:vascular resistance >6 Wood units;
chronic kidney disease on dialysis, scheduled for re=hespitalization for a procedure within 30 days,
receiving skilled nursing care prior to admission, severe cognitive impairment or a very low
probability of survival during the next 6-12 menths. Patient was unable or unwilling to participate in
the study protocol for any reason were also excluded.

Results
Phase | Stage C HF

Collaborative relationships and written agreements between our hospital network and
5 local EMS organizations were created. Nine paramedics completed CITI training and the
educational curriculum. Twenty-five eligible patients were identified of which 20 agreed to
participate (Table.2). Seven ED command physicians volunteered to be on-call 24/7 for Phase | of
the trial. The outcomes at 30 days are summarized in Table 3. A total of 49 MIHP house calls were
performed. Urgent in-home visits, requested by a HF specialist, were performed in 6 (30%)
participants, one of whom was triaged to a local ED. Command physicians assisted with the order for
home intravenous (1V) diuretics for 2 patients, one receiving IV diuretics on two consecutive days.
Patient initiated ED evaluations were performed in 4 patients, of which 2 were admitted. Four
patients underwent unplanned clinic visits. Four participants, including the 2 patients discharged
after an ED evaluation, received follow up MIHP in-home visits. The incidence of 30-day all-cause
readmissions was 15%. The incidence of HF readmissions was 5%. There were no adverse events.
There were no deaths. Surveys of patients and HF specialists revealed a positive perception of the
MIHP process of care.

Phase Il Stage D HF



Twenty patients with Stage D HF were identified and agreed to participate (Table 2).
One ED command physician volunteered to be on-call 24/7 for Phase I1. The outcomes at 30 days are
summarized in Table 3. A total of 33 MIHP house calls were performed. Urgent home encounters
were performed in 2 (10%) of the participants. One patient withdrew from the study prior to the first
scheduled home visit. One patient elected to cancel their second scheduled MIHP house call after
they were re-hospitalized for a medical issue unrelated to HF. Four patients declined to have a
second scheduled MIHP in-home visit, one of whom expressed concern about duplication of services
by a visiting nurse home health care program. Two additional patients did not undergo a second
scheduled in-home visit, having been readmitted at the time of their scheduled home encounter. One
patient received home intravenous diuretic therapy. Patient initiated ED evaluations were performed
in 9 patients (45%), eight of whom were admitted. During Phase 11, the incidence of 30-day all-cause
readmissions was 40%. The incidence of HF readmissions was 20%. There were no adverse events.
There were no deaths.

Discussion

We demonstrated the feasibility of integrating trained paramedics into the outpatient
management of patients with HF. They performed scheduled and, when requested by a'HFE specialist,
urgent home encounters for patients with heart failure. The “House Calls” program was designed to
be a new option in the outpatient management of patients with heart failure. Urgentthome encounters
performed within 60 minutes of a request, represented a timely response to.non-emergency
problems. This response time contrasts with the usual medical response-timeof hours to days for
non-emergency issues. Signals of effectiveness for reducing early readmissions were observed. For
example, in response to patient concerns, HF specialists requested.urgent MIHP home assessments in
20% of the enrolled patients. These in-home visits, facilitated by a dedicated Call Center, were
performed within 30-60 minutes of a request. Only one of these urgent evaluations resulted in
immediate transport to an ED. Urgent MIHP home assessments may provide a cost saving alternative
to the usual process of referral to an emergency room and the associated high likelihood of re-
hospitalization(32). From the patient’s point of view, ‘assessed by post-enrollment surveys, a timely
MIHP in-home evaluation, with a link to their,HF speeialist, was perceived to be a valuable
alternative to an ED visit or urgent office encounter. This process of care may significantly increase
a patient’s “home-time”, an important patient-centered variable(33). Surveys of HF specialists and
the participating patients revealed a positive perception of the paramedic “House Calls” program.

There is a very high rate of‘hespitalizations and readmissions during the terminal phase of
advanced HF(34,35). Consistent with this expectation we observed a 30-day all-cause readmission
rate of 40% in participants with.Stage,.D HF. In contrast, the 30-day all-cause readmission rate
among those with Stage C*HF was 15%. Similar to previous reports(2,4,36,37), we observed a high
incidence of early readmissions unrelated to HF. Factors contributing to these early readmissions
have been identified; including medical comorbidities and noncompliance with medications. Efforts
to maximize guideline=directed medical therapy during a scheduled MIHP home visit performed very
early (2 days), late(15'days) and if needed, urgently, may be valuable. Face-to-face home encounters
provide an opportunity to confirm medication compliance, as well as to identify non-cardiac factors
which contribute to early readmissions.

In support of the value of home-based care with paramedics, a large program in California
reported their multi-community MIHP program reduced ambulance transports, ED visits and hospital
admissions without adverse outcomes(38). Among their five MIHP pilot programs, all but one
observed a significant reduction in 30-day readmissions. They observed a lower readmission rate
when hospital systems provided at least one scheduled MIHP home visit compared to those only
relying on a post-discharge phone call. The California MIHP program also reported significant cost
savings, in part by avoiding financial penalties for excessive readmissions imposed by Medicare’s
Hospital Readmissions Reduction Program.



Although there were no adverse events in our small feasibility trial, a high-volume MIHP
program may be associated with unforeseen risks. Inadequate training and suboptimal clinical skills
may result in errors of judgement. Verbal and telecommunications between a paramedic and a HF
specialist may be suboptimal and result in adverse events. Like observations reported after
implementation of the Hospital Readmissions Reduction Program, trends of reduced risk adjusted
readmissions maybe offset by an increase in risk adjusted mortality (39,40). Furthermore, in-home
visits by MIHPs may be perceived as a duplication of service, conflicting with nurse home care
programs. These concerns support the proposal for a randomized trial to confirm a MIHP program
will be a safe as well as a cost-effective strategy to reduce early readmissions.

There are multiple challenges to implementing a paramedic “House Calls” program.
Successful programs will need to form partnerships with hospital networks and established home
care services. Accessing electronic health data at the point of care is required for the success of a
community paramedicine program(41). Our MIHP team did not have direct access to the patient’s
EMR. This restriction limited their ability to confirm patient compliance with prescribed
medications. Uploading home encounter documents into the patient’s EMR in the same location as
clinic encounter documents will enhance the value of the information. MIHP programs will require
financial support. Health care systems will need to cover the cost of paramedic trainingyas.well as
scheduled and urgent home services. Readmission risk scores may help identify HF subgroups with
the highest risk of 30-day readmissions(42—45). Incorporating the stage of HF"into these
readmission risk scores may improve their predictive value and provide a better method to identify
those who benefit from paramedic home evaluations. The increased cost'of.operationalizing a
MIHP program may be offset by reducing unnecessary ED visits and their resultant
hospitalizations (8,23-26). The Center for Medicare and Medicaid. Innovation recently created a
new payment model for ambulance services to provide triage and treatment, not just
transportation(46). This program, referred to as ET3, aims teslewer costs by reducing avoidable
transports to the ED and unnecessary hospitalizations resulting from these transports. A MIHP
program has the capability of performing triage and, with input from HF specialists, treatment at
home. If MIHP programs document their value in multiple clinical scenarios, payors are more
likely to be supportive.

Conclusion

A process of care utilizing MIHPS performing scheduled and, if needed, urgent “House
Calls” for patients with Stage C and Stage/D HF is feasible. Guided by HF specialists, trained
paramedics can perform home assessments and, if needed, provide acute medical interventions,
possibly avoiding the need for ED evaluations and readmissions. We propose “House Calls” by
trained paramedics, working within a MIHP program, may reduce 30-day readmissions and cost of
care. A randomized trial is required to confirm this hypothesis. Trial design will need to control for
the Stage of HF as well as other variables influencing early readmissions. Collaboration between
health care systems and.EMS organizations will be required. Cost analysis will need to include the
educational as well"operational costs of a paramedic program.

Acknowledgements and project support

The authors would like to acknowledge Jessica Lynn Jacoby, MS, Lauren Crowley, BA and Erin
Shigo, BA for their scholarly assistance with editing and formatting this manuscript. Network of
Research and Innovation at LVHN: Leslie Baga, RN, MSCRA, CCRC; Hope Kincaid, MPH,
CPH; Jean Novak, CCRC; Deb Walicki, CCRC.

LVHN legal services: Glenn Guanowsky, Esquire

LVHN medical operations: Eric M. Mueller, MBA



EMS Squads: Centroia, LVHN MedEvac, Macungie, Northampton, Upper Saucon

MIHP team: Kyle Albrecht, Richard Becker, Edwin Boyle, Rachael Diehl, James Frey, Adam
Garger, Kathy David-Geisner, Shae Gratz, Ryan Hay, Mark Kleibscheidel, Frederick Lavin, Mark
Lehman, Matthew Markle, Ricardo Mendenez, Tara Henry-Morrow, Howard Schwartz, Maria
Wescoe,

Educational team: Cathy Coyne, PhD; Nael Hawwa, MD; Denise McPherson, CRNP; Alma Ohl,
CRNP; Kay Werhun, DNP, MBA,; Debbie Salas-Lopez, MD, MPH; David Synnamon, MPH.

LVHN Emergency Medicine Command Physicians: David B. Burmeister, DO; Gavin
C. Barr, MD; Marna Rayl Greenberg, DO; Jeanne L. Jacoby, MD; Michael Nguyen, MD;
Alex Rosenau, DO; Andrew C. Miller, DO.

LVHN Population Health: Debbie Salas-Lopez, MD, MPH; Kay Werhun, DNP, MBA; Cathryn
Kelly, RN.

Author Disclosures

The authors declare that they have no known competing financial interests.or personal relationships
that could have appeared to influence the work reported in this paper.

This study was funded, in part, by the Dorothy Rider Pool Trust Research and Development Fund,
Allentown, PA, USA.

The authors report no conflict of interest to disclose. This work has not been published elsewhere.

References

1. Shah KS, Xu H, Matsouaka RA, Bhatt' DL, Heidenreich PA, Hernandez AF, et al. Heart
Failure With Preserved, Borderling, and Reduced Ejection Fraction: 5-Year Outcomes. J Am
Coll Cardiol. 2017;70(20):2476-386.

2. Arora S, Patel P, Lahewala'S, Patel N, Patel NJ, Thakore K, et al. Etiologies, Trends, and
Predictors of 30-Day Readmission in Patients With Heart Failure. Am J Cardiol.
2017;119(5):760-9:

3. Dharmarajan K, Hsieh AF, Lin Z, Bueno H, Ross JS, Horwitz L1, et al. Diagnoses and timing
of 30-day readmissions after hospitalization for heart failure, acute myocardial infarction, or
pneumoniasJAMA - J Am Med Assoc. 2013;309(4):355-63.

4. Jencks SF, Williams M V., Coleman EA. Rehospitalizations among Patients in the Medicare
Fee-for-Service Program. N Engl J Med. 2009;360(14):1418-28.

5. Lee KK, Yang J, Hernandez AF, Steimle AE, Go AS. Post-discharge follow-up characteristics
associated with 30-day readmission after heart failure hospitalization. Med Care.
2016;54(4):365-72.



10.

11.

12.

13.

14.

15.

16.

17.

Feltner C, Jones CD, Cené CW, Zheng ZJ, Sueta CA, Coker-Schwimmer EJL, et al.
Transitional care interventions to prevent readmissions for persons with heart failure: A
systematic review and meta-analysis. Ann Intern Med. 2014;160(11):774-84.

Naylor MD, Brooten DA, Campbell RL, Maislin G, McCauley KM, Schwartz JS. Transitional
Care of Older Adults Hospitalized with Heart Failure: A Randomized, Controlled Trial. J Am
Geriatr Soc. 2004;52(5):675-84.

Levine, DM et al. “Hospital-Level Care at Home for Acutely 11l Adults: a Pilot Randomized
Controlled Trial.” Journal of general internal medicine vol. 33,5 (2018): 729-736.
doi:10.1007/s11606-018-4307-z

Krumholz H, Amatruda J, Smith G, el al. Randomized trial of an education and support
intervention to prevent readmission of patients with heart failure. J Am Coll Cardiol.
2002;(39):83-9.

Stewart S, Marley J, Horowitz J. Effects of a multidisciplinary, home-based intervention on
unplanned readmissions and survival among patients with chronic congestive heart failure: A
randomised controlled study. Lancet. 1999;

Fraiche A, Eapen Z, McClellan M. Moving Beyond the Walls of the.Clinic: Opportunities and
Challenges to the Future of Telehealth in Heart Failure. JACC Hear.Fail [Internet].
2017;5(4):297-304. Available from:
http://www.embase.com/search/results?subaction=viewrecord&from=export&id=L614442617
%0ANhttp://dx.doi.org/10.1016/j.jchf.2016.11.013

Chaudhry Sl, Mattera JA, Curtis JP, Spertus JAHerrin J, Lin Z, et al. Telemonitoring in
Patients with Heart Failure. N Engl J Med. 2010;363(24):2301-9.

Koehler F, Winkler S, Schieber M, Sechtem U, Stangl K, Béhm M, et al. Impact of remote
telemedical management on mortality andhospitalizations in ambulatory patients with chronic
heart failure: The telemedical interventional monitoring in heart failure study. Circulation.
2011;123(17):1873-80.

Angermann CE, Stork S, Gelbrich'G, Faller H, Jahns R, Frantz S, et al. Mode of action and
effects of standardized collaborative disease management on mortality and morbidity in
patients with systolic heart failure the interdisciplinary network for heart failure (INH) study.
Circ Hear Fail. 2022;5(1):25-35.

Boyne. J, Vrijhoef H, Crijns H, De Weerd G, Kragten J, Gorgels A. Tailored telemonitoring in
patients‘with heart failure: Results of a multicentre randomized controlled trial. Eur J Heart
Fail [Internet]. 2012;14(7):791-801. Available from:
http://www.embase.com/search/results?subaction=viewrecord&from=export&id=1L365104899
%5Cnhttp://dx.doi.org/10.1093/eurjhf/hfs058%5Cnhttp://findit.library.jhu.edu/resolve?sid=E
MBASE&issn=13889842&id=doi:10.1093%2Feurjhf%2Fhfs058&atitle=Tailored+telemonito
rin

Lyng P, Persson H, Hgg-Martinell A, Hgglund E, Hagerman I, Langius-EKIf A, et al. Weight
monitoring in patients with severe heart failure (WISH). A randomized controlled trial. Eur J
Heart Fail. 2012;14(4):438-44.

Ong MK, Romano PS, Edgington S, Aronow HU, Auerbach AD, Black JT, et al.
Effectiveness of remote patient monitoring after discharge of hospitalized patients with heart



18.

19.

20.

21.

22,

23.

24,

25.

26.

27,

28.

29.

failure the better effectiveness after transition-heart failure (BEAT-HF) randomized clinical
trial. JAMA Intern Med. 2016;176(3):310-8.

Dickinson MG, Allen LA, Albert NA, DiSalvo T, Ewald GA, Vest AR, et al. Remote
Monitoring of Patients With Heart Failure: A White Paper From the Heart Failure Society of
America Scientific Statements Committee. J Card Fail. 2018;24(10):682-94.

Adamson PB, Abraham WT, Stevenson LW, Desai AS, Lindenfeld J, Bourge RC, et al.
Pulmonary Artery Pressure-Guided Heart Failure Management Reduces 30-Day
Readmissions. Circ Hear Fail. 2016;9(6).

Adamson PB, Abraham WT, Bourge RC, Costanzo MR, Hasan A, Yadav C, et al. Wireless
pulmonary artery pressure monitoring guides management to reduce decompensation in heart
failure with preserved ejection fraction. Circ Hear Fail. 2014;7(6):935-44.

Martinson M, Bharmi R, Dalal N, Abraham WT, Adamson PB. Pulmonary artery pressure-
guided heart failure management: US cost-effectiveness analyses using the results of the
CHAMPION clinical trial. Eur J Heart Fail [Internet]. 2017;19(5):652—60. Available from:
https://doi.org/10.1002/ejhf.642

Wasfy JH. A Health Policy and Care Delivery Crisis That We Must-Understand Then Fix. J
Am Coll Cardiol. 2020;75(7):747-9.

Bigham BL, Kennedy SM, Drennan I, Morrison LJ. Expanding,paramedic scope of practice in
the community: A systematic review of the literature. Prehospital Emerg Care.
2013;17(3):361-72.

Dixon S, Mason S, Knowles E, Colwell B, Wardrope J,"Snooks H, et al. Is it cost effective to
introduce paramedic practitioners for older people to the ambulance service? Results of a
cluster randomised controlled trial. Emerg Med. 2009;26(6):446-51.

Choi BY, Blumberg C, Williams K. Mabile Integrated Health Care and Community
Paramedicine: An Emerging Emergency Medical Services Concept. Ann Emerg Med.
2016;67(3):361-6.

Board A. Make your patients healthy and your ED happy with community paramedicine
[Internet]. Available from: http://www.naemt.org/docs/default-source/community-
paramedicine/Toolkit/advisory-board-cp-infographic-
3.pdf?status=Temp&sfvrsn=0.022586544922868712

Drennan IR; Dainty KN, Hoogeveen P, Atzema CL, Barrette N, Hawker G, et al. Expanding
Paramedicine in'the Community (EPIC): Study protocol for a randomized controlled trial.
Trials [Internet]. 2014;15(1):1-10. Available from:
http://www.pubmedcentral.nih.gov/articlerender.fcgi?tool=pmcentrez&artid=4289358&render
type=abstract%5Cnhttp://www.pubmedcentral.nih.gov/articlerender.fcgi?tool=pmcentrez&arti
d=4289358

Yancy CW, Jessup M, Bozkurt B. Guideline for The Management of Heart Failure. American
Heart Association. J Am Coll Cardiol. 2013;

Ponikowski P, Voors A, Anker S. Corrigendum to: ‘2016 ESC Guidelines for the diagnosis
and treatment of acute and chronic heart failure.” Eur Heart J. 2018;39(14):1206—1206.



30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Nagueh SF, Smiseth OA, Appleton CP, Byrd BF, Dokainish H, Edvardsen T, et al.
Recommendations for the evaluation of left ventricular diastolic function by
echocardiography: An update from the American society of echocardiography and the
European association of cardiovascular imaging. Eur Heart J Cardiovasc Imaging.
2016;17(12):1321-60.

Mebazaa A, Yilmaz MB, Levy P, Ponikowski P, Peacock WF, Laribi S, et al.
Recommendations on pre-hospital & early hospital management of acute heart failure: A
consensus paper from the Heart Failure Association of the European Society of Cardiology,
the European Society of Emergency Medicine and the Society of Academic Emergenc. Eur J
Heart Fail. 2015;17(6):544-8.

Storrow AB, Jenkins CA, Self WH, Alexander PT, Barrett TW, Han JH, et al. The burden of
acute heart failure on U.S. emergency departments. JACC Hear Fail. 2014;2(3):269-77.

Greene SJ, O’Brien EC, Mentz RJ, Luo N, Hardy NC, Laskey WK, et al. Home-Time After
Discharge Among Patients Hospitalized With Heart Failure. J Am Coll Cardio).
2018;71(23):2643-52.

Desai AS, Stevenson LW. Rehospitalization for heart failure: Predict or prevent? Circulation.
2012;126(4):501-6.

Chun S, TuJ V., Wijeysundera HC, Austin PC, Wang X, Levy Djetal. Lifetime analysis of
hospitalizations and survival of patients newly admitted with heart'failure. Circ Hear Fail.
2012;5(4):414-21.

Vinson JM, Rich MW, Sperry JC, Shah AS, McNamara T+ 'Early Readmission of Elderly
Patients With Congestive Heart Failure. J Am Geriatr Soc. 1990;38(12):1290-5.

Krumholz HM. Post-Hospital Syndrome-A Condition of Generalized Risk NIH Public Access.
N Engl J Med. 2013;368(2):100-2.

Coffman JM, Blash L, Amah G. Update of Evaluation of California’s Community
Paramedicine Pilot Program. EmsaCaGov [Internet]. 2020; Available from:
https://emsa.ca.gov/wp-content/uploads/sites/71/2017/11/2019-Public-Report-on-California-
Community-Paramedicine-Project-2.27.19.pdf

Dharmarajan K, Wang Y.Lin Z, Normand SLT, Ross JS, Horwitz L1, et al. Association of
changing hospital readmission rates with mortality rates after hospital discharge. JAMA - J
Am Med Assac. 2017;318(3):270-8.

Psotka MAyFonarow GC, Allen LA, Joynt Maddox KE, Fiuzat M, Heidenreich P, et al. The
Hospital Readmissions Reduction Program: Nationwide Perspectives and Recommendations.
JACC Hear Fail. 2020;8(1):1-11.

lezzoni LI, Dorner SC, Ajayi T. Community Paramedicine — Addressing Questions as
Programs Expand. N Engl J Med. 2016;374(12):1107-9.

Keenan P, Normand S, Lin Z, Drye E, Bhat K, Ross J, et al. An administrative claims measure
suitable for profiling hospital performance on the basis of 30-day all-cause readmission rates
among patients with heart failure. Circ Cardiovasc Qual Outcomes [Internet]. 2008;1(1):29—
37. Available from:



43.

44,

45.

46.

http://ovidsp.ovid.com/ovidweb.cgi? T=JS&PAGE=reference&D=emed8&NEWS=N&AN=20
031785

Van Walraven C, Dhalla IA, Bell C, Etchells E, Stiell IG, Zarnke K, et al. Derivation and
validation of an index to predict early death or unplanned readmission after discharge from
hospital to the community. Cmaj. 2010;182(6):551-7.

Huynh QL, Negishi K, Blizzard L, Sanderson K, Venn AJ, Marwick TH. Predictive score for
30-day readmission or death in heart failure. JAMA Cardiol. 2016;1(3):362-4.

Chamberlain RS, Sond J, Mahendraraj K, Lau CSM, Siracuse BL. Determining 30-day
readmission risk for heart failure patients: The readmission after heart failure scale. Int J Gen
Med. 2018;11:127-41.

Centers for Medicare & Medicaid Services (CMS). Emergency Triage, Treat, and Transport
(ET3) Model [Internet]. Available from: https://innovation.cms.gov/innovation-models/et3.
Accessed April 23, 2020.



Table 1: Educational curriculum for MIHP

Educational Plan Day 1

Topic

Obijectives

Population Health Overview

The objective of this lecture is to
familiarize the learner with the concept of
population health. The lecture will focus
on the current local and national
environments in which hospitals and other
entities function in relation to this topic.

Social Needs Assessment and Management

The objective of this lecture is to
familiarize the learner’s understanding of
the importance of social needs
assessments, their impact on patient
safety, wellbeing, and health outcomes.

Mobile Integrated Health Paramedic Role
Overview

The objective of this lecture is to
familiarize the learner with the concept,of
Mobile Integrated Healthcare. The leCture
will outline examples of successfulMIH
programs and will help facilitate the
learner’s understanding of where,the MIH
fits in the context of the entire healthcare
system as well as this.particular feasibility
study.

CHF Readmission Challenge and House
Calls Feasibility Study Overview

The objective of this lecture is to
familiarize the learner with the challenges
of CHF readmissions, implications to
hospitals, EMS, and the patient. This
lecture,will also facilitate understanding of
the House Calls feasibility study.

Home Safety Assessment

Theobjective of this lecture is to facilitate
thedearner’s understanding of a
professional home risk assessment survey
and the steps toward completing one.

Key Clinical Findings in Heart-Failure
Patients

The objective is to provide information
that will guide paramedics and command
physicians on appropriate indications for
hospital admission for heart failure
management.

CHF Clinical Assessments and
Management

The objective of this lecture is to improve
and expand the learner’s understanding of
the management, assessment, and
treatment of CHF patients. Topics
included: CHF focused assessment,
medication reconciliation, common lab
values, and their significance during a
focused CHF assessment and other
considerations.




Organization Structure

The objective of this lecture is to facilitate
the learner’s understanding of where they
fit in the House Calls feasibility study
organizational and reporting structure.

Patient Visits

The objective of this lecture is to facilitate
the learner’s understanding of the
following House Calls feasibility study
processes:

e General operational processes
e Exams/assessments

e Protocols

e Referrals/Follow Up

e Urgent “house call” process

Communications

The objective of this lecture and workshop
is to facilitate the learner’s understand of
crucual communications that will take
place during their participation on the
House calls feasibility study. The
overview will focus on the following
communication processes:

e Communication'with referring
party.

e Communication with “MIHP
Command Physician”

e Communication with “EMS
Medical Command Physician”

e, Communication with the
Community Care Team (CCT)

Documentation

The objective of this lecture and workshop
is to facilitate the learner’s understanding
of the House Calls feasibilit study’s
documentation platform (REDCap). The
session will include an overview of the
system and hands-on practice.

Educational Plan Day 2: Scenarios

Scenario

Objectives

2 day post discharge visit, no patient
complaints

Test entire process




Urgent house call, unexpected weight gain,
referring provider advises patient to
increase frequency of Lasix and/or other
actions not requiring command physician.

Test entire process. Test MIHP call out
procedure.

15 day post discharge visit, patient
complaining of mild dyspnea on exertion.
Referring provider requests MIHP
administration of Lasix.

Test entire process. Test MIHP to referring
provider to EMS command physician
communication process.

Urgent house call. Visiting nurse on scene
with patient experiencing unexpected
weight gain and nocturnal dyspnea.
(Would like to have actual visiting nurse
representative.) Referring provider
requests MIHP administration of Lasix.

Test entire process. Test MIHP call out
procedure. Test MIHP to referring provider
to EMS command physician
communicatoin process.

Urgent house call. Mild dyspnea on
exertion. MIHP arrives to find patient
complaining of mild dyspnea at rest.
Referring provider requests MIHP
administration of Lasix. Communication
via video conferencing.

Test entire process. Test MIHP call out
procedure. Test MIHP to referring provider
to EMS command physician
communication process via video
conferencing.




Table 2: Patient Characteristics

Stage CHF (n = Stage D HF (n =
20) 20)
Age, median years (range) 70 (51- 67 (37-90)
88)
Female (%) 25 25
Race
White (%) 90 85
Black (%) 0 10
Other (%) 10 5
HFr EF <40 (%) 65 75
HFpEF > 40 (%) 35 25
Diabetes mellitus (%) 75 50
Chronic kidney disease
Stage 1-2 (%) 31 12
Stage 3-4 (%) 69 88
Atrial fibrillation (%) 50 60
ICD (%) 20 35
Medications at discharge
Beta blocker (%) 95 85
ACEI/ARB (%) 70 35
Mineralcorticoid antagonist (%) 40 50
Hydralazine/nitrate (%) 15 20
Sacubitril /valsartan (%) 10 25
Furosemide or equivalent
0-19 mg (%) 10 0
20-39 mg (%) 20 26
40-79 mg (%) 55 53
>80 mg (%) 15 21

ACEI/ARB = angiotensin converting enzyme inhibitors/angiotensin-receptor blockers
EF = ejection fraction

HFp EF = heart failure.with preserved ejection fraction

HFr EF = heart failure with reduced ejection fraction

ICD = implantable cardioverter-defibrillator



Table 3. Outcomes at 30 Days Post-Discharge

Stage C Stage D HF | Total
HF
N-20 N-40
N-20
House Calls by MIHP
Scheduled 39 31 70
Urgent 6 2 8
Follow up 4 0 4
Total 49 33 82
HF readmissions 1(5) 4 (20) 5(13)
All-cause readmissions 3 (15) 8 (40) 11 (28)
Unplanned clinic visits 4 (20) 4 (20) 8 (20)
ED evaluations
MIHP initiated 1 0
Patient initiated 3 (15) 9 (45)
Total 4 (20) 9 (45) 13 (33)
Admissions from ED 2 (10) 8 (40) 10 (25)
Command Physician orders 3 (15) 1(5) 4 (10)
Adverse events 0 0 0

Values are N (%)

ED= emergency department
HF = heart failure

IV = intravenous

MIHP = Mobile Integrated Health Paramedic

Order = IV furosemide
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